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Operative Obstetrics
Second Edition

Major changes in obstetric practice have occurred in the ten years since the publication of the 
first edition of Operative Obstetrics. Prospective clinical studies have improved clinical prac
tice, and better techniques for antenatal fetal evaluation have been introduced. Yet, there 
are also less desirable trends. There has been a relentless increase in the rate of cesarean 
delivery, and persisting medicolegal and societal pressures continue to demand faultless per
formance. Our recognition of recent improvements in clinical practice and acknowledgement 
of the continuing challenges and limitations inherent in modern clinical management have 
prompted a new edition. This updated edition includes chapters on the important subjects 
of cesarean delivery, common surgical complications, ectopic pregnancy, birth injury, and 
instrumental delivery, among other topics. It features a new discussion of surgical procedures 
performed by non-physicians and a review of fetal surgery. The text also considers compli
cated and controversial subjects such as cervical insufficiency, pregnancy termination, and 
shoulder dystocia. In recognition of the realities of current practice, each of the four sections 
of the book has a chapter with an in-depth analysis of the legal issues underlying practice. 
An expanded appendix reviews general legal concepts pertinent to the practice of obstetrics.

John P. O ’Grady is professor of obstetrics and gynecology at the Tufts University School of 
Medicine, Boston, Massachusetts. He is medical director of the Family Life Center for Mater
nity and heads the Perinatal Service at Mercy Medical Center in Springfield, Massachusetts. 
He graduated from Yale University School of Medicine and has published a number of books 
in the field of obstetrics.

Martin L. Gimovsky is clinical professor of obstetrics and gynecology at the Mount Sinai 
School of Medicine in New York. A graduate of the New York University School of Medicine, 
he is Residency Program Director for the Department of Obstetrics and Gynecology at 
Newark Beth Israel Medical Center in Newark, New Jersey.ak
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c ^ /p o k in g  back over a long clinical lifetime, one tends to 

forget or take for granted one’s successes; it is the failures w hich stand out like 

keloid scars, never to  be forgotten and, hopefully, a warning to others.

I have to  recognise th a t if there is any classic mistake which 

I have no t m yself m ade it is simply because of the  lack of tim e 

in which to  com m it it. It makes one wondrously sym pathetic 

tow ard others in trouble. N o apology is therefore m ade for 

the highly personal emphasis in this book.

Ian D onald [1910—1987) 

Practical Obstetric Problems 

London: Lloyd-Luke, 1979, p. viii.
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Note to Readers

The advancem ent of medical science brings continuous changes in m anage

m ent, m ethods of diagnosis and evaluation, and drug therapy.

The editors of and contributors to  Operative Obstetrics Second Edition, 

have closely reviewed the  inform ation included in this textbook, consulted 

appropriate literature, and conferred w ith experienced clinicians in the  efferi 

to  provide accurate inform ation and practice recom m endations in accordance 

w ith  the generally accepted standards of m edical practice. The reader is cau

tioned, however, th a t owing to  the  rapid changes in the  science of m edicine 

and the  possibility of hum an error, the  authors of the  various chapters, the 

editors, and the publisher cannot guarantee th a t all inform ation included in 
this tex t is in every respect com plete or accurate. We do not accept responsi

bility for errors, omissions, or results obtained from  the  use o f these data. For 

these reasons, the  reader is encouraged to  confirm our practice suggestions 

w ith o ther standard sources. Relying on his or her experience, education, and 

unique knowledge of the  individual patient, the  attending physician or certi

fied nurse m idwife m ust determ ine the  best trea tm ent for a specific obstetric 

condition.
Recom m ended drugs and dosing schedules for various medical conditions 

do appear in this text. Before a drug is adm inistered, however, clinicians 
should review standard com pendia of drug inform ation and package inserts 

for any changes in drug use or additional warnings of potential adverse reac

tions or other precautions. To ensure patien t safety, caution is especially 

necessary w hen the  drug in question is new  to the  practitioner, infrequently 

administered, or has the  potential for serious side effects.

-  The Editors
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Foreword

THE PROCESS OF EVOLUTION affects not only 
the characteristics of a species but also the adaptive 
technology between a species and its environment. 
The practice of obstetrics is devoted to maximizing 
the ability of each human being to confront the envi
ronment and to be part of the creative, modulating 
path of evolution. It is almost, if not totally, impos
sible to discern evolutionary human changes within 
our own lifetimes; however, it is a different story 
with the technology of our interactions. Obstetrics 
has changed, and it has changed rapidly.

If the earth's lifetime were compressed into a sin
gle 24-hour day, humans would have appeared only 
30 seconds ago. I cannot imagine what nanocalcu
lation would be required to measure the history of 
operative obstetrics, yet that incredibly short mea
sure of geologic time is packed with a geometrically 
increasing collection of events and stories. The inter
esting and comprehensive chapter on the history of 
operative delivery alone is worth the price of this 
book. Every contemporary obstetrician should know 
and learn from the history of obstetrics. Some might 
argue that this history is truly the past, and that 
operative obstetrics today is a matter of a few sim
ple choices. Even that judgment, however, must be 
based on a critical analysis of the operative choices. 
Only then can the individual obstetrician under
stand the reasons behind modern decisions.

The modern focus on “evidence-based medicine” 
all too often fails to recognize the broad base of

knowledge that is the foundation of clinical deci
sion making. This book is an excellent example 
of the fact that medical knowledge is more than 
what we read in the literature. Although medicine 
tests the worth of specific procedures with appropri
ately designed clinical studies, physicians also learn 
from each and every clinical experience and mod
ify their decisions according to an understanding of 
the individual patient's needs. Nowhere is this more 
important than in operative procedures. The authors 
of this book have solidified their recommendations 
with a comprehensive survey of the literature, but 
they have filtered this knowledge through the valu
able experiences of multiple clinicians, finally offer
ing clinical advice that is meaningful and useful.

Obstetric decisions today are not simpler. They 
are actually more complex, requiring an ever- 
expanding knowledge base. This book provides a 
knowledge base of operative obstetrics derived from 
the accomplishments of the past and the experi
ences of the present. In so doing, it serves an impor
tant purpose: to assist obstetricians in achieving the 
objective of a successful pregnancy and a healthy 
newborn.

Leon Speroff
Professor, Department of Obstetrics and Gynecology 

Oregon Health and Science University 
Portland, Oregon
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Preface
bstetrics is not one of the exact sciences, and, in our penury of truth 

we ought to be accurate in our statements, generous in our doubts, 

tolerant in our convictions.

James Young Simpson (1811-1870)

MUCH TO OUR SURPRISE, more than ten years 
have passed since the publication of the first edi
tion of Operative Obstetrics. Since the initial text 
appeared in 1995, new tests, surgical procedures, 
and novel methods of medical education have been 
introduced to the practice of obstetrics. In addi
tion, there has been an expansion of roles for non
physician personnel in the provision of care to preg
nant women. There remain important unresolved 
controversies in the specialty, including elective or 
patient-choice cesarean delivery, trials of vaginal 
birth after cesarean, patient safety during hospital
ization, pregnancy termination, and the recruitment 
and training of new practitioners, to list only a few. 
The influx of new ideas and the development of new 
techniques over the last decade have accompanied 
increasing demands by institutions, third-party pay
ers, and governmental agencies for evidence-based, 
cost-efficient, and safe practice. Clinicians are thus 
pressured from many directions to rapidly incorpo
rate new scientific advances into their management, 
rethink traditional concepts of best practice, fol
low increasingly restrictive protocols and practice 
guidelines, and even revisit basic ethical concepts. 
Because of the unresolved issues concerning appro
priate practice and the risks associated with adverse 
outcomes, it is inevitable that medicolegal risks in 
obstetrics remain high and that increasingly few clin
icians, with a decade or more of active practice, now 
escape litigation.

The stated goal of all recent textbooks is to 
define best practice by employing the techniques 
of evidence-based medicine. In fact, there is now 
a growing body of evidence-based data concerning 
obstetric practice, much to the improvement of the 
specialty; however, many areas of management have 
never been subjected to such systemic study. Expe
rienced practitioners rapidly discover that there are 
obstetric and surgical practices and clinical prob
lems that have not proved amenable to the rigid 
demands of evidence-based analysis. These observa
tions emphasize the limitations of current method
ologies and serve as a constant reminder of the 
incompleteness of physicians’ knowledge and the 
need for continuous improvement through appro
priately designed prospective studies.

This new edition required the amalgamation of 
data derived from quite different sources. Work
ing with the editors, our many collaborators have 
strived to reconcile current scientific knowledge and 
data from evidence-based clinical studies with the 
rich heritage available from the past. Philosophi
cally, the editors remain unrepentant advocates of 
combining essential elements of the art of tradi
tional obstetrics and the accumulated experience of 
our predecessors with new concepts and methods of 
management derived from meta-analysis and other 
prospective and randomized clinical investigations. 
Reflecting the realities of modern practice, this new 
edition includes legal commentaries on areas of
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x iv  PREFACE

special concerns, with recommendations for appro
priate actions to help to avoid difficulty.

It is the editors’ earnest anticipation that this new 
edition of Operative Obstetrics fulfills the demand
ing requirements of clinicians struggling with the 
many pressures of contemporary practice. Our aim 
is both to challenge and instruct our readers. The 
success of this endeavor will be measured by the 
extent to which we have constructively critiqued 
established ideas, fused the traditionally accepted 
with the scientifically proved aspects of practice,

and sustained the reader's interest. Our measure 
of success is simple. If this textbook proves help
ful in the management of a single case, our original 
expectations will be met, and we will consider our 
intense labors and those of our coworkers to have 
been amply rewarded.

John P. O ’Grady 
Martin L. Gimovsky 

Lucy A. Bayer-Zwirello 
Kevin Giordano
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Part I

ANTEPARTUM

a**  1 A HISTORY:
OPERATIVE DELIVERY ■II ■ ., u

John P. O ’Grady

Norwithstanding that I would use all my 
Endeavours to deter Men from the rash and 
imprudent Practice of instrumental Operations 
in Midwifery; yet it is not to be denied, but that 
such Operations are very useful and necessary, 
when undertaken with Caution, Skill and 
Prudence;...

Fielding Ould (1710-1789)

A Treatise o f  M idwifery in Three Parts 

Dublin: O. Nelson & C. Connor,

1742: I 11, pg 142.

Prolonged or obstructed labor, undeliverable fetal 
positions, maternal hemorrhage from retained prod
ucts of conception, delivery of the second of twins, 
and the problematic extraction of large infants are 
among the recurring problems in human labor and 
delivery that do not resolve without intervention. 
Assistive techniques to manage these and other 
complications of human parturition are rooted deep 
in antiquity. Over many years, various manipula
tions and specialized instruments were developed to 
expedite delivery of viable infants or to remove the 
fetus and the other products of conception from the 
uterus in case of fetal demise or incomplete deliv
ery. A brief historical review of the origins of oper
ative delivery techniques increases the appreciation 
of modern practitioners for the complex roots of the 
science and art that have led to modern practice.

THE HISTORY OF CESAREAN DELIVERY 

Myth and Legend
Reports of the surgical removal of the fetus from 
the m other are common in history and legend. 
Such tales figure in the origin myths for impor
tant personalities from many cultures. For exam
ple, Brahma is described as emerging from his 
m other’s umbilicus, and in 5636 B.C.E., Buddha is 
reported to have been delivered from his mother 
Maya’s right flank [1], Tall tales of preternatural 
or miraculous births are also common in our west
ern Greco-Roman cultural heritage. Classic Greek 
mythology includes several descriptions of what 
could be termed cesarean deliveries of various gods, 
demigods, and mortals [2]. A representative exam
ple is the case of the inconstant princess Coronis. 
Upon receiving proof of her infidelity with another 
male suitor, her enraged paramour Apollo (Phoe
bus Apollo), god of prophecy, music, and archery, 
dispatched her with an arrow. In some versions of
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this tale it is Apollo’s twin sister, Artemis (Diana), 
daughter of Zeus and Leto, who was responsible 
for this murderous archery. In any event, Apollo 
next placed the body of the newly dead Coronis 
on a funeral pyre. As the flames leaped up, Apollo's 
rage rapidly changed to consternation for the fate of 
his unborn child. At Apollo's urgent request, Her
mes (Mercury), the messenger of the gods and the 
patron of heralds, thieves, travelers, and merchants, 
intervened, and the infant was delivered from his 
m other’s body by means of an abdominal incision. 
This child, who was the product of this unique per- 
imortem delivery, was subsequently tutored in the 
healing arts by Chiron the centaur, son of Coronos 
and the nymph Philyra, and eventually became the 
most famous physician of antiquity, Asclepius. This 
tale has an ending that should serve as a warning to 
overly ambitious physicians. In his later life, Ascle
pius developed his medical abilities to the point 
where he could resurrect the dead. For his presump
tion in using his medical talents to thwart the will 
of the gods, Zeus killed him with a thunderbolt!

In another setting, Zeus prematurely delivered 
Dionysus (Bacchus), god of wine and ecstasy, from 
the abdomen of the dying Semele, the daughter of 
Cadmus and Harmonia. Zeus had actually fathered 
this child. Unfortunately, complications with the 
pregnancy led to disaster. In the sixth month of 
the pregnancy, malevolent advice was given to the 
young woman by the jealous Hera, Zeus’s wife, who 
was masquerading as Semele’s elderly nurse, Beroe. 
Under this influence, Semele refused Zeus her bed 
unless he would come to her in his true form. 
Zeus, trapped by her request, resumed his accus
tomed form as a thunderbolt, a dramatic process 
that proved fatal to the hapless Semele. Through the 
intervention of the ever-present Hermes, however, 
the unborn and premature Dionysis was removed 
from Semele’s womb, sewn into the thigh of Zeus, 
and, through this unusual mechanism, carried to 
maturity as a bizarre type of ectopic pregnancy [3].

There are other unusual tales of obstetric inter
ventions in Greek and Roman mythology. Adonis, 
famous for his great beauty, was born of his mother, 
Myrrha of Smyrna, after her transformation into a 
tree. Myrrha had conceived following an incestuous 
relationship with her father, Cinyras. Cinyras was a 
Cypriot king and originally one of the lesser suit
ors to Helen before her abduction and the begin
ning of the Trojan War. This unusual relationship

between father and daughter developed because 
of the enmity of Aphrodite, the goddess of love, 
who punished the unfortunate Myrrha because of 
her lack of devotion [2]. Aphrodite’s intervention 
caused the poor Myrrha to fall in love with her 
own father. Under what proved to be a maleficient 
influence, Myrrha developed a subterfuge whereby 
she shared Cinyras’ bed without his recognizing her. 
The god’s punishment for Adonis’s mother was her 
transformation into a myrrh tree, thus arresting her 
father’s unacceptable advances. Her father’s even
tual fate was also severe. W hen he discovered that he 
had been tricked into impregnating his own daugh
ter, Cinyras committed suicide.

In terms of drama, myth, and legend, classic the
ater also contains m any stories of unusual births. Per
haps the most famous occurs in the denouement of 
the play Macbeth. Shakespeare’s protagonist Mac
duff is free from mortal risk from Macbeth, because 
Macduff was “from his m other’s womb untimely 
ripp’d ---- ” [4] As he was not of woman born, Mac
duff fulfilled the prophecy of the witches and thus 
successfully defeated the regicidal Macbeth. This 
tale of ambition, greed, murder, and operative deliv
ery has a long pedigree, with its origin well before 
the sixteenth century. Shakespeare had obtained the 
material for his tragedy from an earlier text, 
the Chronicles of Holinshead. From this reference, 
further sources for this Scottish tale can be traced 
to another text, Scotorum, Historiae of Boece (Paris, 
1526); it can further be followed to a manuscript 
originally published in 1385! Doubtless, its roots are 
even earlier than the fourteenth century, in now lost 
sources.

History also includes many reports of unusual 
cesarean deliveries involving actural individuals. 
There are several well-documented cases in which 
women delivered themselves by conducting their 
own surgeries. Many if not most of these abdomi
nal surgical deliveries would in current terminology 
be described as cesareans. Authentic reports from 
rural settings also describe traumatic deliveries when 
milkmaids were gored by cattle, the earliest dat
ing back to 1647. In some of these latter cases, the 
mother, the infant, or both apparently survived [ 1 ].

Derivation of Terms Cesarean and Section
In common parlance transabdominal surgical deliv
eries are termed cesareans. How this nomenclature
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A History: Operative Delivery 3

came to be employed for abdominal surgical deliv
ery is a long and complex tale. The derivation of the 
term cesarean has been ascribed to several sources. 
Ancient historians, including Pliny the Elder are 
largely responsible for the widely believed myth 
that a Roman emperor or Caesar -  either Scipio 
Africanus (237-183 B.C.E.) or more commonly, the 
most famous emperor, Gaius Julius Caesar (102?- 
44 B.C.E.) -  was delivered from his mother via an 
abdominal incision. Unfortunately, it is unlikely that 
these historical figures or many of the other famous 
persons reputed to have been delivered by a sur
gical procedure were actually born in that man
ner. In reference to the historical Roman Emperor 
Gaius Julius Caesar, it is virtually certain he was 
not delivered surgically from his mother, since the 
term cesarean predates him by centuries. Further
more, published letters of Julius Caesar indicate that 
he corresponded with his mother, Aurelia, while 
he was in Gaul. Finally, Aurelia is known to have 
lived until 54 B.C.E., when Caesar, who was then 
more than 40 years old, attended her funeral [5]. 
Her long-term survival after an unsterile abdominal 
surgery in the first century is distinctly improbable. 
The reports by Pliny and other classical writers of 
successful abdominal delivery of culturally impor
tant people such as the historical Emperor Julius 
Caesar lack historical support and are best viewed 
as political fables.

There are various interpretations but no clear evi
dence to explain how the family of Gaius Julius 
Caesar received the cognomen caesar and how this 
family name at some point became associated with 
a surgical procedure. The name of Caesar might 
derive from several literary sources, such as from the 
Latin caedere/caedo, meaning “to cut, fall, or kill; to 
cut down or to strike mortally as in conflict,” [6] 
possibly reflecting a traumatic or surgical delivery 
sometime in the family's past [7]. It is also possi
ble that a legend of an abdominal delivery became 
associated with the family name simply as an honor. 
Preternatural births were thought to confer on the 
child certain special virtues, powers, or abilities -  
exactly what might be expected of a world leader 
such as an emperor. After all, the Julian family was 
noble and from a patrician clan. Caesar’s father, once 
the governor of Asia, had served as praetor, the sec
ond most important post after counsul [8].

Another possible origin of the term cesarean 
derives from legal responses to the problem of peri

or postmortem delivery. The first law relating to 
postmortem delivery is reputed to have been pro
mulgated by the quasi-legendary king of Rome, 
Numa Pompilius (715-673 B.C.E.), and termed the 
lex regia (and subsequently lex caesarea) [1]. This 
edict concerned the abdominal delivery of a child 
during an acute life-saving effort in the unusual cir
cumstance of a dying or recently dead mother. The 
statute was a type of Good Samaritan law, requir
ing delivery of the unborn child from its mother 
and forbidding the burial of the dead woman until 
this was accomplished. The law also protected the 
person who performed such a perimortem proce
dure from an accusation of murder or manslaugh
ter, assuming that the amateur surgeon acted in good 
faith.

Some English words with specialized meaning 
have their origin in the Latin roots that originally 
gave us the term cesarean. In musical notation, a 
caesura is a set of closely approximated parallel lines 
in the score that mark a sudden stop, or cut, in the 
course of the program. This term is also used to indi
cate an interruption, break, or pause between words 
within a metrical foot in poetry, or in the middle of 
a line of text. In a social/political context, both the 
titles of Kaiser and Tsar (Czar) have their origin in 
the original Latin Caesar. In English, both Kaiser 
and Tsar either describe an authority figure, usually 
a tyrannical one, or are used in their historical sense 
as the traditional titles for a Holy Roman, Austrian- 
German, or Russian Emperor, respectively.

W hatever the origin of the term, by the mid
sixteenth century, the term cesarean was used to 
describe abdominal surgical deliveries in medical lit
erature. One of the earliest commentators or med
ical editors to refer to the abdominal delivery of 
an infant as a cesarean was Richard Jonas, who 
translated, edited, and expanded one of the many 
editions of the obstetric textbook usually termed 
the Roszgarten, which was originally authored by 
Eucharius Rosslin of Frankfurt-am-Main (discussed 
later in this chapter). First published in 1540 in 
its English editions as The Byrth of Mankynde, this 
text was thereafter frequently reprinted. In one of 
these reprintings, Jonas commented in reference to 
abdominal delivery " . . .  that are borne after this 
fashion be called cesares, for because they be cut 
of theyr mothers belly, whervpon also the noble 
Romane cesar. . .  of that name in Rome toke his 
n a m e . . . ” [9].
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The second part of the usual term for obstetric 
abdominal surgery, section, probably has its origin in 
the Latin verb secare/seco, meaning “to light, strike, 
or reach,” or "to cut into, separate, divide, or part”
[10]. Another possibility is incidere/incido, meaning 
"to fall or on, happen, or occur” [6,10].

At some indeterminate time in the past, the terms 
used to describe the surgical operation for abdomi
nal delivery, cesarean and section, became inextrica
bly linked. Over time, however, the terms used to 
describe the surgery for abdominal deliveries have 
changed. In modern times, such surgical delivery 
of the fetus was referred to as a cesarean operation 
until the early twentieth century, when the term 
cesarean section became popular [ 1 ]. Currently, the 
term cesarean birth is frequently used in both lay and 
professional literature. Because of the redundancy 
inherent in the term cesarean section, we prefer to 
describe the surgical operation for the abdomen 
delivery of a child as a cesarean delivery, a cesearean 
operation, or simply as a cesarean. These conventions 
are used in the current text.

Cesarean Delivery in the Historical Record
Beyond the mythology of the origins of the cesarean- 
related terms is also a long historical record of suc
cessful and not-so-successful abdominal deliveries. 
The oldest reliably recorded operations date back to 
the Sumerians in the second millennium B.C.E. More 
than 1,000 years later, Gorgias (483-375 B.C.E.), a 
famous orator from Sicily, is reputed to have been 
delivered by a cesarean Records from as early as 
the second century C.E. report the operation sev
eral times, and in early Jewish literature Maimonides 
(1135-1204) mentioned cesarean surgery and com
mented on technique. It was not until the sev
enteenth century, however, that thoroughly docu
m ented cesarean deliveries are known to have been 
performed on living women with occasional mater
nal or fetal survivals. Many of the earlier reports are 
incomplete, wildly improbable, or so warped and 
embellished by multiple retellings that they remain 
suspect.

Commentary concerning cesarean delivery ap
pears early in obstetric literature; however, many of 
the classic medical authors fail entirely to mention 
the procedure, attesting to its rarity. As an example, 
Soranus of Ephesus (98-138 C .E .) does not include 
cesarean operations in his review of surgical pro

cedures. Sonanus did describe the management of 
obstetric malpresentation by version and extraction 
but did not mention the use of instruments or abnor
mal surgery for delivery. Aurelius Cornelius Celsus 
(27 B.C.E.-50 C .E.) in his book De Re Medica (c. 30 
C .E.) is also silent on abdominal delivery yet pro
vided instructions for the extraction of dead infants 
by the use of a hook or crochet. Cesareans are also 
not a part of the corpus of Hippocratic writings. 
Eucharius Rosslin the Elder’s (also Roeslin, Roess- 
lyn, or Rhodion) important, early obstetric textbook 
Der Swangem Frawen und Hebammen Rosegarten, 
published in Strassburg in 1513 and widely known 
as The Roszgarten (also Roszgarten or Rosengarten) 
does not mention the cesarean operation. As ear
lier noted, however, one of the many later editors 
or revisers of this book, Richard Jonas, did make 
such a reference in a commentary included in one 
of the many subsequent English language reprint
ings of this remarkably long-lived textbook.

There are various reports of cesarean deliveries 
from numerous sources before the seventeenth cen
tury. Unfortunately, most simply document the dan
ger of the procedure and the extreme risk to the 
m other’s life. In Sweden, a postmortem cesarean 
operation was first recorded in 1360. Scipio Mercu
rio (1550-1616?), a surgeon of Padua, claimed sev
eral successful cesarean operations in his textbook 
La Commare o Riccoglitrice, published in 1596. In 
1578, Giulio Cesari Aranzio (1530-1589) reported 
a successful postmortem cesarean delivery on a 
m other who had died late in the third trimester. 
Jacques Guillemeau (1544-1612) was surgeon to 
Henry and a student of the noted barber-surgeon 
Ambroise Pare (1510-1590). Guillemeau included 
a chapter on cesarean delivery in an obstetric text 
that was later translated into English by Thomas 
Hatfield in 1612 and entitled Childbirth or, The Hap- 
pie Deliverie of Women [11]. Guillemeau stated that 
he had seen the operation carried out by various 
surgeons on a total of five women, all of whom had 
died. In his discussion of the procedure in this book, 
Guillemeau was among the first to introduce the 
word section into the medical literature.

The most controversial of the early reports of suc
cessful operative deliveries is that involving Jacob 
Nufer, a sow-gelder who is reputed to have per
formed a successful cesarean on his own wife circa 
1500. The Jacob Nufer story was first related by Cas
par Bauhin (1550-1624), more than 80 years after
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A History: Operative Delivery 5

the supposed event, in the appendix and commen
tary to Bauhin’s Latin translation of a text entitled 
Traite Nouveau de I’hysterotomokie ou I'enfantement 
Caesarienne printed in Paris in 1581 and originally 
authored by Francois Rousset (1535-1590?), physi
cian to the Duke of Savoy [12], Rousset, although 
not himself a surgeon, recounted cases of cesarean 
deliveries performed by others and claimed to have 
been an observer in still more, including several 
with maternal and fetal survivals. He argued that a 
cesarean was not only “a feasible operation” but also 
could preserve the lives of both m other and infant. 
As the title of his text reflects, Rousset termed 
the procedure a cesarean delivery or “enfantement 
Caesarienne” presumably in homage to the legend 
involving the birth of Julius Caesar [13], The Nufer 
story was retold as late as the mid-eighteenth cen
tury by the reviewer and critic John Burton (1710- 
1771) in his textbook of obstetrics, An Essay towards 
a Compleate New System of Midwifry, published in 
1751 [14],

As the Nufer tale is usually related, both litho- 
tomists and midwives were called in consultation 
when the labor of Nufer’s wife was obstructed. 
None of these attendants was able to bring the child 
forth, however. In desperation, Nufer himself per
formed a surgical delivery. His wife is supposed to 
have not only survived the operation but also later 
to have delivered other children vaginally. Although 
this entire story is suspect, it might contain a kernel 
of hidden truth. Because of the nature of his work 
in animal husbandry, Nufer would have had rough 
surgical and birthing experience. Such people with 
a functional knowledge of delivery mechanics were 
occasionally called on in the sixteenth century to 
help manage obstructed human labors. This might 
explain his active involvement in his wife’s confine
ment. But, can the rest of this remarkable story be 
believed? Perhaps what Nufer’s wife had was an 
advanced abdominal pregnancy. This could explain 
both her survival following an unsterile laparatomy 
and her subsequent unimpaired fertility. W hat actu
ally happened in that Swiss hamlet in 1500, and 
the degree to which the Nufer story has been 
embellished and distorted over time, cannot now 
be determined as no new information is likely to be 
forthcoming.

In 1610, aphysicianin Wittenberg, Jeremias Traut- 
mann, conducted the earliest well-documented 
cesarean delivery [15]. Although a surgery is known

to have been performed and a child delivered, the 
clinical details remain confusing. It is possible that 
what Trautmann actually found was an anterior uter
ine sacculation or an abdominal pregnancy. In other 
accounts the pregnancy was normal and the reason 
for surgery was a large ventral hernia that precluded 
normal labor. In fact, whether a pregnancy was even 
diagnosed before the operation is uncertain, and the 
infant might have been an unexpected discovery 
during a surgical exploration to relieve acute abdom
inal symptoms. In any event, an abdominal proce
dure was conducted, a child was delivered and is pre
sumed to have survived although the extant records 
are at best incomplete. Unfortunately, the mother 
died some 25 days after the original operation, pre
sumably from infection.

From the inception of the operation, contro
versy concerning the propriety of cesarean deliv
ery has characterized the medical literature. It was 
recognized very early that postmortem operations 
on mothers dying in labor or late in pregnancy 
would rarely result in a normal and surviving child. 
Owing to the state of development of surgical tech
nique, a cesarean was a virtual death sentence for 
both mother and infant until the early nineteenth 
century. To operate on a living woman was thus 
shunned, owing to the profound maternal risk from 
surgery and the uncertainty of success in salvaging 
a living infant. W hen labor was obstructed, ver
sion and extraction, fetal destructive procedures, 
and later symphysiotomy were the accepted m eth
ods for delivery. Whereas the mother often survived 
these obstetric manipulations and destructive pro
cedures for vaginal delivery, in almost all cases the 
infant did not.

With this background, including horrific reports 
in the literature and their own experience with 
disastrous cesarean results, most of the influen
tial obstetric educators of the sixteenth and seven
teenth centuries, including Ambroise Pare (1510- 
1590), Jacques Guillemeau (1550-1630), Pierre 
Dionis (1643?—1718), and Francois Mauriceau 
(163 7 -I 709), advised strongly against performing a 
cesarean operation on living women. Mauriceau,the 
most celebrated obstetrician of the late seventeenth 
century, discussed known obstetric procedures in his 
textbooks, Traite Les Maladies des Femmes Grosses, et 
Accouchees (Figure 1.1) [16] and Observations Sur la 
Grossesse et I'Accouchement des Femmes, et sur Leurs 
Maladies, &J; celles des Enfans Nouveau -  Nez [17].
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FIGURE 1.1.
Title page o f  the Traite o f  Francois Mauriqeau (c. 1668).
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A History: Operative Delivery 7

Mauriceau argued that only postmortem cesare
ans should be performed. He was well experienced 
in serious obstetric complications and knew first
hand of the limitations imposed by the inability of 
physicians to conduct abdominal deliveries. His own 
sister had experienced a serious antepartum hem 
orrhage from a placenta previa. W hen her atten
dants recoiled from intervention, Mauriceau had 
delivered her himself by version and extraction. 
Unfortunately, she did not survive this procedure 
[18].

In contrast, some early medical authors did 
support cesarean delivery. Jean-Louis Baudelocque 
(1746-1810) and Andre Levret (1703-1780) advo
cated cesareans for a contracted pelvis, in preference 
to the usual procedures of embryotomy, decapita
tion, or cranial decompression. The maternal and 
tetal results of most early cesarean operations were 
disastrous, however, reinforcing the argument for 
those who opposed such surgeries. According to 
Baskett [11], on one occasion, the noted French 
accoucheur Baudelocque was forced to defend him
self in court when a contemporary called him an 
assassin because of Baudelocque’s favorable opin
ions concerning cesarean delivery!

Cesarean deliveries were sporadically reported in 
the medical literature from the eighteenth through 
the mid-nineteenth century with generally poor 
results and often the loss of both m other and infant. 
In the early to mid-1700s cesarean deliveries were 
performed in Paris at a rate of approximately 1 per 
4000 births. Unfortunately, the associated maternal 
mortality was 70% to 80%! A few successful abdom
inal deliveries did occur outside of the French capital 
between 1 /60 and 1814, however [19]. There were 
similarly grim statistics from the British Isles. There 
was not a cesarean delivery with documented mater
nal survival in Ireland until 1738, when a midwife, 
Mary Donally, operated on a 33-year-old multipara. 
In this case, Donally made a right paraumbilical inci
sion with a razor; the incision subsequently closed 
with a tailor’s needle and silk thread. The patient 
survived but later developed a ventral hernia. A 
cesarean delivery following a 6-day obstructed labor 
is also known to have occurred in England in 1737, 
but neither mother nor infant survived. In fact, a 
cesarean operation in England in which the m other 
is known to have survived did not occur until 1793 
when the first case was reported. The mother in this 
instance had been in labor for three days when a sur

geon, James Barlow delivered a dead child through 
a left paramedian incision [1], From the same era 
there is an incompletely documented report of 
a successful cesarean delivery from America. Dr. 
Jesse Bennett (1 /69-1842) is supposed to have per
formed the procedure on his own wife in 1794 in 
Staunton, V irginia, following an unsuccessful effort 
at vaginal instrumental delivery. The details of this 
case are sketchy, and the documentation is poor. 
Thus, this claim is not generally considered cred
ible. i he first well-documented American report 
dates from 1827, when Dr. J. Cambert Richmond 
(1785-1855) performed an operation on a nulli- 
parous eclamptic woman. Although the mother sur
vived, the infant did not [20], Another cesarean 
with maternal survival was performed before 1821 
(exact date unknown) by the physician and sur
geon James Miranda Barry in South Africa. Barry 
holds the unique distinction of being both an Edin
burgh graduate and a woman who successfully mas
queraded as a man from 1809 until her death in 
1865 [18]. Africa is also the source for a report of 
another successful cesarean delivery performed by 
an unknown indigenous surgeon. In 1879, R. W. 
Felkin, a Scottish medical traveler in what later 
became Uganda in East Africa, witnessed and later 
published his observations concerning a cesarean 
delivery [21], Preoperatively the surgeon cleansed 
his hands and the m other’s abdomen with banana 
wine. Fhe same fluid was administered orally to 
the m other before the surgery began, presumably 
to induce a degree of insensibility. After the deliv
ery, which the surgeon performed through a midline 
incision, the uterus was not sutured. The abdomi
nal incision was pinned together with iron needles 
and then secured by a bark-cloth string. Bleeding 
was controlled by cautery. Felkin claimed that the 
woman made a full recovery and noted the apparent 
expertise of the surgeon, concluding that the proce
dure was well established in that part of Africa.

In the late eighteenth century and into the 
early years of the nineteenth century, because 
of the serious risks of surgery, symphysiotomy 
vied with cesarean delivery as the best procedure 
for obstructed delivery. Intentional incision of the 
pubic symphysis was introduced to medical prac
tice in 1768, when Jean Rene Sigault (1740-18??) 
described the technique in a single case [1,11,25], 
Sigault successfully delivered a multiparous woman 
(a Madam Souchot), whose first child was lost owing
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to an obstructed labor and a fetal demise, eventually 
terminated by an embryotomy. Her other deliver
ies had been equally unfortunate, resulting in still
births. For his efforts, Sigault received both a medal 
from the Facility of Medicine in Paris, and a govern
ment pension. A medal was given to his assistant, 
Alphonse LeRoy (1742-1816), and to complete the 
awards, a pension was provided for the patient, 
who, despite a rocky postpartum course, includ
ing abscesses and a vesicovaginal fistula, survived! 
Despite such occasional successes, because of the 
manner in which symphysiotomy was performed, 
maternal morbidity and mortality were high. For 
these reasons, the procedure soon fell into disfa
vor and was not revived until the twentieth cen
tury. Symphysiotomy is still occasionally performed 
in parts of the nonindustrialized world as an alter
native to a cesarean [23,24].

Prior to the late nineteenth century, several seri
ous technical problems precluded safe cesarean 
deliveries. First, the operation was viewed as the 
last resort. It therefore usually was not performed 
until after prolonged labor, multiple examinations, 
manipulations, and various unsuccessful efforts at 
vaginal instrumental delivery. Inevitably, many of 
these women were exhausted and dehydrated, and 
most were infected. Surgical procedures at that time 
were also primitive. Before the invention of inhala
tion anesthesia in the late 1840s, surgery needed to 
be rapid. Only laudanum and alcohol were avail
able as analgesic agents and the patient had to be 
actively restrained during the procedure. Further
more, nothing was known concerning aseptic m eth
ods of surgery, ensuring a serious risk of infection. 
In the usual technique, the maternal abdomen was 
opened by a vertical incision, lateral to the rec
tus muscle. Attendants restrained the m other and, 
once the abdomen w*as entered, endeavored to hold 
back the intestines with their hands. The uterus 
was incised vertically and the child removed. Usu
ally, the uterine wound was specifically not sutured 
because sutures were believed to predispose to com
plications, but the edges of the abdominal wound 
were usually reapproximated. Because of the timing 
of the operation, the absence of aseptic technique, 
and the failure to close the uterus, mothers usually 
rapidly died of hemorrhage or, if they lingered for 
several days, of peritonitis.

Progress was slow. The first reported instance of 
the successful use of uterine sutures at a cesarean

was by the surgeon Jean LeBas (1717-1787). In a 
1769 delivery, he applied silk thread sutures to a 
uterine incision to stop hemorrhage. The patient 
subsequently recovered. Inevitably, LeBas was heav
ily criticized by his contemporaries. After LeBas’ 
report, several attempts at routine uterine suturing 
occurred in individual cases, usually with disastrous 
results [11].

From our vantage point, it is hard to understand 
why suturing of the uterine wound during a cesarean 
was considered inappropriate until almost the begin
ning of the twen tieth century. This practice followed 
then-contemporary clinical experience and well- 
established surgical technique, however. A common 
reason given for not suturing the uterus routinely 
after a cesarean was the belief that rapid uterine 
involution would inevitably loosen any stitches, ren
dering them  ineffective. Another problem was infec
tion. In the eighteenth and well into the nineteenth 
century, sutures placed by a surgeon were routinely 
left long, protruding from the wound. This was 
believed necessary to facilitate drainage and to pro
vide access for the eventual removal of the sutures, 
which usually were not absorbable and, of course, 
not sterile. Conventional wisdom and clinical obser
vation held that deeply placed sutures invariably 
became infected, leading to abscess, cellulitis, or sep
sis. A wound left open, with the suture ends exiting 
the skin, would eventually begin to develop what 
was termed laudable pus, however. With time, pro
gressive tissue necrosis would eventually release the 
sutures. The usual practice was that several days 
after the surgery the surgeon would begin intermit
tently to pull gently on the suture ends. This process 
was subsequently repeated once or twice daily until 
local necrosis was sufficient to permit the extrac
tion of the sutures without eliciting a hemorrhage. 
For patients who survived to the point of suture 
removal, eventual recovery was likely. After suture 
removal, the wound would slowly heal by secondary 
intention. Once the process of granulation was well 
advanced such wounds were quite resistant to infec
tion and unlikely to lead to cellulitis or sepsis. Unfor
tunately, when such standard surgical techniques 
were used in cesarean deliveries, hemorrhage and 
infection were routine, with serious and usually fatal 
consequences for the mother.

W hen uterine reapproximation was finally intro
duced, silver wire became the initial suture material 
of choice, mirroring its use in nineteenth century
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A History: Operative Delivery 9

gynecology. Frank E. Polin of Springfield, Kentucky, 
first reported the use of silver wire in the closure 
of a uterine wound in 1852. Other than silver wire, 
many other types of suture were in use, derived from 
a wide range of materials including silk, carbolized 
gut, horsehair, and even hemp. W hat would now 
be considered as appropriate uterine approximation 
with nonpermanent suture materials was not intro
duced until the early 1880s.

Many important surgical innovations begun in 
the mid-nineteenth century eventually made safe 
cesarean deliveries possible. Ether was first used 
during labor in Boston in 1847 and subsequently 
popularized by the socially prominent New Eng
land obstetrician Walter Channing (1786-1876). 
The anesthetic properties of chloroform were dis
covered by James Young Simpson (1811-1870) and 
first employed by him in deliveries in Edinburgh 
beginning in 1847 [11],

A major breakthrough in the technique of 
cesarean surgery occurred in the early 1880s. Max 
Sanger (1853-1903), then an assistant to Carl Sieg- 
mund Franz Crede (1819-1892) in Leipzig, intro
duced an operative procedure in 1882 that is now 
considered the classic cesarean operation. In doing 
so, Sanger revolutionized standard cesarean surgi
cal technique [26]. In a general review for a mono
graph concerning the cesarean operation, Sanger 
had collected published case reports of prior deliv
eries that he carefully reviewed and critiqued. Based 
on these data from the literature and his own expe
rience, Sanger argued that operative complications 
from cesareans would occur less frequently if the 
myometrium were closed and a concerted effort 
made to avoid the spillage of intrauterine secre
tions into the peritoneal cavity [26], His procedure 
featured a meticulous, water-tight reapproximation 
of the uterine wound, employing buried sutures. 
Sanger also exteriorized the uterus before deliver
ing the infant and attempted to improve postopera
tive drainage by passing a drain from the fundus out 
through the cervix.

Although maternal morbidity and mortality 
from cesarean deliveries remained high even with 
Sanger’s improvements, statistics were substantially 
better with his technique than the levels previously 
experienced. It was only after Sanger’s 1882 paper 
that closure of the uterus was finally recognized as 
both a feasible and necessary part of cesarean tech
nique [1],

Horatio R. Storer, of Boston, Masschusetts, first 
performed a cesarean hysterectomy in 1868, on a 
woman with a large leiomyoma that obstructed the 
birth canal. He removed the uterine corpus and 
adnexa during this procedure. The child was still
born and "in an advanced state of decomposition.' 
The m other died three days later. The first maternal 
survivor following cesarean hysterectomy occurred 
in 1876, when a woman with rickets and pelvic 
contracture was delivered by Eduardo Porro (1842- 
1901) [1,27], W hat later was termed the Porro oper
ation was a unique surgical procedure originally sug
gested by the Florentine surgeon Joseph Cavallini in 
1768. Cavallini and later Porro had experimented 
with pregnant hysterectomy in animal models. Cav
allini had operated on dogs and sheep; Porro had 
used rabbits. Each had proved to his satisfaction that 
the uterus was not necessary for life and that its sur
gical removal was technically possible.

In early 1876, Porro encountered a 25-year-old 
nullipara with a rachitic pelvis and a true conjugate 
of 4 cm or less, precluding vaginal delivery. Follow
ing careful consideration and preparations, including 
preliminary handwashing with carbolic acid, Porro 
performed a classic cesarean delivery by means of a 
midline abdominal incision, with the patient under 
chloroform anesthesia. After delivery of the baby, 
an iron-wire snare was passed around the uterus, 
tubes, and ovaries. All these structures were then 
amputated and the remaining cervical stump was 
bought out of the abdomen through the lower end 
of the midline incision. Drainage tubes were inserted 
and the abdominal wall was then closed around the 
residual stump with silver-wire sutures. The snare 
was removed on the fourth day and the sutures on 
the seventh. The exterialized cervical stump and 
lower portion of the abdominal wound were then 
perm itted to heal by secondary intention. Six weeks 
later, the woman left the hospital with her infant. 
Remarkably, she was the first to survive a cesarean 
delivery performed at that clinic’

J he Porro operation rapidly gained acceptance 
in Europe because it radically solved the prob
lems of both hemorrhage and infection. Maternal 
losses with the Porro operation remained high but 
were substantially below those experienced before 
the procedure was introduced. By 1884, approxi
mately 140 of these operations had been reported 
in Europe, with a maternal mortality rate of 56%. 
After 1882, the classic cesarean operation without
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hysterectomy as popularized by Max Sanger began 
to replace Porro’s operation as the surgical technique 
of choice because the rates of maternal morbidity 
and mortality were lower. By the onset of the twen
tieth century, the Porro operation had been entirely 
superseded.

Despite these and other innovations, cesarean 
delivery did not gain popularity with practitioners 
until well after the introduction of aseptic technique 
by Joseph Lister (1827-1912) and others in the lat
ter decades of the nineteenth century. Drawing upon 
the new discoveries in bacteriology and the develop
ment of the germ theory of infection,the combina
tion of improved anesthesia and new surgical m eth
ods finally blunted the horrific rates of maternal 
morbidity and mortality associated with cesarean 
operations [28]. The great safety of cesarean deliv
ery still awaited changes introduced during the 
twentieth century.

The rapidly falling mortality rate of cesarean hys
terectomy expanded the potential indications for 
the operation. Cesarean hysterectomy became pro
gressively popular during the period from the late 
1940s to the mid 1960s, and was often performed 
for sterilization. In recent decades, because of the 
substantial morbidity of the operation, cesarean 
hysterectomy has fallen from favor as an elective 
method of sterilization. At present, this procedure 
is generally restricted to management of uncon
trolled hemorrhage, the rare case of nonreparable 
uterine injury, or for other reasons of severe uterine 
or cervical pathology. In recent years, the availabil
ity of potent uterotonics and broad-spectrum antibi
otics, the development of embolization techniques, 
and new methods of vessel ligation have markedly 
reduced the need for emergency cesarean hysterec
tomy, although it still remains an important and 
potentially lifesaving procedure (See Chapter 18, 
Cesarean Delivery).

Other innovations in surgical technique lessened 
the risks of surgery. Maternal complications from 
cesarean deliveries were reduced by the develop
ment of the lower-segment cesarean operation, a 
procedure originally suggested by Johann F. Osian- 
der of Goettingen (1759-1822). In 1805, Osiander 
opined that entry into the uterus through a vertical 
lower-segment incision could avoid the complica
tions of the usual surgical technique, which then 
involved a vertical incision in the upper and thicker 
portion. More than a century later, Bernard Kronig

(1912) revived this idea and proposed dissecting 
into the vesicouterine space and subsequently using 
the bladder serosa to cover the uterine incision, 
to protect the peritoneal cavity from exposure to 
the lochia. This combined technique of a lower- 
segment uterine entry and sequestration of the 
myometrial wound behind the peritoneum resulted 
in less immediate surgical morbidity and substan
tially reduced the risk of uterine rupture in subse
quent pregnancies.

The extraperitoneal cesarean operation has an 
interesting history [20]. This procedure was first 
proposed by W. E. Horner in 1824. Such proce
dures were not performed until Alexander Johnston 
Chalmers Skene (1838-1900) successfully deliv
ered a woman with a rachitic pelvis by this tech
nique [7]. In 1909, the extraperitoneal operation 
gained support when Wilhelm Latzko of Vienna 
reported only two maternal deaths among thirty 
such procedures. Latzko's paravesical, extraperi
toneal operation was later popularized in the years 
prior to World War by E. G. Waters [29] and 
J. F. Norton [30], The theoretical advantage of 
this operation was to isolate the entire operative 
site retroperitoneally and thus potentially avoid 
the risk of peritoneal contamination. The pro
gressively increasing safety of the transperitoneal 
approach, the rapidly decreasing incidence of pro
tracted, dystocic labors, and the advent of antibiotics 
markedly reduced the importance and advantage of 
the extraperitoneal operation, however. It is now 
uncommonly attempted.

In recent decades, additional modifications in 
cesarean operative technique have been introduced. 
New and less tissue reactive suture materials are 
now available. In routine operations contemporary 
surgeons now frequently omit the serosal or vesi
couterine flap closure and closure of the parietal 
peritoneum in an effort to reduce adhesion for
mation. The standard methods for both opening 
and closing both the fascia and uterus also have 
changed, at least for many surgeons, replacing the 
traditional sharp entry by techniques of blunt dis
section and employing running as opposed to inter
rupted sutures for closure. Perhaps the most marked 
change in cesarean practice in the last 75 years has 
not been in surgical technique, however, but in the 
remarkable reduction in serious maternal morbidity 
and mortality associated with the operation by the 
administration of prophylactic antibiotics, the rapid
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A History: Operative Delivery 11

development of medical therapies to treat complica
tions, and general improvements in anesthesia. The 
overall mortality risk for unselected cesarean opera
tions has fallen to 1 per 1,000 or less owing to these 
various advances and improvements.

INSTRUMENTAL DELIVERY

I he development of atraumatic delivery instru
ments is a complex and fascinating part of the his
tory of obstetrics [31-36]. Beginning 200 years ago, 
a remarkably small group of innovators developed 
and perfected new types of obstetric instruments. 
1 heir trials, false starts, occasional successes, and 
many failures make for a rousing tale that involves 
trade secrets, professional jealousy, true altruism, 
a touch of scandal, and inevitably, the search for 
profit and fame. Beyond technical considerations 
concerning instruments or technique, practitioners 
of the past were also well aware of the potential 
risks and benefits of the use of instruments in obstet
ric practice and of the classic alternatives, either a 
cesarean or a destructive operation. They sought 
to develop vaginal delivery devices that were safe, 
effective, and ultimately lifesaving. The different 
approaches that contemporary accoucheurs have 
toward instrument-assisted delivery mirrors a two- 
century-old tension between contending philoso
phies of obstetric practice. This persisting and irre
solvable controversy is between those willing to 
intervene versus those whose preferences are to wait 
and observe. The balance in the relative ascendancy 
between these positions is influenced by various 
advances in the field of obstetric practice, including 
the periodic publication of critical reevaluations of 
traditional obstetric procedures, the introduction of 
new instruments, the popularity of novel techniques 
or procedures, the complex pressures of society, and 
medicolegal trends.

Prior to the introduction of safe delivery instru
ments, intravenous fluid therapy, blood transfu
sion, potent antibiotics, and potent uterotonics, the 
options available to birth attendants when labor was 
obstructed were starkly limited. The mother could 
be permitted to continue to labor at high risk for her 
own injury and for the loss of her child in the hope 
of an eventual vaginal delivery. Alternatively, ver
sion and extraction, symphysiotomy, or a procedure 
destructive to the fetus could be performed. Such 
procedures might save the mother but often did so

at the cost of severe or fatal fetal injuries. Further
more, before the late nineteenth century, attempts 
at any intervention were often delayed until the 
situation was nearly hopeless, effectively determin
ing the outcome. Abdominal operations such as 
cesareans were uncommon prior to the latter part 
of the nineteenth century. Surgery was brutal, far 
from safe, and performed without anesthesia. As dis
cussed in the previous section, cesarean delivery did 
not become an acceptable option until after the mid 
1880s owing to the horrific risks of hemorrhage and 
infection and the limitations of anesthesia. It was in 
this formidable setting that nondestructive delivery 
instruments were first invented.

Modern obstetric delivery forceps are the highly 
modified descendants of instruments destructive to 
the fetus that date from antiquity [31,32,34], The 
term forceps most likely takes its origin from a con
traction of a Latin root word, either ferricepes {ferum, 
meaning “iron,” and capio, meaning “I take”) or for- 
mus (meaning “hot”) combined again with capio.

Although destructive instruments including 
hooks and other extraction devices are accepted 
as ancient, the date of invention for nontraumatic 
obstetric forceps is the subject of debate. Atrau
matic instrumental delivery devices were unknown 
to the Greeks and probably to the Romans as well, 
although the latter is not completely certain. If 
the Romans ever had a nondestructive delivery for
ceps in their armamentarium, this device was lost 
over time and did not influence later developments. 
Destructive instruments, including cranial perfo
rators, hooks and various cranial grasping devices, 
however, date to antiquity.

Various two-bladed, scissor-like metal instru
ments designed for obstetrical applications were in 
use by approximately 1000 C.E. and were known 
to Albucasis (1013-1106) and his contemporaries, 
Avicenna (c. 980-1037) and Maimonides (113 5— 
1204). Jacob Rueffs (1500-1558) textbook De 
Conceptu et Generatione Hominis from 1544 illus
trates such instruments (Figure 1.2). A surgeon and 
obstetrician in Zurich, Rueff drew his information 
largely from Soranus and from the previously men
tioned text by Rosslin, usually entitled the Rosen- 
garten, initially published in 1513. Unfortunately, 
devices depicted in this text were quite clearly 
designed for the destruction and removal of the fetus 
from the uterus and not to assist in the delivery 
of living infants. Atraumatic delivery required the
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12 O ’GRADY

FIGURE 1.2.
Delivery instruments illustrated by Jacques 
R ueff in De Conceptu et Generatione Hominis 
(1554). (Courtesy o f  the Historical Division/ 
Cleveland Health Sciences Library, Cleveland,
OH.)

development of instruments capable of two differ
ent but related tasks: grasping the fetal head securely 
and permitting cranial rotation and traction. Both 
of the tasks also had to be accomplished without 
resulting in serious maternal injury. Neither techni
cal limitations nor the lack of surgeons delayed the 
development of safe delivery instruments, however. 
Europe had many talented medical fabricators in 
the flourishing armament industry of the sixteenth 
and seventeenth centuries who could easily have 
produced metal scissor-like instruments like forceps 
on demand. The problem was twofold: first, the 
requirement to identify the need for such instru
ments, and second, the recruitment of sufficiently 
skilled practitioners to direct the transformation 
of initially destructive instruments into atraumatic 
delivery instruments. These changes awaited the 
Chamberlens.

During the reign of Charles , religious persecu
tion drove many Protestants from France, includ
ing William Chamberlen (c. 1540-1596), a med
ical practitioner who subsequently established his

FIGURE 1.3.
Chamberlen delivery forceps c. 1610 (facsimile).
(Courtesy o f  the Dittrick Museum o f  Medical History, 
Historical Division/Cleveland Health Sciences Library, 
Cleveland, OH.)

family in England [22,31,34,37]. By the late six
teenth century, the two sons of William Chamberlen 
were actively practicing medicine in London, work
ing as barber surgeons and heavily involved in mid
wifery. Which of the brothers, Peter Chamberlen 
“the elder” (1560-1631) or Peter Chamberlen “the 
younger” (1572-1626) was the inventor of obstetric 
forceps is not clear, although Peter the Elder is usu
ally give the credit. Although the process that led 
to the development of the Chamberlen instrument 
is unknown, it is believed that a practical forceps 
model was first developed after 1610 and then later 
modified several times based on clinical experience 
(Figure 1.3).

The Chamberlen delivery forceps were not 
released for general use after their invention, and for 
decades the instruments remained closely guarded 
as a family trade secret. The Chamberlen brothers 
and many of their descendants held themselves out 
as obstetric consultants. As such, they provided the 
public access to their secret m ethod of delivery (the 
forceps) for a fee. Once they had been called in con
sultation, their “secret instrument” was delivered to 
the lying-in site in a large, gilded box [37]. All of the 
original birth attendants were then excluded from 
the room. The forceps were then removed from the 
box in such a fashion so as not to be seen by the par
turient. As was usual continental practice, the deliv
ery was conducted under the cover of a sheet that 
covered the parturient’s bed and was tied behind 
the accoucheur’s neck. His drape in place, the sur
geon would sit at the end of the bed, grasp the for
ceps, and commence the procedure. Thus, both his 
manipulations and the delivery forceps were hidden 
under the sheet. After the delivery, the instrument
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A History: Operative Delivery 13

was replaced in its box and the delivery fee claimed. 
Because of this process, neither the woman nor her 
family or friends could attest to what had actually 
occurred, and thus the secret remained secure.

A later and somewhat unsavory member of the 
Chamberlen family, Hugh the Elder (1630-17??) 
was a notable entrepreneur and self-styled deal- 
maker. In 1670, hoping to raise money he went to 
Paris and offered to sell the f amily secret to the noted 
French obstetrician Francois Mauriceau for what 
was then a large sum of money [3,33]. Mauriceau 
provided a test case, a woman with a markedly 
deformed pelvis in obstructed labor. Despite Cham- 
berlen’s prolonged and heroic efforts, both the 
women and infant died. At a later postmortem 
examination, the uterus was found to be ruptured. 
Not surprisingly, this sale fell through. Despite this 
debacle, Chamberlen managed to secure an agree
ment from his French colleague to translate Mau- 
riceau’s textbook, the Traite, into English. On his 
return to London, Chamberlen published a version 
of this book in English, initially entitled The Accom
plish't Midwife (1672). The text proved highly suc
cessful and at least eight subsequent editions were 
printed. This literary and professional coup was a 
substantial contribution to midwifery practice in 
England and improved Chamberlen’s prominence 
in his profession while also helping to attract a large 
clinical practice, thus improving both his social and 
financial position [22].

Forever embroiled in political affairs and financial 
schemes, Hugh the Elder subsequently encountered 
sufficient difficulty in England to induce him to flee 
to Holland. During his five years on the Continent, 
it is suspected that he sold obstetric instruments to 
either Hendrik van Roonhuysen [also Roon-FIuyse, 
Roonhuyse] (1615-1672) or more likely his son 
and successor Rogier van Roonhuysen (c. 1650- 
1709), both surgeons in Amsterdam [33,36]. This 
sale probably occurred after 1693 or perhaps 1695. 
Although details of this transaction are extremely 
sketchy, this commercial deal could have first intro
duced an atraumatic delivery device to Europe. It 
is also possible that no sale of an instrument actu
ally occurred. The Amsterdam forceps might have 
been an independent invention. It is also possible 
that what van Roonhuysen received from Cham
berlen was only the idea for a delivery instrument 
that he later independently refined, rather than an 
actual working model. Paralleling the example set

by the Chamberlen family, the sale also permitted 
Roonhuysen and his successors to hold the use of 
this instrument (or perhaps instruments) as a local 
monopoly for more than 50 years. With the payment 
of a substantial fee, practitioners who passed the 
examination for the Amsterdam Surgeon’s Guild 
were perm itted introduction to this secret delivery 
instrument.

Various modifications to the original Cham
berlen design or one or more vectus blades inde
pendently developed either by Roonhuysen or his 
close associates, Jean (or Joannes) de Bruin (1681 — 
1753), Paulus deWind of Middleburg, and Regner 
Bloom of Amsterdam, eventually came to public 
notice in the Netherlands after 1747. This occurred 
partly because several practitioners, including a 
disgruntled applicant to the Amsterdam Surgeons 
Guild, John Peter (or Jan) Rathaw (also, Rath- 
law, Rathlauw; 1720-1791), and Van der Suam (or 
Swam), a former pupil of Rogier van Roonhuysen, 
wished to finally break the Amsterdam monopoly 
[33,36]. As published by Rathaw and later indepen
dently by another surgeon in 1747, Daniel Schlicht- 
ingting (1703-1765), the revealed van Roonhuy
sen secret instrument consisted of a type of forceps, 
quite different from the known Chamberlen mod
els, with thin, bandike parallel blades and no pelvic 
curve. This instrument was articulated only at the 
distal end of the handles.

On his deathbed in 1753, van Roonhuysen's clos
est pupil, Jean de Bruin, gave his original delivery 
instruments as a legacy to two friends, J. de Vischer 
and H. van de Poll. They subsequently published 
a description of one of these instruments in a text 
entitled The Obstetric Secret of the Roonhuysens Dis
covered (Leiden, 1753). W hat they revealed in this 
paper was a single-bladed device slightly curved at 
both ends and covered with dog leather. This instru
m ent is best described as a modified lever or vectus 
blade.

The entire story of the van Roonhuysen’s secret 
instrument(s), including what these instruments 
actually were, who was involved in the various trans
actions concerning these devices, and whether any 
of the "revealed” instruments were actually obtained 
from Hugh Chamberlen remains cloudy [36,38], It 
is also uncertain if these forceps and vectus blades 
were actually invented independently by the van 
Roonhuysens or somehow inspired by their view
ing an earlier model of the Chamberlen forceps.
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Apparently, the Amsterdam group used two instru
ments, a vectus blade and a type of forceps. Part 
of the confusion lies in separating the “release,” 
or publication of the description of these separate 
delivery instruments, from their actual invention 
(or modification?). Owing to the various claims and 
counterclaims by the people involved and our dis
tance from the actual events, no resolution concern
ing what the Amsterdam cartel either purchased 
from Chamberlen or independently invented seems 
likely. Apart from the quibbles concerning its ori
gin, the van Roonhuysen extractors proved to be 
poor competition for the Chamberlen forceps. For
ceps based on the Amsterdam model never became 
popular and had little influence on future develop
ments. While possibly representing a true indepen
dent invention, the van Roonhuysen forceps remain 
now as a historical curiosity only. O f interest, the use 
of levers or vectus blades remained common in the 
Netherlands well into the nineteenth century. These 
instruments might be the only lasting obstetric con
tribution that can be ascribed to the Amsterdam 
group (Figure 1.4).

Other delivery instruments also became avail
able in the early to mid-eighteenth century. Inde
pendently of the Chamberlens, Johannes Palfyn of 
Ghent (1650-1730), a surgeon and anatomist with 
an uncertain interest in midwifery, developed a two- 
bladed delivery instrument, his tire-tete or mains 
de fer [11,22,36]. This device was demonstrated 
in Paris, probably in 1720, at a meeting of the 
Academie Royale de Sciences. This instrument was 
also presented to the Medical Faculty of Paris in

FIGURE 1.4.
Vectis blades and whale bone fillet c. 1850. (Courtesy o f  
the Dittrick Museum o f  Medical History, Historical 
Division/Cleveland Health Sciences Library, Cleveland, 
OH.)

1723. Unfortunately, Palfyn never published any
thing on either the construction of this instrument 
or its clinical use. All information about his for
ceps comes from the comments of his contempo
raries and his critics. Palfyn might have derived the 
inspiration for his invention from a vectus blade 
instrument originally developed by the noted French 
surgeon Ambroise Pare (1510-1590). Palfyn’s inno
vation was to employ two blades, each with cephalic 
curve fitted to the sides of the fetal head. These 
blades were neither crossed nor otherwise articu
lated together, and they also lacked a pelvic curve. 
In its original description, the device was likened 
to a pair of “artificial hands” designed to assist the 
delivery of the fetal head. Thus their name, “iron 
hands” or mains de fer. Later, other practitioners 
including Guilles Le Doux of Ypres (c. 1710) and 
Gregoire the Elder (7-1730?) bound the two paral
lel blades together with a cloth tape or strap to try 
to increase their clinical utility. Parallel blades have a 
technical advantage over other forceps’ designs since 
they avoid the cranial compression inherent in the 
scissor-like articulated blades of most instruments, 
including those of the Chamberlens. As a parallel- 
blade device, however, the Palfyn instrument had 
major technical problems. The lack of a pelvic curve 
restricted its potential use. Even with the wrapping 
of the shanks, the instrument proved unstable and 
was largely ineffective in clinical use.

Palfyn’s device never achieved popularity owing 
to its technical limitations, marginal utility, and 
professional opposition from distinguished con
temporaries. One of the most vocal critics, the 
noted accoucheur Guillaume-Manquest de la Motte 
(1665-1737), publicly denounced the mains de fer 
as both impractical and dangerous, which they most 
likely were. After this unfortunate trial presenta
tion, nothing further was heard concerning Palfyn’s 
instrument, and it disappeared from obstetric his
tory.

Instability is a design problem for all parallel- 
blade instruments because traction immediately 
drives the blades laterally, predisposing them to slip
page. In addition, if parallel blades are unsupported 
by a firm locking mechanism they can be easily 
twisted, risking lacerations of the birth canal. Fol
lowing redesign and crossing of the blades and the 
fitting of a screw-based lock (Dusee modification) a 
later modification of the Palfyn instrument actually 
was made clinically usable. This instrument never
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gained popularity and had little influence on sub
sequent forceps design, however [36]. Many years 
later, once the problems of blade articulation and 
stability had been solved, Laufe, Shute, and oth
ers successfully revived the parallel-blade design for 
obstetric forceps [39-41],

In the mid-1730s, following the publication of 
several case reports and informal exchanges between 
several practitioners, obstetric forceps of varying 
types rapidly came into general use in England. Thus 
in 1733, in his text A Treatise on the Improvement of 
Midwifery, Edmund Chapman (1680-1756) men
tioned that forceps were instruments well known 
to his contemporaries [22]. O ther practitioners, 
including William Giffard (7-1731) and Benjamin 
Pugh (c. 1710-1775) also reported using forceps 
before 1750 [33,36], Exactly how the secret of the 
forceps was revealed to these accoucheurs remains 
unknown. It cannot be simply a coincidence that 
the several physicians most involved in popularizing 
these early, Chamberlen-like instruments all worked 
in Essex, England, in reasonable proximity to the 
Chamberlen estate. Unfortunately, the details of this 
potentially fascinating part of the forceps story are 
now irretrievably lost.

Modifications to these early delivery instruments 
were required before they achieved popularity and 
utility. Both the Chamberlen and Palfyn forceps 
were short and straight and lacked a pelvic curve, 
Owing to these design limitations, they would have 
been useful only as low or outlet instruments. To 
improve performance, Andre Levret (1703-1780), 
William Smellie (1697-1763), and Benjamin Pugh 
(c. 1710-1775) independently added a pelvic curve
[11]. This helped to accommodate the forceps 
blades to the birth canal, and the new instruments 
that incorporated this modification were capable 
of more accurate and less traumatic applications. 
This improvement was introduced at the same time 
as the French obstetrician Jean Louis Baudelocque 
(1746-1810) developed a technique for estimat
ing pelvic capacity by taking external measurements 
with a large caliper or pelvimeter. His studies of 
pelvimetry demonstrated the importance of pelvic 
shape and various pelvic dimensions in the mecha
nism of labor, thus improving the understanding of 
how instruments should be used [22],

The newly modified cross-bladed forceps that 
incorporated the pelvic curve provided an attrac
tive alternative to the dreary triad of heroically pro

longed labors, attempted version and extraction, and 
destructive operations that had characterized ear
lier practice. Unfortunately, the indiscriminate use 
of instruments, often by the inexperienced, led to 
abuse. Knowledge of techniques for safe application 
and training to disseminate improvements in tech
nique lagged well behind the enthusiastic applica
tion of these new devices.

Overuse of instruments provoked the expected 
response. An era of lively debate concerning the 
appropriate use of instruments ensued, much of 
which was strikingly similar to modern discus
sions. The result was that several of the best 
eighteenth century English practitioners, includ
ing William Smellie (1697-1763) and his student 
William Hunter (1718-1783), taught the conser
vative use of instruments. Although Hunter clearly 
knew how to use forceps, he took pride in noting 
that his pair was so little used that they were covered 
in rust. Practitioners of an even more conservative 
school of obstetric management, including Thomas 
Denman (1733-1815), William Osborn (1736- 
1808), and Richard Croft (1762-1818), favored 
extreme prolongations of labor rather than any 
resort to instrumental assistance [11]. In their view, 
the risks attendant to instrumentation outweighed 
any potential. The general guidelines for appropriate 
forceps use as designated by the conservative school 
would be quite unacceptable by modern standards 
[36]. These included

• N o  intervention is to be performed if any progress 
is noted, no matter how slowly, unless fetal demise 
is diagnosed;

• No intervention may be considered until the head 
has been on the perineum for >6 hours;

• Forceps are to be used only for the most urgent 
occasions, and then sparingly.

A famous and poignant reminder of the poten
tially serious error of failing to intervene despite 
strong indication was the childbirth death of George 
IV’s only heir, Princess Charlotte, in 1817 [42]. 
The royal obstetrician, Sir Richard Croft, was a 
socially prominent and fashionably conservative 
practitioner. The Princess’ labor lasted 50 hours, 
and the child was stillborn. Six hours following the 
delivery, Princess Charlotte died from what is now 
presumed to have been exhaustion, dehydration, 
and hemorrhage. Forceps were available but never
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16 O'GRADY

used. Later, in the face of intense public and pro
fessional criticism concerning his obstetric manage
ment, Croft committed suicide. Beyond the tragedy 
of these three related deaths, the event also pre
sented a major political crisis. W ith the death of 
Charlotte, there was no legitimate heir for George . 
If no legitimate heir could be produced, the English 
crown would pass to a distant Hanoverian rela
tive, the Duke of Brunswick, a young cousin of 
George . Eventually, after active intervention, a suit
able bride of proven fertility for the king’s brother 
was found. A successful pregnancy and delivery fol
lowed in 1819. Through this somewhat unusual 
mechanism, the English crown passed to the King's 
niece. In 1837, this woman assumed the English 
throne and was crowned as Queen Victoria, who 
proved to be the longest reigning of the English 
monarchs. The Princess Charlotte debacle and other 
similar events eventually discredited the ultracon
servative school of obstetric management, and by 
the middle decades of the nineteenth century led 
to a more balanced view of the role of assisted 
delivery.

The extensive use of instrumental delivery was 
an event of the latter part of the nineteenth and 
the early twentieth century. Before the late 1840s, 
the incidence of forceps use both in England and 
the continent was 1% or less in large clinical ser
vices (Tables 1.1 and 1.2). Fleetwood Churchill 
was among the first practitioners to publish birth 
statistics. In his Research on Operative Midwifery 
(1841), he presented data summarizing experience 
in the late eighteenth and early nineteenth century 
(Table 1.1) [36]. These data indicate that both 
forceps and operations destructive to the fetus 
occurred in substantially fewer than 1% of all 
deliveries.

In 1875, T. More Madden of the Rotunda or 
Dublin Lying-in Hospital reported delivery data col
lected from 1787 to 1874 during the directorship 
of seven hospital masters (Table 1.2). As had been 
reported by Churchill, instrumental delivery was 
uncommon (0.5%) until midcentury. Thereafter, the 
rate rose from 1.6% for the interval 1847-1854 to 
9.2% by 1868-1874.

During the interval from the eighteenth cen
tury until the latter decades of the nineteenth 
century, the percentage of procedures destruc
tive to the fetus remained relatively stable, at 
approximately 0.4%. The increase in operative for
ceps deliveries probably reflects several factors:

TABLE 1.1 Frequency of Forceps Use and Craniotomy or 
Operations Destructive to the Fetus in the Late 
Eighteenth and Early Nineteenth Centuries*

Instrument
Employed Deliveries

Operations 
Performed (%)

Forceps
British
1781-1840

42,196 120 [0,28]

French
1797-1831

44,736 277 [0.62]

German
1801-1837

261,224 1,702 (0.65)

Total 348,156 2,099 [0.60]
Perforator and Crotchet
British
1781-1819

41,434 181 (0.45)

French
1797-1811

36,169 30 (0.08)

German
1801-1837

256,655 132 (0.05)

Total 334,258 343 (0.10)

*As reported by Churchill, 1841. Modified from H ibbard [36], 
reprinted w ith permission.

TABLE 1.2 Operative Deliveries at the Dublin Lying-in 
Hospital Under Various Masters: 1787-1874**

Forceps Perforator
Mastership Deliveries c%) (%)

Joseph Clarke 
1787-1794

10,387 14 (0.13) 49 (0.47)

Samuel Labatt 
1815-1822

21,867 0 0

Robert Collins 
1826-1833

16,654 24 (0.14) 118 (0.71)

Charles Johnson 
1842-1833

6,702 18 (0.27) 54 (0.80)

Total 55,610 56 (0.10) 221 (0.40)
Robert Shekleton 
1847-1854

13,748 220 (1.60) 54 (0.39)

A. H. McClintock 
1854-1861

3,700 76 (2.05)* 5 (0.14)

George T.
Johnston
1868-1874

7,027 639 (9.1) 29 (0.41)

Total 24,475 935 (3.82) 88 (0.36)

*As reported by More Madden, 1875. 
*From Hibbard [36], w ith permission. 
' Includes vectis blade operations.
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A History: Operative Delivery 17

the availability of anesthetic agents after 1849, 
the development of new delivery instruments, and 
changing concepts of obstetric management. The 
rate of destructive procedures remained unaltered 
because of technical problems in ascertaining fetal 
condition and the inability of clinicians to per
form cesarean delivery without extreme maternal 
risk.

O f interest, and as a reflection of the difficult 
cases presented to these practitioners, Hibbard [36] 
reports that the maternal mortality from forceps 
procedures varied from 4.8% (14/294; England] to 
7.3% (35/479; Germany and France). In compar
ison, maternal losses from destructive operations 
to the fetus (predominantly perforation) were an 
astounding 21% (52/251)!

In the middle and late nineteenth century, obstet
rics underwent rapid changes. Advances in thera
peutics accompanied the development of many new 
delivery instruments and techniques. The introduc
tion of anesthesia in the late 1840s and the devel
opment of new instruments and aseptic practices 
in the 1880s profoundly changed obstetric practice, 
permitting both sufficient time and relative safety 
for various surgical procedures.

In the latter part of the nineteenth century, instru
mental delivery by forceps became more common 
and the procedures more extensive. Both more diffi
cult and ever-higher procedures were progressively 
attempted, including operations performed before 
full cervical dilation. Hibbard [36] suggests that this 
more aggressive use of forceps arose from a then 
general belief that once the membranes ruptured, 
uterine inertia was common. In this setting some 
type of intervention was therefore thought to be 
appropriate.

The English obstetrician James Young Simp
son (1811 — 1870) and his American contemporary 
George T. Elliot (1827-1871) were among the most 
prominent practitioners of the mid-nineteenth cen
tury [11,43,44]. Simpson, a highly regarded and 
influential obstetrician working in Edinburgh, devel
oped not only a type of forceps but also the first 
effective obstetric vacuum extractor. His specially 
designed forceps were introduced in 1848, rapidly 
became popular, and are still in use. A man of 
many interests, Simpson authored papers on hospi
tal design, mesmerism, acupressure, and homeopa
thy, among other subjects. He also played a pivotal 
role in obstetric anesthesia, discovering the anes
thetic properties of chloroform, which by 1848 he

had employed during deliveries and in the treatment 
of eclamptic seizures.

George T. Elliot (1827-1871) introduced his 
midwifery forceps in 1858. To limit compression of 
the fetal head, he included a setscrew in the instru
m ent handle to control the degree to which the han
dles of the forceps could be approximated. Both 
his instrument and Simpson’s remain among the 
most popular designs and are in common use today 
[32],

In the waning years of the nineteenth century, 
awakening interest in the mechanism of labor was 
reflected in the design of new instruments. Follow
ing earlier designs of Louis Joseph Hubert of Lou
vain (1810-1876) and his son E. Hubert and others, 
Etienne Stephene Tarnier (1828-1897) and Charles 
P. Pajot (1816-1896) introduced axis-traction for
ceps. These devices were developed to align the vec
tor of traction with the pelvic curve, thus improving 
success and using force in a more judicious and less 
traumatic manner.

Friedrich Wilhelm Scanzoni (1821-1891) popu
larized rotational maneuvers, especially for manage
m ent of occiput posterior positions [11]. Modifica
tions of his grand rotation are still occasionally per
formed today (see Chapter 17, Instrumental Deliv
ery).

Following an idea originally proposed in 1799, by 
Friedrich Osiander (1759-1822), solid-bladed for
ceps were popularized by James Woods McLane 
(1839-1912). To facilitate rotations, these forceps 
were modified with the additi on of longer shanks by 
hrvin A. iucker (1862-1902). Later, Ralph Herbert 
Luikart (1889-19??) modified these blades by selec
tively thinning the inner portion [45], Such pseudo
fenestrated forceps blades retained the advantages of 
easy rotation inherent in the solid design yet main
tained a firm grip on the fetal head. This modifica
tion remains popular and has been applied to several 
forceps types.

Rather than an inventor, the most important 
influence on American delivery practices in terms 
of instrumentation in the early part of the twenti
eth century was the medical educator, Joseph Boli
var DeLee (1869-1942). In the 1920s he described 
the prophylactic forceps operation [46], Despite 
the lack of supporting data, DeLee championed the 
routine use of forceps combined with episiotomy 
for shortening the second stage once the fetal head 
had reached the pelvic floor, as a means of avoiding 
intracranial injury. This concept of routine operative
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18 O ’GRADY

delivery for both maternal and fetal reasons -  even 
though unsupported by data and based on theoretic 
concerns -  was widely followed and strongly influ
enced North American practice for more than four 
decades.

Many other clinicians practicing in the early 
twentieth century designed modified forceps for 
specific clinical indications. These included the 
instruments introduced by Lyman Guy Barton 
(1866-1944) for transverse arrest, Arthur Holbrook 
Bill (1877-1961) for axis traction, Edmund Brown 
Piper (1881-1935) for breech delivery, and Chris
tian Casper Gabriel Kielland (1871-1941) for mid- 
pelvic rotations. Recent years have seen the develop
ment of various new forceps designs, such as those of 
Laufe, Hays, Nargolkar, and Salinas, among others. 
These new devices attem pt to improve maternal and 
fetal safety through specific aspects of their design.

HISTORY OF THE VACUUM EXTRACTOR

Vacuum delivery instruments have their origin in 
the very old practice of cupping [38,47]. In cup
ping, a metal or glass cup or globe is heated over 
an open flame and then pressed against the skin. 
As the cup cools, suction develops, extracting blood 
or other fluids. A century of experimentation with 
modifications of the vacuum principle inherent in 
cupping, combined with various technical advances 
of the nineteenth and twentieth centuries led to the 
development of modern obstetric vacuum extrac
tors. Applications of cupping for assistance at deliv
eries were first reported in the late seventeenth cen
tury, when James Younge (1646-1721) and other 
surgeons performed vacuum deliveries using glass or 
metal cups [48]. These practitioners failed to publi
cize their successes, however, and nothing is known 
about either the construction of these instruments 
or the techniques used for application or traction 
[32],

Cupping faced serious technical limitations when 
the technique began to be applied to vaginal deliv
ery. As this procedure was commonly performed, 
the cups were initially heated over an open flame 
before their application. Obstetric use, however, 
required both a vaginal application of the vacuum 
cup and a method for traction. Thus, a different 
technology was needed. Several important features 
had to be incorporated: easy insertion into the birth 
canal, the ability to form a firm seal to the fetal head,

a means of continuous regeneration of the vacuum 
as a result of imperfections of the seal, and finally, a 
practical method for applying traction.

The vacuum principle was the subject of both 
experimentation and speculation in the early nine
teenth century. It was recognized that evacuating 
either glass or metal globes could result in sub
stantial pressure and that such devices could be 
used for traction in several important applications. It 
was not long before medical applications were sug
gested [49]. Based on contemporary experimenta
tion and crude commercial vacuum-based devices, 
James Young Simpson, who developed a several 
obstetric devices, including the forceps that bear his 
name, invented the first practical obstetric vacuum 
extractor in 1849 [44,50,51]. His new device, which 
he termed an air or suction tractor, was proposed 
as an alternative to forceps for use in both cephalic 
and breech presentations when assisted delivery was 
required [44,50,51]. Simpson’s device consisted of 
a piston syringe, probably derived from a breast 
pump, attached to a deep and flexible rubber cup 
(Figure 1.5). In use, the cup was placed firmly 
against the fetal head and the syringe was rapidly 
evacuated. Once suction was achieved, traction was 
applied by simply grasping the pump cylinder and 
pulling downward. The extractor was simple and, 
despite its limitations, successfully employed in sev
eral cases. Technical problems with traction, main
taining the vacuum, and the inability of the instru
ment to accommodate the pelvic curve as a result of 
its design eventually proved insurmountable, how
ever. After a brief trial Simpson abandoned his vac
uum device. Thereafter, despite the occasional intro
duction of various new designs, vacuum extraction 
essentially disappeared as an obstetric technique for 
nearly 100 years.

FIGURE 1.5.
Simpson’s “air tractor" vacuum extractor (1849). 
(Reprinted from O ’Grady JP: Modern Vacuum 
Extraction. Parthenon, 1995; with permission.)
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Several vacuum extractors were invented in the 
century following Simpson's original report, but 
none achieved either popularity or commercial 
success until the 1950s, when Malmstrom intro
duced his stainless steel cup [52], The Malm
strom extractor rapidly became popular, especially 
in Europe. The device was rugged, successful, and 
could be used as an alternative to forceps [52- 
54], Despite European success, metal cup extrac
tors had a variable reception in the United States. 
After widespread interest in the early 1960s, vac
uum extraction promptly fell into disfavor, largely 
because of reports of serious scalp injuries and other 
complications. The popularity of vacuum extrac
tion resumed two decades later only when the soft- 
cup devices were introduced. At this time clini
cians proved more receptive to an alternative for 
forceps, new instruments were available, and better 
techniques had been developed for vacuum-assisted 
delivery.

Malmstrom’s device incorporated several impor
tant features now found on all vacuum devices. A 
protective disk was fitted into the interior of the 
cup to avoid injury to the fetal scalp. There was 
a separate vacuum source capable of continuous 
vacuum production, protected by a collecting bot
tle or trap. In addition, a pressure gauge was fit
ted to determine the degree of force generated. 
Finally, a metal chain firmly attached the cup to 
an easily grasped handle, permitting easy traction. 
In later years, other obstetricians including Bird, 
Lovset, Party, O ’Neil, Halkin, and others invented, 
modified, and improved metal vacuum cups [55— 
57]. These modified instruments were intended 
to reduce the likelihood of detachment, facilitate 
application, or better protect the fetal scalp. Among 
the rigid metal cups, Bird’s modification, in which 
the vacuum tube is attached to a lateral suction port 
independent of the traction chain, has proved to be 
the most popular and useful [55,57]. New models of 
rigid plastic extractors largely reprise the construc
tion of the Malmstrom cup, extending the popular
ity of the original design.

An unknown number of Malmstrom-type metal 
cup extractors, predominantly of Bird’s modified 
design, still remain in use. For several reasons, how
ever, most American practitioners prefer to use the 
plastic cups that have been introduced in recent 
years [58]. These new designs are disposable single
use devices, constructed of polyethylene and/or

FIGURE 1.6.
Elliot’s obstetric bonnet (1992). (From Elliott B, Ridgway 
LF, Berkus MD, Neu’ton ER, Peairs W: The development 
and testing o f  new instruments for operative vaginal 
delivery. Am J Obstet Gynecol, 1992 Oct; 167(4 Pt 1):
1121-4; with permission.)

Silastic polymer plastic. They are easy to use and 
have proven effective in most cases. As is always true 
when new devices become a commercial success, 
currently too many vacuum cup designs are avail
able, with little if any significant difference between 
them.

Experimentation with various types of vacuum 
traction devices has not ceased. Elliot recently 
described a vacuum-based instrument consisting of 
a rubber or plastic “bonnet” that lacks either a suc
tion or vacuum port [59]. This unusual-appearing 
device is designed to be unrolled or fitted onto the 
fetal head like an inverted parachute. Tension on 
the handle flattens the membrane around the fetal 
cranium, providing the force necessary to assist par
turition (Figure 1.6). The concept of inserting a net 
or bag to grasp the fetal head is certainly not new, as 
strikingly similar examples have appeared fleetingly 
in the obstetric literature for over two centuries, the 
earliest perhaps being the tire-tete of Pierre Amand 
from 1715 [36],

An important development in the use of vacuum 
extraction has been major improvements in practi
tioner education. These efforts reflect the increas
ing use of vacuum devices, an appreciation of their 
potential risks, and the need to better train practi
tioners in best techniques. Vacuum extraction has 
become increasingly popular in recent years, and 
instrumental delivery by vacuum extraction is now 
more common in the United States than forceps 
operations [60],
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In recent years a greater appreciation of the risks 
and benefits of all types of assisted delivery has 
developed. This has prompted increased clinical 
study to define the best obstetric practices. The 
continued requirement for some means to acceler
ate or assist parturition in selected circumstances 
short of cesarean delivery ensures the continued 
use of vaginal delivery instruments for the fore
seeable future (See Chapter 17, Instrumental Deli
very) .
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chafer 2 PRENATAL GENETIC TESTING

Gabriel M. Cohn

To some extent it may be said that the etiology 
of the transmitted foetal diseases is within our 
knoivledge, and their diagnosis not altogether 
outside our grasp; with perseverence and skill 
their treatment will yet be hopefully undertaken 
by the well-informed physician.

John W illiam  Ballantyne (1861-1923)

Antenatal Pathology and Hygiene: The Embryo and the Foetus 

Edinburgh: W illiam  Green and Sons, 1902.

The importance of genetics in clinical perinatal 
medicine has increased rapidly over the last three 
decades. Now, more than 6,000 genetic traits or dis
ease entities have been identified (Figure 2.1] [1], 
It is estimated that the incidence of genetic dis
ease among newborns is 5%-6% [2]. Genetic disease 
has profound medical, financial, and societal conse
quences far greater than its actual numbers. With 
the progressive disappearance of many infectious 
and other diseases that in the past accounted for 
most hospital admissions, genetic disorders remain 
a serious contemporary social and medical prob
lem. Studies examining inpatient pediatric admis
sions reveal that 33% to 52% of all pediatric hos
pitalizations result from complications of genetic 
disease [3]. If multifactorial disorders are elimi
nated, purely genetic diseases account for more 
than one in ten pediatric admissions [4], Among 
adults, up to 11.5% of all inpatient admissions 
are due to genetically related abnormalities [5], 
The contribution of genetic disorders to child
hood mortality is edge with a substantial number 
of all pediatric deaths ascribed to genetic disease. 
Unfortunately, despite enhanced prenatal diagnostic 
capabilities and aggressive perinatal management, 
significant reductions in perinatal mortality asso
ciated with congenital malformations have not 
occurred [6].

In addition to its medical importance, genetic dis
ease also has major financial and societal impact. 
Studies of patients with genetic diseases indicate 
that inpatient admissions for these patients are on 
average more common, more expensive, greater in 
duration, and, owing to geographic limitations of 
genetic services, require greater travel than simi
lar treatment for persons with other types of ill
ness. The loss of insurability following the diagnosis 
onset of genetic diseases doubles the likelihood that 
patients will pay out of pocket for medical services 
[3], The societal cost is equally burdensome. Both 
years of work lost to impairment and years of life 
lost to disease span decades among persons afflicted 
with genetic disorders. In sum, the emotional, psy
chological, and financial impact of productivity lost

22

ak
us

he
r-li

b.r
u



Prenatal Genetic Testing 23

Year

FIGURE 2.1.
Total number o f  entries in Mendelian Inheritance in Man. 
Since 1966 there has been a 5.8-fold increase in 
recognized human genetic traits and disorders.

to genetic disorders is extensive and often poorly 
appreciated.

With the improvement and automation of tech
niques in the fields of cyto- and molecular genet
ics and the identification of many genetic diseases, 
an understanding of the molecular pathophysiol
ogy of many disorders is now possible. Several 
molecular genetic assays have been developed in 
kit form to assist clinicians in the early diagnosis of 
genetic disease. It is believed that with this increased 
understanding of the mechanisms underlying many 
genetic entities and with the increasing accuracy of 
case identification, both pharmacogenetic and gene 
transfer interventions will progressively evolve. The 
introduction of such enhanced diagnostic and treat
ment capabilities will place increased reliance on 
prenatal diagnosis techniques as the basis for the 
prevention of genetic disease through termination of 
pregnancy or as the basis for the treatment of genetic 
disease through in-utero medical or surgical inter
ventions. The questions of best practices in genetic 
screening as well as potential treatment for congen
ital disorders remain both complex and controver
sial. [7-10],

This chapter focuses on the procedures and tech
niques currently available to clinicians to evaluate 
genetic disorders. As our knowledge in molecu
lar and clinical genetics progressively expands and 
as more potential therapies become available, the

obstetrician plays a greater role in the identifica
tion of at-risk cases and in the prenatal diagnosis of 
genetic disease. Several currently investigative pro
cedures that could become available for clinical use 
in the near future are also reviewed and their impor
tance is discussed. For those desiring more extensive 
information, several excellent genetics resources are 
available free of charge.1

HISTORY

The development of prenatal diagnostic techniques 
has closely paralleled the advances in clinical genet
ics. Amniocentesis was first introduced in the 1880s 
as a treatm ent for hydramnios [11-14]. It was not 
until 1960, however, that amniocentesis for X- 
chromatin evaluation was first described [15-17]. 
Amniotic fluid sampling subsequently proved use
ful for the diagnosis and management of Rh isoim
munization and more recently as a technique for 
direct evaluation of fetal pulmonary maturity [18]. 
With the advent of X-chromatin analysis, amnio
centesis was demonstrated to identify fetal sex 
acccurately, providing a technique for identifying 
fetuses at risk for X-linked recessive disorders, such 
as Duchenne muscular dystrophy and hemophilia 
[19,20]. In 1966, Steel and Berg [21] were suc
cessful in culturing and karyotyping amniocytes, 
suggesting that prenatal diagnosis of chromosomal 
aneuploidies was feasible. Jacobsen and Barter [22] 
subsequently introduced the first report of a fetal 
chromosomal anomaly identified on amniocentesis, 
a D/D translocation. In 1968, Valenti and coworkers 
[23] and Nadler [24] described the prenatal diag
nosis of Down syndrome identified on amniocytes 
obtained by amniocentesis. A biochemical disorder, 
galactosemia, was similarly identified prenatally by

’Two invaluable Web sites include Online Mendelian Inheritance 
in Man (OMIM] (http://w ww.ncbi.nlm .nih.gov/entrez/query. 
fcgi?db =  OMIM) and the GeneTest Web site (http ://w w w . 
genetests.org}. OMIM is an extensive database searchable by dis
ease, gene, or by clinical feature(s). This database can be partic
ularly useful in generating a differential diagnosis based on ultra
sound or other clinical findings, or alternatively in providing a 
synopsis of the key clinical features associated with a given genetic 
diagnosis. In addition, an extensive review of the literature is pro
vided for approximately 6,000 known phenotypes, as well as sev
eral thousand genetic markers. The GeneTest Web site provides 
an up-to-date listing of genetic tests that are clinically available, 
labs and clinical centers that provide genetic services, as well as 
extensive reviews of several hundred common genetic disorders.
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Nadler [24], indicating that prenatal diagnosis by 
amniocentesis was not strictly limited to chromoso
mal abnormalities. The first report of a clinical trial 
of genetic amniocentesis was published by Nadler 
and Gerbie [25] in 1970. This study demonstrated 
that prenatal diagnosis by amniotic fluid analysis 
was an accurate and a low-risk procedure when per
formed between 16 and 20 weeks.

Fetal visualization was another significant 
advance. In the 1930s, amniotic infusion of contrast 
media for amniography was introduced, a proce
dure used to visualize the fetus and the placenta. 
Further development of various radiographic and 
radioactive tracer techniques over the following 
decades assisted in utero diagnosis. These tests and 
procedures were promptly abandoned with the 
advent of high-resolution ultrasonography, however.

Despite its introduction into medicine soon after 
the Second World War, ultrasound scanning did 
not make a major impact on obstetric management 
until real-time machines of high resolution became 
widely available in the 1970s. Today, ultrasound 
scan is the primary screening m ethod for many fetal 
abnormalities and is considered a necessity in many 
obstetric procedures (e.g., version, amniocentesis, 
and cordocentesis).

The initial experience with amniocentesis was 
performed without the benefit of ultrasonography. 
“Blind” procedures were performed by arbitrarily 
inserting a spinal needle 3 cm above the pubis 
symphysis, at no earlier than 15 weeks’ gestation. 
Although considered a reliable technique, mid
trimester amniocentesis had the disadvantage of rel
atively late timing and hence late diagnosis. Soci
etal pressures limiting pregnancy termination for 
genetic indications and medical considerations of 
the enhanced complications associated with mid
trimester abortions stimulated interest in methods 
of first-trimester prenatal diagnosis. Unfortunately, 
initial attempts at transvaginal amniocentesis at < 10 
weeks of gestation and first-trimester endoscopic 
chorion biopsy resulted in significant pregnancy loss 
as well as high failure rates [25, 26]. New methods 
were needed.

In 1968, the technique of chorionic tissue biopsy 
(i.e., chorionic villous biopsy [CVS]] for prenatal 
diagnosis was introduced by Mohr [27], In this pro
cedure, an endoscope of 6 mm in diameter was intro
duced by way of one of the vaginal fornices or tran- 
scervically. The endoscope was positioned against

the chorion, the optical device removed, and suc
tion applied. A tubular knife was next introduced 
and used to biopsy tissue captured by the endo
scopic suction. Success proved elusive, as only one 
half of the samples obtained were chorionic tissue, 
and many samples were found to contain amni
otic membrane. Modifications of this technique 
were introduced, and a series of studies were per
formed on pretermination patients with only mod
est success [27-29]. Clinicians at Teitung Hospital 
in China [30] subsequently demonstrated that sim
ple first-trimester placental biopsy was indeed fea
sible. In their original procedure, a 3-mm diame
ter metal cannula was blindly introduced through 
the cervix and advanced until “soft resistance” was 
encountered. A smaller-diameter inner catheter was 
then introduced to approximately 1 cm beyond 
the cannula tip, and tissue was then aspirated by 
syringe suction. This procedure was attempted in 
100 pregnancies to determine fetal sex. In ninety- 
three patients, the appropriate fetal sex was assigned 
based on X-chromatin analysis. O f seventy continu
ing pregnancies, 4% were subsequently lost. Unfor
tunately, attempts to repeat this technique by other 
groups proved unsuccessful [31,32], Attempts at 
procedure modification (e.g., endocervical lavage) 
were similarly without great success [33-35], CVS 
remained investigational until new biopsy tech
niques and modified equipment were combined 
with modern ultrasonic visualization to improve 
both safety and success.

Direct ultrasonic visualization proved impor
tant in the development and acceptance of both 
amniocentesis as well as CVS. Combined with 
high-resolution ultrasonography, amniocentesis was 
directed either at a site identified as most suitable 
by a sonogram performed prior to the procedure 
(■ultrasound guided] or by a sonogram performed 
during the procedure (ultrasound monitored). These 
modifications perm itted localization of the placenta 
and allowed prenatal diagnosis prior to 14 weeks 
of gestation -  the limit previously established by 
blind amniocentesis. In the early 1980s, Kazy [36] 
used ultrasonography to direct thin biopsy forceps 
(1.7 mm in diameter) at the chorion frondosum and 
successfully sampled a series of pregnancies. Among 
the patients studied were women carrying fetuses 
at risk for genetic disease. Thirteen such women 
who elected to continue their pregnancies after 
sampling experienced a successful pregnancy
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outcome and the birth of a normal infant. Subse
quently, Ward [37] and his London-based group 
introduced a method in which a blunt stainless steel 
malleable obturator served as a guide over which a 
1.5-mm polyethylene catheter was threaded. Using 
continuous ultrasonographic guidance, this appara
tus was introduced to abut the edge of the chorion 
frondosum. Once in position, the obturator was 
removed and a syringe applied. Chorionic villi were 
aspirated with negative pressure. Ward and cowork
ers [37] demonstrated that in pregnancies sampled 
between seven and 14 weeks, a 90% success in 
chorionic villus sampling was possible. Simoni and 
coworkers [38] subsequently compared four m eth
ods of villus biopsy, including blind insertion of the 
flexible catheter developed by Ward, blind inser
tion of an intravascular catheter, endoscopic sam
pling, and ultrasonographic introduction of the flex
ible Ward catheter. Using the first three approaches, 
maximal sampling success was limited to 76%, with 
bleeding occurring in 17% of attempts. With the 
Ward catheter used in conjunction with continuous 
ultrasonographic guidance, sampling success rates 
improved to 96%. In 1984, the technique of transab
dominal CVS was introduced by Smidt-Jensen and 
coworkers (39) and proved to be a valuable alterna
tive to transcervical sampling methods.

The role of CVS in early pregnancy diagnosis is 
developing. This issue is discussed in greater detail 
later, and the risk/benefit ratio is in the process of 
reconsideration. Recent evidence concerning pos
sible fetal limb defects as a rare procedure-related 
complication continues to be closely analyzed.

Interest in transabdominal amniocentesis before 
16 weeks was reawakened with the advent of 
improved ultrasound equipment. Subsequent eval
uations have indicated, however, that early amni- 
otic fluid sampling procedures (<14 weeks) entail 
more complications and these have largely been 
abandoned. The technologic advances that have had 
the most important influence on prenatal diagno
sis, however, include new molecular and cytoge
netic testing such as the polymerase chain reaction 
(PCR) and fluorescent in situ hybridization (FISH) 
studies. I hese and similar study methods, as well 
as other noninvasive techniques for the detection 
of genetic disease, are in the process of develop
ment. Such innovations include detection of fetal 
cells in maternal circulation, preimplantation diag
nosis, polar body biopsy, and oocyte typing.

AMNIOCENTESIS 

Transabdominal Procedures
Genetic amniocentesis usually is performed after
15 completed weeks of gestation. After ultrasonic 
study to confirm dates, fetal viability, fetal number, 
fetal anatomic survey and placentation, the patient 
is requested to empty her bladder. The abdomen 
is aseptic ally cleansed with a povidone-iodine or 
another antiseptic solution, and sterile drapes are 
applied. Ultrasound gel is applied to a transducer, 
which is subsequently inserted into a sterile sur
gical glove or sleeve. The sterile cover is tightly 
wrapped around the transducer and sterile surgi
cal lubricant is applied onto the exterior of the 
gloved transducer. This permits the transducer to 
be applied to the maternal abdomen with mini
mal risk of contamination. A pocket of fluid free 
of fetus and placenta is next identified. If an area 
free of placenta cannot be found, an area containing 
the thinnest section of the placenta away from the 
cord insertion is localized. Once an ideal target is 
noted, the skin can be infiltrated with a local anes
thetic, although the author has generally found this 
to be unnecessary. Thereafter, under direct visu
alization, a 22-gauge disposable spinal needle with 
stylet is passed through the patient’s skin and into 
the amniotic cavity (see Figure 2.2) [40]. The length 
of the standard needle is 9 cm. A needle insertion 
of approximately 3.5 to 4.5 cm will usually suffice 
to tap fluid. Thus the standard needle is appropriate 
for most patients. In selected obese patients, how
ever, a longer needle might be required. In these 
special circumstances, evaluation by an initial scan 
serves as a guide to estimating the required nee
dle length. Once the sac is entered, 20 milliliters 
of fluid are generally withdrawn, using at least two 
separate syringes. The first few milliliters are dis
carded to avoid maternal cell contamination [41], 
This initial aliquot can be used for alpha-fetoprotein 
evaluation, however. Once the complete sample 
is obtained, the needle is promptly withdrawn. 
The puncture site is then observed under real-time 
ultrasound for fetal hemorrhage and normal fetal 
cardiac activity confirmed. If all is normal, this 
author subsequently discharges patients to home, 
requesting that they report any fluid loss, lower 
abdominal pain, cramping, contractions, or fever. 
Strenuous activity or coitus is discouraged for the 
following 24 hours, and thereafter routine activity
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Placenta
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Amniotic cavity

Ultrasound
transducer

Spinal
needle

FIGURE 2.2.
Ultrasound-guided amniocenteses. Following aseptic 
preparations, a 5-gauge needle is guided into the 
amniotic cavity with the aid o f  real-time ultrasonography. 
(See text for details.)

may be resumed. Rh-negative patients subsequently 
receive Rh immunoglobulin (RhIG).

If, during the initial attempt, free-flowing amni
otic fluid is not obtained, rotating the needle to 
reposition the bevel or minimal repositioning of the 
needle is often successful in achieving flow. Nega
tive pressure should not be applied to the syringe 
during repositioning. If needle rotation or reposi
tioning under ultrasonographic observation proves 
unsuccessful, a second tap attem pt with a new nee
dle is warranted. W hether repeat skin preparation is 
required for the second tap depends on the clin
ical circumstances. If a second attem pt is unsuc
cessful, additional efforts are best postponed for 
1 week [42,43], Failure to obtain amniotic fluid is 
commonly due to needle misdirection, leiomyomas, 
uterine contractions, or membrane tenting [44,45], 
The last problem problem occurs more frequently 
prior to 15 weeks of gestation.

Complications
The recent review by Alfirevic and Sundberg has 
examined the fetal loss rate associated with mid
trimester amniocentesis and CVS [46], To evaluate 
the clinical relevance of such studies, the baseline 
loss rate for ultrasonographically diagnosed viable

pregnancies at that same gestation, for woman of the 
same age, must be known. Maternal age is a major 
factor in the incidence of spontaneous miscarriage. 
In established pregnancies, the overall spontaneous 
fetal loss rate is 13.6% among women 40 years of 
age and older, 4.5% in women in the 35- to 39- 
year-old group, and 1.5% among women younger 
than 35 years of age [47-50]. Further, preamnio
centesis matemal-semm alpha-fetoprotein (MSAFP) 
elevations, if present, are associated with a signifi
cantly higher pregnancy loss rate. Read and cowork
ers [51] compared the outcome of 212 pregnant 
women undergoing amniocentesis for MSAFP ele
vation to the outcome of 219 pregnant women in 
whom a prior pregnancy had resulted in a fetus with 
an open neural tube defect (ONTD). The spon
taneous loss rate following amniocentesis among 
patients with MSAFP elevation was 8% versus 2.8% 
among patients with prior ONTD fetus. These data 
suggest that many patients who undergo prena
tal diagnosis (i.e., advanced maternal age and ele
vated MSAFP) are at increased risk for spontaneous 
pregnancy loss independent of the procedure-related 
risk.

Most spontaneous losses occur early in gesta
tion. Evaluation of pregnancy loss rate by gesta
tional age indicates that, of patients awaiting pream
niocentesis counseling, 1.2% spontaneously aborted 
between 12 and 16 weeks. Sant-Cassia and cowork
ers [52] reported a 1 % pregnancy loss rate between
16 and 28 weeks among controls for an amniocen
tesis study. These data should be included when 
counseling patients prior to any invasive prenatal 
testing.

Based on these data presented above, to eval
uate studies examining procedure-related loss 
rates, study designs must incorporate appropriately 
matched control patients not undergoing amnio
centesis. There are a number of studies address
ing amniocentesis [46]. In 1976, the National Insti
tute of Child Health and Human Development 
(NICHD) reported a prospective study of 1040 
subjects undergoing amniocentesis compared with 
992 controls matched for race, socioeconomic con
ditions, parity, and age [53], The results suggested 
no significant differences in the fetal loss rate (3.2% 
in the control group versus 3.5% in the amniocen
tesis group), elective second-trimester termination 
(2.1% in the control group versus 2.3% in subjects), 
birthweight, 5-minute Apgar Scores, congenital
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anomalies, neonatal complications, or developmen
tal problems. Immediate maternal complications 
(e.g., vaginal bleeding, leakage of amniotic fluid) 
were reported in 2.4% of patients undergoing 
amniocentesis. In this series, the risk of vaginal 
bleeding was significantly related to the number 
of needle insertions. The authors concluded that 
mid-trimester amniocentesis was both accurate and 
"highly safe” and did not significantly increase 
the risk of pregnancy loss. Interestingly, the loss 
rate observed in the control group was higher 
than that observed in other large series, suggest
ing the recruitment of a high-risk control popula
tion or perhaps imperfect matching of the control 
group.

Simpson and coworkers [54] reported the results 
of the Canadian Collaborative Group Study. A preg
nancy loss rate of 3.2% was observed among 1,020 
pregnancies in 900 women who underwent 1,223 
amniocenteses. The immediate amniocentesis com
plication rate was 3.6%. A significantly higher fetal 
loss rate was observed in pregnancies sampled with 
needles of 19 gauge or larger, or when more than 
two needle insertions were undertaken in a sin
gle day. The authors concluded that amniocentesis 
was “ . . .  safe, accurate and reliable. . . ” at about 16 
weeks of gestation when carried out by an experi
enced clinician and monitored by ultrasound scan. 
This study lacked a control group, however

The Working Party on Amniocentesis (U.K. Col
laborative Study Group) [55] demonstrated a 2.4% 
spontaneous abortion rate among patients undergo
ing amniocentesis versus a 1.2% loss rate among 
matched controls. Furthermore, an increased risk 
of infantile respiratory difficulties and orthope
dic abnormalities were seen among test subjects. 
There were, however, problems with study design; 
specifically patient matching was imperfect. A sig
nificant fraction of patients in the amniocentesis 
group were selected on the basis of MSAFP ele
vation and were significantly older than the con
trols. In addition, in the data analysis, matched 
controls who spontaneously aborted were replaced 
with controls who had not aborted. Some con
trols also entered the study at older gestational ages 
than their matched subjects. These selection biases 
alone probably account for the observed differ
ences between this study and the others previously 
described, and these data are to be interpreted with 
care.

Tabor and coworkers [56] performed a random
ized, controlled study of amniocentesis on over 
4,500 women aged between 24 and 34 years. Sub
jects and controls were matched for gestational age 
at entry, maternal age, prior induced and sponta
neous abortions, stillbirths, low-birthweight infants, 
live births, smoking history and socioeconomic sta
tus. The loss rate was 0.7% in the control group and 
1.7% in the subject group (/> < 0.01). The study sug
gested an increased pregnancy loss rate in patients 
estimated at approximately 1% undergoing amnio
centesis.

Many smaller studies of the risk of amniocentesis 
also have been conducted, with findings suggestive 
of no minimal differences between patients under
going amniocentesis and controls. Unfortunately, 
not all subjects were appropriately matched with 
controls, rendering these results difficult to inter
pret. The recent comprehensive review and m eta
analysis of Mujezinovic and Alfirevic [57], which 
appeared in September of 2007, summarized MED
LINE data published after January 1, 1995, con
cerning both amniocentesis and CVS. These authors 
noted a wide range in reported risk for pregnancy 
complications from these diagnostic procedures. 
The pooled estimate for a pregnancy loss within 14 
days of an amniocentesis was 0.6% (95% Cl 0.5- 
0.7). This provides a reasonable benchmark for clin
icians to use in counseling [58].

Blood-tinged amniotic fluid is detected in 2% 
of amniocentesis. This event is associated with 
an increased fetal loss rate and can be due to 
either maternal or fetal bleeding. Documentation 
of maternal blood in the sample is associated with 
an increased pregnancy loss rate from 1.7% (con
trol population) to 6.6% (hemorrhage population) 
[59]. Fetal blood in amniotic fluid is associated 
with a loss rate of up to 14.3% [6'0]. Perhaps not 
surprisingly, transplacental amniocentesis has a sig
nificantly higher loss rate than non-transplacental 
amniocentesis (2.9% vs. 1.2% respectively, with the 
control group significantly lower than both at 0.4%) 
[56]. MSAFP elevation following amniocentesis is 
more common in sampled pregnancies with ante
rior placentas. Such elevations are believed to result 
from subclinical maternal-fetal hemorrhage and, if 
present, are associated with an increased fetal loss 
rate (14% vs. 1%) [59, 60].

Following second-trimester amniocentesis, Rh 
sensitization is a potential complication [61]. Both
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Khalil and coworkers [62] and Golbus and cowork
ers [63] reported a decreased risk of sensitiza
tion in Rh-negative women who routinely received 
RhIG following amniocentesis. Tabor and cowork
ers [64] could not demonstrate a significant increase 
to Rh sensitization following amniocentesis in Rh- 
negative patients who had not received RhIG. 
Although there is no uniformity of opinion concern
ing RhIG administration following midtrimester 
amniocentesis, the consensus is that RhIG adminis
tration is indicated in at-risk pregnancies to prevent 
Rh sensitization. The American College of Obstetri
cians and Gynecologists recommends the adminis
tration of 300 (jtg of RhIG following the procedure 
[65]. It has been this author’s practice in the past 
to treat at-risk pregnancies (i.e., Rh negative and a 
negative maternal indirect Coomb’s test), and such 
treatm ent remains the current recommendation of 
this author.

Up to 6% of the specimens resulting from mid
trimester amniocentesis have green or brown discol
oration of the fluid (53,67-69). Biochemical analysis 
of the pigment found in the discolored fluid reveals 
it to be breakdown products of hemoglobin [70]. It 
is highly unlikely that this fluid discoloration is from 
meconium passage, an event virtually restricted to 
late gestation. A more plausible explanation is that 
the staining results from occult intrauterine hemor
rhage, with subsequent transmembranous passage of 
heme pigments.

Several studies have investigated the associa
tion between amniotic fluid discoloration and preg
nancy loss. In a case-controlled study, Hankins and 
coworkers [68] could demonstrate no increased 
risks among patients found to have discolored amni
otic fluid at the time of genetic amniocentesis. 
Nevertheless, several other studies have demon
strated a significant increase in risk of pregnancy 
loss in instances in which amniotic fluid discol
oration is noted during mid-trimester amniocen
tesis [64,67,65-70]. In these studies, the sponta
neous abortion rates in the control groups ranged 
from 1.5% to 1.6%, whereas pregnancy loss rates in 
the stained-fluid group ranged from 9% to 100%. 
Thus, amniocentesis specimens complicated by 
fluid discoloration (i.e., fresh blood or green/brown 
discoloration presumably from chronic or occult 
bleeding) identifies a group at increased risk for 
pregnancy loss. Patients with this finding should be 
so counseled.

Although amniocentesis is frequently performed 
in conjunction with real-time ultrasonography, no 
adequately designed prospective study has been 
performed to assess the value of ultrasound use 
in this procedure. Nonetheless, there are substan
tial amounts of data reflecting clinical experience. 
Several studies have demonstrated a reduction in 
the number of dry taps, needle insertions, bloody 
taps, failed cultures, and pregnancy losses when 
ultrasonography is used routinely [40,67,69-77]. 
O ther studies have demonstrated no benefit to 
amniocentesis [55,78,79]. Unfortunately, most of 
these studies are flawed in their design, with inad
equate controls, improper randomization, inappro
priate crossing over, or different operators perform
ing amniocentesis with or without ultrasound scan. 
Although the benefits of ultrasonographically mon
itored amniocentesis have not been scientifically 
demonstrated, in this setting the rule of reason 
must apply. No reports of an increased incidence 
of adverse outcomes of ultrasonically directed pro
cedures have been published. The important assis
tance of direct ultrasonic guidance for intrauter
ine procedure is clearly recognized by clinicians. 
The ability of scanning to localize the pocket to be 
entered by the sampling needle makes the proce
dure easier and the operator more confident. It is 
this author’s firm opinion that amniocentesis should 
always be ultrasound monitored.

Maternal infection following amniocentesis is 
rare. The risk of amnionitis has been estimated to 
range between 1 in 1,000-8,000 procedures. One 
maternal death following amniocentesis has been 
reported [80]. Given the extreme low risk, the use 
of prophylactic antibiotics for this procedure is not 
warranted [81].

Vaginal leakage or spotting is reported in approx
imately 3% of patients who undergo mid-trimester 
amniocentesis. Although fluid leakage can result in 
either oligohydramnios or pregnancy loss, success
ful pregnancy outcome following conservative mea
sures and monitoring of such pregnancies is also pos
sible. Patients must be made aware of the potential 
risks of such management [82].

Accidental needling of the fetus potentially 
resulting in skin dimpling and minor scars is believed 
to occur in up to 2% to 9% of procedures [83]. The 
magnitude of the risk for resulting skin lesions is 
unknown, but it is believed to be very low. Rarely, 
more significant anomalies have been reported
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anecdotally and attributed to amniocentesis. Ultra
sound monitoring of the procedure was not reported 
in any of these cases. Controversy exists in the liter
ature supporting and refuting claims that neonates 
exposed in utero to amniocentesis are at increased 
risk for respiratory distress and orthopedic disorders 
such as talipes [84], Although a specific risk has 
yet to be established, patients should be aware of 
these concerns and the limitations of the available 
data.

C H O RIONIC VILLUS SAMPLING 

Procedure

Prior to the attempt at transcervical biopsy (TC- 
CVS), a ultrasonic scan is performed to evaluate 
■etal viability, fetal number, placentation, and dat
ing by crown-rump length (CRL) and gestational 
sac size. The latter two measurements are compared 
with the expected gestational age estimated from 
the patient’s last normal menstrual period (LMP). 
Scheduling of procedures beyond the 9th week 
of gestation eliminates a substantial percentage of 
spontaneously aborting embryos. In addition, there 
are other reasons for performing procedures beyond
9 weeks, including a possible reduced incidence of 
fetal injuries (discussed later).

The accuracy of the reported LMP is impor
tant. Wapner and Jackson [85] reported that a dis
crepancy in crown-rump length more than 1 week 
less than predicted by menstrual dates is predic
tive of increased risk for spontaneous pregnancy 
loss. Furthermore, in patients considered for chori
onic sampling based on advanced maternal age, 
over 10% were observed to already have an embry
onic demise on the initial preprocedural ultrasound 
assessment.

In addition to embryologic evaluation, ultrasound 
scanning establishes the sites of both the chorion 
frondosum and of the cord insertion. Cervical and 
uterine anatomic relationships are also noted. Cer
vical manipulation and either bladder distention or 
emptying usually facilitate both successful visualiza
tion and completion of the procedures.

Once a thorough ultrasonic assessment is com
pleted, the patient is placed in the dorsal lithotomy 
position. A sterile speculum is introduced, and the 
cervix is swabbed with an aseptic solution of the 
clinician’s choice. Some operators grasp the ante

rior lip of the cervix with a long Allis or other for
ceps as an aid in manipulating the uterus and direct
ing the catheter to the chorion. Ultrasonic reevalu
ation confirms uterine position and the location of 
the chorion frondosum. For a successful biopsy pro
cedure, the operator must coordinate his/her activ
ity with that of the ultrasonographer. The opera
tor next bends the distal portion of the catheter 
slightly to accommodate the demonstrated curva
ture of the lower uterine segment. The sampling 
catheter is then introduced through the endocer- 
vical canal beyond the internal os at which time 
a loss of resistance is perceived. Further advance
ment is delayed until the catheter tip can be visu
alized ultrasonographically. Once the tip is satisfac
torily identified, the surgeon advances the catheter 
under direct visualization toward the homogenous, 
hyperechoic chorion frondosum. Where the loca
tion of the chorion is uncertain, identification of the 
cord implantation site serves as a valuable landmark. 
To assist in accurate placement, catheter rotation, 
cervical manipulation, or speculum adjustment all 
could be required. Once the catheter is positioned 
at the near distal end of the chorion frondosum, the 
obturator is removed, and a 20-ml syringe contain
ing 5 ml of tissue culture media is attached to the 
catheter. Using continuous negative pressure on the 
syringe, the surgeon withdraws the catheter gradu
ally. After a tissue examination confirms the pres
ence of an adequate specimen, the instruments are 
removed, completing the procedure. As with rou
tine amniocentesis, the patient is directed to call if 
lever, heavy vaginal bleeding or severe abdominal 
pain, or cramps develop. She is further instructed to 
avoid strenuous activity or coitus during the ensuing 
24 hours; thereafter she may resume normal activi
ties.

Transabdominal chorionic villus sampling (TA- 
CVS) is a procedure technically very similar to trans
abdominal amniocentesis. Two techniques were 
originally described. In both, a preliminary ultra
sound survey is undertaken, and the patient’s skin 
prepped in the usual manner. In the two-needle 
technique, an outer needle is used as a trochar. 
This is introduced into the myometrium adjacent 
to the sampling site. A thinner, inner needle is then 
guided through the outer needle toward the chorion 
frondosum under direct ultrasound guidance. Tissue 
is aspirated under negative pressure into a media- 
containing syringe. Several passes through the entire
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Rectum

A 20 mL syringe 
with 5 mL of 
media

Ultrasound
transducer

Villus chorion

Amniotic cavity

Uterine

Chorionic cavity
B 20 mL syringe 

with 5 mL of 
media

FIGURE 2.3.
Chorionic villus sampling. Using either a transcendent 
(A) or a transabdominal (B) approach, the chorion 
frondosom is sampled under 15 ml to 20 ml o f  negative 
pressure. (See text for details.)

length of the chorion are required to obtain an ade
quate sample.

The single-needle technique utilizes a regular 20- 
gauge spinal needle. The needle is simply inserted 
into the chorion frondosum under direct ultrasound 
guidance (See Figure 2.3). Once in the chorion, the 
stylet is removed, and a 20-ml syringe containing 
5 ml of culture media is attached. Using continuous 
negative pressure, several passes through the entire 
length of the chorion frondosum are undertaken to 
obtain the specimen.

In both transabdominal and transcervical biopsy 
techniques, the specimen obtained is washed in a 
Petri dish and examined under sterile conditions, 
using a dissection microscope. An assessment of tis
sue type and quantity is performed immediately 
to ascertain the success of the biopsy. The speci
men is subsequently submitted to the laboratory for 
processing.

There are certain contraindications to CVS. 
Absolute contraindications to transabdominal CVS 
include unavoidable myomas, a placenta not reach
able through the maternal abdomen, and maternal 
intestines overlying the uterus. Relative contraindi
cations include active bleeding, Rh isoimmuniza
tion, embryonic growth retardation, or maternal 
coagulopathy. Other possible contraindications 
includes low-lying myomas, a gestation greater

than 12 weeks, a multiple gestation, or an overly 
curved sampling pathway. Contraindications unique 
to transcervical sampling include vaginal infection, 
cervical stenosis, vaginismus, the presence of an 
IUD, and sampling failure following two passes.

Transcervical CVS is technically possible in the 
window from 6 to 7 weeks’ to 12 to 13 weeks’ ges
tation. Recent reports of the association of congen
ital limb anomalies with CVS, in particular before 
the 10th week of gestation, have resulted in a restric
tion of CVS to gestations greater than or equal to 10 
weeks in duration, however. Early and mid-trimester 
transabdominal CVS procedures have gained popu
larity as alternatives to early amniocentesis or cordo- 
centesis in selected conditions such as severe oligo
hydramnios [84,86],

The overall efficacy of TA-CVS and TC-CVS 
are comparable. Single sampling success rates range 
from 96.4% to 99.5% in the TC group, and 99.4% 
to 99.7% in the TA group [87-96], Although 
both TC-CVS and TA-CVS are equally effective, 
centers offering CVS should be well versed in 
both techniques, with a particular approach taken 
based on the anatomy and condition of the patient 
being sampled as well as the expertise of the 
operator.

The accuracy of CVS compares favorably with 
that of amniocentesis [97-100], Amniocentesis 
is generally considered 99.5% accurate, whereas 
CVS exhibits an accuracy rate of 97.5% to 99.7% 
[101,102], Maternal cell contamination (MCC) was 
initially a significant concern with as many as 13% 
of cases reported to have this complication. The 
incidence of MCC is now reported to range from
0.1% to 1.3% [103-106], Most cases of MCC are 
found in long-term cultures, although MCC has also 
been found in direct preparations of chorionic villi. 
It is believed that the risk of MCC is reduced by 
meticulous dissection of the villi under a dissec
tion microscope, comparison of both direct prepa
ration and long-term cultures of villi, and com
parison of heteromorphisms of 46XX villus cells 
and maternal lymphocytes. Placental mosaicism has 
been observed in <2% [107] of all CVS samples. 
On repeat testing by mid-trimester amniocente
sis, approximately two thirds of suspected mosaic 
pregnancies are cytogenetically normal. Mosaicism 
noted exclusively in villi is considered confined pla
cental mosaicism and is associated with an increased
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risk for pregnancy loss (8.6% versus 3.5%) [ 107— 
109]. Placental mosaicism has not been proven to 
be associated with growth retardation, gestational 
hypertension, preterm labor and delivery, or abrup
tio placentae.

When the cytogenetic diagnosis following CVS 
is in doubt, amniocentesis should be offered as 
a confirmatory study. Up to 3% of patients who 
undergo CVS will require a follow-up mid-trimester 
amniocentesis to evaluate mosaicism, maternal cell 
contamination, or a subsequently elevated mid
trimester MSAFP [110]. Patients who are CVS can
didates should be counseled about this possibility 
prior to undergoing testing.

Complications

Complications associated with CVS include vagi
nal bleeding, amniotic fluid leakage, infection, fetal- 
maternal transfusion, teratogenic effects, and fetal 
loss [110-113],

Vaginal spotting or bleeding occurs in up to 
32% of patients with TC-CVS but is reported in 
only 4% to 5% of women undergoing transabdomi
nal procedures. Intrauterine hematomas detectable 
at the first follow-up ultrasound scan have been 
noted in 3.1% to 4.0% of TC-CVS and 0.3% 
of TA-CVS cases. Fluid leakage is a rare com
plication of both procedures but is more com
mon following transcervical operations [97], Uter
ine infection ranges from 0.05% to 0.5% in TC- 
CVS cases. Infection has not been reported in 
TA-CVS. Changing of the sampling catheter with 
each passage through the cervix has reduced the 
incidence of maternal infection. Administration of 
50 (xg RhIG is recommended following CVS proce
dure in Rh-negative patients. Perinatal risks includ
ing small for dates, preterm labor, low birthweight 
and perinatal mortality are not increased in patients 
undergoing either CVS procedure.

The fetal loss rate following CVS has been exam
ined in several studies [46, 57, 84, 86, 99, 100, 111, 
114-116], In considering these studies, remember 
that as in mid-trimester transabdominal procedures, 
both the gestational timing and maternal age are 
important in establishing the a priori risk. An impor
tant additional factor is operator experience.

The Canadian Collaborative CVS study [114] 
was the first major prospective study to appear in

the literature. In this study, random assignment of 
2,979 women to either CVS or to amniocentesis 
was undertaken. All centers performed transcervi
cal procedures. The physicians were required to 
have performed a minimum of successful proce
dures prior to their acceptance as coinvestigators. 
The data revealed that the overall loss rate was 
0.6% higher in the CVS group in comparison to the 
amniocentesis group. This difference was not statis
tically significant.

A similar study design was conducted by the 
NICHD [115]. In the NICHD study, however; 
acceptable randomization of the amniocentesis 
group could not be accomplished. The observed 
fetal loss rate was 7.2% for the TC-CVS group and 
5.7% for the amniocentesis group. After the data for 
maternal age differences are adjusted, the TC-CVS 
group had a 0.8% higher loss rate, again not statisti
cally significant.

The subsequent BMRC study [111] noted a sig
nificant difference in fetal loss rate between the 
CVS group and the amniocentesis group (13.6% 
and 9.0%, respectively). A careful evaluation of this 
study reveals that unlike the Canadian or Ameri
can study, a standard m ethod of villous sampling 
was not employed. Either TC-CVS or TA-CVS was 
performed according to operator preference. Fur
thermore, no criteria for operator inclusion based 
on experience was established in the study proto
col. As TC-CVS has been shown to have a signifi
cant learning curve, this omission is believed to have 
influenced the results. A subsequent Danish study 
bears this out [116]. In this latter investigation, the 
fetal loss rate among patients undergoing amnio
centesis was 6.4%,; those undergoing TA-CVS 6.3%, 
and TC-CVS 10.9%. In the last group there was an 
inverse relationship between the fetal loss rate and 
the amount of tissue obtained. These data suggest 
that operator experience played a significant role in 
the observed increase in fetal loss.

In the major studies comparing TA-CVS to TC- 
CVS, therefore, a significant outcome difference was 
noted only in the Danish study. In the other stud
ies, operators were skilled in TC-CVS before begin
ning the investigation, and no significant difference 
in outcomes for the two techniques was detected. 
Recent investigations with experienced practition
ers have found similar outcomes [46, 57, 86, 99, 
100],
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Special Issues
Several studies have reported an association 
between CVS procedures and limb anomalies and 
oromandibular-limb hypogenesis [112,113], These 
complications were attributed initially to proce
dures performed between 56 and 66 days of ges
tation. Vascular compromise during limb devel
opment was believed to be the causative factor 
[129]-

Kuliev and colleagues [117] reported the results 
of a W HO-sponsored registry established in 
Philadelphia. More than 80,000 of an estimated 
150,000 CVS-exposed pregnancies worldwide were 
reported up to May of 1992. Although clusters of 
limb anomalies following CVS were reported from 
various centers, the overall incidence among CVS- 
exposed pregnancies was 6/10,000 live births, com
parable with the background incidence rate reported 
by the British Columbia Registry (5.42/10,000 live 
births) [118].

A retrospective cohort study performed in five 
obstetric centers from 1984 to 1991 reported by 
Gruppo Italiano Diagnosi Embrio Fetal (G1DEF) 
[110] analyzed the association between CVS and 
transverse limb reduction defects (TLRD). O u t
come data were available on 2,759 of 3,420 preg
nancies exposed to CVS. Assuming normal outcome 
in all patients lost to follow-up, a minimum over
all crude rate of TLRD was found to be four times 
higher in the CVS-exposed group (1/1,143) than in 
the general Italian population (1/4,458). The rate 
of limb defects was higher for CVS performed at
9 weeks’ gestation (2.9/1000) than at 10 weeks 
(1/1,000). The rate of TLRD in CVS-exposed preg
nancies with completed follow-up was 1/619, rep
resenting a sevenfold increase compared with the 
general population.

In 1995, the Centers for Disease Control and Pre
vention published the results of a study of CVS- 
exposed pregnancies from 1988 to 1992. It was 
found that the risk of limb defects among CVS- 
exposed pregnancies ranged from 0.03% to 0.10% 
and represented at least a sixfold greater risk than 
that in the general population (0.005%). The risk 
and severity of limb defects appears to correlate 
with the timing of CVS, with a 0.20% risk observed 
prior to 10 weeks’ gestation and a 0.07% risk at
10 weeks’ gestation or greater. Furthermore, most 
of the defects noted following CVS at 10 weeks or 
greater are limited to the digits [ 112 |.

To contrast CVS and amniocentesis, the increased 
risk of pregnancy loss and of limb anomalies should 
not preclude consideration of other important issues 
such as the desirability to obtain results with early 
gestation (particularly for women with medical con
ditions for which pregnancy poses a substantial risk), 
the advantages of first-trimester pregnancy termina
tion (particularly interruption of pregnancy by the 
administration of antiprogestins and prostaglandins 
if early CVS is considered), and the type of genetic 
disorders in question.

Early Amniocentesis
In the attem pt to introduce first-trimester prena
tal diagnosis in areas lacking a CVS program, sev
eral centers have investigated early amniocentesis 
as an alternative. Although technically similar to 
routine mid-trimester amniocentesis, early proce
dures are more likely to be complicated by the tent
ing of the amniotic sac. Needle insertion therefore 
m ust be more precise. Furthermore, most opera
tors limit the amount of amniotic fluid aspirated 
to one milliliter per week of gestation. The initial 
experience indicated a fetal loss rate ranging from 
0% to 4.7%. Success in obtaining fluid is as high 
as 95% with cytogenetic success rates of approxi
mately 99%, comparing favorably with amniocen
tesis and CVS. Technically, amniocentesis becomes 
increasingly difficult before the 13th week of gesta
tion and the rate of complications is increased, indi
cating that this method has a limited role in prenatal 
diagnosis, only partially bridging the gap between 
CVS and routine abdominal amniocentesis at the 
mid-trimester [57, 86, 99, 100].

Cochrane Review and Comparison
The Cochrane Database of Systemic Review 
recently updated its comprehensinve review and 
comparison of amniocentesis and CVS for prena
tal diagnosis. The objective of this review was to 
assess the comparative safety and accuracy of CVS 
(TC and TA) and amniocentesis (early and second 
trimester). A total of fourteen randomized studies 
were included in the analysis [ 120].

In a comparison of amniocentesis versus control, 
the authors noted that an increase in sponta
neous miscarriages of 0.8% among those undergoing 
amniocentesis relative to controls was statistically
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significant (relative risk [RR] 1.6, 95% confidence 
interval [Cl] 1.02-2.52). A 1% increase in total 
pregnancy loss was not statistically significant, how
ever. Leakage of amniotic fluid was more common 
following amniocentesis (1.7% vs. 0.4%; RR 3.9, 
95% Cl 1.9-7.8), although there was no difference 
in vaginal bleeding between the two groups.

A comparison between early and second- 
trimester amniocentesis revealed that mid-trimester 
amniocentesis was technically less demanding and 
safer. Multiple needle insertions were required in 
4.7% of early amniocentesis procedures, compared 
with only 1.7% for mid-trimester amniocentesis. 
Total pregnancy loss following early amniocente
sis was 7.6% compared with 5.9% following mid
trimester amniocentesis (RR 1.29, 95% Cl 1.03- 
1.61). The number of congenital anomalies (par
ticularly the number of infants born with talipes 
equinovarus) was significantly higher in the early 
amniocentesis group (4.6% vs. 2.7%). Early amnio
centesis was also associated with a higher rate of lab
oratory failures (1.8%) and a higher false-negative 
rate, compared with a 0.2% failure rate and no false- 
negative cytogenetic results following mid-trimester 
amniocentesis.

A comparison of CVS to second-trimester amnio
centesis was evaluated in one of three ways: Second- 
trimester amniocentesis versus CVS (any route), 
second-trimester amniocentesis versus TC-CVS and 
second-trimester amniocentesis versus TA-CVS. In 
the comparison between second-trimester amnio
centesis versus CVS by any route, the overall loss 
rate was significantly higher following CVS (11% 
vs. 8.2% RR 1.43, 95% Cl 1.22-1.67) An increase 
in spontaneous miscarriages was the primary con
tributing factor to this increase (RR 1.51, 95% Cl 
1.23-1.85). CVS also presented greater technical 
challenges relative to amniocentesis. Repeated sam
pling was more common following TC-CVS (6.3% 
versus 0.2%), and laboratory failure occurred more 
frequently in CVS samples compared with amnio
centesis samples (1.7% vs. 0.07%). There were more 
false-positive and false-negative results in the CVS 
group (2.2% vs. 0.2% and 0,3% vs. 0%, respectively) 
as well as more cytogenetic abnormalities confined 
to the placenta (2.3% vs. 0.4%). Maternal com
plications were uncommon following either proce
dure, and life-threatening complications were not 
reported. Vaginal bleeding was more common fol
lowing TC-CVS, although no significant difference

was noted in the incidence of vaginal bleeding later 
in pregnancy. It appears that the route of CVS might 
contribute to the increased loss rate observed rela
tive to amniocentesis. TC-CVS was associated with 
a higher risk of pregnancy loss and risk of spon
taneous miscarriage compared with amniocentesis 
(14.5% vs. 11%; RR 1.40 Cl 1.09-1.81 and 12.9% 
vs. 9.4%; RR 1.50, 95% CK 1.07-2.11). No statis
tically significant difference in the risk of pregnancy 
loss and miscarriage was found in a comparison 
between TA-CVS and second-trimester amniocen
tesis, however. Studies comparing TC-CVS and TA- 
CVS corroborate this observation. Overall, the risk 
of pregnancy loss, spontaneous miscarriages, vagi
nal bleeding, and rate of multiple insertions appears 
higher in the transcervical group compared with the 
transabdominal group. Finally, a comparison of early 
amniocentesis and transabdominal CVS revealed 
a higher risk of pregnancy loss and spontaneous 
miscarriage following early amniocentesis. Further
more, the mean number of days required for culture 
was two to three days greater in the early amniocen
tesis group compared with the TA-CVS group.

On the basis of these findings, the authors con
cluded that second-trimester amniocentesis is safer 
than early amniocentesis or TC-CVS, but that if 
earlier diagnosis is required, TA-CVS is prefer
able. W hen TA-CVS cannot be performed, TC- 
CVS or second-trimester CVS are the “preferred 
options.”

SPECIAL CONSIDERATIONS 

Multiple Gestations
The presence of a multiple gestation complicates 
prenatal genetic assessment and subsequent man
agement. The ratio of dizygotic to monozygotic 
twins per 1,000 births approximates 2-3:1. The fre
quency of dizygotic twinning increases with parity 
and maternal age [121-125]. Based on these con
siderations, Rodis and colleagues [125] reconsidered 
the age-related risk of chromosomal aneuploidy in 
twin gestations, specifically the age-related risk that 
one or both fetuses is affected. In estimating the cor
responding risks, the authors calculated that the per
centage of dizygotic twinning was 80% in the pop
ulation evaluated. Unfortunately, no adjustment for 
increased dizygotic twinning with increased age or 
parity was undertaken in these calculations. Hook’s
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[124] data on the risk of chromosomal abnormali
ties in singleton gestations was subsequently recal
culated and weighted for the risk of monozygosity/ 
dizygosity and for the possibility that neither, either, 
or both fetuses were aneuploid. In addition, a ret
rospective review of cytogenetic results from twin 
amniocentesis was undertaken.

According to the tables generated from this com
plex analysis, the risk to a patient at 33 years of age 
with a twin gestation of having at least one twin 
with Down syndrome is equivalent to that for a 35- 
year-old with a singleton pregnancy. In addition, the 
risk of having at least one twin with any chromo
somal abnormality at the age of 32 years is 1:179 
for live-born infants and 1:156 at the time of mid
trimester amniocentesis. This risk is higher than 
that estimated for the procedure-related fetal loss 
rate owing to standard mid-trimester amniocente
sis in a singleton pregnancy (approximately 1:200)
[125], Although initial studies suggested the pos
sibility of an increased risk of pregnancy loss in 
twin gestations because of amniocentesis [126,127], 
more recent data using more appropriate controls 
(i.e., using twin gestations, not singleton pregnan
cies, as the control group to assess the baseline 
pregnancy loss rate) indicates that there is no sig
nificant difference in fetal loss rate from amnio
centesis in twin gestations, despite the need for 
at least two punctures. Specifically, Ghidini and 
coworkers [128] observed a baseline fetal loss rate 
of 3.2% among controls with twin gestations ver
sus a 3.5% loss rate observed following amniocen
tesis of twin pregnancies. Interestingly, the loss rate 
of the amniocentesis group was similar to figures 
previously reported (3,2%-3.57%) [127], but that 
had previously compared unfavorably to the 0.6% 
loss rate observed among singleton gestations. Pre
liminarily, these data suggest that all patients with 
a twin gestation should undergo genetic counseling 
and be offered amniocentesis of both twins begin
ning at a maternal age of 32, because the risk of ane- 
uploidy to at least one fetus is greater at that time 
than the procedure risk for amniocentesis. Unfortu
nately, with a background fetal loss rate of 3.2%, a 
study evaluating 2,300 patients in each group would 
be required to detect a 50% increase above base
line in the procedure-related fetal loss rate. Such 
studies have yet to be conducted. In counseling at 
the author’s institution, we inform patients of these

risk/benefit calculations and generally offer amnio
centesis for twin pregnancies based on the earlier 
maternal age.

Technically, amniocentesis of a twin gestation dif
fers from that of a singleton gestation only in the 
importance of the identification of the specific fetus 
being sampled. The standard approach to twin sam
pling is to identify the membrane separating both 
fetuses and subsequently perform sequential nee
dle insertions into each sac. With the first insertion, 
amniotic fluid is aspirated and indigo carmine dye is 
introduced. The dye serves as a marker when per
forming the needle insertion into what is believed 
to be the second sac. The aspiration of stained fluid 
with the second tap suggests an inadvertent reintro
duction of the needle into the original sac. Alterna
tively the presence of clear fluid indicates that the 
second sac is being sampled. Careful documentation 
of the fetal relationships is necessary because the 
specific identification of an affected versus an unaf
fected fetus might be required should selective ter
mination be considered.

As an alternative to the two-stick-and-dye proce
dure, Jeanty and colleagues [129] proposed a single
puncture method. In this technique, the membrane 
separating both sacs is visualized. A single nee
dle insertion is undertaken, and fluid is withdrawn 
from the first sac. Subsequently, the same needle 
is simply advanced through the separating mem
brane under direct ultrasonic guidance and into the 
second sac, which is then sampled. A prospective 
study comparing these two techniques for efficacy 
and safety has yet to be performed. There have 
been few published studies that have examined the 
safety of second-trimester amniocentesis in twins. In 
a controlled study in which the dual puncture and 
dye m ethod was used, Ghidini and coworkers did 
not find a significant difference in outcome [128]. 
Yukobowich and associates published the results of 
their retrospective cohort analysis. Pregnancy out
comes at 4 weeks following mid-trimester amnio
centesis in twins were compared with the 4-week 
outcomes of a control group of twin pregancies in 
which amniocentesis was not performed, and com
pared with a control group of singleton pregnancies 
in which amniocentesis was performed. The rates 
of miscarriage for the three groups were reported to 
be 2.73%, 0.6%, and 0.67%, respectively (p =  0.01 
for both comparisons). These data suggest that the
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risk of miscarriage associated with amniocentesis in 
twins is greater than the risk of miscarriage associ
ated with twin pregnancy alone and is greater than 
the risk of miscarriage following amniocentesis in 
singleton pregnancies [130].

Twin sampling by CVS is reliably accurate only 
with a monochorionic placenta or with two dis
tinct placentas. Difficulty is encountered in attem pt
ing to sample dichorionic twins with a fused pla
centa. In such situations, if sampling is attempted it 
is best done near each of the umbilical cord inser
tion sites. Under these circumstances, the sampling 
error ranges from 2.6% to 16.6%. This underscores 
the need to limit such sampling to the most expe
rienced centers or to abandon the attem pt at CVS 
except in unusual circumstances and to use conven
tional amniocentesis for genetic analysis at a more 
advanced gestational age [131].

The technique of prenatal testing in the higher 
multiple gestations is similar to that for twin gesta
tion. Unfortunately, series sufficiently large to evalu
ate these methods are not available. Technical prob
lems in sampling each sac of the higher multiples 
are common, and successful taps are usually diffi
cult and tedious. The procedure(s) used must be 
individualized.

Selective Pregnancy Termination
W ith genetic testing of twin pregnancies and the 
increased likelihood of detecting an abnormality in 
only one fetus, or with multifetal pregnancies from 
ovulation induction, the option of selective preg
nancy termination needs consideration. As with all 
types of pregnancy termination, there are impor
tant ethical issues in selective reduction. Careful 
patient selection and counseling are required. Pro
cedures, if attempted, should be performed only 
by experienced operators. Several methods are 
available, including intracardiac potassium chloride 
injection, cardiac tamponade, air embolization, and, 
most recently, percutaneous cord occlusion [132]. 
Although the data are limited, they do suggest rel
ative safety for these procedures. Significant mater
nal complications have been reported, however. The 
safest and most efficacious approach to this prob
lem awaits carefully controlled prospective studies. 
In the interim, selective termination can be consid
ered in multiple gestations of four or more, or in

instances in which fetal abnormalities are diagnosed 
in one of a twin or a triplet gestation. Not surpris
ingly, the earlier the procedure can be performed, 
the lower the risk of complications.

LABORATORY PROBLEMS

A detailed technical discussion of the laboratory 
aspects of prenatal genetic testing is beyond the 
scope of this text but is covered by several excel
lent reports [133-136]. Errors in prenatal diagnosis 
can arise in the laboratory from simple mislabel
ing of tubes or cultures, maternal cell contamina
tion, pseudomosaicism, mosaicism, or misinterpre
tation of results. Similarly, CVS can be associated 
with misdiagnosis primarily because of maternal 
cell contamination, pseudomosaicism, and true 
mosaicism. Maternal cell contamination (MCC) has 
been reported to range from 0.1% to 1.3% of 
CVS specimens [134,135]. The rate of mosaicism 
on CVS specimens ranges from 0.6% to 0.8%. 
On repeat testing usually by mid-trimester amnio
centesis, approximately three fourths of suspected 
mosaic pregnancies prove to be cytogenetically 
normal [114].

In cytogenetic results obtained from the ran
domized Danish study of TA-CVS and TC-CVS 
and amniocentesis, mosaicism was detected in 1% 
of all cases of CVS [136]. O f these, 90% were 
found to be confined to the placenta, 0.7% of 
mosaicism/pseudomosaicism were seen in amniotic 
fluid specimens, and only 40% of the latter were con
firmed in the fetus. Pseudomosaicism was similar in 
cultures of chorionic villi and amniocytes (0.5 and 
0.6%); MCC was more common following transcer- 
vical sampling (4.5%) compared with transabdomi
nal sampling (1.5%).

Laboratory experience of early amniocentesis 
indicates that the overall culture success rates have 
been reported to range from 98.6% to 99.8%. Mean 
turn-around time ranges from 8.2 to 8.4 days com
pared with 6.59 to 8.3 days for amniocentesis per
formed after the 14th week of gestation [137, 138]. 
Kerber and Held [137] noted a significant increase 
in the number of numerical and structural aber
rations in single cells and a significant increase in 
the frequency of numerical aberrations in multiple 
cells. Lockwood and Neu [138] reported abnormal 
karyotypes in 4.9% of their specimens but had no
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clinical follow-up on these patients. Their experi
ence is consistent with prior reports that found that 
1.1% to 5% of early amniocenteses are associated 
with chromosomal abnormalities.

S E R V IC E  O R G A N IZ A T IO N  A N D  Q U A L IT Y  
A S S U R A N C E

As knowledge in genetics and its clinical applica
tion increases, greater demands will be placed on 
developing comprehensive prenatal genetics pro
grams. These programs will be required to pro
vide timely, accurate information, in a format that 
patients can readily understand and use to make 
informed decisions. Toward this end, a multidisci
plinary team composed of persons skilled and spe
cialized in genetics (i.e., geneticist, genetic coun
selors) maternal fetal medicine (i.e., perinatologists, 
perinatal nurses, ultrasonographers), neonatology 
(i.e., neonatologists and neonatal nurses), and grief 
and abortion counseling (i.e., social workers and 
gynecologic-specialty nurses) is needed to address 
the issues and complications raised by this new tech
nology. In addition, a strong referral network must 
be established with qualified subspecialty physi
cians capable of managing unique diagnosable med
ical and surgical complications of the fetus or new
born (e.g., pediatric neurosurgeons, urologists, and 
others). Technical capabilities should include high- 
resolution ultrasound; the technical ability for early 
and routine amniocentesis; CVS and mid-trimester 
placental biopsy capabilities; and proficiency in cor- 
docentesis. A close working relationship with a 
licensed, certified cytogenetics laboratory capable of 
providing timely cytogenetic, molecular genetic, and 
prenatal screening services is essential. Twenty-four 
hour emergency access to the system is also neces
sary.

Quality assurance is an essential part of main
taining a perinatal diagnostic service. A perinatal 
database allowing for population estimates of spe
cific genetic and congenital anomalies and hence 
identifying areas of needed services addresses this 
issue. Furthermore, by using a regional perinatal 
database prospectively, the service can routinely 
evaluate and compare the sensitivity and speci
ficity of services provided (i.e., genetic consulta
tion, ultrasound, prenatal screening and testing) to 
national standards, so that specific areas of strength

or weakness can readily be identified and corrected. 
Patient satisfaction should be assessed regularly, and 
service adjustments made to better accommodate 
the special needs of families during such difficult 
times. Timely and effective communication among 
providers and between providers and the patient is 
essential. Systems must be in place to ensure that 
all relevant information is conveyed to all essential 
parties in a timely and accurate fashion while safe
guarding the patient’s confidentiality. Finally, estab
lishing specific algorithms or protocols for certain 
high-volume clinical problems can standardize solu
tions to problems in management.

A continuous improvement model has been 
established by Boehm and coworkers [139] for a 
CVS program. Using a computerized database for 
the continuing analysis of complications and patient 
input, modifications in timing, type of procedure, 
and genetic counseling content were undertaken, 
with an overall improvement in outcome. Further
more, areas of laboratory weakness were identified 
as well, with a subsequent improvement in speci
men quality and turn-around time.

F U T U R E  T R E N D S

Recent reports have demonstrated evolving tech
nologies and screening methods in prenatal diag
nosis [140-143], As an example, the detection of 
nucleated fetal red blood cells in maternal blood 
has generated great interest. W ith the enhancement 
of cell isolation and cell culture techniques, such 
cells could serve as a noninvasive source for pre
natal diagnosis [144], Currently, modifications in 
cell sorting and isolation, and the analysis techniques 
of FISH and PCR are being refined, to allow these 
technologies to serve as a prenatal screening tests. 
Such capabilities would permit the screening of a 
far larger number of abnormalities than is currently 
available and would help to better identify high- 
risk candidates for invasive prenatal testing. In brief, 
these techniques involve the use of fluorescent or 
biotinylated monoclonal antibodies directed at fetal 
cells. Using a fluorescent or magnetic activated cell 
sorter, the antibody-labeled cells are separated from 
unlabeled cells. Once isolated, tagged cells are sub
jected to genetic tests to assess whether specific 
chromosomal aneuploidies (e.g., trisomy 13, 18, or 
21) are present. Recent reports have demonstrated
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some limited clinical success with these techniques 
[144]. Problems and controversy continue to arise 
in the sensitivity of the technique, as well as con
cerns about the presence of fetal cells in maternal 
circulation for several years after each of a woman’s 
several pregnancies [145],

In the field of assisted reproductive technology 
(i.e., in vitro fertilization [IVF] programs), the use 
of FISH and PCR holds great promise for prefer
tilization (polar body biopsy) and preimplantation 
(blastocyst biopsy) [146,147] diagnosis of genetic 
abnormalities. This could help identify ideal speci
mens for fertilization and implantation and poten
tially reduce the need for subsequent invasive pre
natal testing. Several reports have been published 
in which post-IVF biopsy of one or two cells at 
the eight-cell blastocyst stage was undertaken. Using 
appropriate DNA primers and PCR, the identifica
tion of the sex of the embryos of couples at risk of 
having a child with an X-linked recessive disorder 
has been undertaken [148]. More recently, identi
fication of cystic fibrosis in embryos of a couple at 
risk has been performed [149], In all cases, embryos 
believed to be genetically unaffected were selected 
and implanted, with the subsequent birth of a nor
mal child. Follow-up genetic testing has confirmed 
the preimplantation diagnosis.

The future for prenatal genetics is clearly one 
of high technology and continued controversy. 
W hether the specific technologies discussed here 
will develop is less important than the overall trend 
they represent. The aim for genetic services is to 
provide a maximum of genetic diagnostic capabil
ities for any given pregnancy, with a minimum of 
fetal risk. It is worthwhile to recall that techni
cal ability commonly is far in advance of our abil
ity to understand and manage the ethical, social, 
and personal implications of such studies, however. 
Physicians must continue to embrace new technolo
gies while carefully weighing these abilities, to be 
certain that the advances and benefits for patient 
and practitioner are real and within our capacity to 
manage.
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cuFter 3 ULTRASOUND EXAMINATION

Alisa B. Modena 
Aileen M. Gariepy 
Stuart Weiner

. . . For a diagnostic technique to be acceptable 
it must not involve the patient in pain, indignity 
or hazard. Sonar meets these requirements 
admirably.

Ian Donald (1910-1987)

Practical Obstetric Problems

London: Lloyd -  Luke, 5th Edition, 1979, p. 1020

Traditionally, ultrasonography has been a means to 
guide antepartum obstetric management. Recently, 
investigators have focused on expanding its use in 
the labor and delivery suite, from the triage of high- 
risk patients to its assistance in the third stage of 
labor and postpartum evaluation. Additionally, the 
use of ultrasound scanning in the intrapartum assess
ment of patients in labor and its invaluable util
ity to guide invasive procedures are being exam
ined. This chapter reviews several of these recent 
advances: cervical length evaluation as a predictor of 
preterm delivery and for the selection of appropriate 
induction of labor candidates; the evaluation of uter
ine bleeding; the monitoring of intrapartum fetal 
weight, presentation, and fetal well-being; and the 
guidance of invasive procedures. Furthermore, the 
authors wish to demonstrate the role of ultrasonog
raphy in aiding the understanding of aberrations 
from the expected course of descent and rotation 
of the fetus, choosing the proper operative delivery 
technique, guiding delivery of the second of twins, 
assessing retained placental tissue, and monitoring 
the maternal anal sphincter for nonapparent damage 
that could benefit from repair in the puerperium.

CERVICAL LENGTH ASSESSMENT

Assessment of the uterine cervix has been accom
plished with the assistance of ultrasonography for 
the past three decades. As technology has improved 
significantly newer and more reliable techniques of 
evaluation have become the standard care for the 
evaluation of this portion of female anatomy. Why 
is accurate assessment of this particular structure 
important?

Determination of the length of the uterine cervix 
is vital to the evaluation of patients with obstet
ric pathologies. It is important in the assessment of 
the patient experiencing preterm uterine contrac
tions and is crucial in the estimation of the risk 
of premature delivery in women with a history of 
prior preterm delivery. Sonographic assessment of 
the cervix has been established as a reliable means 
of measuring the cervical length and as an impor
tant component in the prediction of preterm labor.
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It has been postulated and confirmed in the litera
ture that as the cervix shortens in length, the risk 
for preterm birth increases [ 1 ]. Traditionally, digital 
examination was the m ethod of choice to evaluate 
the cervix; unfortunately, this technique is limited 
by both significant variation among examiners and 
the inability to assess the proximal portion of the 
cervix and the internal os [2],

Cervical length measurement as a tool for pre
dicting cervical readiness for induction of labor 
has also been evaluated. Investigation of cervical 
length to predict outcome in labor induction has 
demonstrated this parameter to be associated with 
the more accurate prediction of successful induc
tion beyond more traditional methods, including the 
Bishop score [3-5]. Finally, sonography of the uter
ine cervix can delineate numerous anatomic features 
and establish relationships to other pelvic organs 
efficiently and reproducibly.

There are three ways to evaluate the cervix 
by ultrasound scan: transabdominal, transvaginal, 
and transperineal. Initially, sonographers imaged 
the uterine cervix by a transabdominal approach. 
Although not as challenging technically as other 
methods, accurate transabdominal imaging of the 
cervix requires the gravida have a full bladder to 
provide an acoustic window through which cervi
cal length and anatomy can be seen. Visualization 
of the cervix by a transabdominal approach can be 
limited by partial fullness of the patient bladder, 
maternal body habitus, or shadowing from a fetal 
presenting part. Conversely, overdistention of the 
bladder can artificially extend and flatten the under
lying lower uterine segment and cervix, yielding 
an incorrect assessment of its length and dilatation. 
Currently, transabdominal sonography of the cervix 
is used to screen the length of the cervix during an 
examination, whereas other techniques of measur
ing the cervix are used for more definitive evalua
tion. Owing to the difficulty in obtaining an accurate 
image for the reasons listed previously, transvaginal 
or transperineal sonography are typically preferred 
over transabdominal or are used as complementary 
examinations.

Transvaginal sonography replaced transabdomi
nal sonographic evaluation of the cervix once it was 
established to provide a more accurate assessment 
of cervical length and pathology [6-8], Transvagi
nal sonography can be performed with a variety 
of transducer types using higher sound frequen

cies than transabdominal sonography because the 
region of interest is nearer to the probe. This char
acteristic confers better anatomic resolution of the 
cervix. It can be difficult at first for the sonogra- 
pher to adapt to the more restricted field of view 
obtained with this type of probe, however. Initially, 
it was thought that inserting an ultrasound probe 
into the vagina could be potentially hazardous in 
specific circumstances. Several studies have looked 
at potential contraindications to transvaginal sonog
raphy, including preterm labor, chorioamnionitis in 
preterm ruptured membranes, and placenta previa, 
and found that there is no true clinical risk or con
traindication to performing this procedure in these 
groups of patients [9-10].

In a transvaginal examination, the patient is 
placed in a supine position with hips abducted; a 
full bladder is not required. A 3.5- to 8-MHz trans
ducer (properly sterilized according to the manufac
turer’s recommendations) sheathed in a probe cover 
is inserted halfway between the introitus and cervix. 
Initial insertion can be done by or with the assistance 
of the gravida herself. The operator should handle 
the probe lightly, taking care to avoid excessive pres
sure on the anterior cervical lip, which can lead to 
a falsely increased measurement of cervical length. 
Guidelines have been established for transvaginal 
sonography to reduce interobserver variability. The 
entire length of the cervical canal should be visual
ized (see Figure 3.1); the external os should appear 
symmetric, and the distance from the surface of the 
posterior lip to the cervical canal is equal to the 
distance from the surface of the anterior lip to the

FIG U R E 3.1. 
Normal cervix.
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cervical canal. Finally, the internal os should be visu
alized as a flat dimple or an isosceles triangle [11].

Transperineal or translabial sonography is typi
cally well tolerated by the patient and should be con
sidered when there are any concerns about the risk 
of infection or inciting bleeding, or when a vaginal 
probe transducer is not available. A 3.5- to 5.0-MHz 
sector or curvilinear transducer covered with a 
sheath is applied in the sagittal plane to the patient’s 
perineum. Partial fullness of the bladder assists in 
the visualization of the cervix by conveying sound 
waves toward the cervix and by being an identifiable 
landmark. The cervical canal is generally oriented 
at a right angle from the distal vagina and can be 
assessed using the same landmarks described above 
for transvaginal sonography. Transperineal sonogra
phy has been observed to have a good correlation 
with transvaginal sonography for accurate cervical 
length measurement [12]; however, it remains tech
nically more challenging because of the less famil
iar orientation of the anatomy and thus is less fre
quently performed.

Endocervical length varies by modality used. 
Transvaginal sonography has been shown to be the 
method most amenable to standardization, provid
ing the highest degree of consistency for cervi
cal measurement. Several studies described cervi
cal lengths by transabdominal sonography (mean
3.2 cm-5.3 cm), transvaginal sonography (mean 3.2 
cm-4.8 cm) and transperineal sonography (mean 
2.9 cm-3.5cm) [8,12-14]. Additionally, cervical 
length can vary within different subpopulations; it 
depends on parity, obstetric history, maternal age, 
maternal nutritional status, and history of drug use
[15].

To obtain an accurate measurement of the cervix, 
one should obtain a true longitudinal view, includ
ing both the internal os and the external os. The 
image should be enlarged to fill at least one half of 
the ultrasound screen and oriented, by convention, 
so that the patient’s head (cephalad) is on the left 
side of the screen. Undue pressure on the cervix by a 
vaginal ultrasound probe can artificially increase its 
apparent length and can be avoided by first obtain
ing a satisfactory image, withdrawing the probe until 
the image begins to blur, and then reapplying only 
enough pressure to restore the image clarity. Amni
otic fluid and the lowest edge of the empty mater
nal bladder should be identified as landmarks, and 
the presence of membranes in the cervical canal or

beyond the cervix should be noted. The internal os 
is often located just below the lowest edge of the 
bladder and is the point at which the cervical canal 
and the amniotic sac or fetal presenting parts meet. 
Proceeding from the internal os, one should then 
locate the endocervical canal and external os. The 
external os is the point within the vaginal canal at 
which the anterior and posterior ends of the cervix 
meet. The appropriate sagittal views are obtained by 
locating the V-shaped notch at the internal os, and 
the triangular area of echodensity at the external os. 
The canal appears as a faint line of echodensity or 
echolucency between the two.

The cervix should be measured at least three 
times; the cervical length to record is the shortest 
one that clearly displays both the internal and exter
nal cervical os and the entire length of the cervical 
canal. The sum of two separate measurements or 
the trace function of the ultrasound calipers might 
be required if the cervical canal is not straight. In 
the presence of funneling or dilation of the internal 
os (see Figure 3.2), the residual (i.e., closed) cervical 
length should be measured. The depth of a funnel 
and whether it is static or dynamic should also be 
noted. If a funnel does not develop spontaneously, 
one can be induced by asking the patient to perform 
the Valsalva maneuver or by applying moderate fun- 
dal pressure. Prolonged observation of the cervix for 
3 to 5 minutes is recommended because dynamic 
changes manifesting as dilation of the internal os or 
funneling can occur during the course of an exami
nation [16],

FIGURE 3.2. 
Funneled cervix.
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When clinically indicated, cervical length mea
surement by ultrasound, used in conjunction with 
digital examination, is an invaluable tool. W ith digi
tal examination only, the practitioner cannot obtain 
an accurate evaluation of the supravaginal portion 
of the cervix. The length of this segment of the 
cervix can be assessed by sonography. Furthermore, 
early cervical changes such as subtle dilation and 
funneling typically begin at the level of the internal 
os, which might not be perceived on digital exam
ination. Using receiver operator curves, lams and 
Gomez determined that cervical sonography was a 
better predictor of preterm birth than digital assess
m ent of cervical dilation and effacement 
This advantage remains with even early changes of 
the uterine cervix. The overwhelming advantage of 
sonography over digital examination is chiefly con
fined to early labor, when cervical dilation is less than 
3 cm [13].

The process of cervical effacement is visualized 
sonographically as funneling of the cervical canal, 
typically materializing once the amniotic sac begins 
to protrude into the cervical canal. On ultrasound 
scan, this can appear as a change from a closed 
cervix to a wedge-shaped opening of the internal 
os followed by progressive shortening of the cervix 
craniocau dally. The process of effacement described 
as initially V shaped and then U shaped on ultra
sound examination depends on the descent of the 
fetal presenting part [18]. Criteria for defining a 
funneled cervix have been described in an effort 
to standardize measurement and reporting. Funnel 
width is described as the dilation of the internal os, 
whereas residual cervical length is the closed cervi
cal length distal to the funnel. Funnel length is the 
length of an imaginary line that connects the apex 
of the funnel to the cephalad-most edge of the base 
of the funnel. The percentage of funneling is the 
total funnel length divided by the residual cervi
cal length plus the funnel length, that is, the total 
length of the cervix [19]. A funnel percentage of 
greater than 40% is a significant predictor of preterm 
delivery [19].

Sonographic assessment of cervical length as a 
predictor of preterm delivery has been studied in 
low- and high-risk women who are asymptomatic 
or symptomatic. There are a multitude of prospec
tive studies showing that cervical length assessment 
by ultrasonography is not only reproducible but is an 
extremely valuable technique in terms of its predic

tive value. Normal cervical length is relatively sta
ble in the late second and early third trimester but 
begins to shorten slightly with increasing gestational 
age during the third trimester. After 16 weeks’ gesta
tion, the median cervical length is between 40 mm 
and 45 mm. As pregnancy progresses, the median 
cervical length decreases to 35 mm to 40 mm at 24 
to 28 weeks, and 30 mm to 35 mm after 32 weeks 
1 1 1 -

Standardization of cervical length using transvagi- 
nal sonography was performed in approximately 
3000 women to determine these normal lengths [ 1 ]. 
lams et al. described normal cervical length between 
22 and 30 weeks’ gestation by a bell-shaped curve; 
the 90 percentile is 45 mm; the 50 percentile is 35 
mm; the 10 percentile is 25 mm; the 5 percentile 
is 20 mm. Furthermore, they established the lack 
of clinical utility in measuring cervical length prior 
to 16 weeks’ gestation because cervical shortening 
and funneling typically do not occur prior to that 
gestational age.

In asymptomatic high-risk women (i.e., those 
gravidas with a history of a prior preterm birth), 
their risk of preterm delivery in the subsequent preg
nancy correlates with the cervical length measured 
during that pregnancy [20]; furthermore, the rela
tive risk of preterm birth increases as the cervical 
length decreases. Additionally, the degree of “short
ness” of the cervix is associated with the gestational 
age at delivery in the previous preterm birth, that 
is, the earlier the gestational age of the previous 
delivery, the shorter the cervix in the subsequent 
pregnancy [20-21 ]. Conversely, there appears to be 
little correlation between cervical length on ultra
sound examination and the risk of preterm birth in 
asymptomatic low-risk women. These women were 
analyzed in the Preterm Prediction Study for their 
risk for preterm  delivery based on cervical length 
assessment at 24 weeks’ gestation. Cervical length 
on ultrasound examination was found to have a low 
sensitivity in this population for predicting preterm 
delivery at less than 35 weeks [22].

Finally, symptomatic women, that is, those who 
report preterm uterine contractions, have been 
assessed to determine the utility of evaluating the 
cervical length on labor and delivery. There appears 
to be a significant benefit from sonographic eval
uation of cervical length when managing women 
whose diagnosis of preterm labor is uncertain. 
O f symptomatic women whose cervical lengths are
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measured with ultrasonography, those whose cer
vices are found to be greater than 15 mm have 
a low likelihood of delivering within seven days 
of the examination [23-26]. Conversely, approxi
mately 50% of symptomatic women with a cervical 
length of less than or equal to 15 mm will deliver 
within seven days of the examination [24]. The 
same group analyzed different risk factors and found 
that the only significant predictor of preterm deliv
ery within 48 hours of initial examination was cer
vical length [25]. Furthermore, Gomez et al found 
that vaginal ultrasonographic examination of the 
uterine cervix was more accurate than digital exam
ination of the cervix in the assessment of the risk 
for preterm delivery in patients with preterm labor 
and intact membranes [17]. The findings of these 
studies provide important clinical information to 
the obstetrician on labor and delivery in terms of 
assessing symptomatic patients and planning their 
management strategy.

Cervical length assessment for predicting the 
outcome of labor induction has been evaluated in 
numerous studies. There are mixed results in the 
literature; some authors have found a significant 
benefit to cervical length assessment [3-5,27-28], 
whereas others have found little additional assis
tance in guiding labor induction management [29- 
32]. In 2004, Rane et al. determined that preinduc
tion cervical length was an independent predictor 
of the likelihood of vaginal delivery within 24 hours 
[27]. In this same cohort of more than 600 patients, 
those authors found that cervical length was an inde
pendent predictor of cesarean delivery. They con
cluded that sonographic parameters, including cer
vical length assessment, were superior to the Bishop 
score for the prediction of these labor outcomes. In 
separate studies by Yang, Ware, and Gabriel, cer
vical length performance was directly compared to 
the Bishop score [3-5], All together these studies 
measured the cervical length in 350 patients prior 
to labor induction. They found a more significant 
relationship between vaginal delivery and cervical 
length than the Bishop score and concluded that 
cervical length measured by transvaginal ultrasonog
raphy was a useful and independent predictor of 
successful labor induction. Gabriel found that in 
women having an unfavorable Bishop score, a cervi
cal length of less than 26 mm was associated with 
a lower risk of cesarean delivery and a shorter dura

tion of labor, whereas Ware found that women with 
a cervical length of less than 30 mm were more 
likely to be delivered vaginally and had significantly 
shorter labors. Bartha et al. specifically looked at 
cervical length measurement as a means of defin
ing cervical ripeness [28], They employed a cer
vical length cutoff of greater than 30 mm for the 
use of prostaglandin for cervical ripening and found 
that using transvaginal cervical length significantly 
reduced the need for intracervical prostaglandin 
treatm ent for patients whose cervices were deemed 
ripe on sonographic assessment.

Nevertheless, there are an equivalent number of 
studies that have not found cervical length ultra
sound measurement to be more accurate at pre
dicting the outcome of labor induction than digital 
examination or Bishop score. In postterm patients, 
Chandra et al. found that transvaginal ultrasound 
did not predict successful labor induction as well 
as digital cervical examination [31]. Additionally, 
several studies found the Bishop score to be a bet
ter predictor of the time interval from induction to 
delivery [29-30,32]. At this time, the use of cervi
cal length in the assessment of preinduction cervical 
readiness should be used with caution.

ASSESSMENT OF FETAL STATUS 

Amniotic Fluid Index
Evaluation of fetal amniotic fluid quantity is an 
essential fetal assessment tool for the obstetrician. 
Amniotic fluid serves numerous functions vital to 
the normal development of the fetus, including mus
culoskeletal and lung function. Pathologic quantities 
of amniotic fluid should alert the physician to the 
possibility of impending harm to the pregnancy. Tra
ditionally, amniotic fluid volume has been a reliable 
predictor of perinatal outcome.

The origin of amniotic fluid during the first 
trimester is a combination of maternal plasma tran
sudate through the chroioamnion and fetal plasma 
through permeable fetal skin. By the mid-trimester, 
amniotic fluid production and excretion are entirely 
managed by the fetus. Production of fluid occurs 
mainly in the fetal kidneys and lungs; removal of 
fluid occurs by the fetal gastrointestinal system and 
through the amniochorionic membrane, thus dis
tributing it to the maternal circulation. Amniotic
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fluid assessment is most typically accomplished by 
quantitative measurement of the volume of fluid, 
because this provides direct insight into the status 
of fetal physiology. In the average pregnancy, the 
mean amniotic fluid volume increases from 30 ml 
to 1000 ml between 10 and 37 weeks; the average 
volume remains stable up to 39 weeks, after which 
it declines to approximately 500 ml by 42 weeks. 
The rate of amniotic fluid production is also ges
tational age dependent; at 8 weeks’ gestation, the 
rate increases by 10 ml/week; at 13 weeks it is 25 
ml/week; and at 21 weeks the rate of production 
reaches a maximum of 60 ml/week. Postterm the 
volume declines at a rate of approximately 8% per 
week [33].

Many factors can influence amniotic fluid 
volume; fetal metabolism, fetal blood volume, 
maternal hydration, and certain maternal disease 
states have all shown associations with amniotic 
fluid volume. For example, it has been postulated 
that maternal hydration not only improves amni
otic fluid volume by improving uteroplacental blood 
flow but also increases the transfer of water across 
the placenta into the amniotic cavity. Studies have 
shown that maternal rehydration can alter amniotic 
fluid volume significantly [34],

An accurate measurement of amniotic fluid vol
ume is crucial to assist in clinical decision making. In 
lieu of the risk and difficulty in obtaining measure
ments through invasive means such as amniocentesis 
with dye-dilution studies, ultrasonography, a nonin- 
vasive technique, has become an objective and safe 
procedure to determine fluid quantity. Although 
experienced sonographers can make a subjective 
estimation of the amount of fluid, an objective mea
surement is preferable in most instances. In 1981, 
Manning et al. described a technique called the max
imum vertical pocket [MVP], which involved the 
selection, under ultrasound guidance, of the single 
deepest amniotic fluid pocket [35]. The quantita
tive depth was determined as the largest dimension 
of this pocket measured with the ultrasound trans
ducer perpendicular to the floor. In 1987, Phelan 
et al. devised a semiquantitative sonographic assess
ment of the amniotic fluid volume called the amni
otic fluid index (AFI) [36]. The A FI is a measurement 
based on the division of the gravid uterus into four 
quadrants using the external l andmark of the mater
nal umbilicus and linea nigra to divide the quadrants.

The AFI is obtained by the summation of the deep
est vertical pocket in each quadrant that is free of 
umbilical cord or extremities. Many sonographers 
make use of color Doppler mapping, if available, to 
ensure an umbilical-cord-free pocket.

Studies have found modest differences in the 
assessment accuracy of AFI and MVP. In 1990, 
Moore found that AFI became less accurate at lower 
fluid volumes, decreasing the sensitivity for the 
detection of oligohydramnios to less than 50% [37]. 
Similarly, Miyamura et al. found that an MVP mea
surement of <3 cm was more useful for establish
ing oligohydramnios than AFI measurement [38]. In 
2004, Chauhan found no difference in the two semi
quantitative measurements in their ability to pre
dict perinatal outcome; however, they did find that 
oligohydramnios was diagnosed more frequently 
with AFI than MVP [39], The same author found, 
however, that both the AFI and MVP were rela
tively inaccurate predictors of oligohydramnios or 
polyhydramnios when compared with dye-dilution 
calculations of actual amniotic fluid volume [40]. 
Despite these limitations, AFI and MVP quantita
tive assessments are preferred over the highly inva
sive approach of amniocentesis with dye instillation 
since this latter approach confers a significant risk of 
pregnancy loss to the patient.

Regardless of which quantitative assessment of 
amniotic fluid volume the practitioner chooses, 
what is the relationship between an abnormal 
volume and poor perinatal outcome? There are 
numerous conditions that can cause decreased pla
cental perfusion, thus decreasing the oxygen and 
substrate flow to the fetus and resulting in relatively 
hypoxemic blood flowing to the fetal organs. The 
fetus subsequently redistributes its cardiac output 
to ensure adequate oxygen delivery to the most vital 
organs, increasing blood flow to the brain, heart, and 
adrenal glands while decreasing the relative flow to 
the abdomen and kidneys. The decreased renal per
fusion and increased antidiuretic hormone release 
from this hypoxemia result in decreased urine out
put and oligohydramnios [41]. In the presence of 
hypoxemia, fetal lung resorption of fluid increases, 
adding to the low amniotic fluid volume.

A variety of thresholds has been described to 
define an AFI diagnosis of oligohydramnios and 
polyhydramnios. In Manning’s original work from 
1980, oligohydramnios was defined as the absence of
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a single pocket of amniotic fluid with a depth <1.0 
cm [48]. W hen this definition was thought to be 
too restrictive, Manning redefined the MVP defini
tion to be the absence of a 2.0 cm by 2.0 cm pocket 
of fluid [42], Using amniotic fluid index, oligohy
dramnios was defined as an AFI <5.0 cm [36], In 
1990, Moore obtained AFIs in almost 800 normal 
pregnancies and defined oligohydramnios as an AFI 
below the fifth percentile for gestational age [37]. 
This value varies between 7.9 cm at 16 weeks' and
6.3 cm at 40 weeks’ gestation. Although an AFI of 
<5 cm as Phelan suggested would include <1% of 
term gestations, this AFI definition of oligohydram
nios is the one most commonly used by obstetri
cians.

Several studies have reported that intrapartum 
oligohydramnios is associated with a poor perina
tal outcome [43-44], These studies show increased 
rates of fetal heart rate abnormalities, a higher risk 
of low birthweight percentile, and an increased 
risk of cesarean delivery when oligohydramnios is 
present. A meta-analysis of the relationship between 
amniotic fluid volume and perinatal outcome found 
an association between oligohydramnios and an 
increased incidence of cesarean delivery for non
reassuring fetal heart rate patterns and low Apgar 
score [45],

Prior to ultrasound, polyhydramnios or exces
sive amniotic fluid, was diagnosed when the fundal 
height exceeded expectations for the patient’s ges
tational age or there was difficulty palpating fetal 
parts. Ultrasonography allowed for a more quanti
tative assessment of polyhydramnios; the definition 
is either a deepest vertical pocket measurement of 
greater than 8 cm or an AFI greater than 24 cm. 
Numerous conditions, both maternal and fetal, are 
associated with polyhydramnios, including mater
nal diabetes mellitus, fetal structural and chromo
somal abnormalities, erythroblastosis fetalis, twins, 
and certain medications. In a study by Carlson et al., 
an AFI of >24 cm predicted 49/50 cases of true poly
hydramnios confirmed at delivery and included 92% 
of all anomalies and 100% of all trisomies, fetal and 
neonatal deaths [46]. A recent publication assessed 
the relationship of amniotic fluid volume and peri
natal outcome [47]. They found a significant rela
tionship between the identification of polyhydram
nios and large-for-gestational age fetuses as well as 
fetuses at risk for congenital anomalies and cesarean 
delivery.

Biophysical Profile
The fetal biophysical profile (BPP) is a tool used by 
obstetric practitioners to evaluate fetal well-being 
both antepartum and on labor and delivery. More 
recently, BPP assessment of fetal status has even 
been attempted intrapartum and is discussed later 
in this chapter. The ultimate goal in establishing an 
investigation to assess the fetal condition is to dis
tinguish between the healthy versus the hypoxemic 
fetus. Furthermore, avoidance of a low rate of false- 
negative test results so that asphyxiated fetuses are 
not missed and a low rate of false-positive results 
to avoid unnecessary anxiety and operative proce
dures is imperative. W ith a non-stress test (NST) 
or a contraction stress test (CST), both of which 
are associated with high false-positive rates, only the 
fetal heart rate is evaluated, forcing the clinician to 
estimate fetal health based on simply one parameter.

W ith the addition of ultrasound appraisal of fetal 
activity and amniotic fluid volume to the evaluation 
of the fetal heart rate, it is feasible for the obstetri
cian to gain more insight into fetal welfare. Manning 
et al. were the first to describe the use of multiple 
biophysical parameters of the fetus on ultrasound 
examination in an attem pt to predict perinatal out
come [48], The authors observed 216 patients with 
high-risk pregnancies who were delivered within
1 week of the ultrasound assessment. They studied 
five different variables: fetal breathing, fetal move
ment, fetal tone, qualitative amniotic fluid volume, 
and the non-stress test. They found that using the 
five parameters in combination showed the great
est accuracy for predicting five-minute Apgar score, 
fetal distress in labor, and perinatal mortality ver
sus using any of the parameters alone. Furthermore, 
these investigators introduced the use of a scoring 
system in which each activity was scored either as
0 if absent or abnormal, or 2 if present or normal. 
They continued the examination until all parame
ters were deemed present or until 30 minutes had 
elapsed. This assessment of fetal health continues 
to be widely used today, exploiting the same five 
parameters, time limitation, and scoring system first 
described over two decades ago.

How is the BPP a useful predictor of perina
tal morbidity and asphyxia? The BPP, unlike the 
NST or CST, combines evaluation of both acute 
and chronic markers for fetal well-being. Amniotic 
fluid volume is a signal of chronic fetal health not
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typically altered by acute changes in fetal acid-base 
status. The presence of a low amniotic fluid vol
ume, or oligohydramnios, is considered to be the 
result of chronic fetal stress most likely reflecting 
the presence of long-term fetal hypoxia, resulting in 
the shunting of oxygenated blood to the fetal heart, 
brain, and adrenal glands, reducing perfusion of the 
fetal kidneys. This renal hypoperfusion results in 
decreased fetal urine output and oligohydramnios.

The other four parameters of the BPP, fetal 
breathing, movement, tone, and heart rate, are more 
acute markers of unbalanced fetal acid-base status. 
Individually, these markers are regulated by differ
ent regions of the fetal central nervous system and 
as such mature and respond to fetal hypoxemia and 
acidemia at different stages in fetal development. 
The earliest of the parameters established is fetal 
tone, which can be observed 8 weeks following the 
last menstrual period. Fetal body movements accel
erate over the following gestational week, followed 
by fetal breathing, which typically commences at 
approximately 21 weeks’ gestation. The fetal heart 
rate reactivity is the final biophysical portion to 
mature, typically doing so by the end of the sec
ond trimester. Vintzileos and others observed that 
the order in which the parameters characteristically 
disappear in response to acute fetal acidemia is the 
reverse order of when they emerge throughout ges
tation, implying that the first factor to regress is clas
sically fetal heart rate reactivity, followed by fetal 
breathing, movement, and tone [49-51].

Although there are numerous confounders to 
consider when interpreting the value of a BPP, such 
as gestational age of the fetus, diurnal variation, spe
cific disease states, and maternal drug administra
tion, the overall benefit to using the BPP in the 
assessment of fetal status has been established. In 
their original study in 1980, Manning et al. found 
that when the BPP score was 10 out of 10, the 
perinatal and fetal death rates were zero [48]. Con
versely, when the score was 0 out of 10, the perinatal 
loss rate rose to 60% and fetal death rate was 40%. 
In a prospective, blinded study of more than 700 
patients comparing fetal BPP with NST, the same 
authors found that BPP had a significantly higher 
positive predictive value than NST with regard to 
low Apgar scores [52], Furthermore, those authors 
pointed out that because BPP uses ultrasound exam
ination to evaluate the fetus, the added benefit 
of detecting fetal congenital anomalies is included.

Baskett et al. managed 4,184 high-risk pregnancies 
with BPP and found that a normal BPP (score of 
8 or 10 out of 10) was associated with a perina
tal mortality rate of 0.1%, an intermediate score (6 
out of 10) was associated with a perinatal mortal
ity rate of 3.1%, and abnormal scores (0-4 out of 
10) were associated with a perinatal mortality rate 
of 20% [53]. They also found an overall low false- 
negative rate of 0.7/1,000.

Intrapartum BPP has recently been studied in an 
effort to assess its role as an instrument for evalu
ating fetal status during labor as well as a method 
of assessing the effect of oxytocics, regional anes
thesia, and ruptured membranes on fetal behav
ior [54], Kim et al. prospectively performed BPPs 
on 100 non-anomalous, singleton pregnancies and 
blinded the managing physicians to the results. They 
observed that the ascertainment of the BPP was not 
influenced by the use of oxytocics, prostaglandins, 
and the presence of meconium or epidural anes
thesia. Additionally, they found that fetal breathing 
and gross fetal movement decreased with rupture of 
amniotic membranes. Furthermore, they established 
that a BPP score of 6 or less was associated with a 
relative risk for cesarean delivery of 8.0. They also 
found that cessation of any component of the BPP 
significantly increased the risk of cesarean delivery 
and admission to the neonatal intensive care unit. 
W ith further evaluation, BPP could prove to be a 
clinically useful adjunctive tool in the assessment 
of fetal well-being not only during the antepartum 
period but also intrapartum.

DOPPLER FLOW STUDIES

Doppler ultrasonography uses the principle 
described by Christian Doppler in 1842, which 
elucidates the physical properties associated with 
the changes in sound frequency emitted or reflected 
from a moving source. Sonographically, this prop
erty can be manipulated to observe the velocity of 
blood flow in both maternal and fetal blood vessels 
and translated to a frequency shift of the reflected 
sound waves. Because this section concerns sono
graphic fetal assessment of labor and delivery, the 
discussion of Doppler ultrasound is limited to the 
examination of relevant fetal vessels.

Clinically, the two vessels most often used to pre
dict perinatal outcome are the fetal umbilical artery 
and the middle cerebral artery, although numerous
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FIGURE 3.3.
Normal uterine artery Doppler.

other vessels have been investigated for their role 
in evaluating the fetus in utero (see Figures 3.3 
and 3.5). Doppler ultrasonography measurement 
of the umbilical arterial blood flow uses real-time 
Doppler velocimetry, providing information on per
fusion of the fetoplacental unit. W ith advancing 
gestational age and trophoblastic invasion of the 
uterine decidual layer, the volume of flow in the 
umbilical arteries increases. Consequently, the high 
vascular impedance that can be detected early in the 
first and early second trimesters gradually declines 
until term. The relatively low vascular impedance in 
the placenta overall allows for continuous forward 
flow in the umbilical arteries throughout the cardiac 
cycle in most normal pregnancies.

How does measuring Doppler flow in the umbil
ical arteries help to assess fetal status? By using 
Doppler velocimetry, the obstetrician can measure 
and interpret vascular impedance in the umbilical 
arteries, thus determining the fetoplacental response 
to multiple obstetric and medical conditions that 
can adversely influence pregnancy. For example, 
with maternal hypertensive disorders, including 
preeclampsia, there is a substantial increase in the 
vascular resistance of the placenta, which leads to 
a decrease in the end-diastolic velocity of blood 
flow in the umbilical arteries that can be quanti
fied by Doppler ultrasonography (see Figure 3.4). 
If this resistance continues to increase, the end- 
diastolic forward flow could eventually cease or even 
reverse and travel back toward the fetus, transport
ing deoxygenated blood away from the placenta. 
This change in flow pattern in the umbilical artery

FIGURE 3.4.
Abnormal uterine artery Doppler.

impairs transplacental oxygen transfer between the 
fetus and placenta and can lead to significant hypox
emia and growth restriction of the fetus.

Once the endpoint of reversed end-diastolic flow 
is obtained by Doppler interrogation of the umbil
ical artery, the perinatal mortality rate in a non- 
anomalous fetus is approximately 35% [55]. Meta
analysis of published randomized controlled studies 
indicates that antepartum umbilical artery Doppler 
assessment in high-risk patients reduces the perina
tal mortality risk by more than 30% without increas
ing the rate of unnecessary obstetric interventions 
[56]. Conversely, there are studies that show no 
beneficial role of antepartum Doppler velocimetry 
as a screening test for low-risk pregnancies [57].

Intrapartum umbilical Doppler velocimetry 
assessment as a predictor of adverse perinatal out
come has been studied in a limited fashion. In 1999, 
Farrell et al. hypothesized that increased placental 
vascular resistance during late pregnancy would be 
expected to persist into the intrapartum period in 
both low- and high-risk patients [58]. They per
formed a meta-analysis to determine the clinical 
value of intrapartum umbilical artery Doppler anal
ysis in identifying compromised infants at delivery. 
They determined that intrapartum umbilical artery 
Doppler velocimetry had minimal ability to pre
dict low Apgar scores at 1 and 5 minutes, small 
for gestational age infants, fetal heart rate abnor
malities during labor, umbilical arterial acidosis at 
delivery, or the resort to a cesarean for fetal dis
tress. Unfortunately, the heterogeneity of the sam
ple that these authors entered into the analysis, both
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FIGURE 3.5. FIGURE 3.6.
Normal Doppler o f  the middle cerebral artery. Abnormal Doppler o f  the middle cerebral artery.

low- and high-risk patients, might have distorted the 
outcome. A more recent study correlated umbili
cal artery Doppler with fetal pulse oximetry and 
external cardiotocography and observed alterations 
in the umbilical artery Doppler measurements in 
fetuses with labor-induced fetal hypoxia [59]. These 
authors thought that umbilical artery velocimetry 
indices correlated with perinatal outcome; their 
study, however, was limited by a small sample size 
(35 fetuses). With further study, umbilical artery 
Doppler velocimetry could prove to be a predic
tor of adverse perinatal outcome during the intra
partum period in certain high-risk pregnancies.

Blood flow through the umbilical arteries gives 
the practitioner an overview of the placenta and 
its ability to perfuse the fetus adequately. If one 
wishes to obtain information directly about the fetal 
response to decreased blood flow or oxygen con
tent, however, the fetal middle cerebral artery can 
be evaluated (see Figure 3.5). The middle cerebral 
artery has a high sensitivity for the detection of fetal 
intrauterine growth restriction and related compli
cations. In the normally developing fetus, the brain 
is an area of high vascular impedance with mini
mal forward flow at end diastole. Hypoxemia in the 
fetus causes a redistribution of fetal blood flow to the 
fetal brain by cerebral vasodilation at the expense of 
other fetal organs, such as kidneys, subcutaneous tis
sue, skeletal muscle, and liver. This response, evident 
by a decrease in cerebrovascular impedance, can be 
measured by Doppler flow studies (see Figure 3.6). 
The association between abnormal middle cerebral 
artery Doppler waveform and fetal hypoxemia has

been explored with the use of cordocentesis [60]. 
Rizzo et al. looked at growth-restricted fetuses and 
correlated Doppler findings with fetal blood param
eters, concluding that hypoxemia and acid-base sta
tus in the fetus could be predicted by abnormalities 
in the flow pattern of the middle cerebral artery.

Furthermore, a Doppler cerebroplacental ratio, a 
ratio of the middle cerebral artery pulsatility index 
to the umbilical artery pulsatility index, has been 
developed and evaluated in its ability to identify 
the fetal redistribution of blood flow in the pres
ence of hypoxemia. Bahado-Singh and coauthors 
found that Doppler identification of the fetal redis
tribution using the cerebroplacental ratio strongly 
predicted outcome in fetuses at risk for intrauter
ine growth restriction [61]. The clinical significance 
of fetal hypoxia in the middle cerebral artery as 
measured by Doppler during labor has also been 
studied. Siristatidis et al. found that middle cere
bral artery Doppler showed significantly decreased 
vascular impedance in those fetuses with oxygen sat
uration values below 30% and abnormal cardiotoco- 
graphic patterns [62]. They concluded that middle 
cerebral artery Doppler investigation is an impor
tant predictor of adverse fetal outcome, especially 
fetal hypoxia, and could help the clinician to man
age these patients intrapartum.

GESTATIONAL AGE/FETAL 
WEIGHT ASSESSMENT

The management of a pregnant patient with little or 
no prenatal care who presents to labor and delivery
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in the third trimester or in labor is frequently of con
cern. It is not only of the utmost consequence for the 
obstetrician to determine an accurate gestational age 
of the pregnancy to manage issues such as preterm 
labor, but it is imperative to the pediatricians who 
will assume care once the infant is born. Ultrasonog
raphy can facilitate obtaining an accurate gestational 
age and estimating fetal weight as well as diagnosing 
any gross abnormalities of the fetal anatomy. Studies 
have looked at less traditional ultrasound measure
ments and markers to help establish gestational age 
in the third trimester. The distal femoral and proxi
mal tibial epiphyseal ossification centers in the fetus 
have been studied in the third trimester of preg
nancy. It was determined that the distal femoral epi
physis was not identifiable before 28 weeks but was 
observed in 72% of fetuses at 33 weeks and in 94% 
of fetuses at 34 weeks [63]. The proximal tibial epi
physis was absent before 34 weeks and observed in 
56% of fetuses at 36 weeks, 80% of fetuses at 37 
weeks, and 100% of fetuses at 39 weeks gestation 
[63]. O ther have looked at the proximal humeral 
ossification centers of the fetus and found that this 
center could be visualized after the 38th week with 
a specificity of 99%, sensitivity of 58%, and with a 
positive predictive value of 91 % and negative pre
dictive value of 93% [64],

Finally, an investigation was published that ques
tioned the traditional dogma that third-trimester 
gestational age dating is relatively inaccurate with 
a 95% confidence interval of ±  3 weeks. Mongelli 
et al. derived third-trimester ultrasound dating algo
rithms from pregnancies conceived with artificial 
reproductive techniques [65]. They found that a for
mula using a combination of the measurements of 
the femur length and the head circumference had 
a 95% confidence interval of —13 to +17 days. 
Smulian et al. compared the accuracy of three differ
ent sonographic circumference measurement tech
niques to predict birth weight in term fetuses [66], 
They found that measurement of the abdominal cir
cumference within 24 hours of delivery showed a 
percent deviation from the actual birthweight of 
1.9% (SD ±  8.0%). This measurement was within 
10% of actual birthweight in 80% of cases. These 
measurements along with identification of the fetal 
ossification centers can aid the clinician in making a 
relatively accurate assessment of gestational age in 
the third trimester.

ULTRASONOGRAPHY OF THE PLACENTA

“Ultrasound is the most sensitive diagnostic tool for 
detecting abnormalities of the placenta, yet it may 
be unable to demonstrate the most clinically sig
nificant abnormalities (placenta accreta, abruption) 
even if one is highly skilled in placental sonography”
[67].

Placental Abruption
Placental abruption (abruptio placentae) is the pre
mature separation of the normally implanted pla
centa. Most often a clinical suspicion and diagnosis, 
placental abruption can be catastrophic. The risk 
of preterm delivery is 20% to 40% with placental 
abruption [68], Although it is one of the leading 
causes of perinatal mortality, accounting for 15% 
to 20% of perinatal deaths [69], the incidence of 
abruption is only 0.5% to 1% in the general popu
lation [70]. Abruption classically presents with the 
triad of vaginal bleeding, abdominal or pelvic pain, 
and uterine contractions and tenderness.

Ultrasound examination for placental abruption 
is helpful only if a retroplacental hematoma is seen, 
but the absence of this finding does not exclude 
abruption (see Figure 3.7). Historically, the sensi
tivity of ultrasonography for visualizing intrauter
ine hemorrhage has been reported as approximately 
50% [67]. More recently, the sensitivity and speci
ficity of sonography for identifying abruption have 
been reported as 24% and 96% respectively, and the

FIGURE 3.7.
Abruptio placentae.
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positive and negative predictive values were 88% 
and 53%, respectively [71].

Normally, there is a complex hypoechoic retro- 
placental collection that consists of uteroplacental 
vessels and myometrium that measures 1 cm to 2 cm 
in thickness. Increased thickening of this area can be 
caused by a uterine contraction, fibroid, or hema
toma. Thickening secondary to contractions can be 
identified by the transient nature of its appearance 
or a hypervascular area of myometrium on color 
Doppler. Fibroids can appear more rounded, with a 
distinct border or capsule, and demonstrate greater 
vascularity than a hematoma but less than a contrac
tion.

Sonographic appearance of hemorrhage varies 
depending on the age of the hematoma, loca
tion, and the transducer used. Acutely, hemorrhage 
appears hyperechoic at 0 to 48 hours, becoming 
isoechoic at 3 to 7 days, and then hypoechoic at 1 to
2 weeks [72], The most common site of placental 
abruption is at the placental margin.

PLACENTA PREVIA

The nomenclature of placenta previa describes its 
etiology: a placenta that is “previous” to or in front 
of the fetus relative to the birth canal. Placenta pre
via is the primary cause of third-trimester bleeding 
and is easily detectable on ultrasound examination, 
especially transvaginal or translabial ultrasound (see 
Figure 3.8]. The only contraindication to transvagi-

FIGURE 3.8.
Placenta previa.

nal ultrasound scan is bulging or arguably ruptured 
membranes.

The type of previa is defined by the actual dis
tance between the placental edge and internal os. 
A complete placenta previa covers the entirety of the 
internal os. Incomplete placenta previa, a more inclu
sive term that includes both marginal and partial pla
centa previa, describes a placenta that impinges on 
some part of the internal os but does not completely 
cover it. Low-lying placenta denotes a placental edge 
that is within 2 cm of the internal os but does not 
cover a significant portion of it. Despite these def
initions, the identification of the type of placenta 
previa is still somewhat subjective.

The incidence of abnormal placentation varies 
by gestational age. Placenta previa or low-lying pla
centa is usually physiologic and transient, with most 
placentas experiencing migration and resolution at 
term. In fact, the incidence of placenta previa in each 
trimester is approximately 42% at 11 to 14 weeks, 
4% at 20 to 24 weeks, and 2% at term [ 73 ]. The clini
cal implications of any asymptomatic previa or low- 
lying placenta identified prior to 35 weeks should 
therefore be expectantly managed and followed for 
resolution. Conversely, given that abnormal placen
tation is the most common cause of second- and 
third-trimester bleeding, all patients presenting to 
the labor and delivery suite with this history should 
have a transvaginal or translabial ultrasound to iden
tify placental location.

Transvaginal and translabial ultrasonography are 
superior to transabdominal ultrasonography in iden
tifying and qualifying placenta previa. Transabdom
inal ultrasound examination will misdiagnose pla
centa previa in 25% of cases [74], Transvaginal 
ultrasonography has a sensitivity and specificity of 
approximately 88% and 99%, respectively, and pos
itive and negative predictive values of 93% and 
98%, respectively [75]. The sensitivity and speci
ficity of translabial ultrasonography is similar: 100% 
and 70% respectively when the distance between 
the placental edge and internal os is less than 2 cm, 
and 90% and 95% respectively when the distance is 
less than 1 cm [76],

PLACENTA ACCRETA

Ultrasonography can be helpful in the detection and 
evaluation of abnormal placental adherence to the
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uterus. Categorized by depth of invasion, placenta 
accreta denotes a placenta attached to but not yet 
invading the myometrium. Placenta increta occurs 
when the villi invade the myometrium. Placenta 
percreta is the penetration of the villi through the 
myometrium with possible attachment to adjacent 
structures, including the bladder or rectum. The 
overall prevalence is estimated to be 1 in 2,500 preg
nancies. This risk increases in the presence of previa, 
when the prevalence is 10% and can be as high as 
35% in women with a history of a previous cesarean 
delivery and subsequent pregnancy with previa.

The pathophysiology of placenta accreta is an 
absence or weakening of the decidua basalis and 
incomplete development of the fibrinoid layer. In 
addition to the site of the previous uterine scar from 
a cesarean delivery, any area of prior uterine surgery 
(i.e., myomectomy) is a risk for accreta if subsequent 
placental implantation occurs at that site.

There are three primary ultrasound findings that 
are used as markers for placenta accreta (see Fig
ure 3.9). First, obliteration of the retroplacental 
clear space describes the loss of any portion of the 
echolucent area between the myometrium and pla
centa [77,78], Second, presence of lacunae, defined 
as multiple, linear, irregular hypoechoic vascular 
spaces within the placenta giving it its euphemistic 
“Swiss-cheese” appearance [79], Third, interruption 
of the posterior bladder wall and myometrial inter
face can distort the normal continuous echolucent 
line, making it appear as a series of dashes [80], 
Comparing these findings at both 15 to 20 weeks 
and 15 to 40 weeks, the findings of placental lacunae 
have the highest sensitivity and positive predictive

value for placenta accreta. At 15 to 20 weeks, the 
presence of lacunae has a sensitivity of 79% and pos
itive predictive value of 92%. At 15 to 20 weeks, the 
sensitivity and positive predictive value of placental 
lacunae increase to 93% each [80],

The use of color Doppler and magnetic reso
nance imaging (MRI) also have been proposed as 
adjuncts to aid in diagnosis. Although the use of 
color Doppler enhances the appearance of placen
tal lacunae and perhaps fetoplacental blood vessels 
invading the myometrium, it has not been shown 
to increase the accuracy already exhibited by gray
scale ultrasonography [78], Similarly, MRI has been 
shown to confirm ultrasound findings but has not 
been shown to be superior to gray-scale [81]. In 
fact, gray-scale ultrasonography has been shown to 
be superior to MRI in some studies [78].

Ultimately, the diagnosis of placenta accreta and 
its counterparts can be made only by pathologic 
examination in the laboratory after hysterectomy. 
Until then, ultrasound findings can raise suspicions, 
aid in identification and preliminary diagnosis, and 
thereby prepare physicians and patients for the pos
sibility of the presence of accreta, so that appropri
ate surgical facilities are available.

ASSESSMENT OF FETAL POSITION 

Fetal Presentation
Presentation denotes the fetal part that directly over
lies the pelvic inlet. With a fetus in longitudinal lie, 
the presentation can be vertex, breech, or shoul
der. Less common presentations include fundic and 
compound presentation. In a vertex fetus, the pre
sentation is classified according to the leading bony 
landmark of the skull: occiput, mentum, or brow.

Leopold’s maneuvers and vaginal examination 
are the two most common means of identifying 
fetal presentation. Transabdominal ultrasonography 
is most often used for confirmation. Additionally, 
ultrasound scan can be used as the primary tool for 
assessing presentation in the patient with rupture 
of membranes not in labor, preterm or term, when 
vaginal examination could be potentially harmful.

Position of the Fetal Occiput
Intrapartum assessment of the fetal occipital posi
tion is an essential part of managing labor. Correct

FIGURE 3.9.
Placenta accreta.
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determination influences induction, progress of 
labor, and mode of delivery. To date, most obste
tricians rely on transvaginal digital examination to 
determine the position of the occiput. Numerous 
recent investigations comparing digital examination 
and transabdominal ultrasound scan, however, have 
shown that digital examination is accurate in only 
24% to 61% of cases, depending on stage of labor 
and position [82-85],

Digital examination is least accurate in the first 
stage of labor. In active labor (with the cervix 
>4 cm dilated) with fetal head at ischial spine sta
tion —2 or lower, 24% of assessments of position 
were correct when compared with transabdominal 
ultrasound examination (see Figures 3.10 and 3.11). 
This rate increased to 47% if digital examination 
assessments within 45 degrees of the ultrasound 
assessment were considered correct [83],

FIGURE 3.10. 
Occiput anterior.

The accuracy of transvaginal digital examinations 
increases in the second stage of labor but remains 
suboptimal. The accuracy rate was 35% in 112 
patients by digital examination versus transabdomi
nal ultrasound scan. This rate increased to 61 % when 
digital examination assessments within 45 degrees 
of the transabdominal ultrasound assessment were 
considered correct [84]. Transabdominal ultrasound 
and digital examination have also been compared 
with the actual occiput position at delivery after 
spontaneous resolution during a vaginal delivery or 
at the time of cesarean section. Vaginal examina
tion was correct in 72% of cases, compared with 
92% with ultrasound examination, when position 
assessments were within 45 degrees of the deliv
ery position. (The 8% error rate for transabdominal 
ultrasonography occurred in fetuses that delivered 
in a variation of occiput anterior position and could 
be accounted for by unobserved spontaneous rota
tion occurring subsequent to the examination.) If 
the actual position was occiput posterior, the accu
racy rates were only 31% of vaginal versus 100% 
of ultrasound examinations [85]. The improved 
accuracy of digital examination in the second stage 
of labor when compared with examination in the 
active phase of the first stage of labor is most likely 
due to the increased surface area of the fetal head 
and accompanying lower station that is palpable at 
10 cm.

Management of the second stage of labor, par
ticularly the safe and successful performance of an 
operative vaginal delivery, is contingent on correct 
assessment of fetal position. Incorrect placement of 
forceps or vacuum causes both fetal and maternal 
morbidity [86], When transvaginal digital exami
nation is compared with transabdominal ultrasong- 
raphy prior to instrumental delivery, digital exam
ination was correct in approximately 73% of cases
[87]. Not surprisingly, accuracy varied according to 
position. For occiput anterior positions (see Figure 
3.10), the accuracy was 83%. For occiput poste
rior (see Figure 3.11) or transverse, the accuracy 
was only 54%. In this study as in many others, a 
liberal definition of accurate was applied; the dig
ital examination was considered correct if it was 
within 45 degrees of the transabdominal ultra
sound assessment. Transabdominal ultrasound scan 
has also been shown to increase the accuracy of 

FIGURE 3.11. identifying engagement of the fetal head for both
Occiput posterior. nulliparous and multiparous women [88], Using
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transabdominal ultrasonography to confirm fetal 
occiput position and station prior to instrumental 
delivery should be incorporated into the preproce
dural evaluation of operative vaginal delivery.

While accumulated data clearly show the superi
ority of transabdominal ultrasonography over digi
tal vaginal examination for the assessment of fetal 
occiput position prior to and during all stages of 
labor, transvaginal ultrasound scan provides even 
more information during the second stage of labor. 
Transvaginal ultrasound has been found to deter
mine occiput position accurately in all cases of labor, 
whereas position could not be determined in 12% 
of digital exams [p < 0.03) and 15% (p < 0.008) of 
transabdominal ultrasound examinations. Transvagi
nal ultrasound examination also required the least 
time for performance, averaging less than 10 sec
onds per examination [89].

Determination of the fetal position by transab
dominal ultrasonography could impact the ability 
to predict successful labor, either spontaneous or 
induced, by identifying fetuses in an occiput pos
terior position. Multiple studies have demonstrated 
the increased maternal and fetal morbidity of mal
position in labor, including the increased risk for 
cesarean section. Occiput posterior position carries 
a statistically significant increased risk for prolonged 
first and second stage of labor, oxytocin augmen
tation, use of epidural analgesia, chorioamnioni- 
tis, assisted vaginal deliveries, third- and fourth- 
degree perineal lacerations, cesarean section, exces
sive blood loss, postpartum infection, and lower 
one-minute Apgar scores [90]. W hen combined 
with the parameters of cervical length and tradi
tional maternal characteristics, ultrasonographically 
determined occiput position prior to induction can 
be predictive of the induction-to-delivery interval, 
and the likelihood of vaginal versus cesarean deliv- 
ery [91]. Risk of cesarean delivery can be estimated 
in the early part of active labor (3 cm-5 cm) by 
sonographically determined occiput posterior posi
tion. In fact, fetuses that are occiput posterior at
3 cm to 5 cm of cervical dilatation have been found 
to have an odds ratio of 2.2 (Cl 1.3-3.7, p = 0.004) 
for cesarean section [92], Although most occiput 
posterior positions at delivery are a consequence 
of persistence of this position and not malrotation, 
remember that most (53%-87%) of occiput poste
rior positions will rotate to occiput anterior during 
labor, even at 10 cm [93-95]. Future research on the

impact of alternative methods of induction or labor 
management for occiput posterior fetuses diagnosed 
by ultrasonography prior to labor could be useful in 
the prediction, diagnosis, and management of labor 
dystocia.

Most studies used the following landmarks to 
identify fetal occiput position: fetal orbits or cere
bellum and posterior fossa for occiput-posterior 
position, midline cerebral echo for occiput- 
transverse positions, and cerebellum or occiput 
confirmed by tracing the spine for occiput-anterior 
positions. Additional views by a transperineal 
approach can be used to obtain landmarks when 
the vertex is below the level of the ischial spines. 
Assessment of the fetal occiput by transabdominal 
ultrasound examination is also easily reproducible. 
Interobserver agreement on sonographically deter
mined fetal occipital position during labor (3 c m -10 
cm) is within 15 degrees in 90% of cases and within 
30 degrees in all cases [95].

Transvaginal sonographic examination is per
formed by inserting a sheath or glove-covered probe 
into the vagina until the resistance of the fetal head is 
felt. After applying the probe to the sagittal or coro
nal suture, a coronal or semicoronal section of the 
fetal brain is obtained. The most important land
mark is a symmetric view of the midline and its 
structures, such as the pedunculi cerebri, or thalami 
and third ventricle. The exact position of the occiput 
is then calculated by determining the angle to which 
the transducer has to be turned clockwise to obtain 
the desired plane. The cerebellum and orbits can be 
used for confirmation [89].

Twin Gestation
Because the presentation of a twin gestation prior 
to delivery often dictates the mode of delivery, all 
twin pregnancies m ust have presentation verified 
by ultrasound examination on admission to labor 
and delivery. Twin presentations can be classified as 
vertex/vertex, vertex/nonvertex, nonvertex/other, 
where the leading fetus’ position (A) is described 
first. Cesarean deliveries are frequently performed 
when twin A is nonvertex.

If twin B is nonvertex, ultrasound examination is 
first used to evaluate eligibility for vaginal delivery; 
namely, ultrasound measurement for estimated 
fetal weight for both fetuses is performed. Vagi
nal delivery is relatively contraindicated when the
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discordance between twins is greater than 500 g 
with twin B as the larger twin [96].

The ultrasound machine should be present in 
the delivery room of any twin pregnancy. After 
the delivery of tv/in A; ultrasound examination will 
identify the presentation and position of twin B 
immediately and accurately and also provides direct 
visual monitoring of twin B’s heart rate as it settles 
into its possibly new presentation, thereby allowing 
accurate assessment of fetal well-being [97],

Depending on the presentation of twin B after 
delivery of twin A, ultrasound scan can aid in the 
management of twin B’s delivery. External cephalic 
version (especially from a transverse or oblique lie) 
can be accomplished with ultrasound assistance by 
applying gentle pressure to the ultrasound trans
ducer and using it to guide the fetal head physically 
toward the pelvic inlet and into the vertex presen
tation [98].

Internal podalic version can also be performed 
for a nonengaged vertex or transverse presentation 
under ultrasound guidance. With one hand held 
abdominally and one hand vaginally, the fetal head 
is displaced from the pelvic inlet. Ultrasound exam
ination can then identify the fetal feet, which are 
grasped by the internal hand and guided caudally 
toward the lower birth canal. This eliminates the 
confusion of a blind grasp for fetal small parts, which 
could lead to grasping of one or both fetal hands. 
Amniotomy is then performed, and total breech 
extraction begun [97-98].

If a breech extraction is attempted for twin B, 
ultrasound examination can ensure that the fetal 
head is flexed [98]. The angle between the upward 
extension of the main axis of the thoracic verte
brae and a coronal slice through the skull parallel to 
its base is measured. If the angle is greater than 90 
degrees, the head is extended [98], O ther potential 
complications of a twin delivery that benefit from 
ultrasound guidance are umbilical cord prolapse and 
premature placental separation prior to delivery of 
twin B.

ULTRASONOGRAPHY FOR PROCEDURE 
GUIDANCE 

Prenatal Diagnosis
There are a variety of invasive procedures used to 
diagnose and treat different fetal genetic, infectious,

and hematologic pathologies. Several of these proce
dures are necessarily done by physicians on a labor 
and delivery unit, particularly if that procedure is 
being performed on a fetus at or beyond a viable 
gestational age (greater than 23 weeks). Performing 
these invasive procedures in the labor and delivery 
suite allows the physician to work in conjunction 
with the neonatologist, anesthesiologist, and the 
labor and delivery staff if expedited delivery is nec
essary. Achieving a positive outcome and reducing 
the procedure-related pregnancy loss rate for each 
of these procedures is the principal objective, and 
ultrasonography is of often an invaluable adjunct.

Prior to the performance of any invasive proce
dure during pregnancy, it is vital that the clinician 
obtain the greatest amount of information avail
able about that gestation. Ultrasound examination 
allows the obstetrician to identify many character
istics, including gestational age, number of fetuses, 
gross anatomic abnormalities, abnormal amniotic 
fluid volume, fetal viability, and location of the pla
centa. Similarly, after delivery, ultrasonography is 
useful in the determination of retained pregnancy 
products within the uterine cavity and is invaluable 
to the surgeon performing a dilation and curettage 
for retained placental tissue.

Amniocentesis and chorionic villus sampling 
(CVS) are techniques in which a needle is inserted 
into the gestational sac to withdraw either a sample 
of amniotic fluid or a sample of placental tissue early 
in the pregnancy to determine genetic characteris
tics of the fetus, as well as later in the pregnancy 
to establish hematologic, infectious, and maturity 
characteristics. W ith amniocentesis, amniotic fluid 
from the uterine cavity is withdrawn using a nee
dle inserted transabdominally. Although the most 
common indication for amniocentesis is for prenatal 
genetic studies, the assessment of fetal lung m atu
rity, evaluation of the fetus for infection, degree of 
hemolytic anemia, blood or platelet type, and neural 
tube defects can be done using this procedure dur
ing pregnancy. Amniocentesis can also be executed 
as a therapeutic technique to remove excess amni
otic fluid. CVS is a procedure in which a small sam
ple of the placenta is obtained for genetic analysis. 
Whereas amniocentesis can safely be performed at 
any point in the gestation beyond 15 weeks, CVS 
is generally performed during the first trimester, 
between 10 and 13 weeks. In addition to a placen
tal sample obtained transabdominally with a needle,
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FIGURE 3.12.
Amniocentesis.

CVS can be performed transcervically, using ultra
sound scan to guide a specialized catheter into the 
placenta.

W hen an amniocentesis or a CVS is performed, 
continuous ultrasonographic visualization of the 
needle should be maintained throughout the proce
dure (see Figure 3.12). The ultrasound probe is typ
ically covered with nonsterile gel and placed within 
a sterile probe cover, while sterile gel is placed on 
the outer surface of the cover in contact with the 
sterilized maternal skin. The optimal position for 
attainment of the sample is confirmed by ultra
sound visualization prior to insertion of the needle. 
For abdominally approached CVS and amniocente
sis, some practitioners prefer a free-hand technique 
because it allows adjustment in the path of needle 
insertion. Many ultrasound machines are also out
fitted with a needle-guiding attachment that can be 
placed on the transducer to facilitate obtaining the 
optimal amount of fluid or tissue during difficult 
procedures. Those ultrasound machines are typically 
programmed to display an on-screen template of the 
needle tract that can be used to target the chosen 
sampling route and site. Although most procedu- 
ralists prefer a co-planar approach to guidance (i.e., 
aligning the long axis of the needle within the same 
plane as the ultrasound beam), a transverse (or cross
beam) alignment can sometimes offer more preci
sion. Once the procedure is successfully completed, 
ultrasound examination should be used to assess and

document fetal viability and to rule out any gross tis
sue damage or hemorrhage.

The use of concurrent ultrasound guidance for 
amniocentesis rather than pre-procedure ultrasound 
evaluation has been studied and has not been shown 
to be associated with a reduced rate of fetal loss [99]. 
Ultrasonographic monitoring with continuous visu
alization of the needle throughout the procedure 
has become the standard of care in most regions of 
the United States, however, owing to the potential 
to reduce direct fetal injury, the number of punc
tures, and the incidence of bloody fluid. Further
more, ultrasonography is important in identifying 
tenting of the membranes by the needle, fetal move
ment, or a uterine contraction during the procedure, 
allowing the operator to adjust the course of the 
needle to obtain a specimen. Finally, ultrasonogra
phy is a reliable means of ensuring that as little of 
the placenta is traversed as possible, the importance 
of which studies have suggested by demonstrating a 
greater risk of fetal complications with transplacen
tal passage of the needle during invasive procedures 
[ 100- 101],

PERCUTANEOUS UMBILICAL 
BLOOD SAMPLING

Fetal blood sampling is an ultrasound-guided proce
dure that is classically performed in the labor and 
delivery unit, where rapid delivery of a viable fetus 
can occur if necessary. Fetal blood sampling is a prac
tice used to gain access to the fetal blood for vari
ous indications; classically, obtaining a fetal blood 
sample can assist in the diagnosis of genetic dis
orders using a technique of rapid karyotyping, as 
well as to diagnose fetal infection and determine 
fetal blood type. Because amniocentesis and CVS 
are invasive techniques that have a lower procedure- 
related pregnancy loss rate, they are typically used 
for determination of fetal genetic disorders. Fetal 
blood sampling, however, is typically reserved for 
the diagnosis and treatm ent of fetal blood disorders 
such as anemia and thrombocytopenia. This pro
cedure requires precise ultrasound visualization of 
the fetus; traditional ultrasound examination pro
vides a two-dimensional image by which the clini
cian can identify the relative location of key compo
nents within the uterine cavity, including the fetus, 
placenta, and umbilical cord.
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Fetal blood sampling is achieved by direct nee
dle insertion into the fetal umbilical cord, also 
called cordocentesis or percutaneous umbilical blood 
sampling (PUBS), fetal heart, or fetal intrahepatic 
blood vessels. Before ultrasonography was used, 
fetal blood sampling was carried out by fetoscopic- 
guided puncture of the umbilical vessels, with a 5% 
procedure-related risk of pregnancy loss. The cur
rent approach of sampling fetal vessels under direct 
ultrasound guidance reduces the loss rate to approx
imately 1% per procedure [102]. The umbilical cord 
is the most frequently used site to obtain a fetal 
blood sample; the choice of whether to sample the 
umbilical artery or vein depends on the gestational 
age, presentation, and the indication for the proce
dure. The operator typically will identify and aim 
for a fixed segment of the umbilical cord 1 cm to 
2 cm from the placental cord insertion, because the 
risk of maternal blood contamination is minimal and 
the cord is anchored there, offering the greatest sta
bility for insertion of the needle, withdrawal of an 
adequate sample, and, if necessary, ease of transfu
sion of blood products. The Doppler color function 
of the ultrasound machine can be used to confirm 
the cord insertion site and flow of transfusion prod
ucts through the fetal vessels.

Prenatal diagnosis using ultrasound-guided cor
docentesis was studied by Daffos and coauthors, 
who performed more than 600 fetal blood sampling 
procedures from 17 to 38 weeks’ gestation [102], 
They established a procedure-related loss rate of 
1.1% and a premature delivery rate of 5% for their 
cohort of patients. Similarly, Watts et al. published 
the outcomes of 77 fetal transfusions in 35 preg
nancies managed with direct ultrasound guidance 
[103]. They reported no immediate transfusion- 
related deaths, and 5 transfusion-related compli
cations, none of which required the immediate 
delivery of the fetus. The same group reported a 
0% procedure-related mortality rate in nonhydropic 
fetuses.

Three- and Four-dimensional Ultrasonography
Recently the techniques of three- and four
dimensional (3D, 4D) ultrasound examination have 
become an important addition to obstetric sonogra
phy, increasing its ability to identify fetal structures 
and guide invasive procedures. A two-dimensional 
ultrasound monitor display of three-dimensional

data is termed 3D ultrasonography. Surface render
ing of the fetus, placenta, or umbilical cord with 
3D sonography can better demonstrate abnormal
ities that were previously undetectable with tradi
tional two-dimensional sonography. The real-time 
imaging of three perpendicular planes of view simul
taneously is termed 4D ultrasonography. The theo
retical benefit to using 3D or 4D visualization dur
ing invasive obstetric procedures is to increase the 
precision of needle placement when the target is rel
atively small. 2D ultrasound procedure guidance is 
prone to lateralization; this occurs when the width 
of the ultrasound beam is wider than the width of 
the needle tip, resulting in the needle image appear
ing to be within a tissue structure (e.g., umbilical 
cord) when it is actually adjacent to that structure.

In 2005, Dolkart et al. studied the feasibility of 
using 4D real-time, multiplanar ultrasonographic 
imaging to reduce lateralization during invasive pro
cedures. They utilized 4D ultrasound examination 
in 99 patients undergoing amniocentesis, CVS, or 
cordocentesis procedures [ 104]. A historical control 
group of 99 patients whose procedure was carried 
out using 2D ultrasound were used for comparison. 
They found no difference in the number of needle 
insertions performed during amniocentesis, CVS, or 
cordocentesis in either the 2D or 4D groups; how
ever, operator satisfaction with needle-tip visualiza
tion was improved in the 4D group. They concluded 
that it is indeed feasible and perhaps beneficial to 
use 4D ultrasonography for guiding these proce
dures more precisely. Similarly, Kim et al. published 
the results of 93 invasive procedures done under 4D 
ultrasound guidance and concluded that such imag
ing could significantly reduce the amount of time 
required to complete the procedure, thus reduc
ing the associated pregnancy risks [105]. Although 
this could prove to become the standard of care, at 
this time, the role of 3D and 4D ultrasound tech
nology for procedure guidance has not been opti
mally defined nor has the benefit been proved for 
widespread use.

Retained Products/Dilation and Evacuation
A prolonged third stage of labor can be due to 
retained placental tissue, defined as a placenta that 
has not been fully expelled 30 minutes after delivery 
[106], It occurs on labor and delivery units in 0.5% 
to 1% of all deliveries and is a common reason for
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postpartum hemorrhage. Postpartum hemorrhage 
from retained uterine products occurs because the 
remaining tissue prohibits the uterus from contract
ing, thus inhibiting normal constriction of vascular 
beds that are subsequently left exposed and allowed 
to continue bleeding. The treatm ent of retained tis
sue requires removal of that tissue either manually 
or surgically to reduce the risk of severe bleeding and 
hypotensive shock that can occur with prolonged 
expectant management.

Ultrasound assessment of the uterus during the 
third stage of labor to verify the presence of retained 
placental tissue or membranes can assist the obste
trician in achieving the safest course of manage
m ent while avoiding unnecessary and risky instru
mentation of the postpartum uterus and minimizing 
bleeding. Transabdominal ultrasound examination 
immediately following delivery of the infant can 
demonstrate placental detachment, which allows 
the practitioner to comfortably pull on the umbili
cal cord without fear of uterine inversion or placen
tal dismemberment. Separation of the placenta was 
studied with real-time ultrasonography during the 
third stage of labor in 100 patients [107]. In 97 of 
these patients, the authors found that separation of 
the placenta was multiphasic, beginning mostly in 
the lower pole of the placenta and then propagating 
upwards.

In addition to following the normal course of pla
cental separation, several authors have used ultra
sound examination to predict which patients might 
have difficulty with placental separation and to diag
nose placental tissue retention. Krapp et al. used 
color Doppler to correlate the cessation of blood 
flow in placental basal plate vessels to the complete 
separation of the placenta from the myometrium 
[108]. They determined that continued blood flow 
in these vessels was associated with placenta adher
ence and the need for manual or instrumental 
removal. In a study of 39 women with suspected 
placental retention, Shen and coauthors performed 
ultrasound examination prior to exploration and 
found that sonography was an effective tool for iden
tifying postpartum patients with retained placental 
fragments [109]. They found a sensitivity of 93.8% 
and specificity of 73.9% for ultrasound detection of 
this tissue. Determining the progression of placental 
separation and following it in real-time with ultra
sound scan during the third stage of labor, as well 
as using Doppler techniques to monitor cessation

of blood flow to placental tissue, might allow the 
practitioner to predict which patients are destined 
for retained placental fragments. Furthermore, ultra
sonography has proved to be helpful in the diagnosis 
of failed placental separation, allowing for expedi
tious surgical management prior to severe hemor
rhage.

Endoanal Ultrasound
Damage to the anal sphincter at the time of vaginal 
delivery predisposes women to fecal incontinence, 
especially when this damage goes undiagnosed and 
therefore is not repaired [110]. Disruption of the 
anal sphincter is clinically diagnosed in approxi
mately 5% of all vaginal deliveries [111]. Endoanal 
ultrasound examinations in women without clin
ically recognized anal sphincter disruption after 
delivery have shown the prevalence to be as high 
as 44%, however [110]. Anal sphincter rupture is 
defined as a gap in the hyperechogenic ring of 
the internal or external anal sphincter [112]. Anal 
incontinence is subsequently reported in up to 50% 
of women with clinically unrecognized sphincter 
damage [110].

Recent studies have shown that performing rou
tine endoanal ultrasound examination in women 
with second-degree perineal tears identifies clini
cally occult sphincter damage, allowing immediate 
surgical intervention. This intervention significantly 
decreases severe fecal incontinence from approx
imately 9% at 3 months and 7% at one year in 
women randomized to the control group, versus 3% 
at 3 months and one year [p — 0.002, p  =  0.03 
respectively) in women randomized to endoanal 
ultrasound and surgical repair when a defect was 
found [113]. Ultrasound examination of the per
ineum after childbirth improves the diagnosis of 
anal sphincter tears, and their immediate repair 
decreases the risk of severe fecal incontinence [113]. 
Endoanal ultrasonography needs to be performed in
29 women to prevent 1 case of severe fecal inconti
nence [113]. Adding routine endoanal ultrasound 
examination to the standard clinical examination 
after delivery has the potential to decrease occult 
sphincter damage and therefore fecal incontinence.

The aim of this chapter is to demonstrate the 
importance of ultrasonography in the proper assess
m ent and management of the gravida in the labor 
and delivery suite. The proper use of this valuable
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tool requires the same level of expertise, docu
mentation, and state-of-the-art equipment (includ
ing transvaginal, pulsed and color Doppler, and 3D 
ultrasound capabilities] as is expected in the prena
tal clinic. Use of these techniques in the labor and 
delivery suite will certainly lead to better manage
ment of the mother and fetus, reducing complica
tions and leading to a healthier outcome for both.
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chapter 4  ECTOPIC PREGNANCY
' ■' ■ ■ ' . Y

Samantha F. Butts 
David B. Seifer

. . . one should regard sudden collapse 
associated with symptoms of abdominal 
hemorrhage in a woman during the 
childbearing period as prima facie evidence of a 
ruptured tubal pregnancy. By so doing, and 
operating promptly in suitable cases, a number 
of lives will be saved which otherwise would 
inevitably be lost.

J. W hitridge Williams (1866-1931)

Obstetrics: A Text-Book for the Use o f  Students and 

Practitioners,

New York: D. Appleton and Company, 1903, p. 553.

The initiation of a normal pregnancy requires ex
quisitely timed coordination of several endocrine- 
sensitive tissues. After fertilization of the ovum in 
the fallopian tube, cleavage and embryonic devel
opment occur, followed by uterine implantation 
approximately six days later. Following fertilization 
and implantation, the syncytiotrophoblast begins 
to produce human chorionic gonadotropin (hCG), 
which eventually rescues and maintains the cor
pus luteum beyond its normal 14-day life span. 
W hen this course of physiologic events occurs nor
mally, a pregnancy can progress, allowing the fetus 
to develop until birth. The development of an 
ectopic pregnancy is an aberration of this process, in 
which embryonic implantation occurs outside of the 
uterus, most commonly in the fallopian tube but 
also in extratubal locations. Ectopic pregnancy is an 
extremely serious threat to the general and repro
ductive health of a woman. The objective of this 
chapter is to provide a comprehensive discussion of 
the contemporary approach to ectopic pregnancy. 
Diagnosis and treatm ent options and the epidemi
ology and pathophysiology of the condition are also 
reviewed.

EPIDEMIOLOGY

Ectopic pregnancies comprise approximately 2% of 
all pregnancies reported to the Centers for Disease 
Control and Prevention (CDC). Several important 
trends have emerged from data collected by the 
CDC with respect to ectopic incidence, and related 
morbidity and mortality. Notably, the incidence of 
ectopic pregnancy appears to have steadily and per
sistently risen since 1970, the first year that data on 
this subject were collected by the CDC (Figure 4.1). 
Between 1970 and 1992, the rate of ectopic preg
nancy increased from 4.5 to 19.7 per 1,000 reported 
pregnancies (including live births, legal abortions, 
and ectopic pregnancies) [1,2]. This trend is likely 
due to the emergence of several key elements, 
including enhanced diagnostic capability to detect 
ectopic pregnancies early in gestation, the rising 
incidence of gonorrhea and chlamydial infections 
in reproductive-aged women, and the growing use

69

ak
us

he
r-li

b.r
u



70 BUTTS, SEIFER

Rates* of ectopic pregnancy, by race -  United States, 1970-1989

Year
'P e r  1,000 reported pregnancies (live births, legal abortions, and ectop ic pregnancies).

FIGURE 4.1.
Incidence o f  ectopic pregnancy from 1970-1989 overall 
and stratified by race. (From Goldner TE, et al. 
Surveillance for Ectopic Pregnancy -  United States, 
1970-1989. MMWR 1993;73~78; with permission.)

of treatments to circumvent infertility, including 
in vitro fertilization.

Determination of the overall incidence of ectopic 
pregnancy is not straightforward, because data on 
nonhospitalized cases are inconsistently recorded. 
After a reported increase in hospitalizations for 
ectopic pregnancy over a twenty-year period start
ing in 1970, there has been a steady decline 
from 1990 forward. The number of hospitaliza
tions appears to have peaked at 88,400 in 1989, 
followed by a significant drop the following year to 
64,400 admissions. This trend in reduced hospital
ization is due to the increased use of conservative 
approaches to the treatment of ectopic pregnancy, 
including the use of laparoscopy and m ethotrex
ate. In addition, prompt diagnosis early in gestation 
makes the occurrence of tubal rupture less com
mon, allowing many more ectopic pregnancies to be 
treated before rupture and hemodynamic instability 
ensue.

Despite these notable successes, ectopic preg
nancy remains a source of serious maternal 
morbidity and mortality in the United States. 
Complications of ectopic pregnancy have made this 
condition the leading cause of maternal mortality in 
the first trimester of pregnancy. From 1991 to 1999, 
there were 237 ectopic-related deaths, which con
stituted 6% of all pregnancy-related deaths. In most 
cases, the proximate cause of death is hemorrhage 
(93.3%), and, less commonly, infection (2.5%) 
or embolism (2.1%) [3], Fortunately, the risk of 
ectopic-related mortality appears to be declining

Rates* of ectopic pregnancy mortality, by race -  United States, 1970-1989

Year
’ Per 10,000 ectopic pregnancies.

FIGURE 4.2.
Ectopic pregnancy mortality overall and stratified by race 
1970-1989. (From Goldner TE, et al. Surveillance for 
Ectopic Pregnancy -  United States, 1970-1989. MMWR  
1993; 73-82; with permission.)

despite the increase in incidence of this condition. 
From 1970 to 1989, the case fatality rate of ectopic 
pregnancy drastically declined from 35.5 deaths/
10,000 ectopics to 3.8 deaths/10,000 (Fig
ure 4.2) [2],

Another dominant theme in the demographics 
of ectopic pregnancy is the presence of dispari
ties in incidence and mortality by race. The rela
tive risk of ectopic pregnancy for African American 
women is up to 1.6 times that for white women 
[2]. This disparity is consistent across all age cate
gories and extends to differences in mortality related 
to ectopic pregnancy. As concerns ectopic-related 
mortality, the health disparity by race is even more 
prominent. From 1970 to 1989, the risk of death 
caused by ectopic pregnancy was 3.4 times greater 
for African-American women and other minorities 
as it was for white women [2,3]. The sharp decline in 
ectopic-related mortality experienced by all women 
in recent years has been insufficient to eliminate this 
persistent racial gap.

PATHOPHYSIOLOGY

Although the exact etiology of ectopic pregnancy 
is not completely understood, both maternal and 
embryonic factors are thought to contribute to its 
development. Abnormalities of tubal function and 
ovum quality or an altered hormonal milieu may 
each contribute to the development of an ectopic 
pregnancy [4]. Although this discussion focuses on 
tubal ectopic pregnancies, extrauterine pregnancies
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can occasionally localize to the abdomen, cervix, 
ovary or uterine cornua. These less common pre
sentations of ectopic pregnancy are discussed sepa
rately.

Normal embryo transport can be disrupted by 
damage to the structural integrity of the mucosal 
portion of the fallopian tube. It is easily understood 
that scarring secondary to infection or trauma could 
lead to trapping of a conceptus within intratubal 
adhesions or diverticulae. More subtle insults might 
not overtly disrupt normal anatomy but could cause 
ciliary dysfunction and compromise tubal transport. 
This type of insult could be most significant within 
the ampullary portion of the tube, where cilia are 
most concentrated and fertilization and early cleav
age of the embryo take place.

Although defectively fertilized ova are logisti- 
cally difficult to assess, the concept deserves fur
ther inquiry. It has been speculated that perhaps 
immature or postmature ova are more likely to 
implant prior to reaching the endometrial cavity
[4], This hypothesis requires further investigation, 
since the incidence of chromosomal abnormalities 
among ectopic pregnancies has not been found to 
be any greater than those noted in induced abortions
[5],

Alteration of the hormonally mediated events 
leading to implantation offers another mechanism 
for consideration. A change in the estrogen-to- 
progesterone ratio could theoretically affect smooth 
muscle activity in the fallopian tube, immobilizing 
ciliary activity. The occurrence of this phenomenon 
would be particularly influential in the isthmic por
tion of the tube, which is suspected to contribute to 
the retention of the fertilized ovum for several days 
prior to implantation.

Any of these processes could be responsible for 
the detainment of the embryo and its develop
ing trophoblast within the tube and subsequent 
mucosal invasion. Determination of whether tubal 
ectopic pregnancies are intraluminal or extralu
minal in location has been studied. Initial evi
dence based on retrospective examination of tissue 
blocks directed attention to the extraluminal loca
tion between the muscularis and serosa [6]. Pauer- 
stein and associates [7] examined this issue prospec- 
tively, however, and found most cases of unruptured 
ectopic pregnancies to be intraluminal. In contrast, 
ruptured ectopic pregnancies are located in both the 
intraluminal and extraluminal sites.

FABLE 4.1 Risk Factors for Ectopic Pregnancy

Risk Factors for Ectopic Pregnancy Odds Ratio

Tubal surgery 4.7-21.0
Surgery for ectopic pregnancy 6.6-8.3
Documented tubal pathology 3.5-25
In utero DES exposure 5.6
Previous gonorrhea infection 2.9
Previous chlamydia infection 2.8-3.7
Previous PID infection 1.7-2.5
Infertility 2-2.5
Smoking 1.6-2.5

DES, diethylstilbestrol; PID, pelvic inflammatory disease. 
From Ankum  W M et al. Risk factors for ectopic pregnancy: A 
meta-analysis. Fertil Steril 1S96;65:1093; with permission.

O f note with regard to implantation of the tro
phoblast within the fallopian tube is that most tubal 
pregnancies do not consist of ongoing viable gesta
tions but are in fact in the process of abortion within 
a confined area. Although some blood accumulates 
both medially and laterally to the implantation site, 
most luminal accumulation of blood is lateral, allowr- 
ing collection in the most distensible portion of the 
tube and often leading to leakage of blood from the 
fimbria [8],

RISK FACTORS

The decline in morbidity and mortality from ectopic 
pregnancy is related mostly to widespread awareness 
of important risk factors, facilitating early diagnosis. 
Conversely, changes in the prevalence of these risk 
factors are associated with the increased incidence of 
ectopic pregnancy in the United States. Some of the 
most significant risk factors for the development of 
ectopic pregnancy include history of pelvic inflam
matory disease (PID), prior fallopian tube surgery, 
increasing age, and a history of infertility. These risk 
factors and others must be elicited from the patient 
to exclude alternative diagnoses and prevent a delay 
in diagnosis (Table 4.1).

Pelvic Infection
PID is the most common cause of tubal abnor
malities and can lead to deciliation, intratubal 
and extratubal adhesions, and fimbrial injury. The 
offending organisms are most likely Chlamydia,
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gonorrhea, or mixed anaerobic and aerobic organ
isms [9,10], Westrom and associates [11] demon
strated the association of laparoscopically verified 
PID with tubal obstruction and ectopic pregnancy. 
In a study of 415 women with PID, the incidence of 
tubal occlusion after one, two, and three episodes 
was 13%, 35%, and 75% respectively. After one 
episode of PID, the ratio of ectopic-to-intrauterine 
pregnancies has been demonstrated to change from 
1:147 to 1:24 by one group of investigators. This 
same group noted that women with laparoscopically 
proven salpingitis had a six- to sevenfold increase in 
the incidence of ectopic pregnancy after the episode 
of salpingitis [12],

Prior Ectopic Pregnancy
A history of ectopic pregnancy is a powerful risk 
factor for women who have experienced an ectopic 
pregnancy; such women have a 7- to 13-fold in
creased risk of subsequent ectopic pregnancy com
pared with the general population. On average, after 
one ectopic pregnancy the odds of recurrence range 
from 9% to 27% [13,14], After two ectopic preg
nancies, a repeat ectopic pregnancy occurs in 36% to 
40% of subsequent pregnancies [15,16]. High rates 
of infertility often follow single or recurrent ectopic 
pregnancies as well [14,17],

Contraception and Surgical Sterilization
In general, the risk of ectopic pregnancy in women 
using any form of contraception is diminished com
pared with women using no contraception [17], 
Nevertheless, different forms of birth control have 
very distinct degrees of risk of ectopic pregnancy 
when they fail. Contraceptive failure with the 
birth control pill is associated with a very low risk 
of ectopic pregnancy (0.005 ectopic pregnancies/
1,000 woman-years) compared with much higher 
risks associated with the intrauterine device (IUD) 
and tubal sterilization (1.02 ectopics/1,000 woman- 
years and 0.3 ectopics/1,000 woman-years, respec
tively). Despite the fact that IUDs are highly effec
tive at preventing pregnancy, when a pregnancy does 
occur, 6% to 50% are ectopic. This risk appears to be 
higher with the levonorgestrel IUD than the copper 
IUD [18],

Data from the U.S. Collaborative Review of Ster
ilization [19], which followed a cohort of greater

than 10,000 women, demonstrated that tubal lig
ation failure results in an ectopic pregnancy in one 
third of cases. The 10-year cumulative risk of ectopic 
pregnancy was 18.5/1,000 pregnancies. Variables 
that modify the risk of ectopic pregnancy after 
tubal sterilization include patient age at the time 
of procedure and length of time since surgery. The 
risk of ectopic pregnancy after tubal sterilization is 
inversely proportional to the age of the patient at 
the time of surgery. Moreover, ectopic pregnancies 
associated with failed tubal ligations are more likely 
to occur with the interval of time from the proce
dure, with most developing more than four years 
after the initial surgery [19],

The incidence of ectopic pregnancy also varies 
with the type (i.e., fulguration) of procedure that 
is performed [20-23]. As a result, interval laparo
scopic tubal electrocautery poses the highest risk 
of all available methods, whereas postpartum tubal 
ligation is the least likely to result in development 
of an ectopic pregnancy. In a study of over 35,000 
tubal sterilizations, 51% of pregnancies following 
laparoscopic tubal electrocautery were noted to be 
ectopic compared with 12% following nonlaparo- 
scopic, nonfulgurative tubal ligations [20]. Coagula
tion sterilization failures are associated with a higher 
incidence of uteroperitoneal fistulas that can be large 
enough to allow sperm access to the oocyte but small 
enough to preclude the transport of the conceptus 
120]. Corroborative evidence supporting this the
ory is the 75% of pregnancies following coagulation 
sterilization failures noted in the distal portion of 
the fulgurated tube [24]. It bears emphasizing that 
while these data demonstrate that a greater percent
age of pregnancies following laparoscopic steriliza
tion are ectopic, the absolute rate of ectopic preg
nancies in this group is still much lower than in 
women using no contraception [23].

PRIOR TUBAL SURGERY

Prior tubal surgery results in an increased risk of 
ectopic implantation. Risk for ectopic pregnancy 
varies depending on the type of reconstructive 
surgery and the extent of the underlying disease. 
Examples of reported rates of ectopic pregnan
cies following distal salpingostomies range between 
12% and 18% [25], and approach 5% following 
a tubal anastamosis [26]. Ectopic rates following 
lysis of pelvic adhesions appear to depend on the
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extent of peritubular adhesions [27], Excluding a 
ruptured appendix, previous nontubal abdominal 
surgery does not appear to increase ectopic risk [28].

INFERTILITY AND INFERTILITY TREATMENT

Infertility alone or in combination with treatm ent 
is a risk factor for ectopic pregnancy. Several stud
ies have suggested an association between medica
tions used for superovulation and ectopic pregnancy 
[29-30]. In one case-control study, investigators 
found a twofold increased risk of ectopic pregnancy 
associated with the administration of fertility drugs 
[31]. These studies were limited, however, by lack 
of detailed drug data (types and doses) and failed 
to control for a history of previous ectopic preg
nancy or pelvic infection. Additional data to sup
port an association with fertility medications came 
from a recent case-control study demonstrating a 
nearly fourfold risk of ectopic pregnancy in patients 
exposed to drugs for ovulation induction [32], One 
possible explanation for this association could reside 
in the influence of higher-than-normal preovulatory 
levels of estradiol in these patients, which might 
adversely affect tubal peristalsis.

There has been concern regarding a possible 
association between in vitro fertilization (IVF) and 
ectopic pregnancy. Notably, the first pregnancy con
ceived as a result of IVF in 1976 was an ectopic preg
nancy [33]. Several descriptive studies document 
the incidence of ectopic pregnancy to be 5% to 7% 
in IVF cases, two to three times the general popula
tion risk [34-35], It has been postulated that reverse 
embryo migration toward an abnormal fallopian 
tube following embryo transfer is associated with 
the development of ectopic pregnancies after IVF 
[36]. In addition, heterotopic pregnancies, consid
ered extremely rare in the general population, occur 
with greater frequency (0.3%—1 % of pregnancies) 
in women who conceive with infertility treatments, 
especially IVF [37],

AGE

As women delay childbearing beyond the age of 
35 years, there appears to be a decrease in fertility 
accompanied by an increase in the rate of pregnancy 
complications, including spontaneous abortions and 
ectopic pregnancies [38-40]. It has been observed 
that women between the ages of 35 and 44 years

have a threefold increase in the incidence of ectopic 
pregnancy compared with women aged 15 to 24 
years, when controlling for race [41]. Changes in 
tubal function resulting in impaired ovum transport 
could be a possible component in this age-related 
increase in risk [39,41]. Undoubtedly, the risk also 
represents additional acquired risks that are present 
in this age group compared with their younger coun
terparts.

SMOKING

Smoking has emerged in recent years as an impor
tant risk factor for ectopic pregnancy, with an esti
mated relative risk of 2.5 [42]. Although the role 
of smoking in the etiology of ectopic pregnancy 
is less obvious than some of the other risk factors 
described, it has been theorized that nicotine or 
other additives in cigarettes might cause abnormal 
tubal motility and increase the odds of tubal implan
tation. Secondarily, nicotine could alter cellular and 
humoral immunity, diminishing the ability of the 
tubal epithelium to contain pathogens capable of 
causing inflammation and tubal scarring [43-45].

MATERNAL DIETHYLSTILBESTROL 
EXPOSURE

Maternal diethylstilbestrol (DES) exposure has 
been described as having a potential role in increas
ing the odds of ectopic pregnancy in female off
spring. Although maternal use of DES has been 
related to the development of numerous tubal 
abnormalities in daughters of exposed women, an 
association with ectopic pregnancy has not been 
well elucidated [43].

UNUSUAL ECTOPIC PREGNANCIES

As they are far less common than tubal ectopic 
pregnancies, cervical, abdominal, ovarian, cornual, 
and heterotopic pregnancies often present signifi
cant diagnostic and therapeutic challenges. Overall, 
ectopic pregnancies in these locations compose less 
than 5% of all extrauterine pregnancies but are often 
associated with significant morbidity and mortality 
(Figure 4.3). Approaches to treatm ent of these spe
cial cases of ectopic pregnancy are discussed later in 
this chapter.
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FIGURE 4.3.
Various potential locations o f  ectopic pregnancies.

DIAGNOSIS
The classically described triad of symptoms for 
ectopic pregnancy are pelvic pain, amenorrhea, 
and abnormal bleeding [14]; however, up to 50% 
of patients will not present with this constella
tion of symptoms. This makes clinical suspicion of 
paramount importance in the early detection of an 
ectopic pregnancy. Although some patients present 
acutely with a ruptured ectopic pregnancy and a 
hemoperitoneum [37,40], up to 80% of diagnoses 
are made in the outpatient setting [46]. Ultimately, 
transvaginal ultrasonography is the best noninvasive 
method to determine the location of a pregnancy. 
Ultrasound scans have limited diagnostic accuracy 
in some cases, however. Unfortunately, there are no 
reliable pathognomonic symptoms or signs to distin
guish between a normal pregnancy with symptoms, 
an abnormal intrauterine pregnancy, and an ectopic 
pregnancy. Moreover, there are multiple gyneco
logic and nongynecologic diagnoses that can be con
fused with an ectopic pregnancy. Thus, diagnostic 
tests have gained increasing importance in allowing 
timely diagnosis of early abnormal pregnancies. The 
most important of these diagnostic tests are serial 
serum beta-human chorionic gonadotropin (B- 
hCG) and high-resolution transvaginal ultrasound 
scanning.

HORMONAL ASSAYS
In the past 20 years, several clinical innovations have 
revolutionized the contemporary diagnosis and early

management of ectopic pregnancies. The develop
ment of serum pregnancy tests with increased sensi
tivity to B-hCG has contributed enormously to the 
prompt identification of ectopic pregnancies. The 
reference standard for B-hCG measurement dis
cussed herein is the Third International Reference 
Preparation (IRP) established by the World Health 
Organization. The IRP is a highly purified prepa
ration used in the assay to quantify B-hCG levels. 
The assay standard used by a particular laboratory 
must be known to interpret hCG results correctly 
and to make comparisons between values assayed 
using different standards. For instance, B-hCG val
ues reported using the most recent reference prepa
ration (Third International Standard), are twice as 
high as values calculated using the Second Interna
tional Standard [47],

The development of accepted patterns for the rise 
of B-hCG values and “doubling rules” in early preg
nancy has allowed clinicians to better identify abnor
mal pregnancies before ultrasound examination is 
required. Traditionally, serum B-hCG values have 
been described as doubling every 1.4 to 3.5 days 
in normal pregnancies early in the first trimester. 
Moreover, it has been observed that most abnormal 
pregnancies do not maintain this doubling rate. A B- 
hCG value that doubles less than 66% in 48 hours 
is associated with an abnormal pregnancy 80% of 
the time [48-51]. Despite this well-accepted clin
ical principal, up to 21% of women with ectopic 
pregnancies have normally rising B-hCG titers [51], 
Therefore, patients in whom a high index of sus
picion for ectopic pregnancy exists should still be 
closely followed even if the B-hCG filter is rising 
normally [52],

A recent study has revisited the traditional think
ing concerning a normal B-hCG rise [53]. Novel 
data taken from women with symptoms (bleeding 
or pain), nondiagnostic ultrasound results, and ulti
mately normal pregnancies are now available. The 
median slope for a 48-hour rise in the B-hCG titer 
was 124%. A more conservative lower limit of a 53% 
BhCG titer increase over the same time period was 
also described, however. This latter figure is below 
the accepted lower limit of a 66% rise in 2 days and 
supports a somewhat more conservative approach 
to interventions when following hCG values to pre
vent the interruption of normal pregnancies.

The use of progesterone measurements has lim
ited diagnostic utility in discriminating normal
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pregnancies from ectopic pregnancies. Although 
serum progesterone levels are often lower in ectopic 
pregnancies than in normal intrauterine pregnan
cies, there is significant overlap between values 
derived from normal and abnormal pregnancies 
[17,37], Furthermore, values can be misleading in 
infertility patients receiving supplemental proges
terone after ovulation induction.

TRANSVAGINAL ULTRASONOGRAPHY
Transvaginal ultrasonography has essentially 
replaced transabdominal scanning in early preg
nancy evaluation. Gestational and yolk sacs, as well 
as cardiac activity, are detected up to 1 week earlier, 
and free fluid in the cul-de-sac is more easily iden
tified by transvaginal ultrasound scan than by the 
transabdominal approach [54-55], In some cases, 
transvaginal ultrasound can detect a gestational sac 
as early as 1 week from a missed menstrual period 
[56-57], A critical concept in the evaluation of 
early pregnancy by transvaginal ultrasound is that 
of the B-hCG discriminatory zone, or the level 
above which an examiner should see a normal 
intrauterine gestation, if present. In the setting 
of a B-hCG level above the discriminatory zone 
and no intrauterine pregnancy on ultrasound scan, 
an ectopic pregnancy or an abnormal intrauterine 
pregnancy is highly likely [58-62], The exact hCG 
discriminatory zone for differentiating an ectopic 
pregnancy from an intrauterine pregnancy varies 
somewhat from institution to institution, depend
ing on the experience of the ultrasonographer and 
the hCG standard used. The accepted value usually 
lies between 1,500 mIU/ml and 2,000 mIU/ml
I *~l-

The earliest ultrasonographic finding of a nor
mal intrauterine pregnancy is the gestation sac sur
rounded by a thick echogenic ring, located eccen
trically within the endometrial cavity. On average, 
the gestational sac is seen on transvaginal ultrasound 
scan at 4 weeks’ gestation. As the gestation sac 
grows, a yolk sac is seen within it, followed by an 
embryonic pole with cardiac activity. The appear
ance of a normal gestational sac can be simulated by 
a pseudogestational sac and intrauterine fluid col
lection, which occurs in 8% to 29% of patients with 
ectopic pregnancy. The pseudogestational sac likely 
represents bleeding into the endometrial cavity by 
the decidual cast.

Morphologically, the identification of the double 
decidual sac sign is a reliable m ethod of discrim
inating true gestational sacs from pseudosacs. The 
double sac, believed to be the decidua capsularis 
adjacent to the decidua parietalis can be visualized 
ultrasonongraphically as two concentric echogenic 
rings separated by a hypoechogenic space. The sen
sitivity of this sign varies, however, ranging from 64% 
to 95%. The appearance of a yolk sac is superior to 
the double-sac sign at determining an intrauterine 
pregnancy [57-60].

The detection of color Doppler flow using 
transvaginal ultrasound scan can be of particular use
fulness in the clinical context of a small intrauterine 
gestational sac that does not demonstrate a yolk sac 
or a double-sac sign. In such a situation it would 
be difficult to distinguish an early intrauterine preg
nancy from a pseudosac of an ectopic pregnancy. 
Several studies using transvaginal ultrasound exam
ination with color pulsed Doppler show improved 
diagnostic sensitivity, and thus this modality could 
lead to earlier treatm ent with associated reduced 
morbidity and mortality [63-64],

The demonstration of an adnexal gestational sac 
with a fetal pole and cardiac activity is the most spe
cific but least sensitive sign of ectopic pregnancy, 
occurring in only 10% to 17% of cases. The recog
nition of other characteristics of ectopic pregnancy 
has improved ultrasonographic sensitivity. Adnexal 
rings (fluid sacs with thick echogenic rings) that have 
a yolk sac or nonliving embryo are accepted as spe
cific signs of ectopic pregnancy. Adnexal rings are 
visualized in ectopic pregnancies 33% to 50% of the 
time but might not always be readily apparent owing 
to bleeding around them [14],

The diagnostic accuracy of transvaginal ultra
sonography for ectopic pregnancy is not absolute 
and depends highly on the B-hCG level at the 
time of examination. In a recent report, the sen
sitivity of transvaginal ultrasound scan for ectopic 
pregnancy was significantly associated with B-hCG 
levels above or below a discriminatory zone of 
1,500 mIU/ml [65]. Scans performed above this 
level had a sensitivity of 80% for ectopic preg
nancy, a positive predictive value of 85.7%, and 
a negative predictive value of 98.8%. Conversely, 
transvaginal ultrasonography performed at B-hCG 
levels below 1500 mIU/ml had 25% sensitivity, 
60% positive predictive value, and 84.7% negative 
predictive value for diagnosing ectopic pregnancy.
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The overall sensitivity and negative and positive 
predictive values for transvaginal ultrasound scan 
regardless of B-hCG level were 55.6%, 96.2%, and 
78.9%, respectively [65], Endometrial thickness at 
the time of ultrasound examination has not been 
demonstrated to have predictive value for ectopic 
pregnancy. Finally, three-dimensional ultrasonogra
phy offers little diagnostic advantage over conven
tional two-dimensional ultrasonography for ectopic 
localization [37], In sum, these data reflect the 
limitations of ultrasound examination to capture 
many cases of ectopic pregnancy -  particularly early 
ectopic pregnancies -  which often compels the use 
of invasive diagnostic procedures to confirm or rule 
them out.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis for ectopic pregnancy 
includes multiple gynecologic conditions, many of 
which can be easily distinguished by the serum B- 
hCG determination. One of the most difficult diag
noses to distinguish from an ectopic pregnancy is a 
hemorrhagic corpus luteum in a patient very early 
in gestation. The presence of pain, pelvic hemor
rhage, and lack of intrauterine pregnancy can lead 
to confusion with ectopic pregnancy. Patients who 
have significant bleeding and a B-hCG below the dis
criminatory zone warrant a diagnostic laparoscopy 
to distinguish the two diagnoses definitively.

Surgical Diagnosis
The patient with an abnormal rise in B-hCG or a 
value at or above the discriminatory zone with no 
detectable intrauterine pregnancy has an abnormal 
pregnancy in all bu t a few exceptional cases. The 
challenge for the clinician is to determine whether 
this pregnancy is an abnormal intrauterine preg
nancy or an ectopic pregnancy. A t this point, inva
sive measures are typically employed to differentiate 
the two possibilities. The most common approaches 
are listed below and each is discussed in turn. A full 
description of the therapeutic aspects of these deci
sions follows in the next section.

• Dilatation and curettage followed by frozen- 
section pathologic evaluation of the endome
trial curettings. If no products of conception are 
detected, a laparoscopy is performed.

• Dilatation and curettage followed by frozen- 
section pathologic evaluation of endometrial 
curettings. If no products of conception are 
detected, medical management with m ethotrex
ate is implemented.

• Diagnostic laparoscopy to evaluate the fallopian 
tubes and pelvis for the presence of an ectopic 
pregnancy. If no ectopic pregnancy is found, a 
dilatation and curettage may be performed to 
evacuate the uterus.

• Empiric medical management without dilatation 
and curettage.

The first two options are similar except for the 
therapeutic approach taken once the ectopic preg
nancy is diagnosed. The general principle behind 
these approaches is that frozen-section evaluation 
of endometrial curettings has sufficient diagnostic 
accuracy to capture ectopic pregnancies and prevent 
overtreatment of women with abnormal intrauter
ine pregnancies. There is evidence to suggest that 
this is the case. In a study published by Spandor- 
fer and colleagues, the positive predictive value of 
frozen-section evaluation of endometrial curettings 
in a population of women suspected of ectopic preg
nancy was 94.7%; the negative predictive value was 
92.6% [66], Although these values are reassuring, 
final pathologic diagnoses should always be eval
uated to confirm the diagnosis. Furthermore, a B- 
hCG drawn up to 24 hours postprocedure can be 
extremely helpful in further discriminating patients 
if uncertainty about the frozen-section evaluation 
exists. A significant fall in B-hCG after a dilata
tion and curettage strongly favors the diagnosis 
of an abnormal intrauterine pregnancy, whereas a 
plateau or increase in the value suggests an ectopic 
pregnancy. This information is pertinent for stable 
patients desiring medical management, which could 
be administered, if necessary, after the results of the 
blood test.

An appealing alternative to dilatation and curet
tage to sample the uterus in cases of suspected 
ectopic pregnancy is the pipelle biopsy. Given the 
diagnostic accuracy of pipelle biopsy for endome
trial carcinoma, it is reasonable to assume that it 
might be a useful means of tissue sampling in the 
evaluation of ectopic pregnancy. A recent study 
tested this hypothesis and determined that this was 
not the case, however. Pipelle biopsy in women with
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suspected ectopic pregnancy had a sensitivity of 30% 
and a negative predictive value of 76%, suggest
ing that many cases of ectopic pregnancy would be 
missed using this m ethod instead of a formal dilata
tion and curettage [67],

I sie third di agnostic option involving laparoscopy 
first represents a reasonable approach if the patient 
in question has pain or a significant pre-procedure 
probability of ectopic pregnancy (as determined 
by risk factors or ultrasound scan). Moreover, this 
approach can be used if the false-negative risk of 
frozen-section evaluation is unacceptable to the 
patient or clinician. The risk of this approach is 
the risk o f a potentially unnecessary laparoscopy 
if the patient has an abnormal intrauterine preg
nancy.

The last option of medical treatm ent without a 
dilatation and curettage is the least desirable owing 
to the risk of overtreatment of women without 
ectopic pregnancy. Empiric treatm ent of suspected 
ectopic pregnancy without the performance of a 
dilatation and curettage could result in inappropri
ate treatment of up to 40% of unaffected women
[68]. In addition to lacking clinical utility, this treat
ment option is not cost effective [69],

SPECIAL POPULATIONS

As discussed previously, patients with infertility 
who are undergoing ovulation induction or IVF are 
at increased risk for ectopic pregnancy. Moreover, 
these patients have an elevated risk of conceiving 
a multiple gestation if the intervention (s) are suc
cessful. Following conception, these patients are 
followed very closely, with early serial B-hCG 
levels and, once the value has crossed the discrimi
natory zone, transvaginal ultrasound scan. The prob
lem for many of these patients is that the discrimina
tory zone was developed for singleton intrauterine 
pregnancies not for twins or higher order multiples. 
How are clinicians to reconcile this and appropri
ately manage these high-risk patients? The prob
lem is compounded by the fact that the range of 
B-hCGs tor normal singleton pregnancies is wide 
and overlaps to some degree with values for early 
twin intrauterine pregnancies. Clinicians need to fol
low patients very closely for symptoms and signs of 
ectopic pregnancy. If there is a high index of suspi
cion for multiple pregnancy, a more liberal discrim
inatory zone cutoff could be adopted.

A second high-risk population is patients who 
have had ectopic pregnancies before, many of whom 
are also monitored very closely in early pregnancy 
for recurrent ectopic pregnancies. A recent case- 
control study investigating risk factors and clinical 
signs of repeat ectopic pregnancy demonstrated that 
women with a repeat ectopic pregnancy, as com
pared with women experiencing their first ectopic 
pregnancy, were less like to develop bleeding prior 
to diagnosis [14]. Patients and perhaps physicians 
might be falsely reassured by the lack of bleed
ing early in gestation but must be vigilant about 
close laboratory and ultrasound surveillance of these 
patients.

TREATMENT

Although surgery remains the mainstay of treat
ment for ectopic pregnancy, medical management 
is a widely used alternative. There has been a 
shift in recent years in the approach to treatment, 
emphasizing less invasive and more conservative 
treatments when appropriate. Safe and effective 
outcomes can be realized with these treatm ent 
options owing to the early diagnosis of many ectopic 
pregnancies. The choice of any treatm ent option 
depends on the presentation and particular risks 
of the patient. Factors that influence the decision 
include clinical presentation, status of the involved 
and contralateral fallopian tubes, and a history of 
previous ectopic pregnancy.

SURGICAL MAN AGEMENT

Patients presenting with hemodynamic instability 
caused by a ruptured ectopic pregnancy require 
laparotomy and salpingectomy of the involved fal
lopian tube owing to extensive tubal damage. Rup
tured ectopic pregnancy as a clinical presentation is 
decreasing as gynecologists increase their vigilance, 
gain greater experience with transvaginal ultrasound 
scans, and use serial B-hCG assays. T hus, the unrup
tured and often very early ectopic pregnancy is an 
increasingly common presentation.

A woman with an unruptured ectopic pregnancy 
might or might not be symptomatic, depending on 
the stage of development of the ectopic pregnancy 
and its anatomic location. Once the diagnosis has 
been made, conservative surgery is the present stan
dard of practice for treatment. Linear salpingostomy

ak
us

he
r-li

b.r
u



78 BUTTS, SEIFER

Vasopressin 
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antimesenteric 
border

FIGURE 4.4.
Surgical technique for linear salpingostomy.

by laparoscopic approach is the favored approach 
in most cases, unless special circumstances such as 
limited access to the ectopic pregnancy necessitate 
the performance of a laparotomy. Controlled studies 
have demonstrated similar success rates and repro
ductive potential of salpingostomy in the treatm ent 
of ectopic pregnancies with either laparoscopy or 
laparotomy [70-72].

Linear salpingostomy is performed by making an 
incision in the antimesenteric aspect of the fallopian 
tube directly over the ectopic pregnancy. Any of sev
eral cutting instruments, including pinpoint cautery, 
laser, or cauterizing scissors, can be used for the inci
sion. Injection of dilute vasopressin (Pitressin) adja
cent to the ectopic pregnancy can improve hemosta
sis. The products of conception are then expressed 
through the incision, and hemostasis is achieved 
using cautery. The fallopian tube incision is allowed 
to heal by secondary intention (Figure 4.4).

Candidates for linear salpingostomy include 
patients without tubal rupture and those who have 
an ectopic pregnancy in the ampulla or infundibu
lum of the fallopian tube. Linear salpingostomy is 
conservative surgery and as such is associated with 
some risk of failure. Persistent ectopic pregnancy 
after linear salpingostomy ranges in frequency from 
3% to nearly 30% of procedures [73-77], Few clini
cal predictors exist to determine which patients will 
be successfully treated by conservative surgery. Early 
ectopic pregnancies can prove more challenging to 
evacuate completely and therefore could present a 
slightly higher risk of persistence. Spandorfer and

colleagues demonstrated that postoperative day one 
B-hCG levels were predictive of persistent ectopic 
pregnancy after salpingostomy [78]. A drop in 
B-hCG of less than 50% was associated with a 
greater than threefold increased risk of a persistent 
ectopic pregnancy. Conversely, when levels declined 
by at least 77% on postoperative day one, no per
sistent ectopic pregnancies occurred. To ascertain 
whether salpingostomy has cured a patient, B-hCG 
levels must be checked regularly until complete res
olution, a process that can take several weeks.

Prophylactic methotrexate has been proposed 
as a means of reducing the odds of a persistent 
ectopic pregnancy following conservative surgery 
[76,79], The outcomes of a randomized controlled 
trial examining the efficacy of postoperative prophy
laxis with methotrexate demonstrated a significantly 
lower incidence of persistence in patients who were 
treated compared with those who were not (1.9% vs. 
14.5%) [79], The decision to use prophylaxis must 
take into consideration the odds of persistence in the 
individual patient and risk of side effects of the med
ication. In a recent decision analysis examining this 
question, it was reported that prophylaxis was best 
used if the following conditions were met: rate of 
persistent ectopic with observation >9%, probability 
of tubal rupture with persistent ectopic pregnancy 
>7.3%, success of prophylaxis >95%, and complica
tion rate associated with methotrexate <18% [76], 
A possible approach to the risk of persistent ectopic 
after salpingostomy would be to incorporate a post
operative day one B-hCG into the monitoring strat
egy using a drop of less than 50% to help predict 
a persistent ectopic pregnancy or use prophylactic 
methotrexate.

Salpingectomy is reserved for patients with isth- 
mic ectopic pregnancies, tubal rupture, or an ipsi- 
lateral recurrent ectopic pregnancy. Salpingectomy 
is more appropriate for isthmic ectopic pregnancies 
because the narrowness of the isthmic lumen of the 
fallopian tube can predispose to tubal obstruction 
and scarring after salpingostomy (Figure 4.5). Fur
thermore, women who have completed childbearing 
might be candidates for salpingectomy rather than 
salpingostomy.

W ith respect to future fertility, the preponder
ance of published data suggests similar odds of 
intrauterine conception following either salpingos
tomy or salpingectomy. Few studies indicate more
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C

FIGURE 4.5.
Technique o f  laparoscopic salpingectomy for ectopic pregnancy. A, Coagulation and transection 
o f  the proximal aspect o f  the affected fallopian tube. B-C, Coagulation and transection o f  the 
mesosalpinx.

favorable odds following conservative surgery [80- 
82]. The most important determinant of conception 
following surgical treatm ent is the condition of 
the contralateral tube. A healthy contralateral tube 
clearly confers a better prognosis. It has been 
reported that women with a healthy contralateral 
tube at the time of ectopic treatm ent are 2.3 times 
more like to have a subsequent intrauterine con
ception than those who do not [83], If the tube

is unhealthy however, salpingostomy appears to 
be the superior surgical approach if future fertil
ity is desired. O ther important modifiers of the 
probability of conception after surgical treatment 
include parity (nulliparous women have lower odds 
of conception than multiparous women) and the 
presence of additional pertinent ectopic risk factors 
[37,80-82]. O f note, the odds of subsequent 
intrauterine pregnancy are not affected by treatment
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of a prior persistent ectopic pregnancy [83], The 
odds of recurrent ectopic pregnancy appear to be 
higher in women after conservative rather than rad
ical surgical treatm ent [80-82,84]. The incidence 
of recurrent ectopic pregnancy with salpingostomy 
is 10% to 15%, while intrauterine pregnancy rates 
range from 55% to 75% [84],

MEDICAL MANAGEMENT

Methotrexate therapy for ectopic pregnancy is 
a widely used medical alternative to surgery. 
M ethotrexate is a folic acid antagonist adminis
tered intramuscularly that targets rapidly prolif
erating cells such as trophoblasts through inhibi
tion of DNA synthesis. The contemporary use of 
methotrexate for ectopic pregnancy is a logical 
extension of its traditional use to treat gestational 
trophoblastic disease. Although medical treatm ent 
of ectopic pregnancy is an appealing option for 
many patients, certain contraindications exist to the 
use of the drug [85-86]. Absolute contraindications 
include

• Immunodeficiency

• Peptic ulcer disease

• Chronic liver disease or alcoholism

• Renal disease

• Hematologic abnormalities

• Known sensitivity to methotrexate

• Active pulmonary disease

• Hemodynamic instability or evidence of intraab
dominal bleeding

• Inability to comply with follow-up

To ascertain whether a patient is eligible for 
methotrexate therapy, a comprehensive laboratory 
and medical evaluation should first be performed, 
including tests of renal and liver function as well as 
a complete blood count.

Relative contraindications to methotrexate treat
m ent pertain to patient characteristics that reduce 
the odds of successful treatment. These include B- 
hCG levels of 10,000 mIU/ml or greater and ultra
sonographic evidence of an ectopic pregnancy with 
fetal heart activity and an ectopic gestational mass 
measuring 4 cm or more in diameter. The strongest

predictor for the efficacy of methotrexate treat
ment is the B-hCG concentration. Values of 1,000 
mlU/mL or less are associated with a 98% success 
rate, whereas values of 10,000 mIU/ml to 15,000 
mlU/mL are associated with 82% treatment success 
[87],

Two methotrexate treatm ent regimens exist: sin
gle and multidose therapy. Multidose therapy is 
based on body mass index (1 mg/kg); up to four 
doses are given, alternating daily with leucovorin 
rescue. Once consecutive B-hCG levels decline by 
15% or more, additional doses are held and the levels 
are followed until they become undetectable. If lev
els plateau during monitoring, additional doses can 
be administered; if the response to methotrexate is 
suboptimal after 4 doses, the physician should con
sider the treatm ent a failure. Most patients, however, 
require fewer than the maximal number of doses to 
be cured.

Alternatively, single-dose therapy is based on 
body surface area (50 mg/m2). Repeated doses are 
given if B-hCG levels do not drop by at least 15% 
between days four and seven after the initiation of 
therapy. At least 13% of women treated with the 
single-dose regimen will require an additional dose 
to be fully cured [17,37],

Although therapy with both regimens has 
demonstrated efficacy, there has never been a direct 
comparison between them  in a randomized trial. 
A recent meta-analysis pooling data from 26 stud
ies and examining the efficacy of both approaches 
shed some light on the comparison [88]. Single-dose 
treatm ent was found to be successful in 88.1% of 
cases, whereas multidose therapy was successful in 
92.7%. The risk of failure was significantly higher 
for single-dose therapy than multidose m ethotrex
ate, with an odds ratio (after adjusting for multi
ple confounders) of 4.74. Notably, the meta-analysis 
demonstrated that patients designated to receive 
single-dose therapy often received more than one 
dose and patients getting multidose therapy often 
required fewer than four doses to be cured. It 
appears, therefore, that while neither option might 
be ideal, the optimal dose of methotrexate likely 
resides between two and four doses [88].

Side effects of methotrexate therapy occur in up 
to 30% of women; however, most of these resolve 
rapidly and are generally of minor consequence [88]. 
Abdominal pain is common early in treatm ent and 
is of concern as a possible indicator of tubal rupture.
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A potential cause of this pain in nonacute patients 
can be tubal miscarriage. Additional potential side 
effects include nausea, vomiting, diarrhea, gastri
tis, stomatitis, and liver transaminitis. Serious side 
effects such as alopecia and neutropenia can occur 
but are extremely rare [89].

Reproductive success following successful 
methotrexate therapy appears similar to that fol
lowing conservative surgery [90]. The most critical 
predictors of fertility after ectopic pregnancy trea
ted by any conservative means are the condition of 
the contralateral fallopian tube and the presence of 
additional ectopic risk factors

EXPECTANT MANAGEMENT

Based on the fact that numerous ectopic pregnan
cies resolve spontaneously, there has been great 
interest in considering expectant management in 
selected patients. Expectant management includes 
close monitoring of symptoms, determination of B- 
hCG levels, and transvaginal ultrasound scanning. 
The likelihood of successful ectopic resolution are 
highest in the presence of a nondiagnostic ultra
sound and B-hCG values less than 1,000 mlU/mL 
(Figure 4.6) [91-92],

TREATMENT OF UNCOM M ON 
ECTOPIC PREGNANCIES

Unusual ectopic pregnancies are less common, more 
morbid, and more difficult to diagnose and treat 
than tubal ectopics. Heterotopic, cervical, ovarian, 
interstitial, and abdominal pregnancies have unique 
characteristics and challenges.

Heterotopic Pregnancy
Heterotopic pregnancies have increased in incidence 
with recent increases in dizygotic twinning rates 
and the use of infertility treatments. The estimated 
incidence is between 1/4,000 to 1/7,000 pregnan
cies [18]. Because B-hCG levels associated with 
the intrauterine pregnancy in this condition rise 
normally, early detection is challenging in asymp
tomatic patients. As a result, most of these patients 
are diagnosed only after rupture of the ectopic com
ponent of the pregnancy.

The presence of a concurrent intrauterine preg
nancy is the principal challenge to the treatm ent of

heterotopic pregnancies. Treatment of the ectopic 
pregnancy presents some degree of risk to the via
bility of the intrauterine pregnancy. Assessing treat
m ent adequacy can be complicated by the inabil
ity to follow B-hCG levels as a marker of ectopic 
resolution. In most heterotopic pregnancies, the 
ectopic pregnancy is located in the fallopian tube, 
making salpingectomy or salpingostomy accept
able treatm ent options. Transvaginal ultrasound- 
guided salpingocentesis, followed by local injection 
of the ectopic pregnancy with potassium chloride or 
hyperosmolar glucose, has been reported as an effec
tive means of treatm ent when the site of implan
tation is the fallopian tube or the uterine cornua 
(Figure 4.7) [93-94]. Although the procedure has 
attendant risks, it is less involved than alternative 
surgical methods and requires less anesthesia and 
operative time. Direct injection of the ectopic with 
methotrexate which has been described for treat
m ent of solitary tubal ectopics [46], is contraindi
cated in the treatm ent of heterotopic pregnancies 
when a viable intrauterine gestation is present 1171.

Abdominal Pregnancy
Despite the rarity of this condition (1/2,200- 
1/10,000 pregnancies), it is extremely dangerous 
and associated with the highest maternal mortality 
of any type of ectopic pregnancy [17], Abdominal 
ectopic pregnancies can originate in the fallop
ian tube or in the abdomen. Once the diagnosis 
established, the treatm ent is surgical. Treatment 
of advanced abdominal pregnancies should involve 
complete removal of the placenta to prevent infec
tious and hemorrhagic sequelae. If removal of the 
placenta is incomplete, adjuvant methotrexate ther
apy can be used, bu t experience is limited and 
complications are common. This type of treatment 
remains controversial.

Ovarian Pregnancy
Preferred treatm ent of ovarian ectopic pregnancies 
is surgical resection. Ovarian ectopic pregnancies 
can be confused with hemorrhagic ovarian cysts and 
tubal ectopic pregnancies, given similar ultrasonic 
signs and clinical symptoms. As a result, many are 
diagnosed incidentally and treated with m ethotrex
ate therapy.
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FIGURE 4.6.
Flow chart outline, diagnostic and management algorithm, in patients suspected o f  having ectopic pregnancy. (From 
Speroff L, Fritz M  eds: Clinical Gynecologic Endocrinology and Infertility, 7th edition. Baltimore, Lippincott Williams & 
Wilkins, 2004; with permission.)
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FIGURE 4.7.
Technique o f  ultrasound-guided injection o f  tubal ectopic 
pregnancy. (From Natofsky JG, et al: Ultrasound-guided 
injection o f  ectopic pregnancy. Clin Obstet Gynecol 
1999;42:29-34; with permission.)

Interstitial (Cornual) Pregnancy
Three groups of women are at particular risk for the 
development of an interstitial ectopic pregnancy: 
those who have had prior ectopic pregnancy, a salp
ingectomy or have been treated with IVF for infer
tility, especially if they have had a salpingectomy 
prior to treatm ent [100], Women who have had 
a previous ectopic pregnancy or salpingectomy fol
lowed by IVF are more likely to develop an ipsilat- 
eral interstitial pregnancy [18], Careful ultrasound 
evaluation in early pregnancy should be undertaken, 
especially in high-risk groups, to distinguish intersti
tial from intrauterine gestations. The unique ultra
sonographic signs of interstitial pregnancy include

• An eccentric gestational sac or heterogeneous 
mass

• A prominent interstitial tubal segment

• Abnormal thinning of the myometrial mantle

Treatment of interstitial ectopic pregnancies has 
traditionally been surgical, the procedure depend
ing on the condition of the patient. Cornual 
resection and hysterectomy are the procedures of 
choice because many cases of interstitial pregnancy 
present with rupture and hemodynamic instabil
ity in affected patients. Conservative treatm ent has 
been reported with increasing frequency in early 
diagnosis of interstitial pregnancies, bu t data con
cerning efficacy are limited [95]. The options for

conservative treatm ent include administration of 
systemic methotrexate or the direct local injec
tion of potassium chloride, hyperosmolar glucose, 
or methotrexate into the cornua. However, many 
patients who develop interstitial ectopic pregnan
cies have experienced prior tubal surgery or ipsi- 
lateral tubal ectopic pregnancies, and are thus poor 
candidates for conservative treatment. Overall, con
servative treatm ent of interstitial pregnancy should 
be reserved for a few select patients, because the 
consequences of treatm ent failure in this setting are 
particularly grave. Those who might be best suited 
include patients who are poor surgical candidates 
(systemic methotrexate) and those with heterotopic 
pregnancies and an interstitial component (salpingo- 
centesis).

Cervical Pregnancy
Endocervical pregnancy implantation occurs in 
1/2,500 to 1/10,000 pregnancies. The most com
monly elicited risk factor of women with cervi
cal ectopic pregnancy is previous dilatation and 
curettage. Those who have conceived with IVF or 
have had previous cesarean deliveries can also be 
at increased risk. Vaginal bleeding without pain is 
the most common symptom of cervical pregnancy, 
and this bleeding can rapidly evolve into substantial 
hemorrhage. As a result, therapeutic approaches are 
often directed both at eradication of the pregnancy 
and control of life-threatening bleeding. Local treat
m ent options include injection with potassium chlo
ride or methotrexate and uterine artery emboliza
tion. Systemic methotrexate has also been used for 
treatment, with reported efficacy in over 80% of 
patients [17]. Episodic hemorrhage can be con
trolled with the use of intracervical balloon tam
ponade or cerclage placement. In cervical pregnan
cies of advanced gestational age or in cases in which 
conservative approaches to treatment or bleeding 
are unsuccessful, hysterectomy may be required 
[96],

Rh PROPHYLAXIS

Data to guide recommendations about the admin
istration of Rh(D) immune globulin (RhoGAM) 
to Rh-negative women with ectopic pregnancies 
is extremely limited. It is theoretically possible 
that a first-trimester abortion in which a sufficient
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quantity of fetal-maternal transfusion occurred with 
fetal RBCs that express the Rh antigen could result 
in maternal isoimmunization. This is thought to 
be most likely by approximately 8 weeks’ gesta
tion [97]. The American College of Obstetrics and 
Gynecologists Practice Bulletin, Prevention ofRh(D) 
Alloimmunization [98], states that all unsensitized 
Rh-negative women should be given prophylaxis 
within 72 hours of an abortion and does not pro
vide a lower limit of gestational age for treatment. 
Based on the available data, and the minimal risk 
associated with Rh(Dj immune globulin, prophy
laxis of Rh-negative pregnant women is reasonable, 
regardless of the estimated period of gestation.

FUTURE DIRECTIONS

Strategies in the area of improving ectopic preg
nancy management have focused on discovering 
methods of highly accurate and minimally invasive 
early diagnosis. The use of proteomics to aid in the 
detection of early ectopic pregnancy is an active area 
of research [99]. Such an approach would permit 
the discovery of new serum markers that contain 
molecular profiles uniquely associated with ectopic 
pregnancy versus an abnormal intrauterine preg
nancy or a normal early pregnancy. This could be 
a powerful and rapid adjunct to early ectopic detec
tion.
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aapt,r 5 CERVICAL INSUFFICIENCY

Munir A. Nazir

When women are with child, the mouth of the 
womb is closed.

Hippocrates (c. 460-377 B.C.E.)

F. Adams (Frans)

Hippocratic Writings 

Aphorisms

Chicago: W illiam  Benton, 1952,1, 51, P9 139

The cervix, or the most distal portion of the uterus, 
serves as its functional sphincter. The cervix must be 
permeable to allow conception, and, when the ges
tation is complete, allow for dilatation and extrusion 
of the uterine contents. In some women the cervix 
shortens and dilates prematurely, unable to retain 
the intrauterine pregnancy, causing early pregnancy 
loss or midtrimester delivery. Cervical insufficiency 
can exist from either congenital or acquired cervi
cal weakness allowing recurrent midtrimester losses. 
This condition was in the past termed cervical incom
petence. Owing to the unfortunate associations with 
this terminology, the term cervical insufficiency is 
preferred and is used in this text [93].

The difficulty is the many borderline or compli
cated cases in which the conditions of cervical dys
function versus the early and inappropriate onset 
of labor cannot easily be differentiated, especially 
by retrospective record review. In fact, almost uni
formly, a woman has to experience pregnancies with 
early losses for which good records are available 
before she can be clearly identified as having either 
cervical insufficiency or premature labor. Placement 
of a cervical cerclage is the standard surgical ther
apy for cervical structural weakness. For recurrent 
preterm labor and for short cervix other modalities 
are being investigated, such as the use of prophylac
tic progesterone either in suppository form or intra
muscular injection.

The measurement of cervical length and other 
features of cervical anatomy by transvaginal ultra
sound scanning is now common in the assessment 
of the risk of preterm delivery and for the diag
nosis of cervical insufficiency. There are a num
ber of clinical indications for such testing, includ
ing women suspected of cervical insufficiency, those 
carrying a multiple gestation, or women with a 
history of preterm labor/delivery [20,25-26,28,70-
73,128]. Unfortunately, there are varying criteria for 
the identification and screening of at-risk pregnan
cies. There are also different measures of success 
for medical and surgical interventions when cervi
cal weakness or insufficiency is suspected [80]. This 
complicates literature reviews. Since ultrasound
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scanning is often a major factor in the performance 
of cervical cerclage, and as the criteria for normal
ity/abnormality are not well established, it is not 
surprising that the available clinical trials reveal con
tradictory results concerning the efficacy of prophy
lactic and emergency cerclage procedures, except 
for select subgroups of high-risk women [48-50, 
81-85],

The association between objectively measured 
cervical length and an increased risk for preterm 
delivery has been extensively studied in recent years 
[8,20,24-38,46-53,56,69,72,84,86,117,125-130]. 
These studies have investigated u ltrasonic ally 
demonstrated cervical anatomy as risk factors for 
early delivery. Further, after the identification of 
pregnancies at risk for cervical insufficiency, both 
cerclage and other means of treatm ent have been 
tested in randomized trials with varying degree of 
success.

The problem has long been proper identification 
of a true at-risk population and understanding the 
relationship between any observed cervical changes 
and pregnancy loss or preterm delivery. In theory, 
a congenital or acquired cervical weakness (incom
petence/insufficiency) and premature labor are sep
arate clinical conditions; however, they do overlap 
considerably in presentation and perhaps in etiol
ogy. Differentiating between these conditions at the 
time a specific case is first encountered clinically can 
be difficult or even impossible.

This chapter reviews the problem of cervi
cal change and cervical insufficiency as related to 
preterm delivery. Recommendations for surveil
lance and best practice are made, and the principal 
surgical procedures for cervical reinforcement (cer
clage) are discussed and critiqued.

HISTORICAL BACKGROUND

Cervical weakness as a condition leading to preg
nancy loss was first noted by Riviere in 1658 when 
he described “Slackness of the orifice of the womb,” 
a condition suspected to contribute to barrenness 
in women [1], Further observations on the “weak 
cervix” were made more than 200 years later, in 
1865, by Gream [2], He suggested that dilatation 
or division of the cervix might result in the physi
cal inability of the uterus to retain the products of 
conception until term. Emmet first performed tra

chelorrhaphy in 1862, but his experience was not 
published until a dozen years later [3]. In 1902, Her
man [4] presented results of trachelorrhaphy pro
cedures performed on three women with recurrent 
losses, two of whom later had successful pregnan
cies. In 1948, Palmer and Lacomme [5] introduced 
the phrase la beance de Vorifice interne (“the gap
ing internal os”), and described an operation for the 
surgical repair of this condition. In 1950, Lash and 
Lash [6] described “the incompetent internal os of 
the cervix” and proposed a type of surgical repair 
now known as the Lash procedure. All of these 
initial operations were performed on nonpregnant 
women.

The first successful cervical suturing procedure 
intended for performance during pregnancy was 
introduced by Shirodkar in 1955 [7], A simplified 
purse-string suturing technique that later became 
extremely popular was described by McDonald in 
1957 [116]. Abdominal cerclage was introduced 
in the 1960s as an additional technique, reserved 
for unusual or selected cases, especially when there 
had been marked cervical injury or a prior excision 
[53]. Many variations on the surgical techniques 
described in these original articles have since been 
reported. Many clinicians, the authors included, 
have incorporated elements of both the classic Shi
rodkar and McDonald operations into unique cer
clage operations.

PATHOPHYSIOLOGY

The cervix principally consists of fibrous tissues 
including collagen and elastin [ 10,134]. The smooth 
muscle content is approximately 10% to 15%. The 
cervical matrix is composed of dermatan sulfate- 
glycosaminoglycans and hyaluronic acid. Complex 
hormonally mediated changes in the biochemistry 
of the fibrous tissue are believed to be responsi
ble for the process of cervical softening and both 
preterm and term cervical dilatation. As preg
nancy progresses, under the influence of pro- 
teinases, hyaluronidases, prostaglandins, and various 
cytokines, the hyaluronic acid content of the cer
vical matrix increases while the level of dermatan 
declines. Prostaglandin E2 and F2 assist cervical 
change by activating collagenases. Release of these 
local hormones is a final pathway leading to cer
vical shortening and dilatation. Under their effect,
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collagen fibrils progressively denature, absorbing 
fluid. The net result of these processes is a soften
ing of the cervix prior to eventual labor. A variety 
of causes can initiate this process of cervical change, 
including hormonal, inflammatory, or infectious fac
tors. Localized hemorrhage and chronic bleeding 
can also initiate this cascade [9].

The anatomy of the cervix, especially the fibrous- 
to-muscular-tissue transition at the cervico-isthmic 
junction, is an area of particular interest. The per
centage of smooth muscle content in the lower third 
of uterus is 29%, but this rapidly declines to approx
imately 10% by the upper portion of the cervix. The 
length of the transition from uterus to cervix varies 
between 1 mm and 10 mm (the isthmus forms the 
lower uterine segment in pregnancy).

It is unclear which proportion of the cervical clo
sure mechanism is due to the muscle tone in the 
isthmic and upper cervical tissues, and which results 
from the resistance of the predominantly fibrous 
structures of the lower cervix. Because the isthmus 
is formed by the fifth month of pregnancy, an d labor 
is associated with both a decline in collagen concen
tration and a dissociation of collagen fibrils in the 
cervix, cervical resistance and not isthmic tone is 
the best explanation for the mechanism that holds 
the cervix closed.

More than one factor is probably involved in the 
cervical changes that result in a structurally weak 
cervix, predisposing to premature cervical thinning 
or dilatation. Cervical insufficiency might reflect 
anatomic variation with an increased muscle or 
a reduced collagen content of the cervix. Alter
natively, early and inappropriate activation of the 
endogenous mechanism for cervical ripening could 
be the trigger for cervical weakening. It seems likely 
that both factors are present in many cases, with a 
wide range of individual variation.

Congenital and Acquired Cervical Insufficiency
Congenital causes for cervical shortening/dilation 
include Mullerian anomalies and in-utero expo
sure to diethylstilbestrol (DES). In DES-exposed 
patients, clinically observed cervical change is com
mon and there is an increased rate of second- 
trimester losses [11,12]. In a prospective study 
involving a group of 63 DES-exposed women 
reported by Ludmir and coworkers [13], 44%

required emergency cerclage. Prophylactic cerclage 
in unselected DES patients has heretofore failed to 
show a clear improvement in outcome, however. 
The problem in DES cases is that the drug-induced 
abnormalities involve much more than a simple 
change in cervical anatomy or resistance. Hormon
ally induced abnormalities in uterine shape and 
function are also common and predispose to early 
delivery. These conditions are not remedied by sim
ple cervical reinforcement by a cerclage.

Acquired cervical lesions leading to insufficiency 
or preterm deliveries are due to trauma from various 
obstetric maloccurrences or gynecologic interven
tions. Cervical lacerations from difficult or instru
mental deliveries occur mainly in the lateral part of 
the cervix and occasionally extend into the internal 
os. In many cases involving laceration, if the injuries 
are recognized and adequately repaired, subsequent 
cervical insufficiency is uncommon. However, some 
lacerations avoid detection and some repairs prove 
ineffectual. This emphasizes the importance of rou
tine postdelivery examinations of the birth canal, 
with close attention to the repair of significant lac
erations. Despite past concerns, first-trimester preg
nancy terminations performed by modern m eth
ods of vacuum aspiration result in no consistently 
demonstrated increased risk for cervical insuffi
ciency or preterm delivery [17,87].

There are conflicting data regarding risks of preg
nancy complications as a result of indicated surgi
cal procedures on the cervix [14-16,18,67,68], Car
bon dioxide laser or cold-knife conization has been 
reported to increase the risk of preterm delivery 
in some studies, but the data on recurrent second- 
trimester losses are mixed [14-16,18]. Large-loop 
excision of the cervical transformation zone prob
ably increases the risk of preterm delivery [68]. A 
history of such procedures is inconclusive as a risk 
factor when second-trimester losses are considered, 
how’ever [136]. Nonetheless, the literature suggests 
that the greater the mass of excised tissue during the 
conization, the greater the risk for cervical dysfunc
tion. Cervical cone-biopsy specimens longer than 20 
mm or more than 4 cm ' in total bulk, or carbon 
dioxide conizations longer than 10 mm are associ
ated with an increased risk of preterm delivery [18].

In sum, there probably is an increased risk 
of preterm delivery following significant cervical 
trauma or the excision of cervical tissue. There is
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continued controversy over whether such injuries 
result in an increased risk of second-trimester losses 
from cervical weakness, and if there is a benefit to 
cervical cerclage in these women. As noted, a major 
problem in evaluating published data is the uncer
tainty concerning which portion (s) of the cervix 
have been either excised or injured.

INCIDENCE

The incidence of cerclage operations is difficult to 
estimate accurately. Composite data from both the 
United States and Europe suggest that cerclage oper
ations are performed in approximately 5 per 1,000 
births [86]. The criteria to establish the diagno
sis of cervical insufficiency and to choose cases for 
surgery are neither consistent nor well established. 
Thus, there are wide differences between institu
tions and practitioners in the frequency with which 
such surgeries are performed. W ith the common use 
of ultrasound today, it is estimated that many more 
cerclages are performed based on the length of the 
cervix alone. Although there are little data to sup
port this practice, it is a commonplace occurrence.

EPIDEMIOLOGY

Despite major advances in medical knowledge, and 
the common use of vaginal sonography, prophylac
tic cerclage, and several intense remedial programs 
for identification of at-risk pregnancies, neither the 
rate of preterm births nor the incidence of first fetal 
losses from cervical insufficiency have appreciably 
declined in recent decades. The number of preterm 
births resul ting from cervical weakness is unknown; 
however, it is quite clear that preterm birth is not 
prevented by cerclage alone and there are many 
other important factors.

Early delivery remains a major clinical problem. 
The incidence of preterm birth (before 37 weeks) is 
between 7% and 11%; however, preterm birth con
tributes up to 75% of the perinatal mortality rate. 
The risk is especially high for births before 28 weeks. 
Preterm delivery is also frequently repeated. In oth
erwise unselected cases of women with a history of 
preterm delivery, the recurrence risk is 10% to 35% 
[86],

Earlier studies of cerclage (prior to ultrasound 
measurement of the cervix) using women as their

own historical controls yielded reported success 
rates of 75% to 90% when apparently high-risk cases 
were studied [21]. W hat makes the role of cerclage 
difficult to evaluate is that over 70% of unselected 
women with prior losses will have a successful preg
nancy without cerclage [33], The question, there
fore, is proper case selection.

Studies of the efficacy of cerclage versus no 
cerclage have yielded conflicting results. This is 
partly because of the variation in the definition of 
the cervical abnormality used as the entry crite
rion in various investigations, the different parity 
of the women studied, and the inclusion or exclu
sion of women with various high-risk factors for 
preterm birth in the specific study groups. The 2003 
Cochrane review included seven randomized stud
ies and found no conclusive evidence for a reduction 
in second-trimester loss, preterm delivery, or any 
improvement in morbidity associated with preterm 
births in women undergoing cerclage [37], The Fetal 
Medicine Foundation Second-Trimester Screening 
Group [38] also undertook a multicenter random
ized controlled trial of 47,123 women identified as 
having a short cervix. The cervix was found to be 
<15 mm short in 470 women on routine vaginal 
sonography performed between 22 and 24 weeks. 
A group of 253 of these women participated in the 
study and were subsequently randomized to cer
clage versus expectant management [34,38], The 
percentage of preterm delivery before 33 weeks 
was similar in both groups, 22% in the cerclage 
group versus 26% in the control group (relative risk 
0.84, 95% Cl 0.54-1.31). There were also no differ
ences in perinatal or maternal morbidity or mortality 
between the two groups.

As an additional example of the current liter
ature, the Medical Research Council/Royal Col
lege of Obstetricians and Gynaecologists multicen
ter trial (MRC trial) reported no improvement in 
perinatal survival in a cohort of women randomized 
to cerclage [34]. To interpret the MRC trial, as with 
the many others concerning cerclage/cervical insuf
ficiency, one must be aware of the details of how 
the investigation was conducted. In this trial, the 
cerclage group included both prophylactic and ther
apeutic cerclages performed at a wide range of ges
tational ages. Furthermore, in some cases the origi
nal diagnosis of cervical insufficiency was considered 
uncertain. For these reasons, the significance of this
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randomized trial, in terms of whether to perform a 
cerclage in more carefully selected women, is ques
tionable [28].

Recent randomized clinical trials that reached dif
ferent conclusions emphasize the importance of case 
choice. Althuisius and coworkers [35,130] enrolled 
women with a previous history of preterm  deliv
ery before 34 weeks. Some women with other risk 
factors for preterm delivery were also included. 
A total of 35 patients were initially randomized 
either to primary cerclage or no cerclage. Serial 
cervical length measurements by vaginal sonogra
phy were continued in the remaining test popu
lation. A second randomization to cerclage or no 
cerclage was performed if the cervical length was 
observed to shorten to <25 mm. The mean ges
tational age at delivery in women undergoing cer
clage was 37.9 ± 1 .2  weeks. Furthermore, there 
were no deliveries before 34 weeks in this group. 
In contrast, the mean gestational at delivery in 
the noncerclage group was 33.1 ±  6.4 weeks, 
with 44% these women delivering before the 34th 
week. Although the sample size was small, these 
results were statistically significant and demonstrate 
the potential benefits of cerclage in a properly 
selected group of very-high-risk patients defined by 
both prior early delivery and demonstrated cervical 
shortening.

A recent meta-analysis of randomized clinical 
trials by Berghella and coworkers evaluated the 
role of cerclage in the prevention of preterm birth 
in women with a short cervix by using individ
ual patient data [38]. Four randomized trials were 
included. In the total population, preterm birth at 
<35 weeks of gestation occurred in 29.2% (89/305) 
of the cerclage group, as compared with 34,8% 
(105/302) of the no-cerclage group (RR 0.84, 95% 
Cl 0.67-1.06). There was, however, a significant 
reduction in preterm birth at <35 weeks in the 
cerclage group in the following categories: single
ton gestations (RR 0.74, 95% Cl 0.57-0.96), single
ton gestations with a history of prior preterm birth 
(RR 0.61, 95% Cl 0.40-0.92), and singleton gesta
tions and a history of prior second-trimester loss (RR 
0.57, 95% Cl 0.33-0.99). There was a significant 
increase in preterm births at <35 weeks with twin 
gestation in the cerclage-treated group (RR 2.15, 
95% Cl 1.15-4.01). The authors reasonably con
cluded that cerclage does not prevent preterm birth

in all patients with a sonographically measured short 
cervix.

These studies have one clinical point in common; 
that is, the placement of the cerclage was intended 
for prevention of premature delivery, not specifi
cally for correction of presumed, isolated cervical 
insufficiency. Most of these cerclages were placed 
in the late second or early third trimester (20-22 
weeks). Based on these data, it seems probable that 
when there is a history of prior preterm births, cer
clage could reduce the incidence of a recurrence in 
women wrho are observed to have a short cervix. 
Cerclage has also been recommended as a treatment 
for placenta previa, a therapy that has failed to gain 
popularity as a m ethod of extending the period of 
gestation [135],

DIAGNOSIS
The diagnosis of cervical insufficiency is difficult, 
because there is no specific or scientifically validated 
confirmatory test [37,38,80,86,128], The diagnosis 
could be suggested initially by the obstetric history 
if there has been a prior preterm delivery. Unfor
tunately, nulliparous women who are incidentally 
found to have a short cervix or who present with 
advanced cervical dilatation and bulging membranes 
will lack such a prior obstetric history. W hen their 
clinical history is reviewed, women with insuffi
ciency frequently deny perceiving strong contrac
tions prior to their diagnosis/delivery and often 
complain only of mild cramping, spotting, or heavy 
vaginal discharge, or there may have been increased 
urinary frequency and urgency. They are often 
seen in the late or early third trimester with both 
advanced cervical dilatation and bulging of the 
membranes, either at the external os or prolapsing 
into the vagina. Second-trimester premature mem
brane rupture is also common. At the time of the ini
tial presentation, the fetus is usually alive and these 
women are commonly afebrile. Subsequently, the 
fetus is either born alive only to succumb to prema
turity or dies during labor and delivery. On review of 
the antenatal record and the necropsy data there is 
no evidence of an in-utero growth disturbance, and 
the pathologist identifies no specific findings, with 
the exception of histologic evidence of chorioam- 
nionitis or occasionally funisitis.

ak
us

he
r-li

b.r
u



94 NAZIR

Several techniques to diagnose cervical weak
ness in either nonpregnant or pregnant women 
are described in the literature. As an example, if 
there is easy passage of No. 8 Hegar or No. 15 
Pratt dilators through the internal os, or there is 
absence of “snapping closure” of the internal os 
while the physician is removing the dilator, cervical 
insufficiency has been reported to be suspect [76]. 
The pressure/volume characteristics of an inflated 
endocervical balloon have also been investigated 
[75]. Hysterosalpingography can reveal unusual 
widening of the internal os, also suggesting the cor
rect diagnosis [74]. These radiographic or ultra
sound data are often difficult to interpret except 
when the defect is marked, however. Such studies 
can have other benefits, however. Both hysterosalp
ingography and sonohysteroscopy provide informa
tion regarding abnormalities of the uterine cavity. 
Structural uterine abnormalities of potential obstet
ric consequence might include Mullerian anomalies 
(septate, arcuate, or bicornuate uteri), intrauterine 
adhesions, polyps, or submucous myomas, among 
other findings. Despite the efforts of several investi
gations, there is no established preoperative test or 
evaluation for cervical insufficiency that is scientifi
cally reliable in confirming the diagnosis of cervical 
insufficiency.

ROLE OF SONOGRAPHY

Endovaginal sonography is the best m ethod for the 
evaluation of women at risk for preterm delivery or 
cervical insufficiency during pregnancy. Such cervi
cal measurements have been shown to be both reli
able and reproducible when compared with digi
tal examinations and traditional abdominal sonog
raphy [8,24,30,131]. Older clinical studies conflict 
to some extent with more recent ultrasound find
ings. Specifically, there is often a poor relationship 
between the findings on clinical examination of a 
short cervix and the concomitant ultrasound mea
surements. These data emphasize the importance of 
objective study when evaluations of the cervix are 
performed to determine whether to place a cerclage 
or not.

Ultrasonic Measurement of Cervical Length
Transperineal and transvaginal ultrasound examina
tions are the principal methods for objective mea

surement of cervical length. Although less ideal, 
transperineal ultrasonography can be used for mea
surement of cervical length if there are ruptured 
amniotic membranes or if the patient wishes to 
avoid a vaginal study [131]. Image clarity is much 
superior with an endovaginal probe; however, the 
transperineal technique might not result in useful 
measurements due to difficulties in adequate visu
alizations.

When transvaginal studies are performed good 
technique is important to obtain proper images 
and avoid patient discomfort. The maternal urinary 
bladder should be empty. A distended urinary blad
der can artificially close or lengthen the observed or 
measured cervical canal.

The endovaginal probe best images the cervix 
from the anterior fornix, with the patient posi
tioned in dorsal lithotomy. The operator should 
avoid pressing too firmly on the anterior fornix with 
the transducer because this can artificially lengthen 
the cervix and can be perceived as uncomfortable. 
The best technique is to first gently advance the 
probe until it abuts against the cervix. The trans
ducer is then pulled slightly back until the image 
blurs; then it is again advanced a very short distance. 
This should result in a clear image; the measure
ments are then made [8,24-26,79], The image is 
frozen at a level depicting the internal os, cervical 
canal, and the external os. The authors routinely 
obtain a number of images. The shortest length 
recorded on the best image is reported as the final 
value.

To evaluate for funneling or dynamic changes, 
fundal pressure is applied or the woman is requested 
to perform a Valsalva maneuver [27]. If funneling 
os is observed, the cervical length measurement is 
repeated from the apex of the funnel to the external 
os. Best management of cases where the initial cer
vical length is normal but dynamic changes occur 
either spontaneously or following Valsalva is not 
clear.

SIGNIFICANCE OF VAGINAL SONOGRAPHY

There is an inverse relationship between the 
ultrasound-determined length of the closed cervix 
and the risk of preterm birth. In general, the shorter 
the closed cervical length the higher the risk is 
for preterm delivery [20,25,26,29,31,32,38,39,78,
92,129], Cervical length serves as an independent
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marker for the prediction of preterm birth in both 
low- and high-risk patients. Between 18 and 28 
weeks, the mean cervical length in pregnancy deliv
ery at term is approximately 40 mm. This measure
ment is independent of parity [77,78]. Thereafter, 
the cervical length slowly decreases after 28 weeks, 
to an average of approximately 33 mm. At the crit
ical juncture of 20 to 28 weeks, the 25th percentile 
for cervical length is approximately 30 mm; the 10th 
percentile is 25 mm [23,77,86].

As previously discussed, several studies random
izing “short-cervix” pregnancies to bed rest or to cer
clage have shown no improvement in the gestational 
age at delivery; however, other studies with more 
restrictive inclusion criteria, and excluding women 
with other established high-risk factors for prema
ture delivery, showed definite gains in the number 
of days to delivery in the cerclage group. Case choice 
is critical.

The risk of preterm birth when a short cervix 
is present is well established. The proportion of 
preterm births due to true cervical insufficiency 
and those women likely to benefit from cerclage 
in women found to have a short cervix; how
ever, is unknown. Because the discriminating power 
of current tests is limited and the available treat
ments are at best imperfect, routine vaginal sonog
raphy for measurement of cervical length in uns
elected otherwise low-risk women is of uncertain 
value.

POTENTIAL COMPLICATIONS AND 
GENER AL MANAGEMENT

Placement of a cerclage is not w ithout risk. The 
dangers of cerclage fall into two major categories 
[86]. First, there are the risks inherent in surgery, 
discussed in greater detail later. Second, there is the 
risk inherent in an erroneous diagnosis of cervical 
insufficiency leading to the performance of a pro
cedure when none is indicated. Experience, proper 
training, and meticulous attention to detail reduce 
the surgical risks. The errors in the choice of cases 
for surgery are much more difficult to remedy, how
ever, due to the limitations of current methods of 
diagnosis.

The major postoperative complications of cer
clage include infection; delayed membrane rupture; 
and tearing, loosening, or displacement of the 
suture. Hemorrhage is a more serious risk in trans

abdominal cerclages, where control is potentially 
more difficult. Among the standard transvaginal 
techniques, bleeding is more common with the Shi- 
rodkar than with the McDonald operations owing 
to the greater dissection required with the former 
procedure. In surgeries performed in non-pregnant 
women when vaginal/cervical incisions are per
formed, blood loss is reduced by the initial injec
tion of dilute solutions of epinephrine or phenyle
phrine. The intraoperative use of such agents during 
pregnancy is, however, not recommended. Cervical 
manipulation is associated both with uterine irri
tability and premature rupture of the membranes 
when advanced cervical dilatation is present and the 
membranes are exposed. The likelihood of sponta
neous cerclage displacement is reported in 3% to 
13% of elective procedures [21]. Suture displace
m ent or development of a cervical laceration or fen
estration can require a repeat operation, although 
the efficacy of repeat suturing is unclear. If the suture 
has slipped, cut through, or is observed hanging 
loosely, the management options principally include 
prom pt placement of another McDonald or Shi- 
rodkar suture or conservative, nonsurgical treatment 
with restricted activity and observation. The results 
of resuturing are often far from satisfactory, and 
treatm ent failure with subsequent premature deliv
ery is a common event. Rescue with pessary place
ment (Smith-Hodges) to support the cervix is an old 
technique that is occasionally effective when there 
is a loosened or ineffective suture. After placing 
the pessary, an endovaginal ultrasound is performed. 
If the pessary is effective, the membrane prolapse 
resolves and the cervix appears closed. The pessary 
can then be left in place until delivery, with a weekly 
program of removal, cleaning, and replacement. A 
properly sized pessary should not cause irritation 
or be uncomfortable (if so a smaller size should 
be inserted), and should also allow for digital or 
ultrasound examinations. The likelihood for serious 
complications following cerclage is approximately 
2%. The principal intraoperative problems include 
inability to perform the procedure, the induction 
of additional cervical trauma, bleeding, the occur
rence of uterine contractions, and rupture of mem
branes [21]. Cervical manipulations are associated 
both with uterine irritability and a heightened risk of 
premature rupture of the membranes when advance 
cervical dilatation is present and the membranes 
exposed.
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Bleeding or uterine contractions can be due to 
potentially serious obstetric complications such as 
placental separation or chorioamnionitis or labor. 
Active premature labor is a potential indication for 
tocolysis and might require removal of the suture. 
Chorioamnionitis is most common in cerclages per
formed after the 19th week, perhaps because of 
the greater area of exposure of the membranes. 
The diagnosis of intrauterine infection is often dif
ficult and requires a high index of suspicion since 
chorioamnionitis can be delayed, developing up to
4 weeks postoperatively. Especially in later oper
ations, occult infection might have preceded the 
cerclage placement, emphasizing the importance of 
case selection. Serial white blood counts, careful 
palpation for increasing uterine tenderness, close 
attention to patterns of uterine irritability, and 
observation of maternal vital signs are among the 
clinical findings suggesting the diagnosis. In selected 
cases, amniocentesis is performed for special 
testing.

The small study by Mays and coworkers [96] 
emphasizes the importance of occult intrauterine 
infections as a cause of prematurity and cerclage fail
ure. In Mays’ report, amniocentesis was performed 
in a series of pregnant woman who were candi
dates for rescue cerclage (cervix, <2 cm, with 50% 
effacement and visible membranes). The markers 
used in this study for infection were amniotic fluid 
glucose levels of 14 mg/dl or less or a lactic dehy
drogenase (LDH) level of more than 400 IU, or 
both [94,95]. Cerclage was withheld if such mark
ers were present. W hen these markers were present 
all the women either aborted or delivered prema
turely within three days. All placentas from these 
pregnancies revealed histologic evidence of infec
tion. O f interest, in only a minority of cases were 
amniotic fluid Gram stains or bacterial cultures pos
itive, indicating the limitations of these traditional 
tests. Finally, all of the placentas from these preterm 
deliveries were also culture positive for Candida 
species.

Although this was not a randomized study, it does 
support other work suggesting intrauterine infection 
as an important risk factor for both preterm deliv
ery and neonatal or fetal loss [94-97], These data 
have led some to recommend routine amniocente
sis for cases under consideration for late urgent or 
emergency cerclage.

Delayed rupture of the membranes is sugges
tive of an occult amnionitis. How best to manage 
these cases when the cerclage remains in place in 
the absence of overt signs and symptoms of infec
tion is controversial [110-115]. In the authors’ 
opinion on rupture of the membranes, patients 
with a cerclage should be managed in the same 
manner as others with preterm premature rup
ture of the membranes who lack a cerclage. Lit
erature support for either retention or removal of 
the suture post-membrane rupture can be found. 
Our recommended treatm ent is the administra
tion of wide-spectrum antibiotics, covering aerobic 
and anaerobic bacteria as well as Chlamydia, fol
lowed by close observation. We do not routinely 
remove the cerclage. Amniocentesis for fluid analy
sis and culture, if technically possible, can aid man
agement. If clear signs and symptoms consistent 
with chorioamnionitis are identified, however, the 
cerclage should be removed and delivery accom
plished without delay, regardless of the period of 
gestation.

Late and uncommon complications of cerclage 
include fistula formation and, rarely, cervical steno
sis. Cicatrix formation can result in cervical dystocia 
in labor (conglutination of the cervical os) or even
tuate in deep cervical lacerations at delivery, which 
can extend into the broad ligament. Potential fetal 
complications associated with cerclage include pre
maturity, sepsis, and intrauterine demise. O ther rare 
problems associated with cerclage include uterine 
rupture or endotoxic shock. Most rarely, maternal 
death has been reported [28],

How best to treat women postoperatively who 
have had a cerclage has never been systematically 
studied. Maternal activity, the administration of 
tocolytic agents, and prophylactic antibiotics are the 
principal issues. Intraoperatively, broad-spectrum 
antibiotics are commonly administered, especially 
for procedures performed at >16 weeks or when 
the membranes are exposed. Although there are 
virtually no data on this point, such treatm ent is 
ubiquitous and has not been shown to be detri
mental [47,88]. W hether it is helpful, however, has 
not been established. Immediate postoperative bed 
rest or restricted activity lasting up to 1 week is 
a common recommendation. Many clinicians also 
advise some restriction of maternal activity for the 
remainder of the pregnancy, following the initial
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postoperative rest period. It is to be emphasized that 
these recommendations are made refreshingly free 
of any data.

In our management protocol, tocolytic agents 
usually are not routinely administered but remain 
reserved for cases involving emergency cerclage pro
cedures in which a membrane bulge is observed, or 
in perioperative period when uterine irritability is 
either documented or is perceived by the mother. 
There are no good data on long-term tocolytic use. 
As noted, we favor the use of tocolytic drugs only 
for documented episodes of uterine activity or for 
very-high-risk cases. Usually the episodes of uterine 
irritability cluster around the time of surgery or soon 
thereafter. Subsequent episodes of uterine activity 
are managed expectantly with tocolytics adminis
tered only for short courses at the discretion of the 
attending physician. In the authors’ practice, post
cerclage women are seen on a 1 - to 2-week basis for 
the remainder of the pregnancy, with the scheduling 
depending primarily on the perceived precarious
ness of the cerclage. For follow-up, both the location 
of the cerclage and any changes in cervical length 
after surgery can be easily demonstrated by postop
erative transvaginal sonography [89-91]. Although 
the initial increase in cervical length resulting from 
a cerclage is not predictive of pregnancy outcome, 
overall progressive postoperative shortening appar
ently is [92]. For this reason, a program of serial 
transvaginal studies with cervical length measure
ments can help to predict pregnancies likely to 
deliver early despite the cerclage. Thus alerted, the 
clinician could potentially modify maternal activ
ity, perform fetal fibronectin studies, or choose to 
administer steroids or, presumably, parenteral 17- 
OH progesterone.

SURGICAL. PROCEDURES

Cervical cerclages are best classified based on their 
timing and the anatomic approach taken for the 
repair. In terms of timing, these procedures are con
sidered as elective, urgent, or emergent. The current 
approach to the placement of cerclage is most often 
transvaginal, and most procedures are performed 
during pregnancy. For select indications, a transab
dominal cerclage is placed either at laparotomy in 
the first trimester or, occasionally, by laparoscopy in 
the nonpregnant, woman.

ELECTIVE CERCLAGE

An elective cerclage is a cervical suture that is usu
ally inserted in late first or early second trimester, 
before the 16th week of gestation. Such procedures 
are sometimes categorized as prophylactic cerclages. 
Classically, the cerclage is placed before the gesta
tional age at which the patient’s prior loss occurred. 
The procedure is performed only after confirma
tion of fetal viability and after the exclusion of fetal 
anomalies, by ultrasonic evaluation and other test
ing. Women who are identified early in pregnancy 
as strong cerclage candidates should be offered first- 
trimester nuchal lucency and serum biochemical 
testing (i.e., HCG, PAPP-A).

In an individual case, if a firm diagnosis of cer
vical insufficiency has not been established, elec
tive cerclage as a primary procedure is best replaced 
by a program of serial cervical measurements by 
vaginal sonography. In this plan, a cerclage is per
formed only if there is demonstrated cervical short
ening (see Urgent Cerclage section). Several longi
tudinal studies indicate that a management protocol 
of serial sonographic cervical assessment, followed 
by cervical cerclage restricted to women found to 
have a short cervix, does not compromise efficacy 
and could reduce the incidence of surgical interven
tion [43,99-101]. Primary elective cerclage with
out ultrasonic demonstration of cervical change can 
be considered in women with a history of three 
or more second-trimester losses, known anatomic 
defects that involve or are close to the internal os, 
or the rare patient who for any reason cannot or will 
not undergo serial cervical measurements.

URGENT CERCLAGE

An urgent cerclage is a therapeutic cerclage proce
dure performed when the cervix is observed to have 
shortened to a critical level. Depending on the sur
geon, this is usually <15 mm to 25 mm in the inter
val of 16 to 23 weeks. In such cases, the membranes 
are not exposed to the vagina. There are no sig
nificant differences in pregnancy outcome between 
elective and urgent cerclages [45.46]. This more 
conservative use of cerclage with initial documen
tation of cervical shortening is now considered the 
preferred management for women who do not have 
a clear and strong history of cervical insufficiency.
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EMERGENCY CERCLAGE

W hen the cervix dilates and the membranes funnel 
through the internal and external os, the risk of preg
nancy loss from spontaneous membrane rupture is 
high. A “rescue” cerclage can then be attempted if 
there is no clinical evidence of infection, the mem
branes are intact, and the fetus is alive and ultra- 
sonically normal. Surgical procedures to reinforce 
and close the cervix under these circumstances are 
termed emergency cerclages.

Techniques Unique to Emergency Cerclage 
Several methods have been described to reduce 
bulging membranes to permit safe placement of the 
cervical suture [58-60,106-108], Use of a Foley 
catheter with inflation of the balloon, following the 
removal of the distal end flush with the bulb, has 
been described [57,105], This technique can be suf
ficient to hold back the membranes when the cervi
cal dilatation is not advanced. The catheter is passed 
through the cervix and then inflated. The bulb holds 
the membranes upward and away from the internal 
os while the cerclage is performed. The bulb is sub
sequently deflated and then removed as the suture 
is tied (Figure 5.1). Tsatsaris and coworkers [106] 
have also described the use of a modified balloon 
originally designed for endoscopic surgery to reduce 
membranes. In their trials, this technique was suc
cessful in 24 of 25 cases. Olatunbosun and Dyck 
[58] developed an unusual technique in which six 
to ten stay sutures were applied at the edges of the 
cervix. Traction on the sutures and patient reposi
tioning permitted the membranes to slip back into 
the uterine cavity, permitting a cerclage to be per
formed. Goodlin [59] andLocatelli [107] suggested

FIGURE 5.1.
A, cervical insufficiency with advanced cervical dilation 
and membrane prolapse; B, Membrane displacement by 
use o f  a Foley catheter (Orr technique) during cervical 
cerclage. (See text for details.)

transabdominal amniocentesis as a m ethod to tem 
porarily reduce amniotic fluid volume to assist in 
replacement of the membranes. This is not necessar
ily an easy technique. If amniocentesis is performed, 
real-time ultrasound guidance is required, and the 
removal of volumes of fluid in excess of 150 rnl to 
200 ml can be required to cause the membranes 
to recede [108]. This process may initiate uterine 
contractions and should not be performed without 
tocolytics. Scheerer and coworkers [60] described 
the technique of urinary bladder distension. Up to
1,000 ml of 0.45% saline was installed by catheter 
as a noninvasive method to displace the membranes 
upward. This technique has long been in clinical 
practice. Finally, Olatunbosun has also described the 
simple and common technique of using a surgical 
sponge on a forceps to simply displace the mem
branes upward [58],

W hen cerclage operations are attempted in the 
face of advanced cervical dilatation, most clini
cians employ one or more of these techniques. The 
maneuvers chosen are based on the unique fea
tures of the case, the maternal anatomy, and the 
preference and experience of the surgeon. Placing 
the patient, with a full urinary bladder, in steep 
Trendelenburg’s position, using a Foley balloon to 
reduce membranes, and applying gentle traction on 
the cervix with ring forceps or Allis clamps (being 
careful not to grasp the membranes) are among the 
authors’ recommended techniques.

RECOMMENDED PRACTICE

Although all choices are controversial and the liter
ature recommendations are inconsistent, there are 
data to suggest that in selected cases, performance 
of a cerclage improve perinatal outcomes. The fol
lowing outline indicates the authors’ current clinical 
practice, attempting to offer surgery when it could 
prove helpful while avoiding intervention where 
success is unlikely.

Emergency cerclage cases require immediate 
evaluation. The clinician must restrict surgery to 
cases likely to benefit (Figure 5.2). The therapeu
tic aim is to gain sufficient time so that the preg
nancy can extend into the period of potential viabil
ity (>24-25 weeks). Many of the acutely presenting 
cases are not candidates for suturing, however, either 
owing to an advanced gestational age, the presence 
of recurrent contractions, or a suspicion of infection
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FIGURE 5.2.
Evaluation for emergency cerclage.

or abruptio placentae. These cases are best fol
lowed without surgery and treated with antibiotics, 
tocolytic agents, or delivery, whichever is clinically 
appropriate.

Elective cerclages have become increasingly 
uncommon in the authors’ practice (Figure 5.3). 
The clearest cases have a history of two or more 
suspicious prior losses and evidence of a cervical 
abnormality (i.e., anatomic distortion, progressive 
shortening). These cases require an initial screen
ing evaluation of the fetus by both ultrasound 
scan and the new biochemical methods, to avoid 
surgery on abnormal pregnancies. For these pro
cedures, insertion of the cerclage occurs no later 
than the 16th week. Retrospective care analysis 
fails to demonstrate an advantage to either the Shi- 
rodkar or McDonald technique [22,23]. Thus the 
authors’ preference is a modified version of the

latter because it is faster and requires less surgical 
intervention.

The largest number of cases in the authors’ prac
tice involves women with either incomplete data 
concerning their prior pregnancy losses or with an 
atypical presentation for insufficiency (Figure 5.4). 
These cases are followed serially, with intervention 
occurring only if cervical change has been docu
mented.

A relatively common problem is the management 
of the situation in which the woman has had prior 
successful pregnancy with a cerclage and requests 
another in her current gestation. In a good number 
of these cases, when critically reviewed, the orig
inal diagnosis is shaky. The authors do vary their 
approach in the management of these cases. While 
most go on to repeat surgery, others are followed 
serially with the intention of later urgent cerclage

ak
us

he
r-li

b.r
u



100 NAZIR

FIGURE 5.3. 
Evaluation for elective 
cerclage.

Abnormal
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Questionable

No surgery Observation:
Serial study (possible later 
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Modified McDonald 
cerclage

Selected cases: 
Cervicoisthmic cerclage 
Modified Shirodkar cerclage

placement should it become necessary. In recent 
years, the authors also have inserted several cervi
coisthmic sutures by laparoscopy in nonpregnant 
patients, attempting to reduce overall morbidity. 
There is no simple formula for proper management 
in these complex situations, and ultimately care 
must be individualized.

The possible benefit of an emergency cerclage 
has been studied in both retrospective studies and 
prospective trials comparing a program of cerclage 
and bed rest in women with advanced cervical 
dilatation and exposed membranes versus bed rest 
alone [47-50,102-104], As an example, Olatunbo- 
sun and coworkers [49] performed a prospective 
study involving 45 patients with a mean cervical 
dilation of 6 cm. This was not a randomized trial, 
and management was at the discretion of patient's 
physician. Nonetheless, the mean gestational age at 
eventual delivery in the cerclage group was 33.0 ±

4.4 weeks versus 28.8 ±  weeks in the group man
aged by bed rest alone. This difference is statistically 
significant [p — 0.001). Althuisius and coworkers 
[50] randomized 23 patients with advanced cervical 
dilation and what was considered a risk of imminent 
delivery to either cerclage or bedrest. Randomiza
tion was performed on average at 23 to 24 weeks’ 
gestation. All patients remained in the hospital until
30 weeks and all received initial antibiotic treat
ment. The mean interval between the gestational 
age at randomization and delivery was 54 days for 
the emergent-cerclage group versus a mean of 24 
days in the bedrest-alone group. This was again a sta
tistically significant finding (p =  0.046). It should 
be noted that one patient in the emergent cerclage 
group ruptured membranes during the procedure, 
leading to its abandonment.

W hat is best management? The upper limit for a 
rescue cerclage is considered to be 23 to 24 weeks.
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fFN = fetal fibronectin 

FIGURE 5.4.
Evaluation for urgent cerclage.

If the gestational age is >24 weeks, the risk of the 
procedure in terms of risking membrane integrity 
and predisposing to early delivery or inciting labor 
probably exceeds the benefit to the surgery. Further, 
a fair number of these late-appearing cases involve 
women in premature labor and some have estab
lished or suspected infection, both contraindications 
to surgery. Based on available studies, however, there 
remains a limited role for emergent cerclage. The 
specific setting is advanced cervical dilation with 
exposed membranes but in the absence of labor, and 
when clinical evidence of infection is not present. 
The reported series are small, however, and the 
likelihood of prematurity is extremely high. Given

the limitations in the data and the difficulties in diag
nosis, the majority of such late presenting cases are 
still best managed by bed rest, steroids, occasional 
use of tocolytics, and observation. Again, given the 
difficulty in establishing best practice and in recog
nition of the high risk for early delivery and subse
quent neonatal complications, individualization of 
case management is suggested.

General Aspects of Surgical Procedures
1 lie Shirodkar and McDonald operations are the 
most frequently performed transvaginal surgical 
techniques for cervical insufficiency. They are
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generally considered equal in their success rates, and 
most clinicians consider them  essentially equivalent 
in efficacy [21,22], There are no randomized clini
cal trials directly comparing the efficacy and safety 
of these two procedures, however. The Shirodkar 
procedure requires more extensive surgery because 
it requires dissection of the vaginal epithelium with 
advancing of the bladder base, and thus is performed 
less frequently. Proponents for the Shirodkar pro
cedure, often argue that the supportive suture is 
positioned closer to the anatomic internal os than 
is possible for the McDonald. Although this might 
be true, no difference in outcome between the pro
cedures has been demonstrated. Thus, this potential 
benefit is of uncertain importance unless there is a 
laceration that extends to or through the internal 
os. Conversely, the McDonald cerclage technique is 
easy to master and is suitable for most cases when 
there is an anatomically identified and structurally 
intact cervix.

Ultimately, the choice of the procedure to be 
performed and the suture material employed is by 
physician's preference. For routine cerclage pro
cedures, the authors favor the McDonald oper
ation because of its simplicity and speed. The 
type of suture used is largely inconsequential as 
long as permanent synthetic sutures are employed. 
In terms of management, a successful cerclage is 
usually removed around 37 weeks or earlier if 
active labor commences. Any cerclage procedure 
is contraindicated if labor bleeding, known or sus
pected chorioamnionitis, or ruptured membranes 
are present.

The Trendelenburg position before and during 
vaginal procedures is recommended. If the mem
branes are hour-glassing in the vagina and there 
is little fluid remaining around the fetus, suc
cess is unlikely and the procedure should not be 
attempted. If there is a membrane bulge, one of the 
standard techniques for membrane displacement is 
employed. It is best to first attem pt bladder over
filling, combined with Trendelenburg’s positioning, 
because this is the easiest and least invasive proce
dure. If these simple maneuvers are to no avail, bal
loon use, direct membrane displacement, or amnio
centesis with fluid aspiration are potential additional 
procedures to consider in order of invasiveness or 
difficulty.

The efficacy of tocolytic therapy, duration of hos
pitalization, and the use and choice of antibiotic

therapy have not been prospectively studied. These 
aspects of management are left to the physician’s 
discretion. For procedures after 14 to 16 weeks or if 
the membranes are exposed, the authors favor the 
administration of a first-generation broad-spectrum 
antibiotic with the addition of azythromicin to cover 
possible infection with chlamydial/ureaplasma.

Tocolytic agents are not recommended for rou
tine use in cerclage operations unless uterine irri
tability is present, the membranes bulge beyond 
the external os, or therapeutic amniocentesis is per
formed to facilitate the cerclage placement.

The degree of how aggressive to be in the exclu
sion of intrauterine infection has not been estab
lished. An accurate diagnosis of amnionitis, espe
cially in emergency cerclage procedures, is difficult. 
This condition is commonly occult, and the mother 
can show few, if any, clinical signs or symptoms 
of infection, beyond the observed cervical shorten
ing [96,97]. Physical examination, determination of 
vital signs, and a maternal white blood cell and dif
ferential count are minimal requirements. If uterine 
activity is present, initial tocolysis and a period of 
observation are best while options are being con
sidered. Amniocentesis for a Gram stain, determi
nation of the glucose level, and other tests such as 
an amniotic fluid lactate dehydrogenase (LDH), in 
addition to the evaluation of clinical signs of infec
tion can be performed and are prudent if an emer
gency cerclage beyond 22 or 23 weeks is considered 
[94-95,97], Best management in this setting is not 
established. In the authors’ experience and extrap
olating from the extant literature, the greater the 
suspicion of infection, the more atypical the pre
sentation, and the more advanced the dilatation and 
effacement, the stronger the case is for invasive test
ing, and the poorer the likelihood for cerclage suc
cess, and the less likely to care is appropriate for 
intervention.

Management of cases if spontaneous rupture of 
membranes occurs while a cerclage is in place is 
unsettled. As previously reviewed, the available 
studies provide no consistent findings to aid the 
clinician [110,112-115]. As is too often true in 
complex clinical situations, the available studies 
include small numbers and the results are dia
metrically opposed. These data preclude rational 
analysis and probably represent features unique 
to the specific patient population studied. As a 
practical matter, the authors administer antibiotics
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when early membrane rupture occurs, regardless of 
the presence of a cerclage. We do not routinely 
remove a cerclage following spontaneous rupture 
unless sufficient uterine activity is present so as to 
threaten cervical injury there are signs and symp
toms of chorioamnionitis, or significant bleeding is 
observed.

STANDARD CERCLAGE OPERATIONS 

Shirodkar Cerclage
Shirodkar first published a description of his oper
ation in 1955 [7]. The Shirodkar operation was the 
first procedure intended to be performed on preg
nant rather than nonpregnant women with cervi
cal insufficiency. Shirodkar subsequently described 
several modifications of this procedure, including 
the use of various suture materials, and several differ
ent methods for tying, burying, or exposing the knot 
anteriorly or posteriorly The procedure was initially 
proposed as a permanent method of cervical repair 
with subsequent cesarean delivery.

Shirodkar’s operation is an open technique, 
requiring incisions in the cervix, as well as mucosal 
dissection. This procedure, which is technically 
more complex and invasive than the McDonald 
operation, is most often reserved for patients with a 
short cervix. A prior Shirodkar cerclage, a high cervi
cal laceration involving the internal os, or previous 
failed McDonald cerclage are additional potential 
indications for either a primary or repeat Shirodkar 
procedure.

There are numerous modifications to the Shi
rodkar operation. Placement of a band or strip of 
fascia lata (autograft) with an aneurysm needle, as 
originally described by Shirodkar, is no longer per
formed. A synthetic (Mersilene) 5-mm tape with 
needles wedged on each end to facilitate placement 
is now the most popular suture material. Vaginal 
incisions can involve substantial blood loss. For this 
reason, many surgeons either limit or entirely avoid 
the posterior cervical incision that was part of the 
original operation.

If permanently epithelialized, a properly placed 
Shirodkar suture can be left in place and elec
tive cesarean delivery performed without impairing 
future fertility. If the knot is exposed, however, most 
clinicians remove the suture at or near term, regard
less of the final mode of delivery.

Procedure
Currently, a modified Shirodkar technique is 
favored. Either a large polyester fiber (Tevdek 11, 
#9) or a 5-mm woven polyester fiber tape (Mersi
lene) band suture m ounted on an atraumatic needle 
is employed. As traditionally conducted, the pro
cedure requires an initial anterior transverse inci
sion at the cervicovaginal junction (Figure 5.5). The 
bladder flap is then advanced above the level of 
the internal cervical os by blunt and sharp dissec
tion. A second vertical (or horizontal) incision is 
sometimes made in the posterior cervix at the same 
level. The suture is inserted as close to the internal 
os as possible and then tied with multiple square 
knots. The knot is usually left exposed posteriorly to 
facilitate later removal; however, some clinicians 
prefer to position the knot anteriorly. Electively, the 
knot is buried under the cervical epithelium. If this is 
the surgeon’s intention, after tying, the suture is cut 
short. The ends are then sutured down with a fine 
permanent synthetic suture, either to the band itself 
or to adjacent cervical tissues. Any cervical incisions 
are closed with a simple running suture, the type 
determined by the clinician’s discretion.

McDonald Cerclage
The McDonald procedure was first described in 1957 
[116], In this simple operation, a simple purse- 
string suture is placed around the cervix as high as 
is technically possible (Figure 5.6). The basics of 
the McDonald procedure have been unchanged for 
many years, and multiple variations of the original 
technique exist. Whereas the McDonald procedure 
is generally simple to perform, extreme care is war
ranted if the cervix is markedly effaced or dilated at 
the time of surgery, because of the risk of membrane 
rupture.

Because no incisions are made in the cervix, the 
McDonald procedure is simple and usually rapid. At 
the surgeon’s discretion, the suture can be placed 
entirely submucousally by using the same points for 
exit and reentry of the needle at each successive 
bite. The suture is removed at the onset of labor, or 
electively before labor, and is reinserted for sub
sequent pregnancies as required. McDonald orig
inally performed the procedure between 20 and 
24 weeks’ gestation but later revised the timing to 
14 weeks.
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FIGURE 5.5.
Shirodkar cervical cerclage procedure. A 
and B, Incisions are made in the cervix. C 
and D, A suture is placed and tied. E. 
Note that the cut ends are subsequently 
sutured down to the cervical band. 
Closure o f  the cervical incisions follows. 
(See text for details.)

Double sutures are preferred by some surgeons 
for greater security or when a short or malshaped 
cervix precludes easy insertion of a high stitch. In 
this technique, an initial suture is inserted and tied. 
Traction is then applied to this suture, drawing the 
cervix firmly toward the perineum, permitting the 
insertion of a higher, second cerclage (see Figure 
5.6E). There are no data supporting an advantage to 
single or double suturing or to any specific or suture 
material over another.

Procedure
In the usual technique, four to six circumferential 
bites are taken in the substance of the cervix, usually 
beginning at the 12 o’clock position. If the bites are 
taken counterclockwise after the initial entry, subse
quent needle insertions occur at the 10-11, 7-8, 4 -
6, and 1-2 o’clock positions. The knot is usually tied 
anteriorly, with the ends left long for ease in later 
removal. Several different suture materials can be 
used, including one of the nonabsorbable monofil
aments, a thick braided polyester fiber suture (e.g., 
Tevdek #9} or a 5-mm polyester fiber band (Mersi- 
lene). Because monofilament sutures are difficult to

tie and can cut the cervix (especially if over tight
ened), they are less popular than other alternatives. 
Silk has been replaced by the modern hyporeactive 
synthetic suture materials and is specifically not rec
ommended for use.

Cervicoisthmic Cerclage
A cervicoisthmus cerclage (CIC) is placed higher than 
the usual McDonald or Shirodkar suture, at the level 
of the isthmus. This procedure can be performed 
abdominally (by laparatomy), laparoscopically, or 
infrequently vaginally. Most of the published experi
ence is with the transabdominal technique (TACIC] 
[52-56,117-123], These procedures are more chal
lenging than either the McDonald or Shirodkar 
operations and thus are reserved for cases in which 
the cervix is extremely short, lacerated, or ampu
tated. A previously failed transvaginal failed cer
clage is another potential indication. These oper
ations should not be attempted by a neophyte 
surgeon unless they operate under the direct super
vision of a surgeon experienced in such procedures. 
Case selection is critical. This procedure is gener
ally performed during pregnancy; the best timing is
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Figure 5.6.
McDonald cervical 
cerclage. Note the 
recurrent circumferential 
suture bites (A-D). The 
knot can be placed 
anteriorly or posteriorly. 
(E) Indicates technique 
i f  a secured suture is 
placed. (See text for 
details.)

before 12 to 14 completed weeks to facilitate expo
sure. Occasionally, the surgery is performed laparo
scopically in non-pregnant women.

Procedure
For the transabdominal approach, for gestations 
before 14 weeks either a Pfannenstiel or Maylard 
skin incision is made. Vertical skin incisions can 
improve visualization for gestations over 14 weeks 
and are preferred by some surgeons for their more 
advanced cases [52], The abdomen is entered in the

usual manner, exposing the uterus. With appropri
ate retraction, the vesicouterine fold is developed 
with bunt and sharp dissection, and the bladder is 
advanced. The uterine fundus is then elevated and 
deviated laterally by an assistant. If the uterus is irri
table, tocolysis is advisable.

The surgical procedure as originally described by 
Benson and Durfee [53] involved the dissection and 
creation of a “tunnel” between the ascending and 
descending uterine vessels and the uterine isthmus 
as a site to insert the cerclage suture. This can prove 
difficult (Figure 5.7A). Major vessels are proximal
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Cardinal
ligam ent

U terosacral
ligam ent

Figure 5.7.
Cerclage suture is inserted through the potential space between the uterine artery and the myometrium. (A and B). 
The knot is placed anteriorly (occasionally posteriorly), and i f  a band is used, the cut edges are sutured doum as 
indicated (C and D; see text for details.)

to the potential space, and working room is limited. 
O ther techniques help to avoid difficulty, if surgi
cal exposure is difficult or a clear space is not eas
ily demonstrated, the authors favor simply punctur
ing the wall of the myometrium just medial to the 
identified vessels to insert the suture. This modifi
cation does not seem to reduce the effectiveness of 
the repair but better avoids contact with the major 
vessels. Transillumination can also assist in locating 
an avascular area before needle insertion [123].

Once the correct site has been correctly identi
fied, a lubricated 5-mm tape doubly loaded with 
CT-21 needles or another large-diameter suture 
(e.g., Tevdek #9) is inserted on each side between 
the uterine isthmus and the uterine vessels, from 
anterior to posterior (Figure 5.7B). If a tape is

used, it should be laid flat before tying the knot 
posteriorly (or anteriorly, if posterior exposure is 
limited].

In a late or difficult case, vaginal ultrasound scan 
can be used to confirm that neither the fetal parts 
nor the amniotic membrane are trapped below the 
cerclage. If they are at risk for entrapment, the uter
ine contents and fetal parts are gently “milked” supe
riorly before the suture is knotted (Figure 5.7C and 
D). Thereafter, the cut ends of the cerclage are usu
ally sutured down using 00 or 000 Proline or a sim
ilar permanent suture material. After the knot is 
fixed, the bladder flap is reapproximated anteriorly. 
The position of the cerclage is easily verified post
operatively by transvaginal ultrasound scanning. The 
stitch is usually left in place permanently for future
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childbearing, as long as it is well epithelized and 
properly sited.

The TACIC procedure has also been performed 
by a laparoscopic approach [54,55]. Mingione and 
coworkers [55] reported 11 cases, employing a 
disposable laparoscopic suturing device to insert 
the suture (EndoClose, Tyco Health Care, Gas- 
port, UK). The results included ten term live 
births, with one elective delivery at 34.5 weeks. 
This success rate is similar to that reported for 
the usual transabdominal approach. When consid
ering laparoscopic cerclage, physicians should recall 
that the total number of reported cases is lim
ited. If subsequent experience proves favorable, the 
laparoscopic approach could become the proce
dure of choice for TACIC operations performed 
on nonpregnant women. This approach avoids 
the morbidity and increased expense of the usual 
laparatomy and seems to result in equally effective 
anatomic repair as the traditional transabdominal 
approach.

Transvaginal placement has also been reported 
[56,138,139,140]. Katz and Abrahams [56] 
recently reviewed the pregnancy course and 
outcome in 56 pregnancies after transvaginal place
ment of a TACIC, using similar indications as for 
abdominal cerclage. There was 100% fetal survival. 
Preterm birth rate was 32%, with births <30 weeks 
occurring in 21 % of the cases. In six gravidas, the 
suture was not removed, and three had subsequent 
pregnancies using the original suture. There were 
reported complications, however; these included 
an intraoperative bladder laceration and an intra
partum cervical tear.

TRANSCERVICAL CERCLAGE: 
OTHER PROCEDURES

Trachelorrhaphy was first described by Emmet as a 
specific treatm ent for high cervical lacerations [3|. 
The original procedure was intended to be per
formed while the patient was not pregnant and spec
ified denudation of the cervical lesion -  the tear -  
and the use of silver-wire sutures to close the deficit. 
The technique consisted of making a V-shaped inci
sion and excising the scarred portion of the cervix. 
This resulted in two raw surfaces of full cervical 
thickness. These edges were then closed with inter
rupted chromic or polyglycolic acid suture. A 6-mm

cervical dilator was placed during the closure of 
the cervix to judge the degree of cervical tighten
ing. Currently, this procedure is of historical interest 
only.

The Lash operation, published in 1950, is another 
cervical reinforcement technique intended for the 
nonpregnant state (Figure 5.8) [7], The procedure 
is intended for an obviously traumatized cervix 
with an isolated defect or laceration, which can be 
demonstrated in the nonpregnant state. The Lash 
procedure is a permanent technique, and subse
quent cesarean delivery is required. In the Lash pro
cedure, a transverse incision is made through the 
anterior vaginal mucosa about 2 cm above the exter
nal os, and the bladder base is reflected. Scar tis
sue is excised, as required, and the edges are then 
freshened and reapproximated. The cervical defect 
is reapproximated with interrupted sutures, and the 
vaginal incision is closed. This operation has been 
replaced by the Shirodkar and McDonald proce
dures.

The Mann cerclage is another transvaginal 
cervicoisthmic technique also performed in the 
nonpregnant state [19]. In this procedure, an abnor
mally shortened or scarred cervix is dissected to 
enable suture placement at the level of internal os. A 
nonabsorbable suture is inserted, as in the Shirodkar 
technique. Unique to this procedure, the uterosacral 
ligaments and additional cervical tissue anteriorly 
and posteriorly are incorporated into the suture. A 
second suture is then placed 1 to 2 cm distal to the 
first.

The Page "wrapping" technique is also intended for 
the preconception period [62], Sutures are placed 
deeply at the level of the internal os at 12, 4, and 
8 o’clock, and a strip of gauze sprinkled with talc 
is positioned around them. This is meant to stim
ulate granulomatous fibroblastic proliferation and 
constrict the cervix at this level. This procedure is 
rarely attempted and is no longer performed.

The Wurm technique was developed in 1959 but 
not reported until 1961 [61], Following the orig
inal description, a mattress suture of No. 3 heavy 
braided silk is inserted at the level of the internal 
os from 12 to 6 o’clock. A second similar suture 
is placed from 3 to 9 o’clock (Figure 5.9). This is 
a very quick and simple operation but is uncom
monly performed, save in emergency cases where 
a previous McDonald suture has failed, the cervix
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Figure 5.8.
Lash procedure for repair o f  cervical insufficiency. (See text for details.)

Figure 5.9.
Wurm cervical cerclage procedure.

is effaced, and the membranes are at the external 
os. In the usual and less extreme cases, the Wurm 
technique has no specific advantage over the Shi
rodkar or McDonald procedures. This operation is 
prone to failure, especially when performed emer
gency.

PREFERRED CERCLAGE PROCEDURE

The technique for cerclage that the authors teach 
and normally employ is an amalgam of both the 
Shirodkar and McDonald procedures (Figure 5.10). 
This composite procedure is suited for cases in 
which significant cervical tissue remains and a sub
stantial membrane bulge into the lower cervix is not 
present. No cervical incisions are routinely made, 
and the critical positioning of the cerclage suture in 
the cervix is directed by the initial placement of long 
curved Allis clamps. The authors do not use the tra
ditional 5-mm band as we find this suture difficult 
to flatten and tie. Our preference instead is to insert
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Figure 5.10.
A, The proper site for insertion o f  the cerclage suture is chosen by the placement o f  a long, curved Allis clamp 
while the cervix is drawn laterally and doum by an assistant. The position o f  the clamp tip determines the site 
o f the suture placement. B, The cerclage suture is passed from anterior to posterior at the tip o f  the long, 
curved Allis clamp while assistants help with exposure, deviating the cervix laterally while also drawing it 
downward. Note that individual retractors are depicted rather than a self-retaining Guttman type. C, On the 
other side a similar procedure is performed, passing the cerclage suture from posterior to anterior at a site 
again determined by Allis clamp application. A small bite o f  posterior cervical tissue can be taken electively.
D, A surgeon’s knot is made anteriorly and tensioned until the operator’s finger tip can just enter the 
reinforced endocervix. Three to four firmly applied square knots follow to secure the cerclage. (See text for 
details.)

ak
us

he
r-li

b.r
u



110 NAZIR

a large nonabsorbable suture (Tevdek #9] swedged
to a blunt, curved needle. The specifics of the pro
cedure are explained in detail here:

• Spinal or epidural anesthesia is employed unless 
precluded by the anesthesiologist.

• The surgeons operate standing with the patient 
positioned in the dorsal lithotomy position. Steep 
Trendelenburg’s position is employed, as required.

• Both a dedicated surgical assistant and a scrub 
nurse are identified for the procedure because 
retraction for suture placement is critical to safety 
and success.

• Initially, a bimanual pelvic examination is per
formed to evaluate the cervical anatomy, mem
branes, and fetal position. A real-time ultrasound 
examination follows.

• After induction of anesthesia and correct patient 
positioning, a three-bladed Guttman-type self- 
retaining vaginal retractor is inserted. The sur
geon should also have available selected nar
row retractors because they might be required 
for adequate exposure if the self-retainer proves 
inadequate.

• At the beginning of the operation, the cervix 
is visualized and the retractor(s) correctly posi
tioned. The anterior lip of the cervix is then 
grasped with a ring forceps, an Allis clamp, or 
a similar atraumatic instrument. The cervix is 
drawn outward and to one side, exposing its lat
eral aspect (Figure 5.10A). The corner of the 
cervix is next grasped with a long, straight Allis 
clamp, and the forceps holding the anterior lip is 
removed.

• As the assistants provide lateral and downward 
cervical traction, the surgeon positions a long, 
curved Allis clamp across the lateral side of the 
cervix, angling the handle of the clamp to the 
side, positioning the tip of the clamp to include 
a substantial amount of cervical tissue (see Figure 
5.10£). Usually the bite into the cervix includes 
approximately one third or more of the overall 
width of the cervical tissue. Because the tip of the 
clamp marks the area where the cerclage suture 
will be placed, the positioning of the curved Allis 
clamp is the most important part of the opera
tion.

• W ith site for suture placement chosen, #9 Tevdek 
(or other preferred suture) is positioned on a heavy 
Fleaney needle holder and then passed straight 
down from anterior to posterior, just at the tip 
of the Allis clamp (Figure 5.1 OB).

• The suture is drawn through the tissue, and a small 
midline bite is made in the posterior cervix as high 
as is reasonably possible.

• The Allis clamps are then removed and attention 
directed to the other side. The other cervical angle 
is grasped with a straight Allis clamp in the same 
manner as the first and again drawn down and 
laterally by an assistant. A curved Allis clamp is 
applied in a similar fashion as was performed on 
the contralateral side. The suture is then driven 
through the cervix at the tip of the clamp, poste
rior to anterior. A small midline bite of anterior 
cervical tissue is usually made before the knot is 
tied (Figure 5.10C).

• A surgeon’s knot is then placed and the knot 
snugged down until the operator’s fingertip can 
just begin to enter the cervix. Several well- 
tensioned square knots are then added, securing 
the suture (Figure 5.10D).

• The suture ends are then grasped with a Kelly or 
similar clamp, and the cervix is drawn firmly out
ward. The surgeon palpates the cervix to judge 
the adequacy of the cerclage and considers if it is 
prudent or necessary to place an additional suture 
above the first (Figure 5.1 OF).

• The suture ends are cut long to facilitate eventual 
removal, and the instruments are removed from 
the vagina.

• Before the patient is removed from the table, 
a final real-time ultrasound examination verifies 
suture position and fetal cardiac motion and notes 
the amniotic fluid volume. This completes the sur
gical procedure.

ADDITIONAL COMMENTS

One of the most important and often difficult parts 
of vaginal cerclage procedures is adequate expo
sure. Two surgical assistants are often necessary even 
if self-retaining retractors are used. The authors’ 
standard cerclage operating kit contains a large col
lection of retractors of various types, shapes, and
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sizes. The type most useful for the specific case 
cannot be confidently identified in advance and is 
chosen intraoperatively. Furthermore, the authors 
tailor the cerclage procedure actually performed 
to the specifics of the maternal anatomy. Thus, 
when marked cervical effacement is present, a clas
sic McDonald cerclage, with multiple small bites 
in the cervix, is generally best. In the unusual set
ting of an unrepaired cervical tear or an unusu
ally short cervix, a modified Shirodkar procedure 
is sometimes indicated. Because of its substantial 
morbidity, abdominal cerclage is best reserved for 
women with little residual cervical tissue, a perma
nent injury including the internal os, or a history of 
prior failed cerclage procedures in previous pregnan
cies.

NONSIJRGICAI , TREATMENT

A pessary is sometimes an appropriate choice in a 
patient who refuses surgery or in women awaiting 
surgery while a cervical/vaginal infection is being 
treated [63,64,124]. Vitsky proposed the use of the 
Smith-Hodge pessary to alter the axis of the cervi
cal canal [63], In theory, this works by shifting the 
hydrostatic force of the amniotic sac posteriorly to 
the cul de sac. Oster and Javert later suggested that 
the pessary might act as a sling, preventing direct 
pressure from the fetal presenting part on the region 
of the internal os [64],

If employed, a pessary should be inserted at 12 
to 14 weeks of gestation. The device is removed 
weekly for cleaning and clinical reassessment. It is 
left in place until about the 37th week. The device 
originally fitted might need to be replaced by a 
larger size as the pregnancy advances. The pessary 
technique has never gained great popularity and 
is not without complications. Because the pessary 
can induce a vaginal or bladder infection or become 
silently displaced, close clinical observation is nec
essary. Despite some favorable clinical experience 
in small uncontrolled studies, the efficacy of pessary 
use for cervical insufficiency has not been conclu
sively proven [124],

CONCLUSION

The literature concerning cerclage and its indica
tions is complex, contentious, and contradictory
[44,128]. Cases for surgery should be carefully

chosen, and a conservative use of cerclage is best 
practice. Because of these inherent limitations, as 
part of the consent process, women believed to be 
cerclage candidates should understand the uncer
tainties and limitations of current methods of case 
identification and the potential risks of surgery ver
sus no surgery in terms of pregnancy loss and 
preterm delivery.

There clearly is an association between early 
cervical shortening as identified by mid-trimester 
ultrasound scanning and preterm delivery. Unfortu
nately, in most cases the ultimate cause for early 
pregnancy cervical shortening is unknown. Possi
ble contributing factors include prior cervical injury, 
occult infection, anatomic variations in uterine 
shape, and subclinical uterine contractions, or some 
combination of these events.

The central problem for cerclage is properly iden
tifying the population for whom the procedure is 
likely to provide benefit. Although still controver
sial, the extant data can be fairly read to indi
cate a benefit to cerclage in selected high-risk 
pregnancies in which both a classic history is 
obtained and cervical shortening is documented
[23,37,38,46,80,81,128], Appropriate practice in 
the situation of the chance discovery of advanced 
cervical shortening in asymptomatic women, espe
cially nulliparas, remains unclear. These cases 
require individualization of management.

Routine cerclage is avoided in twin gestations 
because it appears to increase rather than dimin
ish the risk of prematurity. Emergency cerclages are 
problematic and are rarely attempted after the 24th 
week of gestation. Further, potential candidates for 
late emergent procedures should be screened for 
occult infection by amniocentesis, physical exami
nation, and laboratory analysis.

Abdominal cerclage is reserved to experienced 
surgeons operating principally for documented cer
vical anatomic abnormalities under circumstances 
in which there has been a prior failed procedure of 
another type [137].
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a,,,*, 6 PREGNANCY TERMINATION

F. P. Bailey 
Heather Z. Sankey

Grammatici certant et adhuc subjudice lis est. 
(Scholars dispute, and the case is still before the 
courts.)

Horace (Quintus Horatius Flaccus) (6S-8 B.C.E.)

Ars Poetica 18 B.C.E., Ill, 7.

HISTORY OF ABORTION

This chapter reviews the history and epidemiology 
of modern pregnancy termination. In this review, 
the surgical and medical techniques appropriate 
for various gestational ages are presented, potential 
complications are considered, and the psychological 
issues surrounding abortion are discussed.

Controversy concerning human fertility contra
ception or spontaneous or induced abortion dates 
to ancient times. Issues involving the ethics of preg
nancy termination and techniques for abortion have 
long been a part of medical practice. Society con
tinues to struggle both with the problems of abor
tion ethics as well as access to procedures. Recent 
decades have seen various legal efforts by individual 
states to limit or entirely proscribe pregnancy ter
mination. A historical review of abortion practices 
provides some perspective to modern practitioners 
on these contentious modern debates and indicates 
how long these issues have been debated without 
societal resolution.

Greek, Roman, and Hebrew laws generally did 
not protect the fetus before recognizable fea
tures were formed during development. Before that 
point, abortion could be performed without offi
cial reprisal [ 1 ]. The Old Testament refers to acci
dental miscarriage but does not refer specifically to 
induced abortion. The Talmud, however, states that 
the fetus can be sacrificed to save the life of the 
mother [2]. The issue of pregnancy termination was 
discussed in some detail by the classical philoso
phers. Both Plato and Aristotle favored controls on 
conception to ensure population stability in their 
theorized, ideal city-states. Plato advocated abor
tion for all pregnancies resulting from “nonoptimal 
matings.” Aristotle favored abortion for pregnancies 
occurring in women who were either over 40 years 
of age or who had already delivered a prescribed 
number of children.

Among other injunctions, the Hippocratic Oath 
formulated in the fifth century B.C.E. required ini
tiates to medical practice to swear not to admin
ister an abortive suppository. This admonition has 
been widely interpreted as forbidding physicians to
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perform abortions by any technique. According to 
Riddle [1 ], this interpretation arose from a misread
ing of Hippocratic writings by Scribonius Largus, 
a Roman physician of the 1st century C.E. Scribo
nius was among the first to interpret Hippocrates’ 
injunction against abortive suppositories as a general 
condemnation of all abortion. Rather than a pre
sumption against a specific technique of pregnancy 
termination, Scribonius wrote that “ . . . Hip
pocrates, who founded our profession, laid the foun
dation for our discipline by an oath in which it 
was proscribed to give a pregnant woman a kind of 
medicine that expels the embryo or fetus.” Although 
the oath proscribes abortive suppositories and pes
saries, Riddle argues that it was clearly implied that 
the physician was free to use contraceptives, provide 
oral abortifacients, and use the various surgical and 
manipulative procedures then available and widely 
used for pregnancy termination. It is safe to predict 
that this interpretation of the oath will remain con
troversial.

Early Christians believed that anything that 
interrupted human life was morally equivalent to 
murder; however, the church fathers were divided 
about the ethics of abortion. Between the fifth and 
the twelfth centuries, the concept of a distinction 
between a “formed” or ensouled and an “unformed” 
(and thus unensouled) fetus gradually became estab
lished in Catholic doctrine. This distinction fol
lowed the commentaries of Gregory, Bishop of 
Nyssa (530-395), and Augustine of Hippo (354- 
430), and it was supported by Pope Gregory IX in 
1234 [1,2].

These various ideas formed the basis for theoret
ical discussions concerning the beginning of human 
life. In these debates, it was argued initially that abor
tion was justified if necessary to save the woman's 
life when the fetus was in an “unformed” state. 
In 1869, Pope Pius XI eliminated this philosophi
cal distinction between a formed and an unformed 
fetus, declaring that the human soul was created at 
the moment of conception. Thereafter in Catholic 
doctrine, abortion was prohibited even in situations 
where it might save the m other’s life. Until the 
second quarter of the 20th century, all Protestant 
denominations generally opposed both contracep
tion and abortion. After the 1930s, however, contra
ception was progressively approved by many Protes
tant churches and slowly became widely accepted in 
the general population. Despite many conditions,

abortion was generally approved in situations of 
undeniable medical necessity, although a wide diver
sity of opinion persisted [2],

Legal constraints on abortion were initially 
imposed in the nineteenth century. Prior to 1840, 
abortion was a commonly performed procedure 
before quickening -  the maternal perception of 
fetal activity. In fact, vendors of abortifacients and 
abortion practitioners advertised openly in newspa
pers and even in religious journals. At the time, 
under common law, abortion was a criminal act 
only if performed after quickening had occurred [3]. 
The open practice of abortion stopped soon after 
the midcentury, when statutory laws prohibiting 
pregnancy termination replaced the common law 
doctrine of quickening. Physician groups, includ
ing the newly organized American Medical Asso
ciation (1847), launched antiabortion campaigns at 
midcentury; this movement was eventually joined 
by antiobscenity crusaders and feminists. The lat
ter group opposed abortion because they associ
ated it with female suppression. At this time in 
the history of abortion practice, religious leaders 
were not at the forefront of the discussions con
cerning pregnancy termination. The eventual result 
of this political activity was that by 1900 both the 
performance of abortion and advertising for abor
tion were illegal throughout the United States. The 
consequence of criminalization was not to prevent 
pregnancy termination but simply to force the prac
tice underground. Abortion fell to inexperienced, 
disreputable, or even totally untrained practitioners 
who could not or would not avail themselves of safe 
methods [3]. As its practitioners were stigmatized 
by social disapprobation and illegality, pregnancy 
termination progressively became isolated from the 
general advances of medicine. The complex legacy 
of these social and legal restrictions persists into the 
20th century despite the reversal of many statu
tory rules by legal review and legislative actions 
in the 1960s and 1970s, as well as the introduc
tion of oral medications (mifepristone and misopros
tol) as an effective method for first-trimester abor
tion. This provided women with another, potentially 
more private, option for pregnancy termination but 
also helped revive political opposition. Abortion 
remains a major, contentious issue in the political 
and social life of much of the Western world, includ
ing the United States, and doubtless will continue to 
remain so.
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EPIDEMIOLOGY

In 2003, 848,163 legal abortions were reported to 
the Centers for Disease Control, a decrease of 0.1% 
over the number reported for 2002 [4], Rather 
than consider absolute numbers, however, it is best 
to analyze the number of terminations per 1,000 
live births as a measure of abortion frequency. This 
national abortion ratio (NBR) increased gradually 
from 196 terminations per 1,000 live births in 1973, 
to 358 per 1,000 live births in 1979. After remain
ing stable for several years, the ratio peaked at 364 
per 1,000 in 1984 and since then has demonstrated 
a decline. In 2003, NBR was 241 legal abortions per
1,000 live births. The national abortion rate, defined 
as the number of legal abortions per 1,000 women 
aged 15 to 44 years, increased from 14 in 1973 to
23 to 24 during the 1980s. It decreased to 20 during 
1994 to 1997 and then remained stable at 16 in the 
interval from 2000 to 2003.

When the demographic data are reviewed, 
women who obtain legal abortions are predom
inantly younger than 25 years old (51%), white 
(55%), and unmarried (82%) [5], More than one 
half of legal abortions are performed during the first 
8 weeks of gestation and approximately 88% during 
the first 12 weeks. Only 5.6% of legal abortions are 
performed at gestational ages greater than 16 weeks. 
For women whose type of procedure is adequately 
reported, 91% of abortions are performed by curet
tage. These numbers include procedures performed 
by dilatation and evacuation (D and E). Only 0.4% 
of terminations are performed by techniques involv
ing intrauterine instillation. Approximately 8% of all 
procedures reported from the 45 areas of the United 
States with adequate procedure recording are med
ical abortions performed by the administration of 
mifepristone or another cytotoxic drug combined 
with an uterotonic.

SURGICAL PROCEDURES 

Preoperative Evaluation
Most women requesting termination of pregnancy 
are self-referred. Physicians who care for pregnant 
patients should assess the patient’s attitudes toward 
the gestation at the time of the first prenatal visit 
A simple, nondirective question such as “How do 
you feel about being pregnant?” or “W hat are your

FIGURE 6.1.
Uterine size is evaluated by preoperative bimanual 
examination.

concerns about this pregnancy?” can elicit a marked 
degree of ambivalence. Such patients must be coun
seled concerning their options. If termination is the 
patient’s choice, the preoperative evaluation should 
include 1) an estimate of gestational age; 2) a review 
of the women’s physical state, including assessment 
of any important preexisting medical conditions, 
such as cardiac disease, asthma, diabetes, among 
others; and 3) a consideration of the woman’s men
tal state, including the psychological factors that are 
influencing her decision.

The initial assessment of gestational age is based 
on the last reported menstrual period and the phys
ical examination. If the diagnosis of pregnancy 
is uncertain, serum or urinary pregnancy testing 
should be performed and, in selected cases, real-time 
ultrasound scanning ordered to confirm and date 
the pregnancy. During the physical examination, 
the gestational age is estimated by uterine palpa
tion (Figure 6.1). In the authors’ practice, the eval
uation of patients who initially request pregnancy 
termination does not routinely include auscultation 
for fetal heart tones. For gestations suspected to be 
beyond 12 weeks based on physical examination, 
regardless of the menstrual history provided, or if 
there is uncertainty concerning the true gestational 
age for any other reason, or if there is possibility of 
an ectopic pregnancy, a real-time ultrasound exam
ination is mandatory. There must be accurate data 
concerning the period of gestation before any rec
ommendations are made concerning specific termi
nation techniques.
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As part of the total evaluation, the authors obtain 
a standard medical and surgical history, including a 
review of possible allergies, current medications, and 
habits (e.g., smoking). The obstetric and gynecologic 
history is also closely reviewed. The authors rou
tinely perform a Pap smear, obtain cultures for gon
orrhea and Chlamydia, and draw a serologic test for 
syphilis. Some services omit these studies based on 
their own protocols. A preoperative complete blood 
count and blood typing is also performed. With 
the increasing emphasis on preconceptual care, a 
Rubella titer is recommended. Patients with no 
demonstrable Rubella titer are candidates for sub
sequent immunization. If the history suggests mul
tiple partners or unsafe sexual activity, both HIV 
and hepatitis C testing should be frankly discussed.

The most important part of the preoperative eval
uation is patient counseling. This can most easily be 
divided into the general categories of surgical coun
seling and motivation counseling, both of which are 
essential to obtain a prior informed consent. Dur
ing counseling for either a surgical procedure or an 
oral medication regimen, the specifics of the con
templated procedure are carefully reviewed. Surgi
cal risks such as infection, bleeding, and perforation 
of the uterus are fully explained, as are potential 
complications of oral treatment. The possible effects 
of a termination of pregnancy on future childbearing 
are discussed. For women with a history of multi
ple abortions, it is appropriate to review the risk of 
future cervical insufficiency. Additionally, a method 
of contraception intended for use after the pro
cedure should be agreed on. Deciding on which 
contraceptive m ethod to recommend requires an 
assessment of the patient’s previous contraceptive 
history, her level of understanding, and her relia
bility. Women who express an interest in steriliza
tion are counseled and, when appropriate, the nec
essary permission forms are completed. Although 
pregnancy termination and sterilization can be per
formed jointly, it is normally prudent not to do so 
[6],

Exploring the patient’s motivation for term inat
ing her pregnancy is time-consuming and requires 
both experience and skill in intrapersonal interac
tions. In the beginning, it is helpful to explore with 
the woman how she usually arrives at decisions and 
the problems associated with her decision-making 
style [7], Possible options for her pregnancy, such 
as adoption or raising the child, can be reviewed. A

technique the authors often practice is to have her 
imagine and discuss her vision of each of her possible 
options. This technique, called decision counseling or 
nondirective counseling, outlines the benefits and con
sequences of abortion, the costs and the potential 
advantages of giving the baby up for adoption, or of 
keeping the baby, without indicating a preference 
for any option [8]. The woman’s social supports, 
including her partner, family members, and friends, 
should also be assessed. Her previous psychiatric 
history and the strength of her coping mechanisms 
also require evaluation. The counselor must be able 
to distinguish between “normal” feelings of ambiva
lence about pregnancy termination versus genuine 
confusion. Confusion is not necessarily expressed in 
a straightforward manner but can hide behind such 
outward behavior as taciturnity, arrogance, extreme 
impatience, or hostility [7]. In the patient who is 
markedly ambivalent, more than one counseling ses
sion might be needed until she establishes a plan 
acceptable to her. In the unusual instance when a 
serious psychological disturbance is suspected, the 
assistance of a social worker, psychologist, or psy
chiatrist might be required.

Given the multilingual n ature of modern society, 
a word must be said about counseling the patient 
whose native language differs from that of the coun
selor. In such a situation, it is strongly recommended 
that the services of an independent and experienced 
translator be obtained. Translating through family 
members or sexual partners is fraught with prob
lems. Although input from intimates of the patient 
can be useful, there is a risk of addressing the trans
lator’s concerns rather than those of the patient. 
There is also a risk that the person translating could 
effectively be making the decision for the women 
by modifying the information provided.

Counseling patients with an unintended or 
unwanted pregnancy requires considerable skill, 
experience, and empathy. There is a risk of the 
patient’s answering questions “appropriately” to 
please the physician who will be performing the 
termination procedure. If possible, counseling there
fore should be conducted by someone (e.g., a social 
worker or specially trained nurse) whose approval is 
not perceived by the woman as being important to 
her acceptance as an abortion candidate. Long-term 
follow-up studies of women undergoing pregnancy 
termination document few psychological sequelae 
[9,10]. Nonetheless, as Rosenthal poignantly notes,
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First-trimester 
Vacuum or sharp curettage/menstrual extraction 
Antiprogesterones (RU-486, mifepristone) 
Antimetabolites (methotrexate)

Mid-trimester
Cervical dilatation and instrumental uterine evacuation 
(D and E)
Hypertonic solution injection (NaCl, urea)* 
Prostaglandin administration (15-methyl-F2a 
intramuscularly or intrauterine; E2 vaginally)* 
Hysterotomy/hysterectomy^

‘ Combined protocols are common. See text for details.
'Rarely utilized or performed.

there is no painless way to go through an unplanned 
pregnancy [9].

PREGNANCY TERMINATION PROCEDURES

The method chosen for pregnancy termination 
depends on the period of gestation, the experience 
and preference of the operator, and the extent to 
which safe options are available that fit the patient’s 
desires. For example, in a specific case the desire 
to examine fetal anatomy for genetic analysis might 
weigh heavily in the decision concerning the method 
of mid-trimester termination, leading to an instilla
tion procedure rather than dilatation and evacua
tion. Certain procedures, such as hysterotomy, are 
rarely performed except in the most unusual of cir
cumstances owing to the unacceptably high rate of 
morbidity with these operations and the compara
tive safety of other methods (Table 6.1) [11,12].

Technique: First-trimester Termination 

Vacuum Curettage
Vacuum curettage is the most common procedure 
for first-trimester termination. Advantages include 
speed, safety, and the ability to perform outpatient 
procedures with the use of local anesthesia. Perfor
mance of first-trimester abortion with the patient 
under local anesthesia with intravenous or conscious 
sedation, however, does require considerable inter
personal skill and deft technique. The practitioner 
must convey to the patient a sense of calm and 
compassion. A physician who is cold, abrupt, or

TABLE 6.1 Techniques for Pregnancy Termination unsympathetic is more likely to encounter prob
lems. Initially, it is helpful to explain, in general 
terms, what is being done during the procedure and 
what to expect. “I’m now going to put in a speculum; 
it will feel like an examination for a Pap smear.” 
“You’re going to hear a noise as I turn on the suction; 
don’t let that alarm you.” This type of ongoing ver
bal instruction is especially important in adolescent 
patients, who are frightened and whose knowledge 
and understanding of medical procedures is often 
limited, at best.

Before beginning the surgical procedure, it is 
the surgeon’s responsibility to review the operat
ing equipment to ensure that all the appropriate 
instruments are at hand, and to mentally review the 
contemplated procedure. As the operation is con
sidered, the rules for instruments and the pregnant 
uterus are simple: 1) the largest instrument that will 
pass through the cervix should always be employed;
2) when there is a choice of instruments the one to 
be used is always that with the dullest point; and 3) 
the clinician must be prepared to stop the procedure 
immediately and reassess if difficulty is encountered 
or the patient complains of sudden, severe discom
fort.

For first-trimester curettage, a pelvic examination 
is performed immediately prior to the operation and 
after the women has voided. The uterus is palpated 
for size and position (Figure 6.1). The operator next 
decides on the size of the suction cannula appro
priate for the case. If there is any question about 
the gestational age, transvaginal or transabdominal 
ultrasound scanning should be performed before the 
procedure is started. Routine use of ultrasound scan 
during the actual curettage procedure does reduce 
complications in the first trimester, but equipment 
for this use might not be available in all settings [13].

The American College of Obstetrics and Gyne
cology (ACOG) recommends antibiotic prophy
laxis prior to surgical abortion [14], This recom
mendation is supported by several studies where 
antibiotic pretreatment of patients undergoing first- 
trimester abortion significantly reduced the rate of 
postabortion pelvic infection [15,16]. Doxycycline 
is an inexpensive broad-spectrum drug that is effi
cacious in reducing complications and is favored as 
a prophylactic agent, unless there is a history of 
allergy. Antibiotic regimens vary but among those 
commonly recommended are 1) doxycycline 100 
mg PO 1 hour prior to the procedure, followed by
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200 mg PO after the procedure; 2) doxycycline 100 
mg PO twice daily for 7 days, and 3) metronida
zole 500 mg twice daily PO for 5 days. Any of these 
is acceptable. The use of Laminaria is discussed in 
detail later.

Commonly, ibuprofen (600 mg-800 mg) or 
another nonsteroidal anti-inflammatory medication 
is administered at least one hour prior to the pro
cedure. This moderately decreases the severity of 
pain during and after the procedure. It should be 
noted that the efficacy of such pretreatment not 
been extensively studied, however [17],

In young nulliparous women or any woman with 
a small or firm cervix, placement of one or more 
Laminaria 12 or more hours before the procedure 
facilitates dilatation. The use of Laminaria tents in 
such patients reduces the risk of cervical laceration 
or trauma [11,12,18].

An alternative to Laminaria tents is the pre
operative administration of oral or vaginal miso
prostol (15-methyl-prostaglandin E l). W hether 
misoprostol is superior to Laminaria for cervical 
ripening remains a m atter of debate [19,37]. There 
is also inconsistency regarding the recommended 
dosing intervals. As an example, Stubblefield [20] 
recommends 40 mg of misoprostol placed vaginally 
3 to 4 hours before the procedure. In perform
ing operative hysteroscopy, however, Sharma and 
coworkers [21 ] demonstrated that for both oral and 
vaginal misoprostol, a one-hour timing interval was 
insufficient to provide detectable cervical change.

After the explanations and an examination, the 
vulva, vagina, and cervix are cleansed with a stan
dard antiseptic solution such as povidone-iodine, 
following institutional protocols. Perineal and leg 
drapes are not necessary for first-trimester proce
dures, but sterile gloves and instruments are. The 
surgeon should use the “no-touch technique.” This 
simply means that the part of the instrument that 
enters the uterus or cervix is not touched by the 
operator’s hand at any time. Additionally, the physi
cian must follow the dictates of the hospital or 
clinic regarding eye wear, the downing of gowns and 
gloves, or the use of a mask during the procedure.

Next, a speculum is passed, and the cervix is visu
alized. If a paracervical block is chosen, the local 
anesthetic is injected into the cervix using a 20- or 
22-gauge spinal needle. The choice of local anes
thetic drug is important. The ester 2-chloroprocaine 
is substantially less toxic than the amide lidocaine,

although lidocaine is less expensive and lasts longer. 
If lidocaine is used, the total dose should not exceed 
2 mg/kg or 300 mg, whichever is less. In general, the 
physician should use the smallest volume and the 
lowest concentration required. For reasons of cost, 
effectiveness, and convenience, the authors prefer 
lidocaine. We routinely administer 10 ml to 20 ml 
of the 0.5% to 1.0% solution without epinephrine 
mixed with 0.5 ml to 1.0 ml of NaH CO 3 to reduce 
stinging.

These are several techniques for paracervical 
blockade, and the sites of injection are of little con
sequence. The authors favor injection at 4 o’clock 
and 8 o’clock at the cervicovaginal junction. A use
ful technique is to place the needle adjacent to 
the mucosa and then have the patient cough. This 
“pops” the mucosa over the needle tip, making the 
injection less painful. It also distracts the patient, 
and she might then be entirely unaware that the 
injections are performed. Some practitioners also 
inject 1 ml to 2 ml of local anesthetic in the anterior 
lip of the cervix, to decrease the discomfort from the 
subsequent placement of the tenaculum or counter
traction clamp.

The key to a good paracervical block is time. Once 
the injections have been made, the practitioner must 
wait at least 3 to 5 minutes (by the clock) for the 
block to take effect. During this time, the physician 
may talk to the patient, in soothing tones, explaining 
“we’re just waiting for the anesthetic to take effect.” 
This is a good time to judge the effect of any intra
venously injected analgesic or relaxation agents and 
to be certain that all instruments are positioned on 
the operating table to suit the surgeon. The use of 
intravenous drugs for relaxation or additional anal
gesia is elective. Their use depends on the preference 
of the patient, whether she has someone to drive her 
home, when she last ate, the availability of trained 
personnel for monitoring, and the protocols of the 
hospital or clinic.

The authors usually administer a combination 
of rapid-acting medications, because most patients 
are quite anxious (Table 6.2). Fentanyl (0.025 m g-
0.100 mg) with midazolam (0.5 mg-1.0 mg) intra
venously, titrated to patient response, is the authors’ 
usual preference. Whenever such drugs are admin
istered, clinic or institutional requirements for such 
conscious sensation in terms of patient evaluation 
and monitoring must be followed. For all patients 
receiving intravenous analgesics, the authors apply
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TABLE 6.2 Agents for Intravenous Analgesia and Sedation*

Medication IV Doses and Interval Peak Effect and Duration
Suggested Total Doses 
and Comments

Sedative/hypnotic Agents
Midazolam (Versed]* 0.5-2.0 mg IV over 1-2 min Peak: 3 min Total recommended:

Dosing interval: Max effect: <5 mg
q5min, PRN 5 min gradual Never administer as
to desired effect declining effects:

30-40 min. Gross recovery 
within 2 hr but effects may 
last to 6 hr

rapid IV bolus 
Extended half-life 

makes this a second-line 
agent

Lorazepam (Ativan] 0.03-0.05 mg/kg Onset: 1-5 min 
Duration: 2-8 hr

O p io id s

Fentanyl (Sublimaze) 0.025 mg-0.100 mg IV Peak 2-3 min Total recommended:
(0.05 m/kg-3 m/kg) over 
1-2 min 

Dosing interval: q3-5 min

Duration: 30-60 min .025 mg-. 1 50 mg. This is 
a very potent agent and 
must be titrated carefully 
to avoid overdosing and 
excess sedation.

Meperidine (Demerol) 15 mg-35 mg IV over Peak: 3-5 min. Total recommended:
1 min 

Dosing interval: 
q5-10 min

Duration: 2-3 hr 25-125 mg (0.5 mg/kg-1 
mg/kg)

Morphine Sulfate 2 mg-5 mg IV over 2 min or Peak: 3-10 min. Total recommended:
0.03-0.1 mg/kg 

Dosing interval: 
q5-10 min, PRN

Duration: 4 hr 10 mg (0.1 mg/kg-0.5 
mg/kg)

Never administer as a rapid 
IV bolus. Due to the 
relatively slow onset and 
long duration, this drug is 
uncommonly used.

A n t ie m e t ic / S ed a t iv e

Doperidol (Inapsine) 0.625 mg IV
Dosing interval: q 15-30 min 

E m e r g e n c y  a n d  R e v e r s a l  A g e n t s

Total recommended: 2.5 mg

Atropine 0.5 mg-1.0 mg IV 
Dosing interval: as clinically 

required

Total recommended: 2 mg 
Treatment limited to

symptomatic bradycardias. 
It is uncommon to require 
more than 1 mg.

Naloxone (Narcan): For minor opioid side effects Apparent within Total dose: 1.0 mg
(narcotic reversal) (e.g., itching, nausea, 1-3 min Requires titration to effect:

somnolence): Dosing interval: brief duration of action.
0.04 mg- 0.100 mg 
For severe opioid side 
effects (e.g., significant 
marked respiratory 
depression, 
inability to arouse); 
0.120 mg

As clinically required Doses >0.120 
mg are to be avoided; 
Warning: has been 
associated with acute 
MI, AF, HTN, pulmonary 
edema, VT, and sudden 
death.

(Continued)
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TABLE 6.2 (Continued)

Medication IV Doses and Interval Peak Effect and Duration
Suggested Total Doses 
and Comments

Flumazenil (Romazicon) IV only: 0.1 mg (1 ml) to Effects within Total dose of
(benzodiazepine reversal) 0.2 mg (2 ml) administered 1-2 min 1.0 mg (10 ml). For

IV over 15 sec; postinjection. benzodiazepine reversal
Additional doses of 0.2 mg Peak: 6-10 min only. Drug is a
(2 ml) repeated at 1 min Duration: partial antagonist only.
intervals, as required. 30-60 min. In the event of 

re-sedation, 
repeated doses can be 
administered at 20-min 
intervals, as required.
For repeat treatment, 
no more than 1.0 mg (10 
ml) administered as 0.2 
mg/min (2 ml/min) should 
be given in any 1 hr.

*Midazolam is not an analgesic. Pain requires treatm ent with an analgesic.
1 Individualization and titration of doses is essential for safe and effective sedation: 1M and SC dosing may be used but schedules for 
treatm ent may be different. These protocols are not intended to  produce either loss of consciousness or respiratory reflexes in unintubated 
patients. Dosing for these effects m ust only be administered by an anesthesiologist or other especially trained personnel. Drugs and specific 
doses should only be administered based on institutional protocol w ith the immediate availability o f special equipm ent and oxygen.
MI m  myocardial infarction; AF =  atrial fibrillation; HTN =  acute hypertension; VT =a ventricular tachycardia.

an oxygen saturation monitor and standard elec
trocardiographic leads and monitor these tracings 
continuously during the procedure. Reversal agents 
(including naloxone and flumazenil) and atropine, as 
well as oxygen, suction, and a resuscitation bag, are 
immediately available in the surgical suite. The sur
gical attendants must be trained to identify undue 
sedation and to treat respiratory distress if it occurs. 
The medical record must reflect the drugs given, the 
timing of administration, and the patient's response.

These guidelines are intended only as general 
suggestions for appropriate drug dosing. Because 
patient sensitivity to these agents varies widely, 
these drugs must be administered with close clin
ical attention to effect and titrated to the unique 
requirement of each case. In all instances, appro
priately credentialed staff must follow institutional 
protocol for conscious sedation. The total dose given 
is the recommended maximum for any one opera
tive procedure. Subcutaneous or intramuscular dos
ing results in delay of onset and longer duration of 
action.

After the paracervical block has been established, 
the anterior lip of the cervix is grasped with a single

toothed tenaculum. Some practitioners prefer to use 
a long Allis clamp, a Bierer, or another atraumatic 
clamp because they are less likely to lacerate the 
cervix or result in pesky bleeding from a puncture 
site.

The cervix is next gradually dilated using cervi
cal dilators (either Pratt, Hanks, or Hegars, at the 
operator’s discretion). There is a 3-to-l relationship 
between the diameter of the largest dilator (French) 
and the suction curette (millimeters) to be used; 
that is, one dilates to 24 Fr to use an 8-mm suction 
curette. The uterine cavity should never be probed with 
a sound or similar instrument. Sounding risks a perfo
ration, can initiate bleeding, and provides no useful 
information. If there is uncertainty of uterine size or 
orientation, the surgery should be conducted under 
real-time ultrasound guidance.

The dilator is best used when the surgeon holds 
it like a pencil (Figure 6.2). To stabilize the dilator 
and to decrease the risk of perforation, the practi
tioner’s outer three fingers rest gently against the 
patient’s inner thigh. As the cervix is dilated, there 
is normally a characteristic “snap’’ of the endocervix 
around the dilator. This sensation can be missing
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FIGURE 6.2.
Suggested technique for cervical dilatation. (See text for 
details.)

in women receiving chronic steroid therapy. If the 
practitioner does not feel this “snap,” a false pas
sage might have been created, and reassessment is 
in order. Particular care is necessary in patients with 
a markedly anteverted or retroverted uterus because 
perforation is more likely in these settings. If there is 
any question of a false passage, or if the case proves 
difficult, dilatation is best performed under direct 
ultrasonic guidance.

Once the cervix is adequately dilated, the des
ignated suction curette is lubricated with a ster
ile gel and advanced through the cervix with light 
finger pressure and a slight twist. The diameter of 
the curette in millimeters equals the gestational age 
of the pregnancy in weeks. The choice between a 
curved curette and a straight curette is at the discre
tion of the practitioner. Some providers advance the 
suction curette with the tubing attached, whereas 
others think that for maximal control and safety, the 
suction tubing should not be attached until after the 
curette has been successfully advanced into the uter
ine cavity. The authors favor the latter technique.

Traditionally, suction curettage has been per
formed by attaching the curette to an electrical vac
uum pump. Over the past decade, there has been a 
steady increase in use of a manual vacuum aspirator. 
This device is equally efficacious as the freestanding 
electric pump up to a gestational age of 10 weeks. 
It has the added benefit of being much quieter and 
is easily portable. This makes it possible to perform

FIGURE 6.3.
Technique o f  suction curettage; first-trimester procedure.

abortions in an office setting without a great deal of 
extra equipment [22],

Vacuum tubing or the manual aspirator is next 
attached to the curette and the vacuum initiated. 
W hen a standard vacuum pump is used, once the 
vacuum reaches 50 mm Hg to 60 mm Hg the curet
tage can begin. For the initial suction, the curette is 
positioned in the lower uterine segment. On subse
quent passes with the curette, the suction is released, 
and the curette is gently advanced into the fundus 
first (Figure 6.3). To decrease the risk of perforation, 
the cannula is never actively advanced with the suc
tion applied. W ith the curette positioned at the fun
dus, the best technique is for the surgeon to pull the 
curette slowly and gently backward while turning it 
in the palm of the hand through 360". The suction is 
then discontinued when the level of the internal os is 
reached. Active suctioning of the endocervix unnec
essarily traumatizes tissues and increases the blood 
loss. Only two or three passes should be required 
to empty the products of conception from a first- 
trimester uterus. Completeness of the curettage is 
ascertained by subsequently passing a sharp curette 
and performing a brief sharp curettage of the entire 
uterus. If good uterine cri is felt and heard, the proce
dure is complete (Figure 6.4). Some clinicians omit 
this part of the procedure, believing it to be unnec
essary.

W ith the curettage complete, the instruments are 
removed from the vagina. Careful attention should 
be paid to the tenaculum puncture site on the cervix 
because it is a common site of bleeding. Bleeding 
usually responds easily to direct pressure. Occa
sionally Monsel's solution, silver nitrate, or even a 
suture is needed to control the ooze. A postopera
tive bimanual examination is always performed to 
determine uterine size and firmness and to palpate 
laterally for possible expanding hematomas.

The physician performing the abortion should 
always conduct a tissue examination at the conclu
sion of the procedure. Felding and coworkers [23]
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FIGURE 6.4.
Technique for sharp curettage; first-trimester procedure. 
(See text for details.)

suggest that retained tissue (secundines) should be 
suspected when the volume of tissue recovered after 
the aspiration is less than 15 ml in the seventh to 
eighth week, less than 25 ml in the ninth to tenth 
week, and less than 35 ml in the eleventh to twelfth 
week of gestation.

Failure to note villi or fetal tissue in the curet
tings of what was believed to be a first-trimester 
pregnancy -  especially when there is minimal tis
sue -  suggests occult perforation, an ectopic preg
nancy, or retained products (secundines] [4,12,18]. 
In such cases, immediate reassessment is necessary 
(see Complications). For more advanced gestations, 
careful study of the products of conception might 
note absence of major body parts, particularly the 
cranium, prompting an ultrasound study and re
exploration of the uterus. Whenever the clinician is 
uncertain if products of conception are retained, or 
if the products seem complete but bleeding persists, 
an immediate real-time ultrasound examination is 
mandatory. When this is performed, retained prod
ucts, an expanding lateral mass, a hematometrium, 
or fluid in the cul de sac is easily and immediately 
identified.

In uncomplicated cases, the patient is observed 
for at least 20 minutes if the procedure was per
formed under local anesthesia only, and usually I to
2 hours if conscious sedation were used. Once sta
ble, she is discharged to home with a prescription 
for a nonsteroidal anti-inflammatory/analgesic agent 
(e.g., ibuprofen or naproxen), an antibiotic, and the 
birth control method that was agreed on during the 
initial evaluation. Verbal and written warnings about

signs of infection, hemorrhage, and other complica
tions are given, and emergency contact numbers are 
reviewed. A follow-up visit is scheduled in 2 to 4 
weeks. The administration of postoperative utero- 
tonics is at the clinician’s discretion. A common 
recommendation is for methylergonovine maleate 
(Methergine) 0.2 mg PO every six hours for four 
total doses. The regimen for antibiotic treatment fol
lows the protocol of the hospital or clinic.

Menstrual Extraction
Menstrual extraction (i.e., aspiration, induction, 
regulation) is the induction of uterine bleeding by 
minivacuum extraction, usually performed when 
the menses are delayed up to 14 days [24]. This is 
an outpatient procedure, and anesthesia is normally 
not required. If necessary, a paracervical block can 
be placed as described previously. The equipment 
required for an aspiration consists of a modified 50- 
ml syringe and a soft plastic cannula (e.g., Karman 
cannula). This instrument is 4 mm to 6 mm in diam
eter and is scored beginning 6 mm to 8 mm from the 
tip, allowing the practitioner to gauge the depth of 
insertion.

As with a first-trimester termination, a biman
ual pelvic examination is performed prior to begin
ning the procedure, to ascertain the size and position 
of the uterus. A speculum is next inserted into the 
vagina and the cervix is cleansed with an antiseptic 
solution. The cervix is grasped with a single-tooth 
tenaculum, or an Allis or Bierer clamp. The Karman 
cannula is inserted into the cervix in the same way as 
a uterine sound. Insertion should not exceed 8 cm. If 
the cannula passes to a greater depth, reevaluation is 
necessary since perforation is possible or the uterine 
size has been incorrectly estimated. An aspirating 
syringe is then attached to the cannula, the plunger 
withdrawn, and the pinch valve released. A flow 
of blood and tissue should begin almost immedi
ately. The operator then rotates the cannula through 
360° to bring it into contact with the entire uter
ine cavity. When the active flow diminishes, a back- 
and-forth scraping motion is begun, resulting in a 
curette-like effect. When good cri is perceived, the 
procedure is completed. At this point, bubbles usu
ally appear in the cannula, a marker that the uterus 
has been evacuated. The cannula is not withdrawn 
through the cervix while vacuum is retained in the 
syringe; instead, the pinch valve is closed or the
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cannula is detached from the syringe. The instru
ments are then removed, completing the procedure. 
While currently little discussed among practitioners 
or in the literature, menstrual extraction remains a 
controversial procedure. In the past, several argu
ments were raised against the operation, including 
the following:

• It is not possible to justify a surgical procedure 
when the diagnosis of pregnancy is unverified.

• An intrauterine pregnancy is liable to be missed 
during an extraction.

• Movement of instruments within the uterus is lim
ited, making retained tissue more likely.

• Extraction is more painful than a later abortion.

Many of these concerns derive from studies con
ducted in the 1970s, before the availability of sen
sitive pregnancy tests and transvaginal ultrasound 
scanning. More recent protocols using preoperative 
and postoperative ultrasound, sensitive HCG assays, 
and meticulous tissue inspection have demonstrated 
failure rates of 0.13% to 2.3% and an overall com
plication rate of 4% with extraction procedures 
[25,26]. A limited role persists for these operations.

Technique: Second-trimester Termination
There are four basic methods for second-trimester 
termination pregnancy: dilatation and evacuation 
(D and E), intrauterine instillation of abortifacients, 
administration of systemic abortifacients, and hys
terectomy/hysterotomy.

Dilatation and Evacuation
There is a common misperception that D and E 
procedures are simply "big” curettages. Although 
aspects of the two procedures are similar, a D and E 
is a more involved surgical procedure with a higher 
complication rate than either first-trimester curet
tage or a routine gynecologic D and E. D and E 
operations should never be attempted by an inex
perienced surgeon without immediate expert assis
tance [27-29], It should be noted that D and E 
has the lowest mortality rate of any of the second- 
trimester termination procedures and is associated 
with a morbidity rate comparable to the other tech
niques. Because of its difficulties and risk of serious

TABLE 6.3 Complication Rates for Mid-trimester D and 
E* Procedures and Use of Intraoperative Sonography

Complication

Without 
Sonography 
(« = 353)"

With Sonography 
(n =  457)

Infection'1 5 (1.42%) 4 (0.88%)
Transfusion'* 3 (0.85%) 2 (0.44%)
Uterine 5 (1.42%) 1 (0.22%)

perforation1.
Other'1 7 (1.98%) 6 (1.31%)
All 20 (5.67%) 13 (2.84%)

complications*1

*D and E =  instrumental uterine evacuation.
* Procedures perform ed 16-24 weeks gestation, same clinic, 
standard technique.
“ I )iflerence in rate is not significant (p <0.05).
^Difference in rate is significant (p <0.002).
From Darney PD, Sweet RL. Routine intraoperative 
ultrasonography for second-trimester abortion reduces incidence; 
of uterine perforation. J Ultrasound Med. 1989 Feb;8(2):71-5; 
with permission.

complications, the D and E is restricted to practi
tioners with established experience in the perfor
mance of this procedure or to those operating under 
immediate, expert supervision.

As with first-trimester procedures, a thorough 
history and physical is mandatory. As it has with so 
many other aspects of healthcare, obesity recently 
has been identified as a risk factor for the D and E 
procedure [30]. Accurate dating is crucial to suc
cess and safety in the performance of a D and E. To 
verify the gestational age, the authors require that 
patients who are potential D and E candidates have a 
preoperative real-time ultrasound examination per
formed within 1 week of the scheduled surgery. 
I lie use of real-time ultrasound during the proce
dure is also important as it shortens the operative 
time and decreases the risk of complications. In a 
review of 353 D and E procedures at 16 to 24 weeks 
performed without ultrasound scan compared with 
457 in which sonography was routinely used, Dar
ney and Sweet [33] reported a reduction in perfo
ration rate from 1.4% to 0.2% (Table 6.3). D and E 
procedures should never be attempted without the 
immediate availability of an ultrasound scanner and 
someone experienced in the interpretation of mid
trimester ultrasound images [27,31-33].

W hen a D and E is performed in pregnancies 
of greater than 12 weeks’ gestation, preliminary
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FIGURE 6.5.
Technique for insertion o f  Laminaria. A, Correct 
placement; B and C, incorrect placement. (See text for 
discussion.)

cervical ripening by either Laminaria insertion or 
misoprostol administration is advisable (Figure 6.5) 
[34-37], In pregnancies of greater than 15 weeks’ 
gestation, such preoperative cervical preparation 
is mandatory. Pretreatment reduces the operat
ing time, restricts blood loss, and results in fewer 
complications. Laminaria function by hydroscopic 
action to slowly dilate the cervix. At present, three 
types are available: naturally occurring Laminaria 
tents (L. japonicum or L. digitat), the magnesium 
sulfate sponge (Lamicel), and hydrophilic polymer 
rods (Dilapanj. If natural Laminaria are chosen, they 
should be placed in the cervix at least 12 hours 
before the procedure is scheduled. The authors 
generally perform their Laminaria insertions the 
afternoon of the day preceding the operation. This 
provides a convenient venue for review of the pro
posed operation and obtaining of informed consent. 
The authors routinely administer 600 mg to 800 
mg of ibuprofen PO 1 hour before the insertion 
is performed. Patients should be advised that they 
must return to have the Laminaria removed and

that failure to do so could result in serious infec
tion or other complications. In some institutions, 
the patient is required to sign a specific form. The 
authors employ a standard surgical consent form for 
Laminaria insertion but also always include a note 
in the medical record indicating that the woman has 
been instructed to return the next day and that pos
sible complications of both the contemplated pro
cedure (D and E) and her failure to return for Lam
inaria removal have been discussed. The magnitude 
of risk for retained Laminaria is probably not great 
but we prefer to err on the side of conservative man
agement.

Some practitioners favor the use of synthetic 
Laminaria because they might have fewer compli
cations and require less time for comparable cer
vical dilatation [35]. In terms of effectiveness of 
the synthetic Laminaria, the hydrophilic polymer 
rods are apparently best. A randomized, prospec
tive, double-blind study of 51 patients undergoing 
second-trimester abortion, dilatation with magne
sium sulfate sponges resulted in a mean French size 
of 38.5 ±  6.4, whereas dilatation with the poly
mer rods resulted in a mean dilatation of 50.4 ±  
9.6 [36], Based on the authors’ experience with all 
types, we favor the continued use of the traditional 
Laminaria tents finding them to be easy of insertion 
and removal and clinically effective.

On occasion, the removal of the Laminaria is a 
problem. Problems with retrieval are quite uncom
mon with naturally occurring Laminaria tents as 
long as a false passage has not been made and the tent 
advanced into the retroperitoneum or other sites, 
beyond easy retrieval. Artificial Laminaria, however, 
do swell irregularly, resulting in a variable caliber to 
the tent. On occasion, this blocks easy removal espe
cially if multiple tents have been inserted. If moder
ate traction fails to remove a Laminaria, gentle cer
vical dilatation by passing a small dilator adjacent 
to the tent will sometimes release it. Care should 
be taken not to fracture the tip of the tent, avulse 
the string, or develop a false passage in the cervix. If 
the effort at removal from the cervix fails, it is best 
to simply grasp the Laminaria firmly with either a 
ring forceps or long Allis clamp and advance it into 
the uterus. The tent is then subsequently retrieved 
after the termination procedure is completed. Lam
inaria remaining in utero are easily identified by 
ultrasound scanning and are usually easily retrieved 
with a ring forceps. If a Laminaria becomes “lost,”
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real time scanning should be performed. If the tent 
is not within the uterus, laparoscopy may be neces
sary to remove it. Management of these cases needs 
to be individualized.

Prior to placing Laminaria, the cervix is cleansed 
with an antiseptic solution of povidone-iodine or 
its equivalent. Some practitioners prefer to place a 
paracervical block prior to the Laminaria insertion. 
This can be prudent in a particularly anxious woman 
or if the cervix is tightly closed. Using the “no-touch 
technique,” Laminaria are introduced into the cervix 
until only the strings are visible at the external os 
(Figure 6.5A). W hen natural Laminaria are inserted, 
better dilatation is obtained by using several small 
instead of one large tent, because of the amount of 
surface area exposed. When working with natural 
Laminaria they are first lubricated and then grasped 
with a ring forceps and inserted through the external 
os using a rotary motion. Tents are placed into the 
endocervical canal until it is full and additional tents 
cannot be easily inserted. After 20 weeks’ gestation, 
as many as ten or more natural Laminaria tents can 
be required [20]. If the cervix is firmly closed, a 
paracervical block is performed and a small dila
tor used to open the cervix for the insertion of the 
tent. Uncommonly, adequate dilatation can require 
sequential Laminaria treatment with removal of the 
initial tents and their replacement with new ones. 
After the chosen number of Laminaria are inserted, 
and after the removal of the instruments, one or two 
gauze sponges are placed in the vagina. The physi
cian should document in the medical record the 
number of Laminaria inserted and the number of 
sponges placed. The woman is instructed that if any 
sponges or Laminaria are passed spontaneously, they 
should be kept and brought to the hospital for exam
ination by a clinician. The patient is then discharged 
to home. A sleeping medication is prescribed at the 
clinician’s discretion. The woman is instructed to 
take acetaminophen or ibuprofen for discomfort. If 
pain is great and is not relieved by oral drugs, if 
cramping is severe and does not rapidly abate, or 
if vaginal bleeding occurs beyond that usually seen 
during a normal period, the woman is instructed to 
return immediately for examination.

A potential alternative to Laminaria for early 
second-trimester surgical abortion (13.0-16.0 
weeks) is to administer vaginal misoprostol (400 |xg 
3-4 hours preoperatively). A recent randomized, 
double-blinded and controlled study has shown

that cervical ripening with same-day misoprostol 
is substantially inferior to the use of overnight 
Laminaria, however [37], The significant dif
ferences in efficacy were essentially limited to 
nulliparous women, however. Importantly, many 
of the second-trimester terminations performed 
in this series, regardless of pretreatment, were not 
challenging for the study’s experienced practi
tioners. O f interest, women in the study generally 
preferred the misoprostol technique as opposed to 
the discomforts of overnight Laminaria. Based on 
these data, there is a role for preoperative vaginal 
misoprostol especially in multiparous women 
when an experienced surgeon perceives that the 
procedure will not be difficult.

On the day of surgery, the patient should arrive 
for the procedure after at least 6 hours of fast
ing. Preoperative antibiotic prophylaxis is recom
mended. Some practitioners begin the prophylac
tic regimen at the same time as the insertion of 
Laminaria; others will administer the first dose just 
prior to the actual surgical procedure. The types of 
antibiotics and doses recommended are the same as 
those for first-trimester procedures: either doxycy- 
ciine 100 mg PO one hour prior to surgery followed 
by 200 mg PO following the procedure, or doxy- 
cycline 100 mg BID for three days or metronida
zole 500 mg PO twice daily for 5 days [38]. An 
intravenous access line is inserted. During the pro
cedure, drugs for intravenous analgesia and relax
ation are administered, as required (see Table 6.2). 
The woman is then positioned in the dorsal litho
tomy position, and the Laminaria and sponges are 
removed. As part of the preoperative evaluation, 
a pelvic examination is always performed before 
beginning the surgery, to assess the uterine size 
and orientation. The cervical dilatation is assessed 
by direct observation and bimanual examination. 
A paracervical block is next placed in the manner 
described previously. The addition of 2 IU to 4 IU 
of vasopressin to the local anesthetic is a safe method 
of decreasing postoperative blood loss [ 39J.

The dilatation is then completed using Pratt or 
Hawkins-Ambler dilators. The extent of required 
dilatation depends on the size of the suction can
nula needed for the estimated gestational age of the 
pregnancy. At 13 to 15 weeks, evacuation can be 
readily performed with vacuum cannula of 12-mm 
to 14-mm diameter. For gestation of 16 weeks or 
beyond, it is best to dilate sufficiently to insert the
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largest cannula available (16 Fr in the authors’ insti
tution] .

The cannula selected is then lubricated and 
passed through the cervix with a slight twist and 
then slowly advanced into the lower uterine seg
ment. During a D and E it is best not to routinely 
introduce the suction cannula into the upper uterus 
without the concomitant use of ultrasonic guidance 
because the risk of perforation is too great. When 
the suction tubing is attached to the cannula and 
the suction started, there is initially a gush of fluid, 
reflecting membrane rupture. This is often followed 
by the cord prolapse into the cannula and then by 
the aspiration of placental tissue. The suction can
nula is subsequently rotated in the lower uterine 
segment to remove as much of the easily removed 
products of conception as possible.

Once the membranes are ruptured, if misopros
tol was not used preoperatively, 0.2 mg of methy- 
lergonovine maleate (Methergine) is administered 
IM. Alternatively, an infusion of IV oxytocin (50 
units-100 units/L at >150 ml/hr) is begun at the 
time the cannula is inserted or immediately before 
to ensure uterine tonus. Firm contractions of the 
uterus induced by the uterotonic advances tissue 
from the upper uterus toward the lower uterine seg
ment, where the cannula is positioned to remove it. 
The use of uterotonics limits blood loss, provides a 
firmer uterine wall, and reduces the need to advance 
instruments high into the uterus to retrieve products 
of conception. Collectively, these effects reduce the 
morbidity of the operation, specifically the risk of 
uterine perforation, and probably also limit blood 
loss.

In more advanced gestations, the calvarium and 
the spinal column are too large for the suction can
nula to extract. The Sopher forceps, which have ser
rated jaws but no lock, should be employed for this 
stage of the procedure. This instrument is inserted 
into the lower uterine segment in a closed position 
and then opened, grasping fetal or placental frag
ments that the suction cannula has drawn into the 
lower segment. The extraction is completed in this 
fashion, preferably under real-time ultrasound guid
ance. If after examination of the extracted tissue 
there is any question whether the calvarium or other 
products of conception have been removed, imme
diate re-scanning guides the surgeon to any resid
ual intrauterine material. If ultrasonography has not 
been used routinely during the case, if at any time

the extraction proves difficult or if the blood loss 
becomes excessive, it is prudent to complete the D 
and E procedure under direct ultrasonic guidance.

When the procedure is believed to be complete, 
some practitioners follow the suction curettage with 
a sharp curettage, using the largest possible curette. 
O ther experienced practitioners believe that suction 
curettage is sufficient [35], When the operation is 
over, the patient is then observed for several hours 
and, once stable, discharged to home. Most practi
tioners subsequently administer methylergonovine 
(Methergine] 0.2 mg PO every 6 hours for two to 
four doses to patients undergoing mid-trimester pro
cedures unless there is a history of hypertension or 
another contraindication. As noted, the authors rou
tinely administer antibiotics such as doxycycline to 
D and E patients unless there is a specific history of 
allergy. A birth control method and a prostaglandin- 
inhibiting analgesic are also routinely offered. Before 
discharge, all patients are carefully counseled con
cerning possible complications, including hemor
rhage, fever, or unusual discomfort. Repeat clini
cal examination in 10 to 14 days is prudent. The 
patient’s blood type is carefully rechecked prior to 
her discharge, and Rh immune globulin is adminis
tered intramuscularly, as indicated.

Instillation Methods
Instillation procedures are now infrequently per
formed and are usually restricted to cases in which 
evaluation of the intact fetus is desired. The pre
procedure evaluation is the same as described pre
viously. Laminaria are inserted on the day before the 
procedure to shorten the length of time from instil
lation to delivery, and an antibiotic such as doxycy
cline is administered. Instillation methods are usu
ally combined methods of pregnancy termination. 
Several protocols exist, with none clearly preferable. 
Serious complications are possible whenever hyper
tonic substances are injected into the uterus, and 
these techniques must be performed by only expe
rienced personnel or under the direct supervision of 
experienced personnel.

After pretreatment with Laminaria, an amnio
centesis is performed. Then 100 ml to 200 ml of 
30% saline or a similar volume of hypertonic urea is 
instilled into the uterus. After the intrauterine instil
lation, graded and increasing doses of oxytocin are 
subsequently infused intravenously. Prostaglandin
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I ABLE 6.4 Mid-trimester Pregnancy Termination 
Installation Protocol*

Initial Procedures
• Pack the cervix with Laminaria the afternoon/evening 

before admission; administer oral antibiotics.
• After admission, perform amniocentesis, aspirating as 

much amniotic fluid as possible.
• Inject a test dose (-• H i ml) and then a total of 100 ml 

23.4% NaCl (or hypertonic urea)
Subsequent Dosing postinstallation
• At 2 hr: After the amniocentesis, begin intravenous 

oxytocin 50 IU, 500 ml NS or RL at 170 ml/hr (i.e., to 
run over).

• At 5 hr: discontinue oxytocin and insert a 20-mg PGE2 
suppository, removing the Laminaria unless previously 
expelled or removed.

• At 6 hr: resume intravenous oxytocin with 100 IU/500 
mL of NS or RL at 170 ml/hr.

• At 9 hr: again discontinue oxytocin and repeat the E2 
vaginal suppository.

• At 10 hr: resume oxytocin with 150 IU /  500 mL of NS 
or RL at 170 ml/ hr. Thereafter add an additional 50 IU 
oxytocin in each subsequent IV bag to a maximum of 
200 IU until abortion occurs.

• If abortion does not occur after a total of 12-14 hours of 
treatment, stop and reevaluate for possible D and E or 
other management.

• This is only one e f  scvnal possible installation protocols; see 
text for additional discussion.
NS =  normal saline; RL =  Ringer’s lactate.

E2 suppositories are administered in a set protocol 
(Table 6.4). Patients who do not deliver after 12 to 
14 hours of treatment are reevaluated and can be 
taken to the operating room for a D and E under 
real-time ultrasound guidance. Whereas instillation 
methods were once a common m ethod of second- 
trimester pregnancy termination, they have largely 
been abandoned because of development of safe and 
effective systemic agents and the newer D and E 
operative techniques [40].

Hysterotomy
Pregnancy termination by hysterotomy or hysterec
tomy is rarely performed [41], Indications for this 
operation are rare. These procedures have a sub
stantially increased morbidity when compared with 
either the installation or the D and E techniques 
described previously and must, whenever possi
ble, be avoided. Potential indications might include

failed induced abortion when a D and E cannot 
be safely performed, suspected uterine rupture, 
unusual cases combining sterilization with the need 
to treat other intraperitoneal disease, or surgery to 
protect an abdominal or high Shirodkar cerclage. 
Elective hysterectomy during pregnancy is rare and 
usually reserved for cases of coexisting trophoblas
tic disease or cervical cancer when fertility is not an 
issue.

Medical Methods
Knowledge of nonsurgical methods of pregnancy 
termination dates to ancient times, and such tech
niques were well established by the time of the 
Renaissance. One such example is the seeds of 
Queen Anne's lace, or wild carrot. Hippocrates, 
among others, declared that this botanical would 
both prevent and terminate pregnancy when taken 
orally [1], Even today, a small number of women 
in Watauga County, North Carolina, drink a glass 
of water containing a teaspoonful of Queen Anne’s 
lace seeds immediately after intercourse to prevent 
pregnancy. In 1976, seeds from Queen Anne’s lace 
given to mice very early in pregnancy were reported 
to prevent fetal growth, and in 1986 chemical com
pounds in the seeds were noted to block the pro
duction of progesterone [ 1 ].

In modern times, the development of orally 
effective antiprogesterones, specifically mifepris
tone (RU-486), has contributed to the polarization 
of the two sides of the abortion debate [42-52]. The 
antiabortion movement’s view is that this type of 
medical abortion sets a new threshold in trivializing 
abortion, whereas those who would prescribe this 
drug view the safety, proven efficacy, and limited 
side effects as significant benefits of this method.

Mifepristone is a synthetic 19-norsteroid with 
potent antiprogesterone activity that, when admin
istered early in pregnancy, functions as an abor- 
tifacient. Its competitive inhibition of endome
trial progesterone receptors leads to sloughing of 
the endometrium. Although the decidua under
goes necrosis, the trophoblast is unaffected. RU- 
486 also stimulates prostaglandin production by the 
myometrium, initiating contractions.

In September 2000, the FDA approved a regi
men of mifepristone and misoprostol for medication 
abortion in the United States. Since then, almost
500,000 women have chosen this option, according
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TABLE 6.5 Contraindications to Use of Mifepristone*

• Confirmed or suspected ectopic pregnancy or 
undiagnosed adnexal mass1

• Medical complications 
° Porphyria
B Chronic adrenal insufficiency 
° Hereditary coagulation disorders 
° Treatment with anticoagulants 
® Treatment with corticosteroids

• IUD in utero
• History of allergy to mifepristone, misoprostol, or other 

prostaglandins

134 BAILEY, SANKEY

* See text for discussion.

1 RU-486 treatm ent alone is. insufficient to  safely term inate an 
ectopic pregnancy.

to the American distributor of mifepristone (Danco 
Laboratories). The FDA approved regimen consists 
of 600 mg (three 200-mg tablets) of mifepristone 
PO on day 1, followed by 400 |xg of misoprostol 
PO on day 3. There is substantial evidence published 
since the data were submitted to the FDA showing 
equal (or improved) effectiveness with changes to 
the regimen. A commonly utilized treatm ent pro
tocol consists of a single dose of 200 mg mifepris
tone on day 1, followed by 800 jjLg of misoprostol 
taken vaginally on day 2, 3, or 4 up to 63 days from 
the last menstrual period [44,45], This regimen has 
been reported to be between 96% and 98% effective 
(Table 6.5).

In recent years a number of investigators have 
studied alternative methods of treatm ent with 
mifepristone/misoprostol in the effort to extend the 
applicable gestational age range and simplify the 
dosing. Such regimens have used varying doses of 
mifepristone or misoprostol and studied decreased 
dosing intervals between the two drugs [46-52].

Medical contraindications to the other agent in 
the oral abortion regimen, misoprostol, include 
allergy to the prostaglandins or an uncontrolled 
seizure disorder. In addition to the strictly medical 
issues, one must also consider the woman's comfort 
level. With oral treatment, cramping and bleeding 
occur at home. The woman must be aware of the dis
comforts and have access to a health facility in case 
of a hemorrhage or another acute problem. Patients 
choosing this method should be provided with pain 
medication such as ibuprofen or acetaminophen, or 
a mild narcotic such as acetaminophen with codeine 
before her discharge to home. Common side effects 
of oral treatment include cramping, bleeding, and

nausea. Detailed training on medical abortion is 
readily available and strongly recommended for all 
providers who wish to prescribe mifepristone.

In the years since the approval of RU-486 in 
the United States, there have been at least four 
deaths from Clostridium sordellii sepsis following 
abortion with the combination of mifepristone and 
misoprostol [53], The FDA tests of the medica
tions for contaminants have been negative. O f sig
nificance is the fact that women with Clostrid
ium sordellii endometritis often have pain, nausea, 
vomiting, and foul-smelling discharge but do not 
have fever or elevated white blood cell counts. 
How these recently reported cases should affect 
current treatm ent protocols is unclear. The vagi
nal administration of any of the abortifacients will 
likely be suspended, although the relationship of 
mode of treatm ent to this rare complication is 
unknown. The most common response to these 
reports has been to add prophylactic antibiotics 
to the abortion regimen. Unfortunately, the signs 
and symptoms for these rare fatal infections are 
essentially indistinguishable from those routinely 
reported with the use of the medications alone. 
Furthermore, it is currently unknown whether 
changing the mode of drug administration or admin
istering antibiotics will prevent this completion. Pre
sumably, certain women harbor this clostridial bac
teria in the birth canal, and the abortion process 
opens an opportunity for ascending infection.

Mid-trimester pregnancy termination by medi
cal as opposed to surgical methods is also possible. 
All of the existing regimens include a prostaglandin. 
There are three different prostaglandin compounds 
readily available in the United States: dinopros- 
tone (prostaglandin E2), carboprost tromethamine 
(Hemabate), and misoprostol (Cytotec). Dinoprost 
10 mg every 6 hours combined with high-dose oxy
tocin is efficacious for mid-trimester abortion and 
has fewer of the gastrointestinal side effects seen in 
higher-dose prostaglandin E2 regimens [54], Carbo
prost tromethamine 250 |o.g IM every 2 hours leads 
to mean induction to abortion times of 15 to 17 
hours, with most patients aborting within 24 hours.

The first study of misoprostol for second- 
trimester abortion was published in 1994 [55], In 
that study, a dose of 200 |xg of misoprostol admin
istered vaginally every 12 hours was compared with 
dinoprostone 20 mg every 3 hours. These drugs 
were equally efficacious, but misoprostol was associ
ated with fewer side effects. Although higher doses
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at 12-hour intervals result in shorter induction to 
abortion times, the reports of nausea, vomiting, and 
fever increased proportionally [56]. Su and cowork- 
ers reported that vaginal misoprostol (400 mg every
3 hours) is more effective than intraamniotic carbo- 
prost. In this study, fever and shivering were the only 
adverse effects that were more common with miso
prostol than with the carboprost [57], They also 
noted that beside the 30-fold higher cost of carbo
prost versus misoprostol, the use of intraamniotic 
carboprost also mandated especially trained medi
cal personnel and the use of ultrasound equipment, 
leading to additional cost.

In an excellent review of 1,002 consecutive cases, 
published before the issue of infection was apparent, 
Ashok and coworkers demonstrated that mifepri
stone with misoprostol proved to a safe, effective 
method of second-trimester pregnancy termination, 
with a mean induction to abortion interval of 6.25 
hours, with 98.3% of patients having aborted within
24 hours [58]

OTHER AGENTS

As methotrexate is cytotoxic to trophoblast, it has 
been successfully used for several years in the medi
cal treatment of ectopic pregnancy [75]. M ethotrex
ate is also effective in the termination of intrauterine 
pregnancy but is uncommonly used for this indica
tion. Its use as an abortifacient was described as early 
as 1952 [59],

In a recent study of 10 women at <42 days’ 
gestation who were treated with methotrexate 50 
mg/mm2 IM, this drug alone was sufficient to abort 
very early intrauterine pregnancies [59]. Owing to 
the potential toxicity of methotrexate and the cur
rent availability of other, safer drugs, this compound 
is rarely administered for intrauterine pregnancies. 
Currently, methotrexate is essentially restricted to 
the treatment of ectopic pregnancies, including the 
rare cervical pregnancy [75]. Another potential 
use for methotrexrate is when placental tissue is 
retained, which occurs in circumstances when the 
placenta is not entirely removed, such as abdominal 
pregnancy, or in placenta acreta, increta, or perc- 
reta, when large segments of the placenta may be 
left behind.

COMPLICATIONS
Abortion-related morbidity is difficult to mea
sure because there are no systematically collected

TABLE 6.6 Potential Complications of Surgical 
Pregnancy Termination Procedures*

• Uterine perforation
• Injury to bowel/bladder/vessels
• Cervical laceration
• Pulmonary embolism
• Sepsis
• Hemorrhage/anemia
• Hematometrium
• Requirement for repeat curettage, D and E, or 

laparatomy
■ Secundines/endometritis
• Coagulopathy

° amniotic fluid embolism 
° DIC, excessive blood loss

*See text for details.
DIC =  disseminated intravascular coagulopathy,

national surveillance data. Hospital admission is 
the most commonly used marker for complications 
[60]. The Centers for Disease Control and Pre
vention define major complications from induced 
abortion as those that result in a major unintended 
surgery, a hemorrhage requiring a blood transfu
sion, a hospitalization of 11 days or more, or a 
temperature of at least 38.0°C (100.4°F) that lasts 
for 3 or more days. This section reviews com
plications, their management, and their sequelae 
(Table 6.6).

Uterine Perforation
The most common operative complication of preg
nancy termination is uterine perforation (Figure. 
6.6). Perforation increases the risk of abortion- 
related death from infection more than 100-fold, 
and that from hemorrhage more than 1,000-fold 
[61,62]. There is a greater likelihood of perfora
tion if the physician is inexperienced, if the uterus 
is retroverted, or if the gestational age is advanced. 
The use of general anesthesia has also been asso
ciated with a slight increase in the risk of perfo
ration. Perforation is suspected when a curette or 
forceps easily passes through the cervix without 
apparent resistance, passes farther than it did given 
the patient’s preoperative examination (based on a 
previous uterine entry), or a sudden vaginal hem
orrhage occurs during instrumentation. Less com
monly, perforation is diagnosed when an awake or 
light sedated patient reports the sudden onset of 
generalized abdominal pain during a procedure. In 
some cases, omental fat or even bowel is identified
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Fundal perforation

FIGURE 6.6.
Potential sites for uterine perforation during pregnancy 
termination. (See also Figs 6.7 and 6.8.)

FIGURE 6.7.
Uterine fundal perforation with suction curette with small 
bowel draum into the uterine cavity.

in the curetted material, indicating that intraperi- 
toneal structures have been injured (Figures 6.7 and 
6.8). The authors recall a patient sent to the emer
gency department from a local abortion clinic with 
the appendix drawn through the cervix and protrud
ing into the vagina!

FIGURE 6.8.
Uterine fundal perforation with suction curette without 
bowel injury. (See text for discussion.)

The incidence of uterine perforation during first- 
trimester abortion remains a matter of some debate. 
Kaali and coworkers reported that the incidence 
varies between 0.8 and 6.4 per 1,000 procedures 
[62]. In a 1990 review of 170,000 first-trimester 
abortions, Hakim-Elaki [63] documented 16 cases 
(0.009%), with only one case resulting in laparo
tomy for a suspected bowel injury. These latter data 
were obtained from a clinic that employs experi
enced personnel and not from a teaching program, 
however.

Management of a perforation in which bowel is 
drawn into the uterus or cervix is straightforward. 
The loop is left in place and a laparotomy is per
formed. At surgery the pelvic structures, peritoneal 
contents, and bowel are carefully examined, and all 
injuries are repaired. Postoperatively, transfusions 
are administered if required, and broad-spectrum 
antibiotics are given. The authors have not favored 
laparoscopy for these explorations owing to the 
limitations in examining the bowel and omentum 
closely.

If a perforation is recognized and the curettage 
is incomplete, the operation should be completed 
under direct laparoscopic or continuous real-time 
ultrasonic guidance. If the perforation is recognized 
at the end of a completed procedure, and there 
is minimal bleeding, and the perforation is fun
dal, not lateral, and no bowel was drawn into the 
vagina, the patient can simply be observed for sev
eral hours. Serial postoperative pelvic examinations
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and real-time ultrasonic study are recommended to 
help in the early recognition of a broad ligament 
hematoma. Serial determination of the hematocrit 
is also prudent. If the termination was completed 
and the patient is stable, she may be discharged on 
an oral methylergonovine series and broad-spectrum 
antibiotics, with careful instruction. These patients 
should be contacted in 24 to 48 hours to review 
their conditions. Reexamination should take place 
within a week or earlier if problems ensue.

When hemorrhage accompanies uterine perfo
ration, the site of injury is usually the lateral 
uterine wall (see Figure 6.6). Perforations at the 
junction of the cervix and lower uterine segment 
can lacerate the ascending branch of the uterine 
artery, resulting in severe pain, the rapid develop
ment of a broad ligament hematoma, or sudden 
and potentially severe vaginal, intraperitoneal, or 
retroperitoneal bleeding. Low cervical perforations 
can injure the descending branch of the uterine 
artery, resulting in bleeding through the cervical 
false passage. A vascular injury is normally man
aged successfully with laparotomy and vessel liga
tion. Rarely, hysterectomy is necessary for control. 
A potential alternative to hysterectomy is arteri
ography with selected embolization of the injured 
vessel. Such serious complications are all rare, 
however.

Infection
The most common complication following induced 
abortion is pelvic inflammatory disease (PID), 
The basic cause is operative contamination of the 
endometrium. In a randomized, prospective study 
of 68 women having first-trimester abortions, Jonas- 
son and coworkers [15] showed that microflora 
from the lower genital tract are transferred into 
the uterine cavity in two thirds of patients who 
were instrumented despite thorough cleansing of 
the vagina and external os with a standard antibac
terial solution. Although the rate of infection is low, 
it is of concern. Pelvic infection can lead to seri
ous sequelae including sepsis, abscess formation, 
and permanent infertility because of tubal injury 
[64,65]. A fever (38°C or higher) within 72 hours 
of an abortion is usually the marker for infection. 
Vaginal bleeding is also a common complaint and 
occasionally can be marked. In cases of severe infec
tion, there can be a purulent discharge and accom

panying abdominal/pelvic pain. Once a fever is 
noted, a complete physical examination should be 
performed to evaluate the pelvis and to exclude 
other sources of infection. When endometritis is 
present, the uterus is usually enlarged, boggy, and 
tender to cervical motion and direct palpation on 
pelvic examination. Cultures of the blood, urine, 
and cervix are obtained prior to beginning antibi
otics. In these cases, retained products of concep
tion should always be suspected and sought by 
ultrasound examination. If present, uterotonics and 
broad-spectrum antibiotics are immediately admin
istered, and a repeat curettage should be performed 
under real-time ultrasonic guidance. The antibiotics 
are continued intravenously until the patient has 
been afebrile for 24 hours.

The women who presents with fever and a small, 
firm, or slightly tender uterus can have cultures 
taken and can be treated with intravenous broad- 
spectrum antibiotics without curettage if a real
time ultrasound scan fails to identify secundines. In 
this situation, the volume of intrauterine material is 
small to nil, and a curettage might not speed resolu
tion but simply further traumatize the endometrial 
cavity. If such a patient does not respond within 12 
to 24 hours of antibiotic therapy with prompt dis
appearance of pain, fever, and bleeding, curettage is 
indicated, however.

In postabortion infection, the inoculum is usu
ally polymicrobial and includes endogenous perineal 
or vulvovaginal flora. Common genital pathogens 
such as Chlamydia trachomatis, Neisseria gonor- 
rhoeae, or Mycoplasma hominis; Ureaplasma ure- 
alyticum can also be present. In terms of treatment 
for commonly encountered genital tract pathogens, 
some authors suggest the use of multiple antibi
otic regimens (e.g., combined ampicillin, gentam- 
icin, and clindamycin), whereas others advocate the 
use of the newer broad-spectrum cephalosporins, or 
a combination of penicillin/clavulanic acid (Aug- 
mentin) and ampicillin/sulbactam (Unasyn). The 
choice is best based on local experience with pelvic 
infection.

Failure to Empty the Uterus
The postabortion patient who presents within sev
eral days of the procedure with fever and a boggy 
uterus is considered to have infected retained prod
ucts of conception. They are managed surgically
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in the manner previously discussed. In contrast, 
women who are not grossly infected but do have 
retained products of conception remain afebrile and 
usually present at an interval of several days com
plaining of cramping and some degree of bleeding. 
On examination, the uterus is usually slightly and 
often only moderately tender. Real-time ultrasonic 
scanning will identify irregular, strongly echogenic 
material within the uterine cavity, at times inter
spersed with small fluid collections. In these cases, 
if bleeding has been a persistent problem, the vol
ume of secundines is estimated to be large, infection 
is suspected for any reason, or symptoms did not 
improve under prior medical management, a repeat 
curettage is indicated. In contrast, if the bleeding is 
not severe, the amount of intrauterine material is 
small, and if infection is not believed to be estab
lished, outpatient medical management can be att
empted in selected cases. This includes treatm ent 
with a potent uterotonic (e.g., 0.2 mg of methyler- 
gonovine (Methergine) PO every 6 hours for four 
to six doses) combined with broad-spectrum antibi
otics. These women should be reevaluated within 
48 to 72 hours for symptoms and signs suggestive of 
nonresolution such as bleeding, fever, and uterine 
tenderness. If these findings are present, curettage 
should be promptly performed. The authors gener
ally do not recommend this approach to treatment, 
but there are circumstances when an outpatient reg
imen is necessary or appropriate, such as when sur
gical treatment is refused.

More problematic is the woman who presents 
a week or more after an abortion complaining of 
persistent spotting but without other symptoms. 
In these cases, real-time ultrasonic scanning might 
identify retained products. If there are secundines 
present, the best treatm ent is usually repeat curet
tage. If secundines are not identified, other causes of 
spotting should be considered, for example, break
through bleeding on the birth control pill or follow
ing administration of medroxyprogesterone acetate 
(Depo-Provera). For these patients, as secundines 
are not noted and the usual signs and symptoms 
of infection are not present, the best therapy is 
unclear. The most common initial therapy is to 
repeat the oral methylergonovine/doxycycline reg
imen and reevalute in 7 to 10 days. Alternatively, 
an endometrial biopsy can be performed to guide 
management. Either approach is acceptable.

Hemorrhage

Hemorrhage is uncommon during or following first- 
trimester abortion. Fewer than 1% of first-trimester 
patients experience a blood loss of more the 25 ml 
(64). In women undergoing a second-trimester ter
mination, hemorrhage requiring transfusions occurs 
in 0.3% of D and E procedures and in 3% of 
saline/prostaglandin instillations [34], Rarely, hem
orrhage during an abortion is dramatic and even 
life-threatening. In such instances, rapid and sys
tematic evaluation is required, because prompt 
intervention is mandatory. The differential diagno
sis includes uterine atony, perforation with lacer
ation of the uterine artery, a low-lying placental 
implantation site, a previously unsuspected coagu
lation disorder, and most rarely, an amniotic fluid 
embolism.

For a large majority of cases the initial and usu
ally successful management of sudden hemorrhage 
consists of prompt completi on of the procedure fol
lowed by removal of the speculum from the vagina 
and vigorous bimanual massage. Additionally, a liter 
of normal saline or Ringer’s lactate with 60 to 100 
units of oxytocin IV is infused briskly, by infusion 
pump if necessary. If there are no contraindications, 
the patient is also administered 0.2 mg methyler- 
gonovine maleate (Methergine) or 0.250 mg 15- 
methyl-prostaglandin F2 a (Hemabate) intramuscu
larly or intracervically. If an initially boggy uterus 
firms quickly, the problem is probably atony and 
the prognosis for control is good. If the uterus was 
firm to begin with, however, or if after firming, brisk 
bleeding persists, the most likely diagnosis is either 
retained products, a low-lying placental implanta
tion site, or a perforation. In this setting, a repeat 
curettage is performed as quickly as possible under 
direct real-time ultrasonic guidance. Bleeding that 
continues briskly in the face of a well-contracted and 
empty uterus must be suspected to be due to a per
foration or laceration of either the uterine artery or 
its cervical branch. If a perforation is present, com
pression, uterotonics, or recurettage will not stop 
the bleeding. Real-time ultrasonic scanning might 
document the rapid development of a hematoma 
immediately adjacent to the uterus. When such 
unremitting hemorrhage occurs, the patient must 
be promptly transported to a fully equipped operat
ing room for surgical exploration or other definitive 
treatment.
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While the initial management steps includ
ing emptying the uterus, slowing the blood loss 
with uterotonics, replacing circulating volume, and 
restoring coagulation competence with blood or 
blood products are usually successful, rarely there 
are other problems requiring special treatment. If 
a woman experiences profuse bleeding during an 
abortion that is difficult to control or subsequently 
begins to bleed from mucous membranes or needle 
sites, a previously undiagnosed hereditary coagula
tion defect or an acquired coagulopathy must be 
considered in the differential diagnosis. A tube of 
whole blood for clot observation should be drawn, 
along with the standard studies for prothrombin, 
an activated partial thromboplastin time, platelet 
count, fibrinogen, and fibrin degradation products 
along with a CBC. If the tube of whole blood 
retained by the clinician fails to clot within 5 to 
7 minutes or a clot forms that dissolves, it is highly 
likely that a coagulation defect has developed. 
Additional baseline studies include hemoglobin and 
hematocrit levels. Depending on the severity of 
the situation, therapy with fresh-frozen plasma, 
platelets, cryoprecipitate, or packed red blood cells 
might be required. Except in most unusual circum
stances, coagulation deficits following abortion are 
due to the excessive loss of blood with coagula
tion factors. In this situation, the rapid replacement 
of appropriate fluids (crystalloids, blood and blood 
products) suffices for control. If severe or combined 
coagulation deficits are present, especially if mater
nal cardiovascular collapse occurs or seems immi
nent, additional specialized treatment is required 
and rare complications such as anaphylaxis, amni
otic fluid or pulmonary embolism or sepsis need to 
be considered. In serious cases, immediate consulta
tion with a hematologist or intensivist is prudent.

Postabortal Syndrome (Hematometrium)
A hematometrium occur after approximately 1% 
of surgical abortions, producing characteristic acute 
symptoms. This condition is due to the rapid col
lection of blood within the uterine cavity at a time 
when cervical closure blocks its exodus. As the blood 
trapped within the uterine cavity cannot escape, the 
uterus rapidly becomes distended and acute symp
toms ensue. The patient usually presents within the 
first 24 hours after the procedure, often within an

hour of the abortion. The primary symptoms are 
severe and usually constant pelvic and lower abdom
inal pain accompanied by little or no vaginal bleed
ing. Occasionally the complaint may be that of sud
den severe pelvic cramping. As these women are 
evaluated by the clinician, the differential diagnosis 
must include occult uterine perforation and early 
infection.

Pelvic examination reveals an enlarged, globu
lar, and acutely tender uterus. Depending upon the 
interval of time since the original surgery, the cervix 
might be open, with palpable clot in the endocervix 
or lower uterine segment. A real time ultrasound 
examination will document a distended uterus, usu
ally filled with densely echogenic material (clot
ted and partially clotted blood). Immediate surgi
cal evacuation of the uterus, perhaps involving as 
simple an intervention as passing a small dilator or 
a ring forceps through the cervix, provides relief. 
Probing or limited dilatation usually releases a gush 
of retained clot and liquid blood (hematometrium). 
If a surgical evacuation is not immediately available 
or is delayed, misoprostol 400 fxg to 800 jxg com
bined with a potent analgesic can be administered. 
This treatm ent is occasionally successful in empty
ing the uterus and arresting the acute symptoms. To 
avoid masking another problem, nonsurgical treat
m ent should be used with care, however, and only 
after the exclusion of other potentially serious post
operative complications. In very unusual cases the 
problem might recur, requiring reinstrumentation.

Psychological Complications
There is a large body of literature about pregnancy 
termination and its psychological sequelae. Unfor
tunately, many of these studies are flawed by small 
sample size, poor study design with lack of appro
priate controls, or poor follow-up. Other reports 
are unduly biased by the author’s political or moral 
beliefs [66,67], In 1989, after reviewing more than 
250 studies of the emotional aftermath of abortion, 
former Surgeon General C. Everett Koop testified 
before the United States Congress that the data were 
" . . .  insufficient. . .  to support the premise that abor
tion does or does not produce a postabortion syn
drome” [60], In related testimony at these same 
hearings, Nancy E. Adler, PhD, stated that “ . . . i f  
severe reactions were common, there would be an
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epidemic of women seeking [mental health] treat
ment. There is no evidence of such an epidemic” 
[60]. The weight of evidence from several scien
tifically valid studies indicates that although there 
are sensations of regret, sadness, or guilt after a ter
mination, legal abortion of an unwanted pregnancy 
in the first-trimester does not pose a psychological 
hazard for most women [9,65-67]. After abortion, 
the major reaction for most women is relief, with an 
accompanying decrease of stress, despite their sense 
of loss. Factors that correlate with higher rates of 
psychological distress after abortion include medi
cal or genetic indication for the abortion, previous 
psychiatric contact, perceived lack of social support, 
second-trimester abortion, and ambivalence about 
the abortion decision. Most women who obtain 
second-trimester abortions do not do so out of a lack 
of awareness of their pregnancy but because they are 
markedly ambivalent and procrastinate in seeking 
help. Late presenters are more likely to have initially 
accepted the fetus and regard it as a potential child, 
thus adding to the psychological stress of the abor
tion. These patients should be closely monitored 
postoperatively and should be offered postabortion 
counseling when needed. In cases in which abortion 
was initially denied by one clinic or provider, up 
to 40% of the women eventually obtain abortions 
elsewhere. Relatively few women who are denied 
abortion put their babies up for adoption. About 
one third of these women report negative feelings 
toward the child and difficulty adjusting [66]. Chil
dren in this setting may exhibit long-lasting, broad- 
based negative effects, including a more insecure 
childhood, greater need for psychiatric care, more 
childhood delinquency, criminality, and lower emo
tional maturity.

Continued Pregnancy
Failure to interrupt an intrauterine pregnancy occurs 
in fewer than 0.5% of suction-curettage patients. 
This complication is most likely to occur in abortions 
performed before 6 weeks’ gestation [12,64]. Dur
ing the period 1971 through 1985, the incidence of 
ectopic pregnancy concurrent with induced abor
tion was 1.35/1,000 induced abortions, and 24 
women died as a result of this complication [68]. 
Such problems are best avoided by careful tissue 
examination post curettage, histologic examination 
when needed, and careful follow-up of suspected

cases with serial pelvic examinations and quanti
tative hCG levels. The risk of a spontaneous com
bined intra- and extrauterine (heterotopic) gestation 
is estimated as approximately 1/30,000 pregnancies 
[69]. The use of techniques of induced ovulation 
and embryo replacement increases the heterotopic 
risk,

Postcoital Contraception
The failure of physicians to counsel their patients as 
to the availability and efficacy of emergency post- 
coital contraception is tragic, in consideration of the 
consequences. All sexually active women should be 
informed of these methods, and a simple protocol 
should be explained to the patient in the event that 
an episode of unprotected intercourse occurs. Such 
education should be a part of abortion counseling as 
well.

To recall normal reproductive physiology: unpro
tected intercourse 3 days before ovulation results in 
pregnancy about 20% of the time. The pregnancy 
risk is about 25% 1 day before ovulation, and about 
15% on the day of ovulation. More than 2 days 
after ovulation, the probability of pregnancy drops 
to near zero [68]. Interruption of implantation by 
steroid administration is the method used in cur
rently available postcoital contraceptives. It has been 
known for many years that high-dose estrogen pre
vents implantation of the fertilized ovum in experi
mental animals, bu t the exact mechanism of action 
remains unknown.

Medical emergency contraception consists of the 
prompt oral administration of potent hormonal sub
stances to block implantation. This regimen is now 
packaged and sold under the trade name "Plan B.” 
The FDA-approved course of treatm ent consists of 
two doses of levonorgestrel (0.75 mg) taken 12 
hours apart, commencing within 72 hours of unpro
tected intercourse. Postcoital treatm ent with this 
dosing protocol has been shown to be more effec
tive (85%) than the original Yuzpe regimen (57%), 
which used levonorgestrel with ethinyl estradiol 
[70-72], New studies have demonstrated the equiv
alent effectiveness of taking both pills at once within 
120 hours of intercourse [73,74], This simplified 
regimen allows more women the chance to pre
vent an unintended pregnancy. Careful counseling 
is necessary, and a follow-up pregnancy test is pru
dent to ensure that implantation has not occurred if
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characteristic pregnancy symptoms or amenorrhea 
develop despite treatment.

CONCLUSION

The subject of pregnancy termination engenders 
major legal, social, and religious turmoil. Those 
opposed to abortion might well view any medical 
interference with early conception as equivalent to 
murder. This position includes a moral condemna
tion of those who participate in pregnancy termina
tion procedures. W hat is frightening for physicians 
is the fact that some zealous antiabortion advocates 
have been willing to commit felonies to impress 
their views on others.

As a licensed professional, the physician is legally 
delegated the responsibility for helping women 
make decisions regarding both their fertility and the 
termination of pregnancy. In this role, the doctor 
becomes a facilitator who helps a woman to under
stand how these decisions will influence her repro
ductive health.

Abortion procedures have heretofore been 
cloaked with constitutional protection that has per
mitted procedures performed prior to viability to 
continue with limited state interference. Heretofore 
the public has been consistently ambivalent con
cerning abortion but has not favored eliminating this 
option; however, the political support for termina
tion practices is progressively unfavorable, and some 
additional restrictions on the performance of abor
tion is probably inevitable. In our opinion, physi
cians must continue to be able to provide safe ter
mination procedures to women or be willing to refer 
them to those who will.
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I am very far from wishing to be understood, 
that I advocate the indiscriminate interference 
of art, during healthy labour -  it is the very 
reverse of my opinion, I wish merely to 
insist, that nature is not competent to all 
exigencies; For in very many instances, the 
sufferings of the patient might have been most 
probably very much abridged, by the judicious 
interposition of skill. O f this, from long 
experience, I am entirely convinced.

W illiam  Potts Dewees (1768-1841)

Compendious System o f  Midwifery 

Philadelphia: Carey and Lea 

Second Edition, 1826, xii.

Placental evaluation is important in assessing perina
tal outcome [1,11], Precise descriptions of antepar
tum findings, gross appearance of the placenta at 
delivery, postpartum microscopic examination, and 
other special testing allow for a retrospective assess
ment of the influence of various factors on fetal 
development. Study of the placenta helps the clin
ician in the evaluation of the influence of various 
maternal diseases on fetal life as well as the poten
tial effects of smoking, drug use, and various other 
factors.

Obstetric complications secondary to placental 
dysfunction can occur at any point in gestation. 
Improvements in perinatal diagnostic techniques 
such as focused ultrasound studies of fetal growth, 
placental blood flow, and fetal/placental anatomy 
now permit the identification of certain complica
tions related to poor implantation or abnormal early 
development that can be linked to placental func
tion. In some instances, this process has led to inter
vention and treatment with improvement in mater
nal health and/or perinatal outcome. Because of the 
importance of the placenta to fetal life and devel
opment and due to its increasing accessibility to 
antepartum investigation, physicians seeking infor
mation and explanations for disordered fetal growth 
or poor obstetric outcomes are advised to study the 
placenta. Even with a thorough placental exam
ination by an experienced perinatal pathologist, 
some questions will remain unanswered, because 
our understanding of the pathologic processes that 
result in fetal disease are still incomplete.

PLACENTAL DEVELOPMENT

Extensive discussion of placental development and 
physiology is beyond the scope of this chapter and 
is the subject of numerous reviews [1-6]. A con
densed version of this complex process is presented 
to assist the clinician in a general understanding of 
the obstetric complications attributable to placental 
dysfunction.

The placenta provides the interface between the 
fetus and the mother. Throughout nature in all
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species that have placentas, the organ serves to 
maintain separation between maternal and fetal 
circulations with the specific type of placental 
anatomy varying by species. Similarly, independent 
of exact anatomy, the placenta serves numerous 
identical functions in different species, including 
certain endocrine functions, gas exchange, acid-base 
balance, nutritional support, and secretory and 
excretory roles. To accomplish these functions, the 
placenta must have the capacity to adapt both its 
structure and function as the pregnancy advances 
and the demands of the ever enlarging fetus change. 
To maintain this flexibility, the placenta retains a 
functional reserve. The degree of reserve varies by 
species, the integrity of the maternal-fetal circula
tion, and the type of challenge 11,2,3].

An important feature of placentation is the num 
ber and thickness of the layers separating maternal 
and fetal circulations. Among humans, the placental 
anatomy is hemochorial [1], This type of placenta, 
characteristic of rodents, bats, and humans, devel
ops because of destruction of intervening maternal 
vessels by invasive trophoblast. In a hemochorial 
placenta there is direct contact between fetal tro- 
phoblasts and maternal blood cells. Presumably, this 
facilitates the secretory and transport functions of 
the placenta by reducing the number of cellular lay
ers between the fetal and maternal blood stream.

The unique features of human placentation have 
their origin early in development. In normal embry
onic development, trophoblast invasion begins by 
day twelve after conception (primary invasion). The 
cytotrophoblast migrates to form anchoring sites to 
establish placental adherence. By the 5th week, the 
fetoplacental circulation develops and vascular con
nections with the maternal circulation provide for 
fetal nutrient and oxygen delivery [4,7], Any major 
abnormality during this initial phase of placentation 
leads to major disruptions in embryonic develop
ment, usually resulting in a spontaneous abortion.

As pregnancy progresses, the physical dis
tance between the maternal and fetal circulations 
decreases from approximately 50 |jl it i in the first 
trimester to 4 (Jim to 5 |j.m by the end of the 
mid-trimester. Initially, this separation between cir
culations is due to trophoblastic invasion into the 
decidual layer of the maternal spiral arteries of 
the myometrium. By the fourth m onth a second 
phase of trophoblastic invasion into the spiral arter
ies begins (secondary invasion). This latter phase

depends on the continued presence of a develop
ing fetus [8]. In this process, fetal cells progressively 
replace maternal cells, at the same time altering 
the physical anatomy of maternal spiral arterioles 
in the decidua/myometrium. The normally thick- 
walled muscular spiral arteries progressively become 
thin walled and enlarged tube- or cone-shaped vas
cular conduits with decreased sensitivity to vaso
constrictors [9]. This process changes the maternal 
spiral arteries into high-capacitance, low-resistance 
vessels [10]. At the same time, the fetal portion 
of the placenta continues to grow by formation of 
new villi and the continued branching of existing 
villi. This process rapidly expands the villous sur
face area, permitting increasing placental exchange. 
Overall, a more efficient placenta is the result. Fail
ure of these physiologic changes to occur or to occur 
only incompletely is a common finding in pregnan
cies complicated by preeclampsia and intrauterine 
growth restriction [7,10,26,27], The mechanism of 
these changes and the etiology of abnormal placen
tation is not well understood but is believed to be 
heavily influenced by complex immunologic inter
actions at the cellular or membrane level.

As pregnancy progresses further, the weight and 
size of the placenta change in proportion to fetal 
weight [1 ]. At the beginning of the third trimester, 
the ratio of placental weight to fetal weight is 
approximately 1:3, which then decreases to 1:6 at 
term. By term, the normal placenta weighs approx
imately 450 g to 550 g. The mean length of the 
umbilical cord is 50 cm. Cord coiling is another 
potentially important finding that is readily evalu
ated during gross examination of the placenta. The 
usual number of spirals or coils is up to 40. When 
placentas are examined, counterclockwise spiraling 
exceeds clockwise spiraling by a ratio of 7:1. The rea
son is unknown. The number of cord coils is estab
lished early in gestation with little apparent change 
in the third trimester. Both spiraling and cord length 
are believed to reflect fetal activity. Lack of normal 
spiraling may reflect relative fetal inactivity, possibly 
due to abnormalities in the central nervous system. 
O f interest, both poorly spiraled cords as well as 
hypercoiled ones are associated with an increased 
risk of intrauterine fetal demise. Other features of 
gross placental examination are also of clinical con
sequence. Such findings include the presence and 
adequacy of Wharton's jelly, the number of vessels, 
presence or absence of abnormal cord attachment
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(e.g., velamentous insertion), and the color of the 
membranes and cord. Easily obtained and impor
tant histologic findings during microscopic placen
tal examination include, among others, the presence 
or absence of pigment-laden macrophages (meco
nium), and evidence of inflammation of the umbil
ical cord (funisitis) or fetal membranes (chorioam
nionitis) .

PLACENTAL PATHOPHYSIOLOGY

Various intrinsic structural abnormalities of the pla
centa or membranes such as the presence of a 
chorioangioma, circumvallate placentation, amni
otic bands, or a velamentous insertion of the umbil
ical cord can result directly in adverse perinatal out
comes. In most cases, however, placental problems 
that result in problems are developmental and due 
to disordered fetal-maternal interactions arising in 
the first and second trimester. Common problems 
involve abnormal placental implantation predispos
ing to eventual placental insufficiency or placental 
separation. These various abnormalities in placenta
tion are associated with spontaneous abortion, vary
ing degrees of fetal growth restriction, placental pre
via, abruptio placentae (antepartum hemorrhage), 
and the syndromes of abnormal placental adherence 
(accreta/increta/percreta).

Instrinsic Placental Abnormalities
Chorioangioma, a placental mass typically arising 
from an abnormal proliferation of primitive chori
onic vessels, is a common benign tumor with small 
lesions seen in approximately 1% of all pregnan
cies [11]. Larger lesions, especially those larger than
4 cm, occasionally have clinical consequences, with 
significant arteriovenous shunting or fetal red blood 
cell (RBC) sequestration. This can lead to hydram- 
nios, fetal anemia, hydrops fetalis, or fetal cardiomy
opathy. Sonographically, these tumors appear as 
well-circumscribed solid or complex masses on the 
fetal side of the placenta, frequently located close 
to the cord insertion. Doppler flow imaging demon
strates the hypervascular nature of these tumors, 
noting turbulent high-velocity flow. Antenatal man
agement includes close antenatal surveillance with 
evaluation of peak systolic velocity flows in the cen
tral nervous system to indirectly evaluate fetal ane
mia. The effort is to delay delivery until the latter

portion of the third trimester unless prompted by 
evidence of fetal compromise. Invasive intrauterine 
management has also been described with obliter
ation of these placental lesions by embolization or 
laser coagulation of feeding vessels [12,13],

In continuing pregnancies, the placenta can 
assume various shapes, most of little clinical impor
tance. An exception is the circumvallate placenta, in 
which the chorionic plate is smaller than the basal 
plate and the amniotic membranes insert medial to 
the placental edge. On gross inspection this results 
in a thick yellow-white rolled placental edge. This 
abnormality is associated with chronic antepartum 
bleeding, low birthweight infants, and possibly con
genital malformations [14,15], This placental vari
ant is not commonly detected by ultrasonic scan
ning.

An unusual placental abnormality resulting in 
both major and minor congenital malformations is 
the amniotic band syndrome. These bands can entan
gle various fetal parts and lead to amputations and 
other major injuries. Grossly distorting abnormali
ties involving craniofacial anatomy, visceral organs, 
and fetal extremities can result in complex limb- 
body wall anomalies [16], The pathophysiology 
underlying this placenta-based syndrome remains 
unexplained. An exogenous theory proposes the 
formation of fibrous bands, resulting from first- 
trimester amnion rupture. An endogenous theory 
proposes that the occurrence of both fetal mal
formations and amniotic bands are secondary to 
underlying fetal vascular complications. Prognosis 
for the fetus in an amniotic band syndrome varies 
depending on the associated findings. This condi
tion is to be differentiated from minor “tenting” of 
the amnion that occurs before the amnion attaches 
to the chorion in the 12th to 15th week [17,18],

A potentially serious anomaly of cord and mem
branes is a velamentous insertion of the cord. In 
a velamentous insertion the umbilical vessels sep
arate in the membranes before the cord reaches 
the chorionic plate. In this situation, the vessels 
are unprotected by W harton’s jelly and are easily 
compressed or ruptured. This condition is associ
ated with increased perinatal risk, primarily from 
fetal hemorrhage caused by vessel laceration asso
ciated with membrane rupture. If these vessels 
course in front of the endocervix, the condition 
becomes a vasa previa. This is a precarious state, and 
the vessels are subject to tearing when rupture of
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membranes occurs. The observation is made of 
increased vaginal bleeding following either sponta
neously ruptured membranes or during induction 
of labor when AROM (artificial rupture of mem
branes) is performed [6]. Velamentous insertion is 
also associated with fetal growth disturbances and is 
common in multiple gestations. Approximately 6% 
of twins and up to 30% of triplet pregnancies will 
have one or more velamentous insertions. The diag
nosis is made by tracing the umbilical vessel from 
the placental plate and through the membranes by 
color flow Doppler ultrasound.

If the diagnosis is suspected either owing to low 
placentation, multiple gestation or other factors, 
ultrasonic confirmation is usually easy.

In approximately 1% of singleton pregnancies 
and 5% of twins, one umbilical artery is absent. 
Such single umbilical arteries (SUA) can result from 
the failed development of one vessel early in preg
nancy or from atrophy later in gestation. A SUA has 
an association with congenital malformations, espe
cially those involving the renal and cardiac struc
tures. W hen an isolated SUA is present, however, 
the fetus is usually chromosomally normal, and is 
usually normal.

Implantation and Early Development
Disruptions in placentation occurring in the first 
few weeks of gestation lead to abnormal placental 
anchoring and disruption of early angiogenesis. This 
combination of events frequently results in spon
taneous abortion. In vitro fertilization studies indi
cate that a maximum of 30% to 40% of embryos 
returned to the uterus are able to implant [8,24]. O f 
recognized pregnancies, at least 20% to 25% abort 
spontaneously by or before 12 weeks of gestation 
[25]. (Additional developmental abnormalities that 
occur early in gestation, including ectopic implan
tation, are discussed in detail in Chapter 4, Ectopic 
Pregnancy.)

Chromosomal disorders can be the etiology of 
some cases of failed implantation. A complete hyda- 
tidiform mole is usually composed of 46 chromo
somes (XX) of paternal origin, whereas an incom
plete or partial mole, commonly associated with a 
growth-restricted fetus, is characterized by placen
tal and fetal triploidy. With molar degeneration, a 
misnomer, the placenta undergoes cystic changes

after the embryonic or fetal demise. At times it can 
be confused with a partial mole or even a com
plete mole. This is more common in early losses 
(first trimester). There is little evidence of malig
nant changes or invasion unless the finding is true 
trophoblastic disease.

Abnormal Cytotrophoblastic Invasion
After implantation, an important occurrence in pla
cental development is the formation of a fully 
mature intervillous circulation. The failure to com
plete this normal physiologic maturation adequately 
has been observed in the placentas of pregnancies 
affected by preeclampsia and fetal growth restric
tion. Most commonly, this involves the absence of a 
secondary invasion of the endovascular trophoblast 
into the maternal spiral arteries of the myometriai 
layer, which normally occurs during weeks 15 to 22. 
The mechanisms underlying impaired trophoblast 
migration that interferes with this process are not 
well known. These normal physiologic changes can 
be altered when there is a disturbance in maternal 
blood flow and maternal oxygenation [2,6]. The link 
to various abnormal placental growth factors (PGIF, 
sFltl) is clear, but the etiology of these abnormali
ties or the association of other co-morbidities, such 
as chronic hypertension and diabetes, in the appear
ance of preeclampsia is still poorly understood [26- 
30],

A common lesion that can arise in the setting 
of preeclampsia, chronic hypertension, diabetes or 
other co-morbid situations is acute atherosis in the 
spiral arterioles or maternal vessels. Such changes 
can obstruct/obliterate the lumen of the these arter
ies with an aggregation of foam cells. The result
ing thrombosis further reduces placental perfusion 
within the affected villi and can lead to placental 
infarction. If the placenta is unable to compensate 
fully for syncytial damage, fibrin and platelet deposi
tion increase, and further infarction of the placental 
villi occurs leading to an inhibition of fetal growth 
[2]. Poor placenta perfusion and abnormal mater
nal spiral arterioles as well as the circulating anti- 
angiogenic factors such as tyrosine kinase 1 (SFLT1) 
are the probable precursors needed for the appear
ance of preeclampsia [29]. More recent studies have 
suggest that these hypoxic placentas are the basis for 
abnormal angiogenic factor secretions including low
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levels of placental growth factor (PGIF) and vascular 
endothelial growth factor A (VEGF-A). Apparently, 
an abnormal balance in pro-angiogenic and anti- 
angiogenic growth factors are related to the devel
opment of abnormal placentation characteristic of 
preeclampsia [28],

In addition to preeclampsia and fetal growth 
restriction, similar placental abnormalities are seen 
in women with chronic hypertension, suggesting 
that the common etiology is reduced maternal blood 
flow. Associated clinical factors include extremes 
of maternal age, underlying maternal diseases, such 
as long-standing diabetes mellitus, collagen vascu
lar or renal disease, and nulliparity [3,27], In addi
tion to these conditions the use of illicit drugs such 
as cocaine and poor maternal nutrition can also 
adversely affect placental structure and function 
13]. Maternal smoking is also an issue [4,11,31- 
32]. With both active and passive cigarette smoking 
there is increased fibrosis and decreased vasculariza
tion of the placental villi; however, there is a surpris
ing protective effect of cigarette smoking for pre
eclampsia. Smoking is, however, an important risk 
factors for circumvallate placenta, chronic abrup
tio placentae, and placental infarction. All of these 
conditions reduce placental surface area, limiting 
effective fetal-maternal exchange. The observed 
beneficial effect of smoking on preeclampsia is not 
understood but could be related to the effects of 
nicotine as a protective intermediary.

Abnormal Placental Separation
Placental abruption (abruptio placentae) is defined 
as the complete or partial early separation of a 
normally implanted placenta [33,34]. This condi
tion is the most frequently encountered placen
tal abnormality of the third trimester. The patho
physiologic processes underlying placental abrup
tion remain unclear. Physiologically, bleeding ini
tially occurs from vessels in the decidua or the spiral 
arteries and subsequently spreads along the path of 
least resistance behind the fetal membranes. There is 
probably more than one mechanism resulting in this 
clinical entity. A wide range of clinical conditions 
are associated with placental abruption, including 
accidental trauma, hypertension, diabetes, renal dis
ease, autoimmune disease, smoking, cocaine use, 
and a history of prior separation. Traumatic sepa

ration of an intact placenta as a result of falls or 
automobile accidents is a recognized etiology for 
abruption; however, it accounts for few cases. In the 
large majority of instances an abruption is the con
sequence of a poorly understood underlying abnor
mality in the intervillous circulation.

The degree of separation in placental abruption 
varies greatly, as can the clinical signs and symptoms. 
Fully one third of abruption cases are concealed (i.e., 
vaginal bleeding is not observed). As such, a high 
index of suspicion is the key to early diagnosis and 
appropriate management. In an acute event, subse
quent pathologic examination may observe few if 
any pathologic findings, other than a superficial or 
attached clot. Abnormal trophoblastic invasion into 
the spiral arteries has been identified in at least some 
pregnancies complicated by abruption.

Placenta Previa
In placenta previa, the placental implantation is 
either over or adjacent to the internal cervical 
os. Ultrasonic study permits the classification of 
placenta previa into the categories of complete 
and marginal types. In a complete placenta pre
via, the implantation covers the internal cervical os. 
A marginal placenta previa is diagnosed when the 
proximal edge of the placenta is implanted within 
less than 2 cm of the internal cervical os. The vulner
able placement of these abnormally situated placen
tas predisposes to separation and antepartum hem
orrhage prior to delivery, usually associated with 
uterine contractions. Cervical trauma and physio
logic cervical changes that occur with advancing ges
tational age are other precipitating factors leading to 
episodes of bleeding. The cause of low implantation 
is unclear, but it is theorized that it is secondary to 
the lack of a suitable implantation site in the uterine 
fundus and corpus [24,33]. Numerous predispos
ing factors have been identified and include multi
gravidity, prior cesarean delivery, prior placenta 
previa, a history of in vitro fertilization, uterine mal
formations, and the presence of leiomyomas. Pla
centa previa is often complicated further by various 
degrees of abnormal placental adherence (placenta 
accreta/increta/percreta). This is thought to occur 
because the lower uterine segment and endocervix 
do not decidualize to the same degree as the uterine 
fundus [32],
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Placenta Accreta
Placenta accreta and its variations, percreta and inc
reta, are consequences of an abnormal maternal- 
fetal tissue interaction early in gestation. In these 
conditions of abnormal placental adherence, villi 
penetrate or perforate the uterine muscle without an 
intervening endometrial layer. Superficial invasion 
defines an accreta. When the invasion passes deeper 
into the myometrium the condition is termed a pla
centa increta. Invasion through and beyond the uter
ine serosa is placenta percreta. In the rare event 
of placenta percreta, trophoblast tissue can invade 
adjacent pelvic structures, most often the bladder. 
These types of placenta adherence are believed 
to occur secondary to uterine abnormalities (i.e., 
absent or damaged uterine decidua) and not as a 
result of an overly aggressive trophoblast [32],

The clinical consequence of this type of pla
cental implantation is incomplete placental sep
aration at delivery, with resultant hemorrhage 
Although uncommon, the accreta, increta, and 
percreta syndrome can lead to unanticipated and 
life-threatening hemorrhage, mostly at the time of 
delivery, with the need for rapid surgical interven
tion. Antepartum bleeding from an anterior pla
centa percreta rarely occurs due to either gross 
hematuria or uterine rupture. (For a more extensive 
discussion, see Chapter 11, Third Stage.)

Placental Function
Abnormalities of placentation directly contribute to 
observed perinatal complications. Maternal illnesses 
(e.g., chronic hypertension or autoimmune disease) 
and certain maternal behaviors (e.g., tobacco or sub
stance abuse) adversely influence placental func
tion. The availability of ultrasound scan to assess pla
cental morphology, placental location, and markers 
for placental function (e.g., fetal growth, Doppler) 
provides further insight to this relationship. Cur
rently such antepartum testing essentially directs 
clinical management.

EPIDEMIOLOGY

Vaginal bleeding remains the most common pre
senting symptom of placental dysfunction. Approx
imately 4% of pregnancies that continue beyond the 
first trimester are complicated by vaginal bleeding.

Placental abruption is the cause for approximately 
30% of these cases, with placental previa account
ing for another 20%. The remaining 50% arise from 
various causes, including preterm labor, genital tract 
lesions, the poorly defined condition of marginal pla
cental separation, or from unknown causes [33], As 
the cause-and-effect relationships among these con
ditions often overlap, so do the epidemiologic risk 
factors for each.

Marginal Placental Separation
Bleeding of unknown etiology is the diagnosis of 
exclusion that follows a thorough evaluation includ
ing both an ultrasound evaluation and a physical 
examination. When visible sites such as the vagina 
or cervix are eliminated as a source of bleeding, and 
an ultrasound examination is grossly normal, the 
diagnosis of bleeding of unknown etiology is made. 
Bleeding without a specific diagnosis is common in 
the first and early second trimesters and is attributed 
to an uncertain entity termed marginal placental sep
aration or marginal sinus bleeding. Some of these 
episodes result from punctate decidual bleeding at 
sites separate from the placental implantation site 
or probably from small bleeds from the endocervix 
which are not accurately diagnosed. The overall risk 
to m other and fetus from bleeding of unknown eti
ology is low, assuming the exclusion of more sig
nificant perinatal pathologies (e.g., placental abrup
tion, preterm labor, and placental previa). When 
antepartum bleeding begins prior to 37 weeks, how
ever, approximately 15% of fetuses will be deliv
ered prematurely, and the rate of stillbirth doubles. 
W hen bleeding occurs in the earlier weeks of ges
tation, it can herald miscarriage, premature rupture 
of membranes, chorioamniotis, preterm delivery, or 
an intrauterine fetal demise [33].

Placenta Previa
Placenta previa occurs in 0.3% to 0.5% of all preg
nancies. The incidence is probably increasing [33], 
Variations in the incidence arise because of the ges
tational age at diagnosis as well as the accuracy 
of the diagnosis. In recent years the large num 
ber of women with prior cesarean deliveries has 
also increased the prevalence of this condition. In 
the second trimester, the incidence of previa by 
transabdominal ultrasound scanning is reported as
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I ABLE 7.1 Risk Estimates for Antecedents to the Development of Placenta Previa: Collaborative Perinatal Studv 
1959-1966»

No. of Cases of Placenta

Risk Factors
Previa per 1,000 Cases with Relative Risks Attributable Risks
Risk Factor' (95% Cl) (95% Cl)

Frequency of previa/total sample 7 (362)
Maternal factors:

Leiomyoma or prior gynecologic surgery 12 (753), P <  0.001 1.9 (1.5-2.4) 0.13 (0.12-0.15)
Parity >5 14 (/23), P :s 0.001 2.1 (1.6-2.6) 0.12 (0.10-0.14)
Race; White 7 (21 /), P ■■ 0.02 1.3 (1.0-1.6) 0.07 (0.06-0.09)
Smoked during early pregnancy 10 (107), P < 0.001 1.5 (1.2-1.9) 0.06 (0.05-0.07)
Age >35 yr 16 (52), P<  0.001 1.7 (1.2-2.3) 0.03 (0.02-0.04)

Fetal factor: Twins 14 [16), P < 0.005 1.8 (1.2-2.5) 0.02 (0.00-0.04)
Population attributable risk 0.36 (0.34-0.39)

Pregnancy outcomes
Preterm birth 17 (20/), /’ (1.(101 4.7 (3.8-5.8)
Fetal growth retardation 7 (33), P <0.1 1.1 (0.8-1.4)
Stillbirth 26 (25), P <  0.001 1.0 (0.6-1.5)
Neonatal death 46 (45), P < 0.001 3.0 (2.2-4.0)
Neurologic abnormalities: at 7 yr 10 {17], P <  0.01 1.6 (1.0-2.5)

Motor abnormalities +  severe mental 4.0 (2.2-6.0)
retardation

Cerebral palsy 3.2 (1.3-5.2)

* Significant values are in boldface.
1 Cases in CPS sample arc in parentheses.

From Naeyc f t ;  Disorders of the Placenta, Fetus, and Neonate: Diagnosis and Clinical Significance. St. Louis: Mosby Year Book, 1992; 
p. 218; with permission.

5% (50/1000) of all pregnancies and is sometimes 
higher [35,42-45], Second-trimester studies that 
incorporate transvaginal ultrasound visualization of 
the placenta demonstrate a much lower rate of pla
centa previa. The gestational age at which placenta 
previa is diagnosed and the degree of cervical over
lap influence the likelihood of persistence at term 
142]. The large majority of mid-trimester partial pla
centa previas will resolve (“migrate”) prior to deliv
ery. When the leading edge of the placenta overlaps 
the cervix by more than 2.5 cm at 20 to 23 weeks’ 
gestation, however, subsequent vaginal delivery is 
unlikely as placentas remaining as previas at this 
time are unlikely to resolve [43],

A prior cesarean delivery increases 1.5- to 5- 
fold the likelihood of placenta previa in the 3rd 
trimester [44,46], Placenta previa is also more com
mon among multiparous women regardless of the 
mode of prior deliveries. The incidence can be as 
high as 1 in 200 in grand multiparas, compared with

1 in 1,500 nulliparas [47], The incidence of previa is 
also associated with advanced maternal age, multi
ple gestations, and maternal tobacco or cocaine use 
(Table 7.1 and Figure 7.1). The recurrence risk for 
placenta previa is 4% to 8%. Unfortunately, the seri
ous complications of accreta, increta, and percreta 
are also strongly associated with low implantations 
and prior cesarean deliveries [48].

These associations suggest that damage to the 
endometrium is the important factor in the etiology 
of placenta previa, although the exact pathophysiol
ogy remains unknown [50], Presumably, each sub
sequent pregnancy provides fewer available “good" 
implantation sites and therefore a higher likelihood 
of implantation within the lower uterine segment. 
These data and the well-established associations 
between abnormal placental adherence and uterine 
malformations or previous uterine surgery such as 
myomectomy or curettage suggest decidual dam
age as the primary cause for abnormal placental
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Prior cesarean

0 1 2 3 4 5
<20 20-24 25-29 30-34 35-39

FIGURE 7.1.
The incidence ofplacenta previa according to risk factors 
o f  prior cesarean, maternal age, and parity. (From Eden 
RD, Boehm FH (eds): Assessment and Care o f  the Fetus: 
Physiological, Clinical and Medico-legal Principles. 
Norwalk, CT: Appleton and Lange, 1990; p. 664; with 
permission.)

adherence [49,50]. Placental shape can also be 
affected by the site of the original implantation. 
As the endometrial blood supply is best away from 
the lower uterine segment, the placenta preferen
tially extends its growth upward toward the fundus 
(trophotropism), leaving the site of cord insertion 
behind as a marker for the center of the original 
placental disc [32], The increased rate of eccentric 
cord insertion, velamentous insertion of the cord, 
and vasa previa observed with placenta previa adds 
support to this theory.

The best-documented and greatest risk to the 
fetus with placenta previa is prematurity. Fortu
nately, with modern obstetric management, serious 
maternal complications of previa are uncommon, 
although all cases involve morbidity and some risk 
of serious complications.

Placenta Accreta/Increta/Percreta
Placental accreta/increta/percreta are related and 
complex abnormalities of placental implantation. 
These conditions are strongly associated with both 
placenta previa and prior cesarean delivery. Clark 
and coworkers identified the risk of accreta coexist
ing with placenta previa as 5% in women without a 
prior cesarean delivery. This rate increased to 67% 
among women with a placenta previa and four prior 
cesarean operations (Figure 7.2) [48]. O ther stud
ies have reported similar findings [49,50], In con
trast, the risk for placenta accreta in the absence

c- 50c
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2 or more

FIGURE 7.2.
The risk o f  placenta accreta in patients with a placenta 
previa and one or more previous cesareans. (From 
Creasy RK, Resnik R (eds): Maternal-Fetal Medicine: 
Principles and Practice, 2nd ed. Philadelphia: WB 
Saunders, 1989; p. 608; with permission.)

of placenta previa and prior cesarean delivery has 
been estimated at 1 in 68,000. The prevalence of 
placenta accreta is rising in the United States and 
has been attributed to the rising cesarean delivery 
rate. Among women with placenta previa, advanced 
maternal age is likely an independent risk factor 
for placenta accreta [46]. An elevated maternal 
serum alpha-fetoprotein (AFP) level in the absence 
of demonstrated fetal anomalies is a potential early 
biochemical marker for the diagnosis of placenta 
accreta [51].

Maternal mortality and morbidity are consider
ably higher with placenta accreta than with previa 
alone owing to the propensity for sudden severe 
hemorrhage due to myometrial invasion and sub
sequent involvement of adjacent tissues, and the 
additional surgical procedures required for control 
(Figure 7.3). Fetal outcomes in placenta accreta are 
similar to the fetus with isolated placenta previa.

Abruptio Placentae
Premature separation of the normally implanted 
placenta (i.e., abruptio placentae, accidental hem
orrhage) remains one of the leading causes of fetal 
and neonatal mortality and significant maternal mor
bidity. The incidence of abruption is approximately
I.%. Severe abruption leading to fetal death occurs 
in 0.12% of pregnancies (1:830) [34], Although 
no single cause has been identified, underlying 
pathologic alterations of the decidual and uterine
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TABLE 7.2 Risk Estimates: Abruptio Placentae*

Risk Factors

No. of Cases of Placenta 
Previa per 1,000 Cases 
with Risk Factor'

Relative Risks (95% 
Cl)

Attributable Risks 
(95% Cl)

All cases 21 ( 1140)
Maternal factors
Smoked during pregnancy 27 (295), P < 0.001 1.5 (1.2-1.9) 0.07 (0.05-0.09)
Preeclampsia, eclampsia 35 (3/9], P <  0.001 1.7 (1.4-2.0) 0.09 (0.06-0.12)
Age >35 yr 28 {91), P < 0.005 1.8 (1.2-2.6) 0.03 (0.02-0.04)
Fetal factor
Major fetal malformations 32 {160), P<  0.001 1.6 (1.1-2.2) 0.03 (0.02 0.04)
Placental factor
Acute chorioamnionitis 39 {269), P<  0.001 1.9 (1.7-2.2) 0.08 (0.05-0.11)
Markers for vigorous fetal

motor activity
Unusually long umbilical cord 24 {517), P<  0.002 1.6 (1.2-2.0) 0.11 (0.09-0.13)
Other indicators 0.01 (0.00-0.02)
Population attributable risk 0.40 {0.36-0.45)

Pregnancy outcomes
Preterm birth 48 (558), P<  0.001 1.5 (1.4-1.8)
Fetal growth retardation 23 (J JO), P < 0.1 1.1 (0.9-1.3)
Stillbirth 190 {184), P < 0.001 4.1 (3.4-5.2)
Neonatal death 135 {137), P<  0.001 1.9 (1.0-3.6)
Neurologic abnormalities at 7 yr 25 (42), P<  0.1 1.2 (0.4-2.1)

‘ Significant values are in boldface.

'Num bers of cases are in parentheses.

From Naeye RL: Disorders of the Placenta, Fetus, and Neonate: Diagnosis and Clinical Significance. St. Louis: Mosby Year Book, 1992: 
215-9; with permission.

vasculature are doubtless involved [1,11,33,34]. 
Some have speculated that the underlying mecha
nisms can differ between preterm and term gravi
das affected with placental abruption [52], His
torical factors associated with placental separation 
include increased parity, prior cesarean delivery 
hypertensive disorders, premature prolonged rup
ture of membranes, multiple gestations, cigarette 
smoking, cocaine use, and prior abruption. Rarely, 
direct uterine trauma is a cause of abruptio placen
tae (Table 7.2). Recent studies have not confirmed 
folic acid deficiency as a causal factor in abruptio 
placentae, and fortification efforts have not changed 
the prevalence of placental abruption [53].

Drug and cigarette exposure is an area for which 
there is clearly potential for prevention and inter- 

FIGURE 7.3. vention. Despite educational efforts, fully 30% of
Hysterectomy specimen showing an anterior placenta pregnant women still smoke cigarettes, guaran-
increta/percreta bulging through the uterine wall. teeing the continued generation of new cases of
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abruptio placentae. Drug use is also a continuing and 
severe problem. Exposure to illicit drugs in preg
nancy is estimated to be between 5% and 11%, 
regardless of socioeconomic class, race, or type of 
community setting [54], Trauma is an additional 
potentially preventable cause of abruptio placentae 
[36-40]. Appropriate seat belt use can reduce the 
risk of traumatic abruption and should be part of 
antepartum education. Partner physical abuse might 
occur for the first time in pregnancy and since it 
is often directed at the abdomen, breasts, and gen
italia, abruptio placentae could be an unexpected 
consequence. A high index of suspicion in unusual 
cases of abruption as well as specific inquiry about 
physical violence should be incorporated into rou
tine obstetric practice. However, overall trauma as 
an etiology for abruptio placentae remains uncom
mon.

Intrapartum risk factors associated with abrup
tio placentae include rapid decompression of the 
uterus after rupture of the membranes in cases com
plicated by hydramnios. or, similarly, sudden change 
in uterine size after the delivery of the first fetus 
in a multiple gestation pregnancy. External cephalic 
version and congenital hypofibrinogenemia are addi
tional and unusual risk factors for placental abrup
tion. There is no relationship between abruption 
at or near term and diagnostic amniocentesis per
formed earlier during pregnancy [55].

The incidence of abruption appears to be increas
ing, with a near twofold increase among black 
women over the past two decades. W hite women 
experienced a 15% increase over the same period 
[56]. The recurrence risk for abruption is 5% to 15% 
but could be considerably higher if underlying risk 
factors are present. For this reason, a careful review 
of the past obstetric history and medical documenta
tion is crucial in preconceptual and early pregnancy 
risk assessment.

DIAGNOSIS OF PLACENTAL 
ABNORMALITIES 

History
Elements of the patient's history are useful in the ini
tial evaluation of bleeding thought to be of placental 
origin; however, there is overlap in signs and symp
toms among patients with placenta previa, abrup
tio placentae, and bleeding of unidentified etiology

TABLE 7.3 History and Physical Findings with 
Third-trimester Bleeding*

Marginal
History or Physical Placenta Abruptio Sinus
Finding Previa Placentae Bleeding

Recent intercourse +
Trauma -
Drug ingestion -
Severe pain
Uterine hypertonus -
Abnormal presentation + 
Fetal distress -
Hemorrhage sjN

*Spp text for additional discussion.

(Table 7.3). Most important, an episode of vaginal 
bleeding suggests, but is not limited to, the diagno
sis of a placental abnormality. Bleeding can occur 
at any point in pregnancy, although the peak inci
dence is at 34 to 35 weeks of gestation. Bleeding can 
occur spontaneously or be incited by intercourse, a 
pelvic examination, trauma, or the onset of term or 
preterm labor.

Bleeding can be painless or associated with com
plaints of severe distress. Late third-trimester pain
less bleeding is classically ascribed to placenta pre
via. Abruption, can, however, accompany a placenta 
previa, resulting in acute signs and symptoms that 
are mixed. Uterine contractions are present in as 
many as 25%: of cases. Bleeding from an abruption is 
occasionally painless, particularly if the separation is 
small. As a general rule, the greater the degree of the 
separation, the more likely are both pain and uter
ine irritability. Maternal restlessness and discomfort 
out of proportion to the amount of blood observed , 
or initial maternal hypotension with or without ane
mia, strongly suggest the possibility of concealed and 
intramural bleeding characteristic of abruption.

Physical Examination
Classically, on examination, the woman with pla
centa previa has painless bleeding, a soft uterus, and 
vital signs reflecting the degree of blood lost. Dur
ing Leopold maneuvers, the presenting part is not 
engaged. The patient with abruptio placentae usu
ally has recurrent contractions or a tense and often 
tender uterus and can have signs and symptoms of
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hypovolemia. As with the patient’s history, there 
is an overlap of findings in the physical examina
tion of patients with vaginal bleeding. Classic his
tories are notable for their rarity and atypical pre
sentations are common. If a concealed separation is 
the problem, the amount of blood seen per vagina 
can be minimal compared with the patient’s com
plaints or physical findings. A high index of sus
picion is often required to promptly establish the 
correct diagnosis. Initial laboratory test results such 
as a complete blood count (CBC), clotting studies, 
or a Kleihauer-Betke stain can fall within the nor
mal range for the laboratory. The use of Kleihauer- 
Betke testing does not provide diagnostic assistance 
concerning the mechanism of the observed vaginal 
bleeding 157].

Confusion caused by the potential overlap in his
tory and physical findings with the various placental 
abnormalities has led physicians in recent years to 
rely heavily on ultrasound scanning to help in iden
tifying the cause of ante- and intrapartum hemor
rhage.

Ultrasound Scanning
Despite advances in ultrasound imaging, the likeli
hood that scanning will identify placental separation 
or other sites of hemorrhage by ultrasound examina
tion remains low. The principal use for ultrasound 
in cases of bleeding is to establish gestational age, 
verify fetal number, evaluate gross fetal normality, 
determine the volume of amniotic fluid, test for fetal 
well-being, and exclude placenta previa. Improving 
diagnostic accuracy is extremely important. Inap
propriately diagnosing a placental abnormality can 
lead to unnecessary cessation of work, bed rest, hos
pitalization, or even an operative delivery. Alterna
tively, a missed diagnosis can make even a simple 
pelvic examination potentially dangerous.

PLACENTA PREVIA

The placenta is first identified ultrasonographically 
as a thickening along one surface of the intrauterine 
gestational sac by about 10 to 14 weeks of gestation. 
Gross anomalies such as moles, molar degeneration, 
or amniotic bands can also be identified at this time. 
In early gestational age the localization of the pla
centa is frequently centered around the cervix with 
low-lying placentas or even previas common. How
ever, the edge of the placenta is often difficult to

define with transabdominal sonography (TAS) tech
niques, and transvaginal sonography (TVS) imaging 
must be used to confirm placental location. This 
early localization does not reflect the future posi
tion of the placenta, so that first-trimester studies 
are poorly predictive for those placenta previa at 
term.

Placental localization becomes progressively eas
ier using abdominal scanning as gestation proceeds. 
The overall accuracy of TAS for placental localiza
tion ranges from 93% to 97% [58]. False localiza
tions in the second trimester are possible and can 
result from several causes, including an overly dis
tended maternal bladder, myometrial contractions, 
and masses such as leiomyomas and extramembra- 
nous blood clots, which can have an echo pattern 
similar to placental tissue. Problems with third- 
trimester studies are also possible and can result 
from difficulty in visualizing the cervix secondary 
to shadowing from the maternal symphysis pubis or 
overlying fetal parts. Failing to examine the lateral 
uterine wall can also result in a missed diagnosis for 
placenta previa. The common factors of obesity, 
degree of bladder fullness, or overlying presenting 
part are largely avoided by transvaginal study (TVS). 
The use of high-frequency TVS probes also provides 
information regarding the distance from the lead
ing placental edge to the  internal cervical os. Prop
erly conducted TVS does not incite bleeding during 
the investigation of suspected placenta previa. As 
opposed to speculum placement, the transvaginal 
probe is performed under direct vision due to the 
images it provides. Additionally, the angle between 
the longitudinal axis of the cervix and the vagina 
(greater than 45 ), prevents inadvertent insertion 
into the cervix [59], and the focal zone of the 
probe (ranging 2 cm-8 cm) provides images of the 
lower uterine segment without entering the cervi
cal canal [60]. Aggressivemanipulation of the trans
ducer once it is inserted does have the potential for 
inducing bleeding and is to be avoided, however.

Compared with abdominal ultrasound, the vagi
nal approach allows more precise delineation of 
the internal cervical os and the placenta at any 
stage of gestation (Figure 7.4). The important 
point is that the diagnosis of previa can be reli
ably excluded by a normal transvaginal scan. In 
the mid-trimester, the finding of a leading placental 
edge more than 2.0 cm from the internal cervical 
os virtually excludes the occurrence of clinically
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FIGURE 7.4.
A, Ultrasound image o f  placenta previa: trans abdominal 
ultrasound technique; B, transvaginal idtrasound 
technique.

significant previa at term [61]. At or near term, 
demonstration of the placental edge within 2.0 
cm from the internal cervical os indicates a high- 
risk situation. Cesarean delivery is indicated for 
women in whom the leading edge of the placenta 
is within 1.0 cm from the internal os. The optimal 
delivery management for those women in whom 
the placental edge lies within 1.1 cm to 2.0 cm 
of the internal cervical os, however, is less clear [62], 
If the placental edge does not cross the cervix, and 
there is an interval of time from diagnosis until the 
anticipated delivery, the greater the possibility for 
migration, as is discussed below.

Transperineal sonography (TPS), also known as 
translabial sonography, offers some of the advantages 
of the vaginal approach without the potential risk 
of bleeding and discomfort or the need for a special 
transducer. Quality of the scan is limited by echoes 
produced by the symphysis pubis and by soft per
ineal tissue, and experience is needed to interpret

the images; however, TPS has a high acceptance rate 
by patients and can be readily repeated as necessary.

Following an abdominal scan that suggests pla
centa previa or an observed episode of bleeding, 
the patient is placed in the lithotomy position or 
with her legs flexed and the knees widely spread. A 
transducer covered with a plastic sheath or simply 
an examining glove is placed over the vulva. The 
maternal bladder should be empty for this exami
nation. With this technique, the internal os of the 
cervix can be visualized in 97% to 100% of cases 
[63,64], When the fetal presenting part or amniotic 
fluid lies directly over the internal os, placenta pre
via can be reliably excluded. Early studies on this 
approach report 90% accuracy with the diagnosis of 
placenta previa [63]. Although not as precise for 
diagnosis of previa, this technique has additional 
value as it can be used during labor as well as in cases 
of ruptured membranes. Poor positioning, maternal 
soft tissue and symphysis pubis echoes, uterine con
tractions, an echogenic hematomas, operator inex
perience, and failure to visualize the entire cervix 
are potential sources of error.

The interval between the diagnosis of placenta 
previa and the confirmation of that diagnosis at 
delivery relates to the phenomenon known as pla
centa migration. Placentas that appear low in the 
uterus in the second trimester appear to move 
toward the fundus with advancing gestational age. 
This is due to the combined effects of preferential 
placental growth and normal elongation in the lower 
uterine segment. Longitudinal studies of placental 
position suggest a migration “speed” of approxi
mately 0.5 cm per week [61 ]. In fact, 90% of asymp
tomatic placenta previas diagnosed in midgestation 
“resolve” by this normal mechanism by the time of 
delivery.

PLACENTA ACCRETA

With the known association of placenta previa and 
prior cesarean delivery with placenta accreta, and 
an ever-increasing rate of cesarean delivery, there 
has been a recent focus on identifying ultrasound 
findings predictive of abnormal placenta adherence 
(Figure 7.5) [65-70]. Close attention to placental 
locale and echo pattern is prudent, especially in 
women with multiple prior cesarean deliveries and 
a low and anterior implantation site. Ultrasound fea
tures suggestive of placenta accreta include 1) the
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FIGURE 7.5.
A, Ultrasound images o f  placenta accreta: 
transabdominal ultrasound technique. Note vascular 
lakes and poorly defined myometrium. B, Transvaginal 
ultrasound ivith color Doppler study demonstrating 
abnormal vessels. Tor color reproduction see Color 
Plate 1.

interruption of the usual maternal bladder-uterine 
interface (seen as a disruption of the echolucent 
border between these two structures), 2) obliter
ation of the clear space between the uterus or 
myometrium and the placenta, and 3) the finding 
of numerous lacunar vascular spaces (“lakes”) within 
placental tissue. In an early prospective study, Fin- 
berg and Williams [66] identified eighteen patients 
with such suggestive sonographic findings, sixteen 
(89%) of whom ultimately required hysterectomy 
for accreta. Conversely, of sixteen women with neg
ative findings, only one proved to have an abnor
mally adherent placenta. More recently, Comstock 
and colleagues [67] reported on 12 years of study 
data from a population of 2,002 women at risk for 
placenta accreta. Fifteen patients were ultimately 
demonstrated to have clinically proven placenta acc
reta. Eighty-six percent of patients were noted to

have one or more ultrasound findings suspicious for 
placenta accreta in the second trimester, and all had 
ultrasound findings suspicious for placenta accreta in 
the third trimester, closer to the time of delivery. An 
additional eighteen patients with ultrasound find
ings suspicious for placenta accreta were not found 
to have placenta accreta at the time of delivery. The 
presence of placenta lacunae (“lakes") was the most 
sensitive for predicting placenta accreta (93%, or 
14/15 patients). False-positives resulted most fre
quently from an isolated finding of obliteration of 
the clear space between myometrium and placenta 
(16/18 cases). In this study women with placenta 
percreta could not be distinguished from those with 
placenta accreta [67], In the uncommon event of an 
anterior placenta percreta that invades into the blad
der, hematuria (gross or microscopic) is a common 
finding. At times in such cases a perforating mass can 
be identified in the bladder. The role of magnetic 
resonance imaging (MRI) in detecting placenta acc
reta is still under investigation [70], With additional 
study the appropriate role for MRI as a diagnostic 
tool in evaluating placental adherence will doubtless 
become better established. (See the discussion that 
follows for Magnetic Resonance Imaging.)

ABRUPTIO PLACENTAE

When placenta previa is excluded as the cause for 
antepartum bleeding, the diagnosis of marginal sinus 
hemorrhage or abruptio placentae should be enter
tained. Ultrasound scanning for abruption can be 
misleading if the limitations of such studies are 
not recognized. Blood that has escaped through 
the vagina or passed into the amniotic cavity or 
myometrium will not be revealed by ultrasound 
scanning. This is the situation in three quarters 
of cases of suspected abruption. If blood remains 
within the uterus, a variety of findings are possible. 
A retained clot has a varied appearance, depend
ing on location, size, and age. Initially, a hematoma 
appears hyperechoic or isoechoic with the placenta 
(Figure 7.6). As such, it can be confused with a 
leiomyoma, a uterine contraction, a chorioangioma, 
or low-lying placenta or even a succenturiate lobe of 
the placenta. After several days to a week, the clot 
usually becomes hypoechoic or sonolucent. Such 
changes in appearance over time are helpful in 
differentiating hemorrhage from other diagnoses. 
O ther associated findings suggest abruption such as
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FIGURE 7.6.
Longitudinal transabdominal ultrasound scan 
demonstrating clot adherent to lateral edge o f  the 
placenta.

elevation of the adjacent chorion or a spherical shape 
to the placenta. The use of ultrasound for the diag
nosis of abruption must obey the rule of reason. In 
many instances of placental separation, the clinical 
presentation of pain, uterine irritability, anemia, or 
hemorrhage with or without fetal distress strongly 
suggests the diagnosis of abruption. In extreme cases 
of a potentially viable fetus in apparent extremis, 
treatment should never be delayed simply to obtain 
an ultrasound scan. When clinical circumstances are 
less pressing, scanning can help establish the cor
rect diagnosis primarily by excluding other possi
bilities -  especially placenta previa. As previously 
discussed, scanning also permits verification of ges
tational age and an assessment of fetal anatomic nor
mality, as well as documenting fetal position, assess
ing amniotic fluid volume, and studying other details 
of intrauterine anatomy or fetal growth that could 
prove important in management.

Experience with TVS for the diagnosis of 
abruptio placentae presents the same difficulties 
described with abdominal scans. A fresh intrauter
ine extramembranous hematoma can mimic the pla
centa or even a leiomyoma. Color Doppler flow 
study has been suggested as a way to further 
characterize difficult-to-interpret ultrasonic find
ings. Prominent venous flow in the hypoechoic areas 
near the cervix is most consistent with abnormal 
placentation, although scar windows or increased 
serosal vascular supply can confuse the interpreta
tion [66].

MRI is potentially well suited to the evaluation of 
third-trimester bleeding. The technique is noninva- 
sive and is excellent for tissue differentiation and 
the identification of blood. MRI uses neither ioniz
ing radiation nor a contrast medium, and neither 
maternal bone nor intestinal gases interfere with 
the image. Although the published data with MRI 
in pregnancy continue to grow, many of the prob
lems encountered remain the same since the ini
tial review of this topic for this text almost 10 
years ago. Clinical experience with MRI studies 
in pregnancy remains limited to larger institutions, 
affecting the availability of knowledgeable physi
cians for study interpretation. Examination costs 
remain high. Despite increased availability of MRI 
mobile suites, the scanner is frequently located at 
a substantial distance from the labor and delivery 
suite, requiring patient transport at a time when clin
ical deterioration could potentially occur. Further, 
some women poorly tolerate their isolation in the 
traditional scanning chambers, remaining supine for 
30 minutes or more or simply have difficulty fitting 
comfortably within the magnet.

MRI is usually employed in pregnancy when 
ultrasonic studies have failed to establish a diag
nosis, and the index of suspicion for occult abnor
malities remains high. MRI studies are also help
ful in the diagnosis of adnexal masses and ectopic 
gestation in pregnancy in the evaluation of com
plex fetal anomalies, and in placental localization. In 
the largest series specifically addressing bleeding, the 
location of the placenta with respect to the cervix 
was correctly identified in all cases [68], No placen
tal abruptions were identified, but in four cases a 
suspicion of intrauterine bleeding in the absence of 
a placenta previa was confirmed by the presence of 
hematoma at delivery. Cases in which no bleeding 
source was identified subsequently delivered with
out further hemorrhage or evidence of placental 
pathology.

MRI could prove helpful in establishing the diag
nosis in an asymptomatic woman believed to be at 
risk for placenta accreta or percreta based on prior 
ultrasound scanning (Figure 7.7). If the diagnosis is 
secure, this allows for the preparation for additional 
support services such as embolization and subspe
cialty surgical consultations. A preoperative diagno
sis also assists the surgeon by indicating that the

M agnetic Resonance Imaging
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FIGURE 7.7.
MRI image o f  placenta accreta indicating marked 
attenuation o f  the myometrial wall.

attempted removal of the adherent placenta is to 
he avoided [69,70], The identification of abnormal 
placental adherence in women with a posterior pla
centa previa and prior uterine surgery is enhanced 
with MRI as opposed to ultrasound because the 
problem of penetration is nonexistent with the lat
ter. Nonetheless, MRI is not without its own techni
cal and physical limitations. Furthermore, in many 
cases, clinical experience with MRI studies during 
pregnancy is limited. The use of MRI to evaluate 
placental anatomy has occurred at the same time as 
vaginal ultrasound scanning and has become increas
ingly reliable in determining the existence of abnor
mal placental adherence. Thus, while there is a role 
for MRI as a complement to ultrasound scanning in 
the diagnosis of placenta accreta/increta/percreta, it 
remains to be established.

Fetoscopy
For several years, fetoscopy has had a role in the 
diagnosis of fetal anomalies or genetic disorders. In 
cases with high perinatal risk, the additional risk 
of fetoscopy is considered justified to confirm the 
diagnosis. Its use to evaluate placental abnormali
ties, however, has been almost exclusively limited 
to the unique problem of twin-twin transfusion 
syndrome, where perinatal mortality is extremely

high. In this condition, abnormal vascular relation
ships between the placentas of monochorionic twins 
predispose to massive hydramnios, hydrops fetalis, 
intrauterine growth retardation, and maternal respi
ratory compromise or preeclampsia. Preterm deliv
ery, often before fetal viability, is a common com
plication. Therapies include periodic amniocentesis 
for removal of amniotic fluid, and fetoscopy to iden
tify anastomoses and photocoagulate them with a 
neodymium: yttrium-aluminum-garnet (Nd.YAG) 
laser [71]. Because of the risk of fetoscopy, photo
coagulation for the twin-twin transfusion syndrome 
is usually performed in the second trimester, before 
the period of potential fetal viability. The risks of the 
procedure have been reduced by improvements in 
technique, such that fetoscopy and laser obliteration 
of connecting vessels are becoming an important 
treatm ent for this distressing disorder in selected 
cases [72,73]. (See Chapter 10, Fetal Surgery, for 
additional discussion.)

Double Set-up Examination
The double set-up examination was classically con
sidered the final step in the evaluation of placen
tal localization. Owing to the rapid advances in the 
technologies mentioned previously, however, its use 
today is quite limited. Patients with complete pla
centa previa established by other diagnostic tests or 
extensive hemorrhage do not need the double set
up examination and could be subjected to unneces
sary risk because of it. Owing to the potential for 
increased bleeding following digital manipulation, 
the double set-up examination is performed only 
when the usual methods of evaluation are equivocal 
and additional information is needed to decide the 
appropriate route for delivery. A double set-up may 
allow a trial of labor in a patient who desires a nor
mal vaginal delivery in a borderline case of previa 
that cannot be decided by ultrasonic scanning.

Preparations for operative delivery should be 
completed before the double set-up examination 
is begun. This includes having blood available and 
moving the patient to the operating room with a 
full surgical team, including the anesthesiologist, 
present.

In the conduct of the examination an abdominal 
and/or vaginal ultrasound examination is first per
formed. With this examination, the clinical decision 
to proceed or not with the pelvic examination can
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be facilitated. Next, the most experienced physician 
conducts a vaginal examination, palpating the vagi
nal fornix furthest from where the placenta is antic- 
ipated to be located. If the fetal presenting part is 
clearly felt in that quadrant, the examining finger 
is gradually moved progressively around the cervix 
toward the suspect quadrant. If no placenta or boggy 
sensation is felt, vaginal delivery is probably safe. 
The membranes are then ruptured, a scalp electrode 
is placed, and oxytocin is administered, as required. 
With membrane rupture, the presenting part should 
descend and often will tamponade a low-lying pla
cental edge; however, if during the cervical exam
ination no presenting part is palpable or if there is 
a sensation of fullness, suggesting either placenta or 
clot, or if hemorrhage follows the examination, the 
patient’s legs are drawn down and a cesarean de
livery is promptly performed. These examinations 
should be restricted to women at or about term 
who are believed to have a favorable cervix and 
are strongly motivated to have a vaginal trial. Such 
examinations are now quite uncommon, but cir
cumstances can still occur that favor this procedure.

Placenta Pathology
In some cases, the nature of the placental abnor
mality cannot be accurately diagnosed until after 
delivery. When the pregnancy outcome is preterm 
delivery or stillbirth, or if an intrauterine growth 
restriction is present, a microscopic as well as a gross 
examination of the placenta is recommended. The 
responsibility for placental examination begins with 
the delivering physician. A careful description of 
placenta] condition at delivery, including the diffi
culty or ease of removal, integrity of the maternal 
surface, and the presence of adherent clots, can be 
vital information for the diagnosis of previa, accreta, 
or abruptio placentae. Clinical history and patient 
data must be shared with the pathologist in the 
laboratory and should be stated on the pathology 
requisition. If specific gross findings are present at 
delivery a photograph for documentation is invalu
able. If a formal examination can not to be con
ducted immediately, the placenta can be labeled and 
stored in a regular refrigerator until the pathologist is 
available.

Evaluation of the placenta is invaluable for the 
confirmation of clinical diagnoses. There are numer
ous articles and books detailing such examina

tions [1,2,6,74,75], Even for the pathologist with 
little experience in examining placentae, evalua
tion should include a description of placental size, 
color, and completeness; the presence of infarcts, 
hematomas, or tumors; and the appearance of the 
membranes and cord. Cord length, number of ves
sels, and placental weight should also be recorded.

Aberrations in placental weight are commonly 
used in speculation regarding perinatal outcome. 
To standardize placental evaluation, blood should 
be allowed to drain from the placenta completely, 
and the cord and membranes should be trimmed 
prior to weighing. Ideally, the placenta should be 
weighed before formalin fixation. Variation in pla
cental weight has its origin in genetics and the 
maternal nutrition state, as well as in the effects 
of maternal vascular disease, toxin ingestion (e.g., 
cigarettes and cocaine), and certain environmental 
influences (e.g., altitude). By definition, a small pla
centa weighs less than the 10th percentile for that 
gestational age against a table of normal values. If 
the placenta is small, minimal pregnancy weight 
gain and resultant lower-than-average expansion of 
intravascular blood volume are common associa
tions [75]. Fetal and placental growth are not always 
linked, however, and even in combination, the iden
tified risk factors explain about only one half of small 
placentas. Interestingly, maternal cigarette smoking, 
which is a well-known cause of growth retardation, 
does not cause a reduction in placental growth. In 
this situation, the ratio of fetal-to-placental weight 
actually increases.

In small placentas, microscopic findings can pro
vide insight into the etiology of poor growth. For 
example, stenotic segments, or even occlusion of the 
spiral arteries, can limit blood flow to the intervillous 
space, resulting in limited placental growth, placen
tal infarct, or other histologic evidence of chronic 
hypoxia, as previously discussed. This can occur in 
association with clinical evidence of abnormal fetal 
growth.

Placental histopathologic evaluation also includes 
evaluation for evidence of chorioamnionitis and for 
disorders of maturation. Villi go through an orderly 
sequence of events during their life cycle. Prema
ture or “accelerated” maturation sequences have 
been associated with hypertensive states. Acceler
ated maturation can be uniform, affecting all villi, or 
uneven, forming a mosaic. Uneven maturation, pre
sumably on the basis of fluctuating vasoconstriction,
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is significantly related to adverse perinatal outcomes
rfii.

Maternal floor infarction is another rare placen
tal condition of clinical importance [77,78], This 
disorder is characterized by a heavy deposition of 
fibrin surrounding the villi, on the maternal side 
of the placenta. As with accelerated maturation, 
this process can either be uniform or patchy in dis
tribution. If enough villi are disabled by the pro
cess, those remaining cannot support the pregnancy, 
and the fetus could grow abnormally or even die. 
Because this process can recur in subsequent preg
nancies, the diagnosis is clinically valuable Mater
nal floor infarcts also can result in an increase in 
maternal serum alpha-fetoprotein early in gestation 
[78],

Placental aneuploidy, mosaicism or chromoso
mal abnormalities such as paternal isodisomy can 
account for 3% to 5% of IUGR fetuses. In these cases 
the placental karyotype is dissimilar to the fetal kary
otype [79]. For more information one should refer 
to specific texts relating to placental pathology.

MANAGEMENT

The management of placental abnormalities de
pends on numerous factors, including type of abnor
mality, gestational age at diagnosis, related progno
sis, and associated maternal and fetal status. These 
must be considered in total when deciding on a plan 
and when presenting that plan to the patient and her 
family. The plan should include careful discussion 
of the presumed diagnosis and management options 
with the patient and her provider of care.

Previable Pregnancy
Early in gestation, management plans focus primar
ily on maternal well-being. There are varying opin
ions on when in gestation that emphasis should 
change, but currently, prior to 24 weeks of gestation, 
treatment strategies revolve around establishing the 
correct diagnosis and assessing its impact on the 
mother first, and considering the long-term outlook 
for the pregnancy second. Thus, the options consid
ered prior to the period of potential fetal viability are 
primarily expectant and supportive. Pregnancy ter
mination should not be overlooked as a management 
strategy depending on the severity of the complica
tion, the gestational age, and the maternal wishes.

With serious anomalies, risks to the mother include 
hemorrhage, surgical complications, blood transfu
sion, future infertility, emotional and physical stress, 
and economic losses. Each of these potential issues 
can weigh heavily in the decision process. The risks 
and complications of the potential options should 
be discussed, even if the patient or the physician is 
uncomfortable with the available choices.

Cases involving missed abortion, blighted ovum, 
and molar pregnancy offer little controversy. Such 
pregnancies have failed, and maternal considera
tions, such as hemorrhage, transfusion, emergency 
surgery, or persistent trophoblastic disease, are the 
main issue. If the pregnancy does not end spon
taneously Soon after the diagnosis is made, suc
tion curettage, medical termination, or expectant 
management may be considered. Conversely, some 
structural abnormalities diagnosed by ultrasonogra
phy have little if any effect on the mother or devel
oping embryo, and no immediate action is neces
sary. An example of this would be amniotic sheets 
or bands where the fetus appears normal and growth 
is within normal limits.

In some situations, although there is no adverse 
effect at the time of diagnosis, the potential for 
subsequent complications must be recognized and 
discussed with the patient. Chorioangioma of the 
placenta and placenta previa are two such exam
ples. Both can be associated with fetal intrauter
ine growth retardation or other complications 
[1,2]. If a large chorioangioma is present, the 
fetus could develop hydrops fetalis as a result 
of the increased cardiac output required by the 
presence of the arteriovenous shunt. Hydram- 
nios occurs in approximately 30% of cases of 
grossly identified chorioangiomas, increasing mater
nal discomfort as well as heightening the risks of 
preeclampsia, premature delivery, and postpartum 
hemorrhage.

Bleeding in the first half of pregnancy is fre
quently alarming to the patient but is rarely life 
threatening. Initial contact is often by telephone. 
The physician must attem pt to assess the m other’s 
condition quickly. If there is any question concern
ing the amount of bleeding or if the patient is acutely 
symptomatic, she is instructed to go immediately to 
the hospital. W hether to advise transport by ambu
lance will depend on the patient’s particular history 
as well as local practices. In less pressing circum
stances, examination in the office or clinic can be
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arranged either the same day or at another mutually 
convenient time.

Once at the hospital, the patient’s condition 
should be rapidly evaluated. A detailed history and 
vital signs should be obtained, including postural 
blood pressure and pulse. Even if vital signs are ini
tially normal, serial measurements are prudent. If 
bleeding is thought to be serious, one or more large- 
bore intravenous lines are inserted. Blood should 
be drawn for diagnostic studies, including coagula
tion testing and blood type and cross-match. An iso
tonic salt solution such as lactated Ringer’s solution 
or normal saline is infused with an initial bolus of 
500 ml to 1,000 ml. The amount of blood seen in the 
hospital is correlated with the history and physical 
findings. The amount of visible blood with abruptio 
placentae is sometimes less than expected from the 
apparent severity of the maternal condition, because 
the bleeding can be concealed. Subsequent steps 
depend on the history, the laboratory data, the out
come of physical examinations, a bedside real-time 
ultrasound study, the patient's response to initial 
therapy, fetal heart monitoring if the pregnancy is 
viable, and the presence or absence of continued 
bleeding.

Maternal well-being is paramount for fetal sur
vival, and strenuous efforts are appropriate to 
improve or sustain her condition if she is found 
to be hemodynamically unstable. Measures include 
aggressive fluid therapy as well as blood or blood 
product transfusion, as required to sustain vascular 
volume and oxygen-carrying capacity, and to main
tain urinary output.

In addition to the steps reviewed previously inter
ventions at or about the period of potential viability 
(23-24 weeks gestational age) are critically impor
tant. it is imperative to know the gestational age 
accurately, whether the fetus is alive, and the site 
of the placenta. With a prompt real-time Scan, fetal 
heart motion is easily detected, a rough gestational 
age can be determined, and complete placenta pre
via can often be identified without potentially com
promising patient care by transportation to another 
area. Future management is determined by the cause 
of bleeding, the clinical course for m other and fetus, 
and the gestational age.

The initial bleed of a placenta previa is usually 
self-limited, hence its historical reference as the 
“sentinel” bleed. If the initial episode of bleeding 
abates spontaneously, further evaluation is possible.

If the patient is close to fetal viability and the bleed
ing is not life threatening, the gestation can con
tinue under close observation. If the pregnancy is 
remote from viability, patient may opt to termi
nate the pregnancy in the face of continued non
life-threatening bleeding. The source and degree of 
the bleeding, need for transfusion, potential effect 
on fetal growth and well-being, and the possibil
ity of long-term hospitalization must be considered 
in this decision. If at any point the hemorrhage is 
considered life threatening, the physician must act 
promptly to end the pregnancy, regardless of the 
fetal outcome.

Potentially Viable Gestation
Once there is a possibility of survival of the fetus, 
management must consider fetal as well as maternal 
well-being. As noted and previously discussed, the 
bitter edge of fetal viability in most institutions is 
now 23 to 24 weeks of gestation with an estimated 
fetal weight of 350 g to 450 g. Although there is 
variation between institutions in their survival statis
tics and difficulty in correctly assigning gestational 
age, below these limits of gestational age and weight 
there are usually very few if any intact survivors. In 
patient counseling, clinicians must know the statis
tics from their own services as well as an accurate 
estimate of gestational age and fetal weight. The 
woman, the family, and the physician must con
sider the risks and benefits of any management plan, 
especially when the plan places either the mother or 
fetus at risk to benefit the other. (See Chapter 26, 
Ethical Issues.)

Placenta Previa
The initial bleed of placenta previa is seldom life 
threatening to mother or fetus. The patient might 
describe a gush of blood at home and often has 
minimal bleeding on arrival to the hospital. If she 
is easily stabilized, the gestational age and the eti
ology of the bleeding become the critical factors in 
subsequent management. History, clinical examina
tion, and ultrasonic scanning are used to determine 
the correct diagnosis (Table 7.3). Most patients with 
placenta previa who are remote from term can be 
managed expectantly, with significant prolongation 
of their pregnancy. If the gestation is at or near term, 
however, prematurity is not the risk; the problem is
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the severity of bleeding. If the patient is 37 weeks' 
gestation or later by reliable dating, then delivery 
is the treatment of choice. In cases involving a late 
preterm gestation (33-36 weeks) in which bleeding 
stabilizes clinically, amniocentesis and determina
tion of fetal pulmonary maturity can provide addi
tional data to help the clinician reach a management 
decision. In general, pulmonary maturity in a prob
lematic case should prompt the clinician to favor 
delivery. If the woman is stable on bed rest and nei
ther she nor the fetus is distressed, however, preterm 
delivery should not be performed based simply on a 
finding of pulmonary maturity. If there is a decision 
to proceed to delivery and the diagnosis of placenta 
previa is in question, this is almost always resolved 
by one of the techniques of ultrasonic scanning pre
viously described. In rare instances, a double set
up examination can be performed in the operating 
room. Otherwise, the safest course is to proceed 
with a cesarean.

Planning for surgery is extremely important. Such 
cases are often more difficult than performing a 
cesarean delivery for other indications. Because of 
the risk of rapid and extensive blood loss, at least 
four units of cross-matched blood should be avail
able. Although most of the observed blood loss is 
maternal in origin, approximately 18% of newborns 
born to mothers with placenta previa are initially 
anemic or hypotensive. The pediatrician should be 
aware of the maternal diagnosis and might desire 
O-negative blood to be available for potential trans
fusion to the neonate. When obtaining surgical con
sent, there must be a discussion of the risk(s) of 
extensive hemorrhage with the possible need for 
transfusion, the use of additional uterus-sparing 
procedures to control hemorrhage (i.e., uterine or 
hypogastric artery ligation, B-Lynch suture place
ment, embolization), or possibly, hysterectomy. In 
planning for the case, it is important for the operat
ing physician to know the patient’s wishes regard
ing future childbearing. In difficult cases, it is best to 
include a note in the medical record preoperatively 
outlining the clinical circumstances and the manage
ment decisions that have been reached. This nota
tion should include statements that make explicit 
that the possibility of additional intraoperative pro
cedures, blood transfusions, and hysterectomy were 
discussed.

Prior to surgery, the operator should be aware of 
the placental location as well as the fetal presen

tation. When possible, it is desirable to perform a 
low transverse incision in the myometrium, but this 
plan could be altered by the discovery of a poorly 
developed or highly vascularized lower segment or 
an abnormal fetal lie. The uterine incision should 
also avoid the placenta if possible. If the placenta 
is located anteriorly, the surgeon should proceed 
rapidly around the edge of the chorionic plate rather 
than through it. If the umbilical cord appears in the 
incision prior to the infant, it is best clamped before 
delivery of the child to minimize fetal blood loss. 
Otherwise,, rapid delivery of the fetus and subse
quent cord clamping is performed in the usual man
ner.

Intraoperative and postpartum hemorrhage is a 
common problem. With low-lying placentation, the 
lower uterine segment is usually heavily vascularized 
and characteristically contracts minimally after the 
fetus is delivered. Oxytocin, methergine/ergotrate, 
15-methylprostaglandin F2a, (Hemobate), and rec
tal misoprostol (PGE1) may be administered to 
firm the uterus; however, these drugs are sometimes 
unsuccessful. Uterine artery or utero-ovarian artery 
ligation is often performed next and is frequently 
successful. If uterotonics and ligation are unsuc
cessful, however, direct ligation of large myome- 
trial venous lakes is occasionally helpful to decrease 
the overall blood loss and increase visibility in the 
operative field. Uterine gauze packing or the use of 
intrauterine balloons can also control bleeding, par
ticularly in cases of a slow, continuous venous ooze; 
otherwise either technique can assist as a temporiz
ing measure while preparations for more definitive 
treatm ent are arranged (i.e., blood obtained, person
nel organized, and so forth). Classic gauze packing 
and other forms of uterine compression treatment 
are discussed in greater detail in Chapter 11, The 
Third Stage, and Chapter 18, Cesarean Delivery and 
Surgical Sterilization.

A hypogastric artery ligation is best reserved for 
cases in which there is a hemorrhage from a cervi
cal or high vaginal tear that is unresponsive to other 
treatments. For most obstetric hemorrhage, direct 
uterine artery ligation (O ’Leary suture, see Chapter 
11) or combined uterine artery and utero-ovarian 
artery ligation is best. Vessel ligations rarely engen
der complications due to ischemia because arte
rial vessels lack valves and thus retrograde flow is 
possible through the rich collateral pelvic circula
tion. The decrease in both pulse pressure and blood
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flow to the lower uterine segment following vessel 
ligation allows local clotting and uterine contrac
tions to control the bleeding. In selected cases, vessel 
embolization is another technique that is proven to 
successfully control bleeding. During an episode of 
hemorrhage, continuous and careful assessment of 
blood loss and maternal cardiovascular function and 
urinary output is critical. Delays in initiating trans
fusion or in performing a hysterectomy while other 
methods of temporizing treatment are attempted 
could place the patient at significant risk.

If various measures for the control of bleeding are 
unsuccessful, or if the patient becomes progressively 
hemodynamically unstable despite aggressive ther
apy, the surgeon must proceed to hysterectomy. In 
a specific case, knowing the patient's future child
bearing plans could allow the surgeon to move more 
quickly to hysterectomy, often with less blood loss 
and improved outcome. Owing to the substantially 
increased morbidity of cesarean hysterectomy, how- 
ewr, this operation should not be planned solely 
for reasons of permanent sterilization. Total hys
terectomy is technically more difficult than the 
usual supracervical procedure, increasing the risk for 
blood loss and complications such as ureteric injury. 
Unfortunately, removal of both the lower uterine 
segment and the cervix is often required in cases of 
placenta previa or when unusual placental adher
ence is present in order to control the hemorrhage. 
(See Chapter 18, Cesarean Delivery and Surgical 
Sterilization, for additional discussion.)

The necessity for cesarean hysterectomy is 
increased significantly if placenta accreta is sus
pected, either because of ultrasound findings or due 
to the historical risk factors of a previous cesarean 
delivery or a prior placenta previa. This should 
prompt the clinician to make the necessary arrange
ments if this more extensive surgery is required. If 
an accreta is encountered intraoperatively and the 
patient desires sterility, it is best to proceed directly 
to hysterectomy. If the area of accreta is small and 
the patient desires more children, however, conser
vative approaches such as oversewing the implanta
tion site or local excision have been attempted with 
occasional success, but at the risk of significant com
plication [47,48].

Management of preterm placenta previa is com
plex. Prematurity is the major contributor to peri
natal mortality. When the diagnosis of other than a 
central previa is made by ultrasound in an asymp

tomatic patient in the second trimester, no restrictions 
in activity are recommended because of the high 
likelihood of the placenta’s "migrating” before term, 
as discussed previously. Minor bleeding after inter
course or digital examination can be managed by 
cessation of those activities. Spontaneous bleeding 
is managed initially by hospitalization and extensive 
evaluation.

Complete placenta previa tends to bleed earlier 
in gestation and more extensively than partial pre
via and predisposes to preterm delivery. It is usually 
the severity of bleeding and not the frequency that 
correlates best with the need for early delivery and 
ultimate perinatal mortality.

Expectant management in hopes of achieving 
a mature fetus at the time of delivery has been 
the standard approach to symptomatic, preterm 
placenta previa for at least 50 years. Fortunately, 
approximately 50% of patients with placenta pre
via are delivered after 36 weeks’ gestation* even if 
the bleeding initially began considerably prior to 
term [33], When the symptoms occur, the patient is 
placed on restricted activity and if she is Rh negative, 
she is evaluated for transplacental hemorrhage and 
immune globulin is administered, as required. Some 
clinicians hospitalize women automatically after the 
first serious bleed. Management in the hospital can 
be initiated at the time of a second or third bleed if 
the initial episodes are not serious and the patient 
is compliant. There are lower maternal costs for 
out-of-hospital care, but, more important, higher 
average birthweights and lower rates of neonatal 
complications among hospitalized patients [80]. A 
recent randomized controlled study confirmed a sig
nificant savings in maternal hospital charges without 
a demonstrated adverse effect on maternal or neona
tal outcomes (Table 7.4) [81]. In all cases, clinicians 
must individualize care. Based on current data and 
clinical experience, a role exists for both in- and out- 
of-hospital care in carefully Selected cases. Manage
ment should be tailored to the individual patient 
and not the diagnosis.

If the bleeding is not life threatening and the fetus 
is stable, ultrasound scan is used to confirm gesta
tional age and document fetal growth. Fetal test
ing is appropriate if the physician might intervene 
at that gestational age for a fetal indication. Fetal 
position and placental position should be studied, 
while the extent and duration of maternal bleeding 
are determined by pad counts, clinical observation,
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TABLE 7.4 Inpatient Versus Outpatient Management of Placenta Previa

Outcome Measure Inpatient (n  =  27) Outpatient (n  = 26) p  Value

Gestational age at delivery (weeks) 34.5 ± 2.4 34.6 ± 2.3 0.88
Hospital stay (days)
Mother 28.6 aft 20.3 10.1 ± 8.5 <0.0001
Neonate 20.9 ± 20.8 17.9 4 1.8.4 0.71
Birthweight (g) 2413.7 ± 642.7 2607.8 ± 587.1 0.26

Modified from Wtng DA, Paul RH, Millar I.K: M anagement •of' the  sym ptom atic placenta previa: A 
randomized control trial of inpatient vs. outpatient expectant management. Am J O bstet Gynecol 1996: 
1 75;(4)":8()b-l 1; with permission.

serial assessment of vital signs, and hematocrit val
ues.

If the mother is hemodynamically unstable or if 
fetal jeopardy is diagnosed at a potentially viable 
gestational age (>23-24 weeks, >400-450 g) and 
if rapid, aggressive treatment does not promptly 
improve: clinical status, cesarean delivery is indi
cated. Preparations for surgery and the potential 
complications in preterm deliveries are similar to 
those at term. In such cases, there is a higher chance 
of the need for a nontraditional or classic uter
ine incision because of fetal malpresentation. Also, 
there is the likelihood of a poorly developed lower 
uterine segment and hemorrhage from the placental 
attachment site.

After the initial stabilization period, the major 
dilemma facing the clinician is how to balance 
the risks of prematurity against those of continued 
bleeding. Several strategies have been attempted to 
try to prolong gestation without further jeopardiz
ing maternal health, including prophylactic blood 
transfusion, use of tocolytic agents, and cervical cer
clage.

Blood transfusion is clearly indicated for the 
patient with continued hemorrhage and unstable 
vital signs. Some patients, however, experience a 
substantia] loss of blood over a short period but 
then stabilize and experience no further bleeding. 
In this setting, judicious transfusion might permit a 
delay in delivery until a more advanced gestational 
age is reached. There is considerable disagreement 
over the criteria for blood transfusion. Historically, 
many advocated maintaining the hematocrit above 
arbitrary values such as 25%, because of the poten
tial for emergency surgery as well as the theoreti
cal need for oxygen-carrying capacity for the fetus.

Recent reports have emphasized abandoning the use 
of an absolute value for the hematocrit in favor of 
careful evaluation of the patient’s symptoms and the 
projected clinical course, using these physiologic cri
terion as the basis for the decision to transfuse [82], 
Ongoing blood loss, postural changes in vital signs, 
evidence of acute hypoxia, or the imminent need for 
surgery are examples of additional important crite
ria to consider. With education of medical personnel 
and quality assurance audit, the number of trans
fusions can safely be restricted without increased 
risk to the patient [83], Apart from the savings in 
transfusion costs, the small but real risks of hepati
tis, other viral infection, transfusion reactions, and 
human immunodeficiency virus (HIV) transmission 
are also reduced or avoided. This is yet another area 
where the rule of reason must apply Transfusion 
must not be unnecessarily withheld by clinicians or 
rigidly insisted upon by them without a reasonable 
basis for the decision and a long-term plan for man
agement.

Often when a woman is admitted with bleed
ing from placenta previa, uterine activity is evi
dent on uterine palpation or external fetal mon
itoring, It is unclear whether such activity is the 
cause for the onset of bleeding or is the result 
of it. Not surprisingly, there have been efforts to 
attem pt to disrupt this cycle with tocolysis. Typi
cally, parenteral p-mimetic drugs have been avoided 
because of their effects on maternal blood pressure 
and pulse, which can make it difficult to distin
guish drug side effects from signs of hypovolemia 
due to hemorrhage. For similar reasons, many have 
avoided calcium channel blockers as tocolytic agents 
in placenta previa despite their overall favorable pro
file as a tocolytic agent compared with magnesium
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sulfate [84], One recent trial randomized 60 
patients with placenta previa and uterine activity to 
tocolysis with the (3-mimetic ritodrine or expectant 
management. Rates of maternal complications did 
not differ significantly between study groups, and 
the number of blood transfusions was similar [85]. 
Magnesium sulfate has also been administered in 
several studies, reportedly with successful prolon
gation of gestation and without apparent adverse 
fetal effects [86,87]. However, the risk/benefit pro
file for magnesium is questionable and this drug has 
been used less frequently in recent years because of 
limited efficacy and possible adverse fetal effects. 
Thus, although tocolysis appears safe in selected 
cases, there is no ideal agent and tocolysis has not 
replaced simple expectant management. Tocolysis is 
reserved for patients remote from term in stable car
diovascular status with normal coagulation studies. 
In such women, if uterine activity or changes in cer
vical length as documented by ultrasound scanning 
suggests preterm labor or if there is increased bleed
ing associated with contractions, tocolysis may be 
considered. This issue is discussed in greater detail 
later.

Cervical cerclages have been used as treatment 
for various causes of preterm delivery, including pla
centa previa. Since prophylactic cervical cerclages 
are placed early in the second trimester there is 
occasionally a low-lying or placenta previa present. 
One study randomized patients with placenta pre
via admitted with bleeding after 24 weeks’ gesta
tion to cerclage or conservative treatm ent [88]. In 
this small series of twenty-five patients, there was 
an improvement in gestational age at delivery, mean 
birthweight, and reduced neonatal complications 
for those in the cerclage group over those man
aged in the conventional manner. Maternal bleed
ing and hospital costs were lower for this group as 
well. Unfortunately, this study could not differenti
ate from the placenta that migrated away from the 
os versus those that were not previa to start with. A 
more recent randomized study showed a reduction 
in antenatal hospital stay with cerclage, although no 
improvement in overall outcome [89], In sum, the 
benefits of cerclage in cases complicated by a pla
centa previa are at best uncertain. Based on avail
able data we do not advocate routine cerclage for 
placenta previa management.

Whichever strategies are chosen to prolong gesta
tional age with placenta previa, approximately one

half of the cases will deliver prematurely, although 
delivery with the initial bleeding episode is uncom
mon. There is usually sufficient time to offer antena
tal corticosteroids to reduce the risk of respiratory 
and other complications of prematurity. The role 
of antenatal corticosteroids (betamethasone, 12 mg 
IM, two doses 24 hours apart) is no longer controver
sial [90]. Traditionally, steroids were administered 
between 26 and 32 weeks of gestation. Although 
there are few confirmatory data, these limits have 
empirically been extended by most clinical services 
to approximately 24 weeks on the lower end and 
34 weeks on the upper. The once common clinical 
practice of repeating antenatal corticosteroid weekly 
until 34 weeks after an initial course is now discour
aged given the unclear benefit of this therapy and 
the concern for adverse neonatal complications.

Placenta Accreta
Although delivery considerations for a suspected 
placenta accreta are not dissimilar from patients 
with a placenta previa, the likelihood for cesarean 
hysterectomy, and the increased potential for signif
icant maternal hemorrhage or extrauterine involve
ment of placental tissue often requires careful 
preoperative planning and coordination of a mul
tidisciplinary team.

The timing of delivery in patients with suspected 
placenta accreta, as with placenta previa, balances 
the risks for morbidity associated with fetal pre
maturity against the potential for late or untimely 
intervention (i.e., after the occurrence of significant 
maternal blood loss). There is a distinct advantage 
in this group of patients for a scheduled delivery so 
that an appropriate obstetric operating team with 
selected consultants available for assistance can be 
ready. This team might include a gynecologic oncol
ogist, urogynecologist, or interventional radiologist 
to assist with surgery and control of hemorrhage. As 
with placenta previa, delivery at 37 to 38 weeks' 
gestation is an arbitrary although nonetheless rea
sonable time frame for asymptomatic patients. One 
could argue that lung maturity testing is beneficial 
in these cases, but not essential, since the longer a 
patient remains undelivered the greater the risk of 
labor and bleeding. Choice of incision on the uterus 
will depend on the position of placenta (anterior 
previa vs. posterior), of the fetus (transverse lie, back 
down), and the prior number of cesareans.
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Decision making for early intervention is prob
lematic if the diagnosis is uncertain. When the pla
centa is a previa and unusual adherence is strongly 
suspected, surgical exploration must be considered, 
and the question becomes the presurgical arrange
ments in terms of assistants, blood preparation, and 
so on. If the placenta is not a previa, best man
agement must be individualized as the antepartum, 
diagnosis of unusual adherence is not invariably 
accurate. Intraoperatively, if the diagnosis appears 
doubtful after careful inspection, it is appropriate 
to attempt to express or extract the placenta after 
delivery of the infant. A major degree of placen
tal adherence or massive maternal hemorrhage in 
women of advanced parity usually prompts hyster
ectomy. How best to proceed in other cases depends 
on the surgical findings, the skill of the surgeons, 
and the hemodynamic status of the mother. When 
unusual adherence is strongly suspected, especially 
if there is a presumptive diagnosis of an anterior 
accreta, the use of preoperatively placed ureteral 
stents and a three-way Foley balloon catheter have 
been recommended to facilitate surgical dissec
tion and limit urologic injury. Preoperative place
ment of intravascular balloon catheters in the 
internal iliac arteries and the use of cell-saver 
technologies have also been described as a means 
to limit intraoperative blood loss [91]. Despite 
their apparent reasonableness, the clinical bene
fit of these interventions in avoiding complica
tions and reducing overall blood loss is yet to be 
proved.

In some cases the management of placenta acc
reta without hysterectomy can be contemplated 
[92-94], Surgical approaches to provide uterine 
conservation vary but can include repair of the hys
terotomy without disturbance of the attached pla
centa, focal resection of adherent placenta, or seg
mental resection with subsequent uterine repair 
[93,94], Methotrexate has been administered as an 
adjunct in this setting [92], More cases of success
ful conservative management follow when a vagi
nal delivery occurs with a placenta accreta, which is 
then diagnosed and subsequently left in place w ith
out efforts at removal. Cases of successful conser
vative management are few and the rate of com
plication remains high, however. Because this is an 
area of continuing study, approaches to placenta acc
reta that do not involve surgical removal of the pla
centa or hysterectomy are not considered standard

but might prove appropriate in unique situations 
with close follow-up.

Abruptio Placentac
The management of abruptio placentae is similar to 
that for placenta previa and depends largely on the 
extent of bleeding and the gestational age [95,97], 
Once the initial assessment is completed and the 
patient is stabilized, as described previously, ultra
sound scanning is performed to rule out placenta 
previa. In the absence of previa as an explanation for 
the bleeding, vaginal and cervical examinations are 
performed to identify local causes, including labor. 
If these evaluations are negative* abruptio placentae 
or the poorly defined entity of marginal sinus sep
aration becomes the presumptive diagnosis. Occa
sionally, ultrasound diagnosis of abruptio placentae 
is possible when an extramembranous or retropla- 
cental hematoma is seen. These cases, however, are 
the exception rather than the rule.

The severity of placental abruptions ranges 
widely from the clinically insignificant to extremely 
severe, leading to fetal death and threatening the life 
of the mother. In cases involving women with prior 
severe abruptions but who lack established risk fac
tors such as hypertension or a thrombophilia, best 
management in a subsequent pregnancy is unclear. 
While it is known that the overall recurrence risk is 
approximately 10%, the accurate prediction of the 
risk of recurrence in a specific pregnancy at a specific 
time is not possible. Neither patient nor clinician 
can relax until the fetus is successfully delivered. 
Developing symptoms such as bleeding, cramping, 
or decreased fetal movements might occasionally be 
noted and assist the clinician in timing intervention. 
Yet, in most Cases little is observed and often no 
overt symptoms herald a recurrence. Close obser
vation with frequent clinical visits, serial attention 
to Doppler flow and fetal growth, and electronic 
fetal monitoring tests are often performed but are 
not predictive of recurrence risk. As such cases are 
followed, consideration of intervention begins once 
the period of viability is. reached. Steroids are often 
administered after the 28th week and the inten
sity of observation is increased after the pregnancy 
advances into the third trimester. When to intervene 
and how to achieve delivery in such difficult cases 
cannot be determined by protocol and care must be 
individualized.

ak
us

he
r-li

b.r
u



168 GREEN, ESPOSITO, BAYER-ZWIREI.I.O

Mild cases of abruption are often diagnosed only 
in retrospect when the placenta is examined. They 
are often mistakenly diagnosed as preterm labor 
or have been described as marginal sinus bleed
ing. Initial treatment of mild cases without coag
ulopathy or previa consists of bed rest and observa
tion with appropriate use of fetal surveillance. The 
clinical course of abruption is unpredictable. There 
is a concern that the degree of separation could 
increase, leading to increased maternal symptoms, 
anemia, coagulation abnormalities, or, in the rare 
case of chronic abruption, progress to intrauterine 
growth retardation. To date, there is minimal evi
dence beyond the anecdotal to support these con
cerns. Nonetheless, most clinicians favor keeping 
patients with a diagnosed abruptio placentae at lim
ited activity for the rest of their pregnancy [33].

With a preterm gestation with an abruption, 
intermittent bleeding is often associated with 
increased uterine activity. As with placenta previa, 
tocolysis has been used in selected cases of abrup
tion with the effort to disrupt the cycle of bleed
ing, contractions, and more bleeding. In selected 
cases, gestation has been prolonged with tocoly
sis without apparent adverse effects on the mother 
or fetus [95]. There remain substantial uncertain
ties concerning this management strategy, despite 
its popularity. A concern is the agents available for 
tocolysis. The sympathomimetic properties of the 
(3-agonists result in maternal restlessness, tachycar
dia, and blood pressure changes that mimic the 
symptoms of occult blood loss. Because of such 
concerns, in the past magnesium sulfate was cho
sen because of its limited effect on maternal car
diovascular function and maternal symptomatology. 
In recent years, magnesium has been looked upon 
much more critically, with calcium channel block
ers being more popular as tocolytics.

Any treatment has the limitation of knowing 
if the applied therapy was in fact successful. The 
essential difficulty is in evaluating an apparently 
successful intervention from the natural history of 
mild-to-moderate abruption as most of the less 
severe forms will spontaneous improve. Unfortu
nately, there is no prospective randomized study of 
mild abruption to demonstrate the benefit of tocol
ysis over expectant management. When the clinical 
diagnosis is abruptio placentae, the active inhibition 
of uterine contractions is best restricted to hemo- 
dynamically stable women with minimal Symptoms

and no evidence of coagulopathy. Treated pregnan
cies should be remote from term and the fetus 
believed to be pulmonically immature,

Atypical presentations for abruption are also pos
sible. Abruption occasionally presents as a chronic 
process with recurring episodes of minor bleeding 
and uterine irritability extending over days or even 
weeks (e.g., Breus’ mole]. In these cases, close obser
vation in the hospital with serial physical examina
tions, fetal heart rate monitoring, ultrasound stud
ies, and laboratory tests [e.g., hematocrit, platelet 
count, and fibrinogen levels) can be necessary to 
establish the correct diagnosis. As noted, in some 
instances the only presenting complaint is uterine 
activity and neither pain nor observed vaginal bleed
ing is present.

In some instances, the timing or severity of the 
clinical presentation makes best management easy. 
If the diagnosis of the abruption is made at or about 
term, delivery is indicated, usually by induction 
if labor is not present at the time of admission. 
Cesarean delivery is appropriate if the fetus does 
not tolerate the Stresses of labor or if there are other 
obstetric indications.

Immediate clinical management of an active 
abruption must be swift, with careful attention to 
both maternal and fetal status. In the acute evalua
tion of an episode of abruptio placentae, the initial 
steps are to quantify the degree of bleeding, deter
mine the woman’s coagulation status, note fetal 
condition, and evaluate the maternal cardiovascular 
status. Several classifications have been developed; 
these essentially divide patients into a mild, min
imally symptomatic category without hematologic 
abnormalities, and a moderate-to-severe group. The 
latter cases are marked by vaginal bleeding, uterine 
tenderness, laboratory abnormalities, or fetal distress 
[33]. All save the occasional patients with minimal 
symptoms, remote from term, with stable coagula
tion studies, require delivery.

Significant hemorrhage, unstable vital signs, pain 
out of proportion to visible blood loss, fetal dis
tress, and evidence of clotting abnormalities are signs 
consistent with moderate-to-severe abruption. In 
such women, two large intravenous lines should be 
inserted and at least four units of cross-matched 
blood prepared. Two units of fresh-frozen plasma 
are also often requested. An indwelling urethral 
Foley catheter is helpful to evaluate fluid balance 
and renal perfusion. If there is evidence of acute
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fetal jeopardy or if the fetus is dead, the clinician 
can confidently conclude that the patient has lost 
sufficient blood to warrant immediate transfusion. 
On the initial review of laboratory results the extent 
of the blood loss might be not be appreciated, and 
a drop in fibrinogen concentration, the presence of 
elevated fibrin split products, or thrombocytopenia 
could be the first indication of the seriousness of 
the abruption. Treatment is based largely on clini
cal observations and must be aggressive. Regarding 
the laboratory data, the fibrinogen level is usually 
the best single indication of severity. Levels less than 
250 mg/dl are clearly abnormal and demand prompt 
action. Despite evidence of coagulopathy, there is 
no evidence that heparin treatment improves out
come. Within 12 hours of delivery the coagula
tion abnormality usually resolves or substantially 
improves. After initial stabilization, a plan for deliv
ery is formulated. Although the clinician's initial 
response often is to proceed to cesarean delivery, 
the maternal and fetal status, gestational age, and 
Cervical ripeness or dilatation occasionally permit 
a vaginal delivery. Especially in the woman with 
a previable gestation or fetal demise, it is desir
able to avoid the additional surgical risk of cesarean 
delivery unless intervention is required for pressing 
maternal signs and symptoms. Fortunately, patients 
in active labor with a normal fetal heart tracing are 
likely to deliver expeditiously because of the intense 
uterine activity normally associated with separa
tion.

If a trial of labor is to be undertaken, and the 
membranes remain intact, an amniotomy should be 
performed. This is thought to decrease blood loss 
into the myometrium as well as to accelerate or stim
ulate labor. After amniorrhexis, careful intrapartum 
monitoring is paramount with both a fetal scalp elec
trode (for a potentially viable fetus] and an intrauter
ine pressure catheter. This provides for an accurate 
assessment of fetal heart rate as well as for mea
surement of uterine contractility and resting tone. A 
high resting tone (i.e., >20 mm Hg with an internal 
pressure transducer) can decrease blood flow to the 
fetus and predispose to extravasation of blood into 
the myometrium (Couvelaire uterus). When this 
occurs, labor is often ineffective and fetal distress is 
more likely. When fetal monitoring is reassuring and 
the resulting tone normal, the mother is continually 
evaluated with serial vital signs, assessment of urine 
output, hematocrit, platelet counts, and fibrino

gen concentration determinations while labor pro
gresses. Oxytocin can be added judiciously if con
tractions are ineffective, since there is an inherent 
tendency for uterine hyperstimulation with abrup
tion; a low-dose protocol is recommended.

In the absence of immediate fetal or mater
nal instability necessitating delivery, monitoring for 
both fetal heart rate abnormalities and uterine activ
ity is helpful in evaluating fetal status and estab
lishing the correct diagnosis. In the presence of 
bleeding, the uterine tocodynamometer might show 
frequent low-amplitude contractions, increased 
baseline resting tone, or prolonged tetanic con
tractions -  all suggesting abruptio placentae as 
the correct diagnosis. When placental separation is 
advanced, fetal distress in the form of decreased 
beat-to-beat variability recurrent late decelerations 
or prolonged bradycardia may occur. Particularly in 
the absence of a definitive diagnostic test for abrup
tio placentae, such clinical information is invalu
able and could lead the physician to intervene for 
fetal indications even if the m other appears clin
ically stable. (See Chapter 22, Fetal Assessment, 
for additional discussion of monitoring and fetal 
conditions.)

Prior to the routine use of fetal heart rate mon
itoring, there was an improved perinatal survival 
with a liberal use of cesarean delivery as opposed 
to vaginal delivery [33]. Fetal loss was especially 
high in the first few hours after admission. Today 
because electronic fetal monitoring (EFM) permits 
continuous fetal assessment, circumstances have 
changed; nonetheless, fetal risks remain high. In 
moderate abruption, approximately 60% of fetuses 
will develop EFM evidence of acute fetal jeopardy
[96]. In these cases, cesarean delivery is usually best. 
With reassuring monitor strips in patients without 
serious coagulopathy, however, induction is possi
ble in selected cases, and labor can result in a suc
cessful vaginal delivery. By adopting such protocols, 
Hurd and coworkers demonstrated a 50% reduc
tion in their cesarean delivery rate for abruptio pla
centae without an increase in perinatal mortality
[97]-

From the maternal point of view, surgery is best 
avoided. Particularly in the presence of a clotting 
disorder, surgery is often complicated by excessive 
bleeding, which risks increased maternal morbid
ity. In the operating room, careful attention must 
be paid to bleeding sites with liberal use of cautery
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Entry of Throm boplastins 
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FIGURE 7.8.
Pathogenesis o f  the coagulation disorder in abruptio 
placentae. (From Green JR: Placenta previa and abruptio 
placentae. In: Creasy RK, Resnik R (eds): Maternal-Fetal 
Medicine: Principles and Practice. Philadelphia: WB 
Saunders, 1989; pp. 592-612; with permission.)

or ligation to provide hemostasis. Additionally, vig
orous volume replacement with packed fed blood 
cells and fresh-frozen plasma is required to replace 
red blood cells and clotting factors. If fibrinogen 
levels are low (<100 mg/ml), then cryoprecipitate 
is the best therapy, With prompt diagnosis and active 
treatment, infusion of other specialized blood prod
ucts such as platelets is uncommonly required. With 
rapid restoration of blood volume and prompt deliv
ery, coagulation studies progressively autocorrect. 
Postoperative and postpartum monitoring remains 
critical, however, because bleeding and coagulation 
disorders often require hours for correction. Con
sultation with the anesthesiologist as soon as the 
patient is identified ensures a coordinated approach 
to fluid and blood replacement, particularly if 
surgery is necessary. In unusual or complex cases, 
Consultation with a hematologist is recommended 
(Figure 7.8).

In approximately 8% of cesarean deliveries per
formed for abruptio placentae, massive extravasa
tion of blood into the myometrium is encountered -  
the Couvelaire uterus [96], In this condition, blood 
infiltrates into myometrium and subserosa, discol

oring the uterus. This condition is associated with 
postpartum hemorrhage secondary to uterine atony. 
Classically, hysterectomy was recommended when 
a Couvelaire uterus was discovered. Fortunately, 
aggressive use of uterotonics combined with judi
cious use of vessel ligation has greatly reduced the 
necessity for removal of even a Couvelaire uterus. 
Presently, hysterectomy should not be performed 
solely for a diagnosis of Couvelaire uterus since 
most do respond to uterotonics and conservative 
surgery.

COMPLICATIONS

As expected, the most common complications for 
both mother and fetus that stem from placental 
abnormalities are direct consequences of hemor
rhage, Acutely, hemorrhagic shock and acquired 
coagulopathies pose the greatest risk. A nonreassur
ing fetal heart rate pattern, preterm delivery, and 
hematologic; abnormalities in the neonate are also 
possible outcomes. Even after the initial threat has 
passed, Rh isoimmunization, organ damage from 
hypoperfusion, and intrauterine growth retardation 
are potential long-term consequences. These risks 
must be considered when formulating a manage
ment plan.

CONCLUSION

Placental abnormalities can lead to maternal adverse 
outcomes such as hemorrhage requiring transfusion, 
more extensive surgery, sterility, emotional conse
quences, and even death. The physician must be 
aware of these problems and be sensitive to the fears 
of the patient and her family. When there is time, 
detailed discussions with the family are certainly 
appropriate and can help to put their concerns into 
perspective.

Newborn outcomes are extremely varied and 
dependent on prenatal as well as intrapartum and 
neonatal events. Prematurity, antepartum hemor
rhage, intrauterine growth retardation, congeni
tal malformations, antepartum and intrapartum 
asphyxia, and neonatal complications have all been 
implicated in placental abnormalities described in 
this chapter. The placenta must be understood as the 
key to a successful pregnancy. Unfortunately, we are 
only just beginning to develop methods of diagno
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sis and treatment for placental disorders based upon 
scientific knowledge of function and pathophysiol
ogy. There are presently limited methods to test pla
cental function. Further, there are few manipula
tions that are demonstrated to improve pregnancy 
outcome in cases in which placental dysfunction is 
believed to be a major component. Improved access 
to prenatal care, smoking cessation and drug absti
nence, better diet, hygiene, and, in highly selected 
cases, administration of aspirin and anti-clotting 
agents such as heparin have resulted in better out
comes in some cases. It is hoped that new techno
logic advances will improve our abilities in coming 
decades. Until more is known about placental func
tion and its modification, however, we are limited 
to modifications in prenatal care, close fetal surveil
lance, and ultimately, timely delivery as the principal 
means of therapy.
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8 ANTEPARTUM: LEGAL COMMENTARY I

Kevin Giordano

Hombre apercebido medio combatido.
(A man well prepared has already half fought 
the battle.)

Miguel de Cervantes ( 1547-1616)

Don Quixote de la Mancha ( 1605-1615)

Scientific advancements have had a profound 
impact on preconception risk assessment, prena
tal diagnostic capabilities, and early intervention. 
Increased use of sophisticated ultrasound scans and 
laboratory technology including the application of 
recent developments in gene mapping and prena
tal blood, tissue, amniotic fluid testing, has resulted 
in dramatic advancements in antepartum testing. 
Obstetricians can now identify earlier and with 
greater accuracy fetal chromosomal and structural 
anomalies as well as better monitor fetal condi
tion. Continued development of this technology 
coupled with improvement in early intervention 
techniques, will progressively improve the ability to 
diagnose many conditions early in pregnancy and 
lead progressively to in utero treatment in selected 
circumstances. These developments and the impor
tant legal points that derive from them in reference 
to antepartum obstetric management are the subject 
matter for this chapter.

In recent years, the scientific, ethical, and philo
sophical implications of these new developments in 
obstetrics, particularly in the areas of genetic coun- 
seling, invasive antepartum testing, new screening 
protocols, and the ability for fetal treatment, have 
generated considerable legal commentary and cre
ated new legal and ethical challenges. How have 
these developments affected medical malpractice 
law and created obligations to the obstetrician? 
Interestingly, this depends on the level of advance
ment and the state of the law at any particular 
point in time. For instance, technologic advance
ment has given obstetricians greater insight into the 
uterus and the fetus’s development. These advances 
can also provide pregnant patients with considerable 
knowledge about the health of their babies. W ith
out the ability to intervene and alter the outcome, 
however, the right to legal redress is limited, if not 
nonexistent. The benefit to a patient or practitioner 
that knowledge without the ability to intervene pro
vides is debatable and depends on the clinical cir
cumstances. There is an independent and largely 
persuasive argument for the benefits of counseling 
and family preparation, however. Under any circum
stance, legal recovery is limited to the value that
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earlier diagnosis and knowledge would have pro
vided. In the absence of technologic capability to 
treat a specific medical condition, or if pregnancy 
termination is not an option, damages are generally 
difficult to identify.

The landscape of obstetric malpractice claims 
has changed dramatically in circumstances where 
advances in technologic capabilities have improved 
the ability for earlier prenatal diagnosis and either 
there is potential for a significantly improved out
come with treatment, or, the diagnosis is made early 
in pregnancy, when pregnancy termination is still an 
option. The most significant impact of new tech
nologies in prenatal testing has been in providing 
parents with greater information about fetal con
dition or the existence of fetal abnormalities. An 
important additional factor is the increasing poten
tial for predicting the risk of certain serious fetal 
abnormalities based on specialized laboratory and 
other testing, especially those involving abnormal 
chromosome number and certain serious heredi
tary diseases. Legal events indicate that the fail
ure to timely utilize technology appropriately to 
establish the diagnosis of a fetal problem earlier 
when treatment or termination may have avoided 
the outcome, is a sufficient and legal recognizable 
injury for the parents. As the ability to treat in utero 
improves, there will be an increase in malpractice 
cases involving failure to diagnose a fetal anomaly 
when there was a significant chance of interven
tion or an improved outcome. The U.S. Supreme 
Court’s determination in Roe v. Wade [1], that a 
pregnant woman has a constitutional right to choose 
to terminate her pregnancy before viability has 
created liability issues for failure to detect genetic 
afflictions or other abnormalities before the fetus is 
viable. The information that is derived from advanc
ing technology permits parents to make more edu
cated decisions in exercising their right to continue 
the pregnancy or not. In light of the United States 
Supreme Court’s decision in Roe p. Wade and in sub
sequent rulings, virtually all jurisdictions in medi
cal negligence cases have determined that a physi
cian whose negligence deprived a mother of her 
right to decide whether her fetus should be aborted, 
“should be required to make amends for the dam
age he has proximately caused ” [2]. In reaffirm
ing this right in the matter of Planned Parenthood 
of Southeastern Pennsylvania v. Casey, the Supreme 
Court declared, “The woman’s right to terminate

pregnancy before viability is the most central prin
ciple of Roe v. Wade. It is a rule of law and a compo
nent of liberty we cannot renounce” [3]; [emphasis 
added]. (For an expanded review of these issues, see 
the Appendix of Legal Principles.) Consequently, 
concomitant with the ability to obtain such infor
mation is an expanded legal duty to educate parents 
of the technologic capabilities and, where indicated, 
perform the appropriate testing to inform parents 
about their particular risk(s} in both this and subse
quent pregnancies.

Genetic Testing
Soon after the introduction of this new genetic tech
nology, novel theories of physician liability emerged 
in medical malpractice litigation. The ability to 
detect genetic anomalies prenatally has given rise 
to new potential causes of action against physicians. 
Increasing numbers of plaintiffs now claim that 
physicians have failed to make appropriate use of 
established genetic technology and thereby deprived 
them as parents of essential information necessary 
for reproductive decision making. This developing 
theory of liability has provided two unique concep
tual bases for litigation: wrongful birth and wrongful 
life.

Different from the birth of a normal child, courts 
recognize that the birth of a severely deformed 
baby is necessarily an unpleasant and aversive event, 
causing inordinate financial burden that would not 
attend the birth of a normal child [4]. An afflicted 
child requires the expenditure of extraordinary 
medical, therapeutic, and custodial care expenses by 
the family, not to mention the additional reserves 
of physical, mental, and emotional strength that 
are required of all concerned. If the diagnosis of 
abnormality is made sufficiently early in pregnancy, 
those who do not wish to undertake the many 
burdens associated with the birth and continued 
care of such a child have the legal right, under 
Roe v. Wade and subsequent decisions, to termi
nate their pregnancies. Thus, it is the U.S. Supreme 
Court decision in Roe v. Wade that has created the 
legal underpinnings for wrongful life and wrongful 
birth cases, by establishing that decisions concerning 
conception, including the right to terminate a preg
nancy, are the private and exclusive rights of the par
ents. Prior to this decision, an obstetrician practic
ing in a state where legislation had banned abortion 
could not be held liable for failing to diagnose any
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postconception anomaly or condition in which the 
outcome could not have been altered with treat
ment. In other words, in the absence of the abil
ity to treat the anomaly, an obstetrician's negligence 
for failure to diagnose the fetus’s condition in utero 
could not be causally connected to harm, because 
the only therapy to avoid the harm, therapeutic 
abortion, was at that time illegal. This would have 
been true even if obstetricians had then had access 
to the advanced diagnostic technology of today.

Given the information that preconception and 
antepartum testing can provide a prospective par
ent with information about severely disabling or 
potentially fatal conditions, which could be either 
hereditary or acquired, genetic counseling is cru
cial. Proper management plays an important role 
in minimizing potential medical malpractice claims. 
The treating prenatal physician must therefore be 
aware of general developments within this complex 
field. In medical malpractice litigation, the locality 
rule has been essentially abandoned, although con
sideration is still given to the availability of medi
cal resources. Thus, the present standard to which 
a physician is held is a national one that takes 
into account advancements within the specialty as a 
whole#

Because advanced medical technology has pro
vided the means for detection of many severely 
disabling genetic conditions, inaccurate or incom
plete genetic counseling can have serious legal 
repercussions. Although these types of cases are 
commonly labeled wrongful life, wrorigful pregnancy, 
or wrongful birth, they remain at their core medi
cal negligence actions and are determined by appli
cation of common-law tort principles. To illustrate 
the point, consider Schinner v. Mt. Auburn Obstet
rics and Gynecologic Association [6], After previous 
unsuccessful pregnancies, genetic testing revealed 
that mother carried a balanced translocation of chro
mosomes 11 and 22. Although it caused her no 
harm, there was a one-third chance that she would 
pass an unbalanced form of the translocation to her 
child and Cause serious birth defects. During the 
pregnancy the plaintiff instructed the defendants 
to perform all necessary testing to determine if her 
fetus carried this genetic defect. The results of the 
testing would have permitted the parents to decide 
whether to terminate the pregnancy rather than to 
bring a severely mentally and physically disabled 
child into the world.

The defendants recommended and conducted a 
chorionic villus sampling (CVS) test, which was 
the recognized and accepted test to determine the 
genetic makeup of a fetus by sampling fetal cells. 
The test result indicated that the fetus was proba
bly a female, with the same balanced chromosome 
translocation as the mother. At term, the plaintiff 
gave birth to a son who had inherited a partial 
trisomy of chromosome 22 from his mother and 
was profoundly mentally and physically disabled. 
The child requires round-the-clock care. The evi
dence showed that the chromosome analysis sam
ple was derived from maternal as opposed to fetal 
cells. In bringing the lawsuit, the plaintiffs’ claimed 
that the defendants failed to take the further steps 
necessary to validate the CVS data results, result
ing in the wrongful birth of their child. The trial 
court initially dismissed the case on the basis that it 
was determined that the plaintiffs claim for dam
ages was not permitted under state law. The trial 
court reasoned that the determination of damages 
would necessitate a fact-finder weighing the value 
of existence with a disability against nonexistence, 
there could be no claim for consequential economic 
or noneconomic damages. In reversing this lower 
court s decision, the appellate court opined that the 
defendants had been consulted to obtain informa
tion and medical guidance with a direct bearing 
on whether the prospective mother would carry 
her pregnancy to term or exercise her constitu
tionally protected right not to procreate and to 
terminate the pregnancy. Consequently, the eco
nomic harm that the parents sustained as a conse
quence of having to raise their disabled child over 
and above the ordinary child-rearing expenses was 
compensable.

The court recognized that the defendants nei
ther caused the defective condition, nor could they 
have prevented the child from being born without 
disability. In coming to its decision, the Schinner 
court nonetheless undertook an analysis not dissim
ilar from that of a traditional medical negligence 
case. The duty owed by the physicians in such cir
cumstances, that being, to inform a patient of the 
diagnosis and the known or inherent risks so that 
the patient can make an intelligent decision regard
ing the course of treatment, arises as a matter of 
law from the physician-patient relationship. The 
facts of this case were that because of the negligent 
medical advice and testing of the defendants, the

ak
us

he
r-li

b.r
u



Antepartum : Legal Commentary I 1 79

plaintiffs were prevented from making an informed 
decision about whether to proceed with the preg
nancy and a delivery that would result in a severely 
disabled child. Thus, as the court noted, the very rea
son she undertook extensive genetic testing under 
the guidance of the defendants was to determine if 
the fetus she carried was affected by the trisomy 22 
defect. If the plaintiffs thus established a departure 
from the standard of care, that departure deprived 
them of precisely the information needed to make 
an informed decision whether to terminate the preg
nancy or carry the fetus to term. In the court’s anal
ysis, therefore, the failure of one or more of the 
defendants to conduct follow-up testing to verify 
the accuracy of the CVS testing gave rise to a set of 
facts that would have permitted the plaintiffs’ recov
ery, if the plaintiffs were able to prove at trial that 
their physicians and the laboratory technicians had 
breached their duty. The court upheld the rationale 
of precluding recovery when the measure of dam
ages requires a valuation of being versus non-being. 
Consequently, the parents could not recover dam
ages for the emotional and physical tolls resulting 
from raising and supporting a disabled child as it 
would require a valuation of the child’s being versus 
nonbeing.

Many wrongful birth cases arise because of the 
failure of the practitioner to stay current with devel
opment in identifying genetic risk. The case of 
/ Inward v. Lecher [7] is an example of a situa
tion in which early in the development of genetic 
science, the obstetrician was not fully cognizant 
of the risks associated with the family history. In 
Howard, the claimants were both Eastern European 
Jews, and their infant daughter was born with Tay- 
Sachs disease. The parents claimed that had a proper 
genealogical history been performed, the physician 
would have recognized the potential risk to the fetus 
and thus would have ordered the appropriate tests 
for Tay-Sachs for the parents. It was further alleged 
that such testing would have revealed that the fetus 
was afflicted with this neurologic impairment and 
would have been aborted. Unlike Schirmer, m which 
the plaintiffs claimed further antepartum testing 
should have been performed to diagnose a poten
tially serious genetic abnormality in an unborn child, 
the plaintiffs in Howard claimed that the physician 
failed to appreciate the risk inherent in the relation
ship between their heritage and Tay-Sachs disease 
during preconceptual counseling.

As in any malpractice case, expert testimony on 
both the applicable standard of care and causa
tion is highly determinant of litigation outcome [8]. 
In establishing proximate cause for wrongful birth, 
plaintiffs must show that the resulting birth defect 
was reasonably foreseeable, that is, not too remote in 
relation to the defendants’ negligence, and that had 
the defendants not been negligent, the pregnancy 
would have been terminated.

The primary legal considerations for the obstetri
cian relating to genetic testing and counseling are as 
follows:

• W ith enhanced screening techniques, genetic 
technology has provided physicians with widely 
available diagnostic testing that can detect many 
common genetic disorders [9,10,11]. These con
ditions include Tay-Sachs disease, sickle cell ane
mia, cystic fibrosis, Down syndrome, and other 
major trisomies (e.g., trisomies 13, 15, and 18) and 
sex chromosome deletion syndromes (e.g., Turner 
syndrome, Klinefelter syndrome). Some prenatal 
tests are invasive (e.g., amniocentesis, chorionic 
villus biopsy) and involve substantial risks. For 
example, the risks associated with amniocente
sis include fetal-maternal hemorrhage, membrane 
rupture, various types of direct fetal injury, and 
spontaneous abortion. Ordinarily, to be within the 
standard of care, such invasive testing is performed 
only when analysis indicates that the benefits out
weigh the risks. This analysis must also take into 
account the fact that the specific treatment of 
most genetic diseases, either medically or surgi
cally, is either not possible or is experimental.

• The practicing obstetrician must be aware of the 
advances in genetic testing and implement pro
cedures that ensure appropriate genetic counsel
ing and testing. Performing testing procedures that 
are experimental or considered as yet diagnosti- 
cally unreliable is ordinarily not considered to be 
within the: scope of accepted or standard medical 
care. Ultimately, the decision to perform any par
ticular test is based on a consideration of the sum 
of benefits weighed against the potential risks.

The American College of Obstetricians and 
Gynecologists (ACOG) recommends advising all 
pregnant women about the availability of mater
nal serum alpha-fetoprotein testing [10]. In 
many locales, routine testing for all pregnancies 
in the first trimester is progressively becoming
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a practice norm [11]. Currently, antepartum 
tests for human chorionic gonadotropin, alpha- 
fetoprotein, inhibin, and estriol (commonly 
known as the triple or quad test, depending on 
the number of tests in the battery), are now rou
tinely recommended by clinicians in the mid
trimester, The newest testing protocols combine 
ultrasonic findings in early pregnancy (i.e., nuchal 
lucency at approximately 11-13 weeks of gesta
tion) with biochemical screens, sometimes retest
ing with additional studies after the 15th week. 
These protocols result in the identification of up to 
90% of pregnancies with a Down syndrome fetus. 
The physician should be aware of and understand 
the significance of these test results and to con
sider further diagnostic testing when a test result 
is interpreted as revealing an increased risk, espe
cially if these data correlate with other genetically 
relevant risk factor (s) identified by clinical evalu
ation, medical history, or ultrasonic scan.

• At present, routine testing of pregnant women 
for aneuploidy risk is becoming standard medical 
practice. The decision to recommend more spe
cialized or focused testing depends on the clini
cal features of each case evaluated in terms of the 
potential risks and benefits to the patient and her 
unborn child.

• An important implication is that patients with 
complex or unusual histories (e.g., familial men
tal retardation, recurrent early childhood deaths, 
or family members with structural abnormalities 
suspected to be hereditary) are often best referred 
to genetics specialists for in-depth counseling and 
case review.

• Thig significant risks associated with invasive test
ing have encouraged the increasing popularity of 
other forms of genetic testing such as diagnos
tic ultrasonography, which is safe, and, for some 
conditions, sufficiently accurate to establish a diag
nosis reliably | 16,18,24]. As these and other labo
ratory tests become more reliable, the use of tradi
tional invasive procedures will decline, and wider 
use of various genetic tests performed on maternal 
serum for screening purposes will occur.

• Documentation is critical; the physician must doc
ument in the medical record the relevant aspects 
of patient counseling, and in particular the infor

mation communicated regarding potential risks of 
genetic disease, the patient's options, and whether 
a referral to a specialist was offered and either 
accepted or refused. The physician must keep 
abreast of the literature, particularly as more infor
mation becomes known regarding the correla
tion between genetic diseases and certain ethnic, 
racial, and religious groups, as well as other clinical 
and genetic factors such as maternal age or other 
siblings born with known or suspected genetic 
diseases. Obviously, informed consent should be 
obtained and documented for all invasive tests that 
are performed.

• Because the primary means for treatment for 
serious genetic disorders or structural defects 
remains therapeutic abortion, some practitioners 
are uncomfortable in discussing testing and its 
implications with patients. The standard of care 
does not necessarily require physicians to conduct 
testing, but it does require that pregnant women 
be informed of the possibility of testing and how 
such testing might be obtained.

Ectopic Pregnancy
Ectopic pregnancy is a serious risk to the general 
and reproductive health of a woman. The incidence 
of ectopic pregnancy appears to have steadily and 
persistently risen since 1970. Between 1970 and 
1992, the rate of ectopic pregnancy increased from
4.5 to 19.7 per 1,000 reported pregnancies (includ
ing live births, legal abortions, and ectopic pregnan
cies) [15], This trend, likely due to the emergence 
of several key elements, including enhanced diag
nostic capability to detect ectopic pregnancies early 
in gestation, the rising incidence of gonorrhea and 
chlamydial infections in reproductive-aged women, 
and the growing use of treatments to circumvent 
infertility, including in vitro fertilization, declined 
significantly over time. For additional discussion of 
ectopic pregnancy see Chapter 4.

A ruptured ectopic pregnancy is a true medical 
emergency and a leading cause of maternal mortal
ity during the hrst trimester. Overall, ectopic gesta
tions account for 10% to 15% of all maternal deaths 
[12,13,15], Short of mortality, morbidity is also a 
very significant concern, as evidenced by the case of 
Roberts v. Mecosta County Gen. Hosp [14],
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In Roberts, the plaintiff, while pregnant with her 
first child, presented herself to Mecosta County 
General Hospital complaining of severe pain. At 
that time, a diagnosis of a spontaneous abortion was 
made and a dilatation and curettage (D and C) was 
performed. She was sent home at that time. Over 
the course of the next few days the claimant contin
ued to experience pain and cramping and, 3 days 
later, was again seen at Mecosta County General 
Hospital. The plaintiff was told that the pain she was 
experiencing was due to uterine cramping from the 
D and C. Again, she was sent home. She returned to 
the hospital the next day, wherein it was discovered 
that the plaintiff had not had a spontaneous abor
tion but had an ectopic pregnancy in her left tube, 
which had ruptured. Emergency surgery was per
formed and due to damage to her left fallopian tube, 
it was removed. She had previously had surgery to 
remove her right tube and thus, as a result of the 
alleged negligence, she claimed that she was unable 
to have children.

Because of the potential for catastrophic injury 
as evidenced in the' Roberts case, there are myriad 
important medicolegal issues connected with the 
clinical problem of ectopic pregnancy. These include 
the indications for performance of appropriate diag
nostic procedures, issues of informed consent, and 
the obligation to provide warnings regarding the 
necessity for follow-up care in uncertain cases. Mod
ern advances in ultrasound technology and the use of 
serum beta-subunit human chorionic gonadotropin 
((3-hCG) and, to a lesser dcutve, progesterone lev
els have made ectopic pregnancies easier to identify 
than in prior decades [16,18,19,21], The incidence 
of rupture and the fatality rates have also declined 
significantly over the past three decades. Nonethe- 
less, establishing the correct diagnosis remains a 
challenge. Often, the clinical history as received or 
recorded does not lead to appropriate testing, or the 
tests that are performed are interpreted as equivo
cal. It has been reported that as many as 40% to 
50% of ectopic pregnancies are misdiagnosed at the 
initial visit to an emergency department [15]. Treat
ment depends not just on the actual medical condi
tion of the woman but also on her particular cir
cumstances. For example, a woman with an ectopic 
pregnancy who is unconcerned about sterility might 
be treated in one fashion, such as tubal excision, 
whereas another patient who desperately wishes to

preserve her fertility might be managed quite differ
ently, with efforts at tubal conservation.

• Given the relative frequency of misdiagnosis and 
relative high mortality rate, failure to diagnose 
ectopic pregnancy is frequently a cause of mal
practice litigation. Often the physician’s failure 
to identify risk factors is cited as the reason for 
misdiagnosis [16,18,20], Ultimately, the treating 
physician must make certain that the clinical his
tory includes both the positive and negative his
toric data that might affect the risk of ectopic 
pregnancy. Among the most important risk factors 
for ectopic pregnancy include a history of a prior 
ectopic pregnancy or surgical sterilization, prior 
tubal surgery, history of infertility, advancing age, 
smoking, a history of pelvic inflammatory disease 
and, now increasingly rarely, prior DES exposure. 
The presence or absence of these and other risk 
factors must be elicited from the patient to deter
mine the likelihood of alternative diagnoses and 
prevent a delay in diagnosis.

Most often, malpractice cases involving ectopic 
pregnancy stem from the physician’s failure to rec
ognize the risk and exclude the diagnosis. Typically, 
the diagnosis is accurately made when the classic 
triad of symptoms, pelvic pain, amenorrhea, and 
abnormal bleeding are present. The difficulty is that 
up to 50% of patients will not present with this clas
sic constellation of symptoms. This makes clinical 
suspicion of paramount importance in the detection 
of an ectopic pregnancy. Although some women 
present acutely with a ruptured ectopic pregnancy 
and a hemoperitoneum, up to 80% of diagnoses are 
made among outpatients, where the signs and symp
toms of the ectopic are much less dramatic. Because 
the rupture of an ectopic pregnancy is such a medi
cal emergency, any delay in processing the diagnos
tic algorithm for ectopic pregnancy might be catas
trophic for both the patient and for the defense of 
a subsequent medical negligence case. Thus, before 
excluding the diagnosis of ectopic pregnancy, the 
patient's clinical presentation should dovetail with 
the history provided. If in order to complete the 
assessment, prior records or laboratory data exist 
that could shed light on a patient’s history are avail
able, the physician may well be under a duty to con
sult such records.
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Cases have also been brought in which the physi
cian has made the diagnosis erroneously. The case 
of Coffman v. Roberson [17] is an example.

In Coffman, a woman went to her obstetrician/ 
gynecologist, after a home urine pregnancy test 
showed she was pregnant. The obstetrician per
formed a serum hCG test, which revealed that the 
human chorionic gonadotropin hormone level in 
her blood was elevated, suggestive of pregnancy, 
although his physical exam “did not show a preg
nancy in the uterus.” The physician referred her 
for an ultrasound examination. Following the ultra
sound scan, the radiologist suspected that she had an 
ectopic pregnancy. The obstetrician was called in his 
car on the way to vacation and was read the ultra
sound report over the phone. He never reviewed 
the ultrasound personally. The report stated that the 
radiologist “strongly suspect [ed]” an ectopic preg
nancy. While still driving to vacation, the obstetri
cian called the patient to discuss the ultrasound 
Because of the danger from an ectopic pregnancy, to 
the covering obstetrician, who, based on the infor
mation he was provided, prescribed the adminis
tration of a shot of m ethotrate to terminate the 
pregnancy. Later the next month, an ultrasound 
revealed an intrauterine pregnancy without a heart
beat. A dilation and evacuation procedure was 
performed.

Communication is an additional factor that all 
too often plays a role in an unfavorable outcome. 
The potential for communication errors exists at 
several levels: physician to patient, physician to 
nurse, and physician to physician. Because the signs 
and symptoms of ectopic pregnancy can be subtle 
and serial study with close attention to laboratory 
data can be critical to early diagnosis, a break
down in any of these interactions can have disas
trous consequences. No matter how well trained, 
a nurse or nurse practitioner is not in as good a 
position as a doctor to appreciate the subtle symp
toms or evaluate the potential signs of ectopic preg
nancy. In addition, too much reliance on untrained 
office personnel responding to telephone calls might 
result in a patient with important symptoms expe
riencing an inappropriate delay by being scheduled 
for a routine examination rather than being seen 
immediately.

The primary legal considerations for the obste
trician relating to ectopic pregnancy and counseling 
for possible ectopic pregnancy are as follows:

• Ectopic pregnancy is still a leading cause of mater
nal mortality; therefore, a high index of suspi
cion is required when a physician is faced with 
a woman of childbearing age who presents with 
otherwise unexplained low abdominal pain, a his
tory of menstrual irregularities, or suspected preg
nancy with or without vaginal bleeding. How
ever, it must be remembered that up to 50% of 
patients will not present with the classic con
stellation of symptoms. This makes clinical suspi
cion of paramount importance in the early detec
tion of an ectopic pregnancy because up to 80% 
of diagnoses are made in the outpatient setting, 
usually based on blood testing and ultrasound 
scanning.

• It is crucial that the obstetrician obtain a complete 
and accurate medical history. This is just as criti
cal as properly executing diagnostic tests. A physi
cian considering a diagnosis of ectopic pregnancy 
must be careful to elicit both positive and nega
tive historic data that might support an increased 
risk of ectopic pregnancy. Detailed questioning 
and medical record documentation concerning the 
clinically significant risk factors are essential not 
only for potential patient care but also to pro
vide the foundation for good malpractice claim 
defense. Details concerning all prior pregnancies, 
prior infertility treatments, and methods of con
traception should be elicited and recorded in the 
medical record. The medical history review should 
also reflect questioning concerning prior episodes 
of pelvic inflammatory disease, and fallopian tube 
surgery, as well as other potential risk factors.

• The physician must explain in detail to the patient 
any treatment recommendations and appropriate 
precautions. The woman must be advised of not 
only the options are available but. also the poten
tial risks, benefits, and probability of success of any 
proposed surgical procedure or course of medical 
therapy. Care must be taken to convey accurately 
to the patient the pros and cons of all available 
alternative treatments and to ensure that choices 
are made with a full understanding of the risks 
and benefits. For example, even when fertility can 
be preserved in the treatm ent of a properly diag
nosed ectopic gestation, the patient must clearly 
understand that she could be at risk for recur
rent ectopic pregnancies owing to tubal damage or 
dysfunction.
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Unfortunately, there are no symptoms or signs 
of sufficient reliability to permit clearly distin
guishing between a normal pregnancy with symp
toms, an abnormal intrauterine pregnancy, and 
an ectopic. Moreover, there are multiple gyneco
logic and nongynecologic diagnoses that can be 
confused with an ectopic pregnancy. Thus, diag
nostic tests have gained increasing importance as 
complements to history and physical examina
tion in the timely diagnosis of early abnormal 
pregnancies. The most important of these diag
nostic tests are serial serum beta-human chori
onic gonadotropin (B-hCG) and high-resolution 
transvaginal ultrasound scanning. Even these diag
nostic tests have limitations, however, w'hich may 
compel the use of invasive procedures such as 
laparoscopy to finally establish a correct diagno
sis.

Good communication is essential. Whenever 
ectopic pregnancy is suspected or cannot be reli
ably excluded, and it is decided to follow a woman 
as an outpatient, she should be instructed to be 
attentive to and report specific symptoms to the 
physician. These standard precautions may be re
corded on a form that is reviewed with the patient 
and that she takes home for subsequent study. 
Furthermore, women defined as at risk should be 
followed until either the diagnosis is confirmed 
or confidently excluded. A surgeon, emergency 
physician, or other specialist treating a patient for 
ectopic pregnancy who might not be the follow-up 
physician must make sure that the patient under
stands the need for continued observation and the 
signs and symptoms suggestive of acute trouble. 
This communication should be documented in 
the medical record, and preferably these women 
should be provided with written discharge instruc
tions or other written information concerning 
what to be aware of and when, and contact person
nel for problems or questions. There are, of course, 
reasonable limitations to any system of notifica
tion or communication. In the case of failure to 
appear for follow-up evaluation, some physicians 
send one or multiple certified letters to former 
patients advising of the signs and symptoms to 
be wary of and the need for prompt follow-up 
evaluation or treatment. Such practice should be 
sufficient to avoid any claim of inadequate com
munication. The primary goal of any practitioner

handling a possible ectopic pregnancy is to avoid 
a bad medical outcome. In so doing, a bad legal 
outcome is also avoided.

• Patients who have undergone surgery, especially 
those receiving medical treatm ent for ectopic 
pregnancy, need to know that seemingly successful 
treatm ent must be followed closely by serial hCG 
testing to exclude a persistent ectopic pregnancy 
[22],

• Nonphysician medical and office personnel should 
continually be trained simply to receive and record 
facts from patient telephone calls and immediately 
transmit them to the physician for appropriate 
follow-up recommendations. Any greater use of 
discretion by nonphysicians can be severely criti
cized in subsequent legal proceedings. Ultimately, 
the physician could be held responsible for any 
unwarranted delay that has a bad result.

Ultrasonography
Advances in ultrasound technology have both 
improved the capability to detect fetal anoma
lies during antepartum testing as well as expanded 
its potential to include applications in offices, the 
labor and delivery suite, and the operating suite 
and triage areas [23,24], Concomitant with the 
increased capacity of ultrasound imaging comes 
increased litigation for the failure to utilize this tech
nology appropriately in the prenatal and antepartum 
evaluation and management of patients.

Presently, lawsuits related to obstetric ultrasound 
are more common than claims arising from gyneco
logic or other abdominal studies [23]. Although pre
viously obstetric malpractice cases in which ultra
sonography was a principal component of the alle
gations frequently related to the failure to diagnose 
ectopic pregnancy, today the most common allega
tion is the failure to detect fetal anomalies. A sig
nificant number of these cases involve allegations 
that a study was misinterpreted . An example of this 
type of case would be an obstetric ultrasound first 
performed in the third trimester and interpreted as 
indicating a fetus of 38 to 39 weeks’ gestation, with
out noting caveats of potential inaccuracy in terms of 
both gestational age and the ability to diagnose cer
tain types of fetal abnormalities. The problem arises 
if the same or another clinician then acts upon these 
data and either induces labor or performs a cesarean.
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If at delivery the infant is determined to have respira
tory distress syndrome (RDS) or intracranial hemor
rhage and the gestational age by examination proves 
to be 34 to 35 weeks, there is a potential for a legal 
claim.

Many of the claims involving ultrasound concern 
system-related problems such as improper supervi
sion of the ultrasound technologist, poor physician- 
patient communication, and failure to consult with 
a radiologist or maternal-fetal medicine physician 
concerning scan interpretation. The following cases 
illuminate these problems [23],

A woman developed gestational diabetes during 
her pregnancy and insulin was administered. She 
presented to the hospital in her 39th week because 
she could no longer feel any fetal movement. At the 
hospital, clinical assessment included ultrasound, 
electronic fetal monitoring, and a biophysical pro
file. Those tests revealed that there was fetal move
ment but the fetal heart rate was abnormal and the 
amniotic fluid volume was noted to be low. Follow
ing cesarean delivery, the child needed immediate 
resuscitation and subsequently died from a series 
of complications four days later. Suit was brought 
against the obstetrician alleging that he was negli
gent in failing to use appropriate methods to m on
itor the fetus’ condition, resulting in the death of 
the baby. Apparently, throughout the pregnancy 
the obstetrician did not use equipment that was 
in his office to perform ultrasound examinations, 
fetal monitoring, or biophysical profiles to monitor 
the health and development of the fetus. Instead, it 
was determined that he relied upon clinical exam
inations and fundal height measurements to deter
mine fetal health and growth. O f interest, this case 
involved neither a question of misinterpretation of 
data, nor that of physician judgment. The issue was 
whether the failure of the physician to implement 
standard antepartum testing for diabetes was in and 
of itself, medical negligence [25],

Another case presented a different systemic issue. 
In this proceeding, the plaintiff reported that her 
first pregnancy resulted in a child born with hydro
cephalus and severe mental and motor retardation. 
The child required extensive medical care until 
her death at four months of age. W hen the par
ents became pregnant, they were fearful of bear
ing another child with congenital defects. Testing 
showed the pregnancy was normal. The antenatal

course and the birth proceeded without complica
tion and in fact this second child proved normal. 
Ultimately the plaintiff’s conceived a third child. 
In this pregnancy an amniocentesis performed at 
19'A weeks gestation and was interpreted as normal. 
However, an ultrasound scan performed the same 
day revealed a larger-than-normal measurement for 
the ventricles of the brain as well as an unusual head 
shape. The maternal-fetal medicine physician who 
performed the testing requested her staff to sched
ule the patient for follow-up testing. Due to an office 
error, however, the patient was not scheduled nor 
was the ultrasound report forwarded to the patient’s 
treating physician. At 33 weeks’ gestation, the treat
ing physician performed his own ultrasound scan 
and discovered that the unborn child had advanced 
ventriculomegaly (hydrocephalus). At that point it 
was too late to terminate the pregnancy. The mother 
subsequently gave birth to a child with multiple 
birth defects who died as a result of these abnormal
ities four months later. Thus, the failure to arrange 
for appropriate follow-up and the failure to inform 
the primary care obstetrician allowed the patient to 
fall through the cracks" and serious management 

errors to occur [26],
Issues of interpretation are potentially a problem 

as the following case indicates. During the twentieth 
week of a woman’s pregnancy the patient’s obste
trician ordered a complete pregnancy ultrasound 
examination. A hospital-employed technician per
formed the scan. Permanent recorded images were 
made of various anatomical structures. These images 
were reviewed, interpreted, and reported by a radi
ologist who had contracted with the hospital to 
provide imaging services. The technician who per
formed the examination recorded nothing abnormal 
about the cerebral ventricles. The plaintiffs were 
aware a hospital technician had actually performed 
the sonogram but the ultrasound report indicated 
that it was interpreted by the radiologist. The radi
ologist did not perform his own independent assess
ment of the ventricles. Subsequently he testified at 
deposition that it was the policy of both the hospital 
and the radiological medical group that the hospi
tal’s technician held the responsibility to measure 
the cerebral ventricles and interpret those measure
ments. The plaintiffs alleged the cerebral ventricles 
were abnormal at the tim e of the ultrasound exami
nation and that had competent care been provided,
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this abnormality would have been properly reported 
and subsequently acted upon. The court determined 
that regardless of whether the radiologist performed 
the examination or made the measurements him or 
herself, the radiologist could still be held liable for 
the quality of the examination and the proper inter
pretation of the measurements [27],

It is important to understand that although obste
tricians and obstetric practices routinely use ultra
sound technology in patient management, referral 
to a maternal-fetal specialist, a fetal evaluation unit, 
or an experienced radiologist is indicated when clin
ical circumstances or atypical studies warrant. This 
is particularly true given the level of sophistica
tion possible with focused ultrasound studies as per
formed by experts. Although scans do depend on 
the quality of the equipment used in the procedure, 
their reliability and accuracy are much more depen
dent on the training and experience of the interpret
ing physician. Many general obstetric practices seek 
to perform even non-routine ultrasound studies in 
house, partly for convenience but also because of the 
reimbursement potential for these studies. Health 
insurance plans and hospital systems might encour
age, if not require, that referrals be made to physi
cians who participate in the plan or are within the 
health system. Such internal referrals can create a 
conflict if the “in-plan” studies lack the competent 
personnel or technical sophistication possible in an 
"out-of-plan” referral. Juries are loathe to accept fail
ure to refer a patient in need of a higher-level physi
cian, or at least offer such a referral to the patient, 
when the motivation for the failure to do so appears 
to be either a reimbursement potential or a cost 
savings.

Conducting advanced scanning procedures is 
potentially hazardous from a legal point of view 
when the personnel involved have limited exper
tise or limited exposure to high-risk conditions. In 
the ordinary course of interpreting and developing 
a management plan based on routine ultrasound 
testing, an obstetrician is held to the standard to 
provide care consistent with that provided by the 
reasonably prudent obstetrician, and not that of an 
appropriately trained and experienced specialist in 
maternal-fetal medicine or radiology. Should the 
obstetrician neglect to obtain an appropriate con
sultation with a specialist when the standard of care 
requires it, however, the obstetrician will be held

accountable for any harm that is caused by that 
failure. W hen a physician undertakes to perform 
a procedure or evaluate a patient’s condition that 
is ordinarily reserved for a particular specialty or 
requires the training commensurate with that spe
cialty, the physician can then be held to a higher 
standard. Thus, in the event that the obstetrician 
or obstetric practice chooses to perform more com
plex ultrasound studies beyond the routine when 
the standard of care normally requires referral and 
bases their management plan on their own interpre
tation, they probably will be held to the standard 
of care of the consultant (usually a maternal-fetal 
medicine specialist or radiologist with advanced 
training].

The primary legal considerations for the obstetri
cian relating to ultrasonic scanning and management 
predicated on the results of scans are as follows:

• Both the capabilities and limitations of ultrasound 
and its role in antenatal diagnosis must be under
stood by clinicians, as well as its capability to 
provide important information during labor and 
delivery and postpartum care. For example, sono
graphic assessment of cervical length is important 
in the evaluation of women for whom the differ
ential diagnosis includes the risk of either cervi
cal insufficiency versus preterm labor. How to use 
thesg data and when to recommend or perform 
cerclage as opposed to other possible treatments 
remains controversial, however. Furthermore, the 
support in the literature for cerclage is prob
lematic, and all of the cerclage procedures carry 
potentially important risks. Which patients to fol
low clinically without intervention and which to 
offer surgery has not been clearly established. 
Thus, there are substantial risks of both over- 
and undertreatment. (See Chapter 5, Cervical 
Insufficiency.)

• Remaining current with the literature is neces
sary. This is particularly true where the technol
ogy is such that once accepted, it can be used 
as a tool allowing more informed decision mak
ing, especially about whether to continue with 
the pregnancy. In today’s climate, failure to pro
vide informed information or to perform indi
cated antepartum or preconceptual tests (and 
thus arguably deprive patients of the ability to 
make informed decisions) is a significant cause
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of malpractice claims. Jurors can easily relate to 
a woman who is deprived of potentially crucial 
information by her obstetrician at such a critical 
time.

• Similarly, the physician must understand the 
capabilities and limitations of various types of 
ante- and intrapartum fetal surveillance tests. Bio
physical profile testing (BPP) for example, is gen
erally recognized as the gold standard for assessing 
the risk of acute fetal jeopardy in antenatal cases. 
Newer tests involving study of blood flow within 
the umbilical or central cerebral vessels or other 
specific parts of the body also are used to aid deci
sion making in cases involving known or suspected 
abnormalities in fetal growth. Ultrasound or elec
tronic monitoring to assess fetal well-being during 
labor remains controversial, however. An obste
trician does not want to be behind the learning 
curve on best practice in fetal evaluation. Juries 
can understand that not all adverse events in preg
nancy are the result of negligence, but failing to 
use reliable available tests or to conduct proce
dures recognized as effective methods of surveil
lance, and arguably part of the standard of care, 
creates a significant problem in the defense of a 
case if a tragic outcome has occurred. This is true 
even though it. takes a certain time for new infor
mation to filter through the specialty and become 
recognized as standard.

• Communication between the physician interpret
ing ultrasound studies and the obstetrician is crit
ical to providing good patient management. If 
the obstetrician does not understand the signifi
cance of certain findings, or the interpreter’s report 
is unclear, the expert and the ordering physi
cian should directly discuss the findings and their 
potential significance. Although Certain findings 
might not affect immediate management, they 
could affect the need for either subsequent or 
serial assessments or specific postpartum evalua
tions.

• The obstetrician must discuss test results with the 
patient. In so doing, the clinician must fully under
stand both the anticipated level of accuracy as 
well as the limitations of the study relative to 
any findings or absence of findings, so that the 
patient can be apprised of any potential risk. It 
is for the patient to determine the significance of

any risk that is judged more than remote. (See 
the Informed Consent Discussion in the Appendix 
of Legal Principles for additional information and 
discussion.)

Therapeutic Abortion
The most controversial area of obstetric care is abor
tion. Litigation has primarily surrounded the legality 
of abortion and the state's ability to impose legisla
tion that might impede or restrict a person’s right 
to choose termination as established by Roe u Wade 
[ ] ] (For an expanded discussion of this complex and 
contentious issue, see the Appendix of Legal Princi
ples). Abortion also plays a central role in wrongful 
birth and wrongful life cases. As discussed previ
ously, in these cases the suit is predicated upon the 
potential harm caused by depriving the patient of 
her right to an abortion. Thus, a pregnancy ter
mination would have avoided the economic harm 
and emotional turmoil that the parents sustained 
as a consequence of having to raise a disabled 
child over and above the ordinary child-rearing 
expenses.

Although rare, there are cases in which the tech
nique used to perform the abortion is at issue. These 
types of cases are termed wrongful pregnancy. Usu
ally arising out of the negligent performance of a 
sterilization procedure in a wrongful pregnancy or 
in the case of failed sterilization, wrongful conception 
claims, that the parents, on their own behalf, seek 
damages they suffered as a result of giving birth to a 
normal, healthy, yet unplanned and unwanted child. 
As with wrongful life and wrongful birth, the recov
erable damages are often a central issue on appeal. 
Most often, the issue is whether damages in such 
cases are limited to the cost of delivery or, despite 
giving birth to a normal healthy baby, the parents 
should be entitled to an award for the financial bur
den of child-rearing given the expense of raising a 
child, as well as the possible disruptive effect of the 
unplanned child on the finances of the family. Those 
courts that follow a ‘limited-damages” approach 
provide for recovery of the medical costs of the 
pregnancy and delivery, damages for emotional dis
tress due to pregnancy, lost wages due to pregnancy, 
damages for the husband’s loss of consortium dur
ing pregnancy and damages for the mother's pain 
and suffering during pregnancy and delivery. These 
courts foreclose recovery of the costs of raising the
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child most often because of the public policy belief 
that the birth of a normal, healthy child cannot be 
an injury to their parents. Meanwhile, courts that 
allow for the award of child-rearing expenses usu
ally subscribe to the theory that the parents' injury 
is not the birth of her child but rather is the invasion 
of their interest in the financial security of her fam
ily and the attendant desire to limit her family size, 
and the deprivation of her right to limit procreation 
[19c]. For a more detailed discussion of this topic, 
please refer to the appendix}.

Consider the case of Sheppard-Mobley v. King, 
however [28]. In July 1999, the mother sought 
treatment for abdominal discomfort from her obste- 
trician. The obstetrician examined the mother, per
formed a sonogram, and determined that she was 
pregnant. The obstetrician advised the mother that 
because of fibroid tumors in her uterus that could 
not be surgically removed while she was pregnant, 
the mother would probably be unable to carry a 
child to term. The physician recommended that 
the mother undergo an abortion. The patient was 
referred to a fertility specialist, who also advised 
her that the fibroids might abort the pregnancy. 
He recommended that she not undergo a surgi
cal abortion because the fibroids would likely com
plicate the procedure. Rather, he opined that the 
pregnancy should be terminated via injections of 
methotrexate, a cytotoxic drug commonly admin
istered for ectopic pregnancy and, infrequently, for 
the induction of abortion. The m other returned to 
her obstetrician who, after consulting with the spe
cialist, administered the methotrexate. As would 
later be deduced, allegedly the dose of methotrexate 
was insufficient, and as a result, the pregnancy was 
not terminated. When the m other’s doctors finally 
discovered that the mother was still pregnant but 
was probably now carrying a compromised fetus, the 
mother grappled with emotionally painful choices, 
including whether to undergo an out-of-state, late- 
term abortion. Instead, the m other gave birth to 
the infant plaintiff, who is afflicted with serious 
defects.

The court determined that no cause of action 
could be maintained on behalf of the infant plaintiff 
for wrongful life, in other words, that that he would 
never have been born but for the negligence of the 
defendants. The court did allow both the child and 
parents to pursue an action based on the more tra

ditional obstetric negligence concept that permits a 
cause of action on behalf of a born child for injuries 
sustained in utero resulting from a tort committed 
during pregnancy. This claim was premised on alle
gations that the defendants were negligent in rec
ommending an abortion and that, had the defen
dants not been negligent in their advice regarding 
the m other’s ability to carry the fetus to term and 
in advising her to undergo a chemical abortion, the 
m other would have given birth to a healthy child. 
Thus, the infant plaintiff claimed that the defen
dants breached the duty of care they owed to him 
when they gave the m other this improper advice. 
In addition, the parents also claimed that in any 
event, the defendants were negligent in the man
ner in which they failed adequately to diagnose, 
treat, observe, manage, and care for the mother 
during her pregnancy. Consequently, they pursued 
an action for the extraordinary medical costs and 
emotional distress caused by raising this severely 
impaired child, for the negligent performance of the 
abortion, and for the subsequent management of her 
condition.

O ther actions involving therapeutic abortion 
stem from issues surrounding the decision to termi
nate the pregnancy. Subsequent remorse or depres
sion can develop, leading the woman to question her 
initial decision. Informed consent is a very impor
tant concept in these situations. The outcome of an 
informed Consent case in this setting depends on 
establishing the information that was provided to 
the patient, including the risk of sadness and possible 
serious depression. Consider Martinez v. Long Island 
Jewish Hillside Medical Center [29]. In Martinez, the 
plaintiff alleged that she had had an abortion solely 
because she was falsely informed that the fetus was 
disabled. She claimed that otherwise would not have 
considered having an abortion. Her claim was that 
she made the abortion decision on misinformation, 
and that she was persuaded that an abortion would 
be beneficial. A distinction can be drawn between 
this case and Perez v. Park Madison Professional Lab
oratories, Inc. [30]. In Perez, the plaintiff acknowl
edged that she was accurately informed as to the 
status of her pregnancy and was fully aware that the 
abortion would terminate it. Having received accu
rate information concerning her medical condition 
at the time of her abortion, as well as all the physical 
and emotional risks attendant upon the procedure.
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the plaintiff was the only person in a position to 
know whether an abortion under those circum
stances was in violation of her personal convictions, 
according to the court. The court went on to find 
that the plain tiff". . . cannot seek to hold the defen
dant liable because those convictions have appar
ently changed since she consented to and underwent 
the procedure.”

Cases involving therapeutic abortion are not 
common where the issue is the actual performance 
of the procedure. Given the intense emotional and 
religious issues surrounding abortion and pregnancy 
loss, physicians should approach these cases with 
prudence and err on the side of full documentation 
especially in terms of patient counseling.

The primary legal considerations for the obstetri
cian relating to pregnancy termination and counsel
ing are as follows:

• A physician must be aware of the regulatory enact
ments in the state where he/she practices. Regard
less of the individual beliefs that are held by the 
physician, he/she must recognize both the rights 
of the patient in pregnancy termination as well as 
the state’s interest in preserving potential life as 
reflected in statutary law.

• Given the intensity of the medical, moral, ethi
cal, and legal controversies that are involved, ther
apeutic abortion is a a highly volatile issue and 
one in which both an uneducated patient and 
an unwitting physician can both become entan
gled. There is a potential that a woman who 
undergoes a therapeutic abortion could develop 
postabortion psychological difficulties related to 
her experiences. Even without this psychologi
cal trauma, the patient might become remorse
ful over the descision to terminate. In either sce
nario, she might subsequently question whether 
her decision was in fact informed. It should not 
go unrecognized that the person who sought the 
right to have an abortion as “Jane Roe” in Roe v. 
Wade has since changed her position and is now 
an advocate for making abortion illegal. Often, 
malpractice cases stem from a patient’s claim that 
she did not receive appropriate preabortion coun
seling, thus it is argued, her consent was unin
formed. Although often the woman remembers 
signing a consent form acknowledging that the 
required information was made known to her,

she will claim that either she did not read it or 
if she did read it, she could not understand the 
form.

• Because of a perceived risk of psychological 
trauma, states are now mandating changes in abor
tion decision making. In particular, women’s right- 
to-know laws have been enacted that precisely 
determine the content of information to be given 
to potential abortion patients and when this infor
mation should be made available before an abor
tion may be performed. Obstetricians must be 
aware of such state mandates and ensure that the 
person(s) responsible for counseling, who might 
not be the obstetrician actually performing the 
abortion, has been educated on specific require
ments and undertaken them conscientiously.

• If informed consent is not obtained prior to an 
abortion, there are potential grounds for medi
cal malpractice litigation. The following elements 
have been deemed important in preabortion coun
seling and often compose the requirements of any 
state mandated right-to-know law: the risks of the 
proposed treatment, the probable gestational age 
of the unborn child, the alternative risks associ
ated with carrying the baby to term, the availabil
ity of medical assistance benefits if childbirth is 
carried out, and the father’s financial responsibil
ity. If information regarding abortion alternatives 
is conspicuously absent in the counseling process, 
arguably it is not possible for a woman to weigh the 
benefits and risks of electing an abortion. Preabor
tion counseling should occur in a private office 
and not an examination room or another area 
where privacy might in any way be impeded. Suf
ficient time should be reserved for the patient so 
that information is delivered unhurriedly and the 
patient clearly understands that there is plenty of 
opportunity to ask questions privately.

• Abortion cases involving minors are high risk 
and must be treated delicately. The obstetrician 
must know and understand any state require
ments for parental notification. Several states now 
have such parental consultation statutes, requir
ing minors seeking abortions to involve their par
ents in their decision making. These regulations 
usually have exceptions for mature minors or 
in the: circumstance when advising the parent(s) 
might be harmful to the patient.
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Placental Abnormalities
Malpractice claims are filed every year against obste
tricians who permit mothers with an undiagnosed 
placenta previa to proceed to a vaginal delivery 
that then results in bleeding complications lead
ing to maternal or fetal injury. In this context, evi
dence of ultrasonographic conhrmation of the diag
nosis of placenta previa often becomes a major trial 
battleground. The plaintiff claims that the scans 
demonstrate previa, whereas the physician claims 
the opposite.

It might also be asserted that a full examination 
to exclude previa (usually by transvaginal scanning) 
was either not performed or improperly performed 
when it was indicated owing to clinical signs and 
symptoms or a prior history. A common difficulty 
is the timing of the scans during pregnancy with a 
failure to follow up for suspected or partial previa or 
a failure to visualize the cervix in suspected cases, 
when only abdominal scanning was performed in 
potentially high-risk patients.

Although less common, abruptio placentae is 
another abnormality that occasionally finds its way 
into the courtroom. This complication, if unrecog
nized and not treated promptly, has the potential 
for horrendous clinical consequences and resultant 
litigation. The typical case involves a physician’s 
alleged failure to consider or exclude the diagnosis of 
abruption in a patient who presents with minimal 
expressed bleeding but vital signs or other physi
cal findings that suggest occult hemorrhage. After 
inevitable delays, delivery occurs, accompanied by 
maternal or fetal injuries, leading to a claim of fail
ure to diagnose and failure to act appropriately in 
the face of a potentially life-threatening obstetric 
emergency.

Similarly, a physician’s management of other pla
cental abnormalities can result in legal exposure if 
the patient suffers permanent injury. Placenta acc
reta, percreta, and increta are each conditions that 
can lead to both serious patient injury and liability 
if improperly managed.

Exposure for management of these abnormali
ties usually arises if the physician either fails to 
recognize the condition or fails to treat it prop
erly. Although a physician can find assistance in 
the medical literature that speaks eloquently of 
the difficulty in management, physician cannot 
shield him- or herself from malpractice if there was

the opportunity to perform an adequate evalua
tion.

Cervical Insufficiency
Despite major advances in the scientific body of 
knowledge about preterm birth and efforts to diag
nose and treat this condition, the rate of preterm 
birth has not declined. The incidence of preterm 
birth, defined as before 37 weeks’ gestation, remains 
between 7% and 11% [31], Preterm birth is the 
major cause of perinatal mortality. The etiology 
of preterm delivery is recognized as multifactorial. 
Cervical insufficiency is thought to be among the 
causes of preterm births, especially those occurring 
in the second and third trimesters [32],

These cases involve early pregnancy losses or 
preterm deliveries. If the patient experiences a 
preterm birth prior to the period of viability, the 
only claim that could be advanced is that the obste
trician could have undertaken steps to prevent deliv
ery. Otherwise, although the physician might be 
negligent in diagnosing a condition known to be 
associated with premature delivery, if it were proba
ble that the child would not survive, the negligence 
cannot be said to have been a cause of the harm. In 
cases in which prolonging gestation might have cre
ated a significant chance for survival, the obstetrician 
potentially can be held responsible for depriving the 
patient of a loss of chance, although there remained 
uncertainty surrounding viability. (See Appendix 1 
for a complete discussion of the Loss of Chance Doc
trine.)

In any case involving preterm delivery when 
delaying delivery was an option, one must deter
mine whether a legitimate clinical basis for the 
decision existed, and whether timely and appro
priate tests were performed to confirm fetal well
being during the delay. Furthermore, the outcome 
will be significantly affected by whether the par
ents were advised of the potential options and their 
attendant risks. Principal risks to markedly prema
ture infants are preexisting chromosomal or struc
tural defects, mechanical birth injuries, and hypoxia/ 
asphyxia.

The philosophy used during the prosecution of 
any malpractice case involving a pregnancy within 
the period of presumed viability in which asphyxia 
is the presumed cause of a neurologic injury is that
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the fetus should have been removed from a “hostile 
environment” while there was time to avoid insult or 
reduce the extent of injury. Thus, the plaintiff will 
suggest that had the physician complied with the 
standard of care and effected delivery, the degree 
of injury to the infant from hypoxia/asphyxia could 
have been lessened or eliminated.

When failure to diagnose cervical insufficiency is 
the plaintiff’s claim, the case is based either on the 
presence of risk factors or the results of various clin
ical evaluations or ultrasonic scans. Unfortunately, 
symptoms of cervical insufficiency are nonspecific 
and can be consistent with normal pregnancy or 
numerous other conditions. Further, both physical 
examination and sonographic evaluation might not 
identify the condition accurately. The law responds 
to the problem of diagnostic challenges by advis
ing jurors that not all mistakes or errors in judg
ment equate to malpractice. Thus, if in evaluating 
the patient's condition, the obstetrician undertook 
the appropriate evaluation and exercised judgment 
consistent with that of the average practicing obste
trician, the physician was not negligent even though 
the correct diagnosis was not established.

The primary legal considerations for the obstetri
cian relating to cervical insufficiency and counseling 
are as follows:

• Obtain an adequate history at the time of the 
initial prenatal history. The obstetrician must 
recognize the possibility of risk for a woman 
with a prior history of cervical insufficiency or 
a history including recurrent mid-trimester or 
early third-trimester losses. In the event of recur
rent mid-trimester or early third-trimester losses, 
cervical insufficiency, undiagnosed Mullerian 
anomalies, idiopathic premature labor, and other 
problems must be considered. In a patient with 
complex history of preterm losses or deliveries, it is 
best that the obstetrician obtain the patient’s med
ical records documenting her prior losses rather 
than relying on the patient’s understanding or rec
ollection.

• Obstetricians must recognize the limitations 
inherent in both clinical and laboratory data. 
These limitations must be considered if the obste
trician undertakes to confirm or exclude the diag
nosis of cervical insufficiency or recommends 
treatment if the diagnosis is suspected.

• The absence of an available test to diagnose cer
vical insufficiency does not relieve the obste
trician of the duty to investigate when clinical 
suspicion should exist. In patients who are consid
ered at risk, serial physical examinations, labora
tory testing (i.e., fetal fibronectin [FNF]) or serial 
ultrasound assessment of the cervix are the tests 
recommended to evaluate cervical change or pre
dict the likelihood of preterm delivery.

• In women with a known history of recurrent 
mid-trimester or early third-trimester losses, serial 
transvaginal ultrasound scans might contribute to 
the clinical evaluation. When these studies are best 
conducted has not been established, however. In 
patients with a history of first-trimester loss, even 
if losses are recurrent, transvaginal ultrasonogra
phy is not necessarily indicated because the diag
nosis in such cases is unlikely to be cervical insuf
ficiency. Thus, when there is a history of early 
losses, transvaginal ultrasound studies are usually 
not helpful in establishing an etiology, unless a 
rare uterine structural defect such as a Mullerian 
anomaly is identified.

• When the diagnosis of cervical insufficiency has 
been made, a conservative approach to treatment 
is recommended unless the risk is considered high 
because of the prior history or other data such 
as the results of an ultrasound scan. Although 
cervical cerclage is the standard treatment for 
known or suspected insufficiency, its advantage 
over nonsurgical therapies has not yet been clearly 
established, given the difficulty in conducting 
properly controlled prospective and randomized 
studies and in properly identifying women who 
might benefit from this form of treatment. Fur
thermore, cerclage is not without risk. The more 
common risks are infection, rupture of mem
branes, bleeding (most notably in transabdominal 
cerclage), the need for resuturing, and possibly 
chorioamnionitis. Emergency cerclages especially 
are associated with an increased incidence of com
plications and of failure.

• Given the attendant risk, the obstetrician should 
know the recommended management of patients 
with suspected cervical insufficiency and the dif
ferent clinical considerations that must be con
sidered at a specified stage of pregnancy. Refer
ence to the ACOG practice bulletin on clinical
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management of cervical insufficiency is an appro
priate starting place [32],

• Patient education is important, not only for pur
poses of management but also to inform the 
patient of the risks associated with the diagno
sis and the possible complications of any recom
mended treatment plan. Alternatives, including 
the alternative of no treatment, and the risks of 
such alternatives must be discussed. An obstetri
cian must have a frank discussion with the woman 
about possible fetal/neonatal morbidity and mor
tality when it is believed that there is a high risk 
of preterm delivery. Documentation of these dis
cussions is important given the potential for a dire 
outcome.
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P art I I

INTRAPARTUM AND POSTPARTUM

cM«,r 9 OBSTETRIC ANESTH

Paul C. Youngstrom 
Margaret Sedensky 
Daniel F. Grum

. . .  this work. . .  treats of a noble subject -  the 
remedy of pain. After ages of suffering, and of 
frequently and long intermitted pursuit of such 
a remedy, one has been discovered. It remains 
with the profession to say whether it shall take 
its place among the permanent, and most 
important agents in the treatment of disease, 
and in abolishing pain; or whether it shall pass 
away with the unimportant and undeserving, 
until another and a truer age shall revive and 
give it a wider sphere of usefulness and a surer 
perpetuity.

W alter Channing (1786-1876)

A Treatise on Etherization in Childbirth 

Boston: W.D. Ticknor, 1848, p25.

Historically understood to encompass all of child
birth in its application, obstetric anesthesia is popu
larly more closely identified with labor and [non- 
operative] vaginal delivery than with surgery. In 
this way it differs decisively from surgical anesthe
sia -  its value is widely disputed, and its rationale 
is ill defined. This condition has continued unre
solved for nearly a century and a half. Charles Meigs, 
impressed with childbirth as an essentially natural 
function, explained in 1849:

I have always regarded a labor-pain as a most 
desirable, salutary, and conservative manifes
tation of life-force. I have found that women, 
provided they were sustained by cheering 
counsel and promises, and carefully freed 
from the distressing element of terror, could in 
general be made to endure, without great com
plaint, those labor-pains which the friends of 
anaesthesia desire so earnestly to abolish and 
nullify for all the fair daughters of Eve [1].

Less impressed with labor as a natural function 
than with the carnage he associated with severe and 
protracted labor pain, James Simpson protested in 
defense of anesthesia that

almost as often as the human intellect has been 
thus permitted to obtain a new light, or strike 
out a new discovery, human prejudices and 
passions have instantly sprung up to deny its 
truth, or doubt its utility, and thus its first 
advances are never welcomed as the approach 
of a friend to humanity and science, but con
tested and battled as if it were the attack of an 
enemy [1].
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ANESTHESIA VERSUS ANALGESIA

From the outset, the debate concerning relief of 
pain during childbirth failed to differentiate anal
gesia and anesthesia. Confusion about the dis
tinctions between obstetric pain management and 
operative obstetric anesthesia has had far-reaching 
consequences for patient and practitioner alike. For 
example, popular perception of obstetric anesthesia 
as having to do with childbirth rather than "surgery” 
has led to widespread second-cousin status for the 
patient having operative obstetric intervention com
pared with her counterpart in the main operating 
suite. This devalued status is expressed in terms 
of cast-off and substandard anesthesia equipment 
cluttering outmoded delivery rooms, few and inex
perienced staff and the disregard for many intra- 
and postoperative procedures routinely afforded any 
other surgical patient. Although regulatory author
ities have begun to address this problem, signs of 
popular discontent have been sporadic (often fol
lowing the occasional catastrophe) and misdirected 
(apt to elicit a plush, modern decor for the same 
substandard facilities). This is the atmosphere that 
invites sarcasm from disgruntled anesthesiologists 
regarding the advisability of “natural” cesareans, and 
that withered exhortation (usually from academics) 
for "greater enthusiasm and sense of duty” toward 
obstetric anesthesia practice. Absent a turn in popu
lar thinking, in some institutions regulatory central
ization of surgical and anesthetic services to a single 
operating suite might be the only way of elevating 
the patient requiring operative obstetric interven
tion to full surgical status.

As much as operative obstetric anesthesia has 
suffered from failure to distinguish labor analge
sia from surgical anesthesia, obstetric pain man
agement has fared far worse. Simpson surmised a 
difference:" . . .  the application of anesthesia to mid
wifery involves many more difficult and delicate 
problems than its mere application to surgery. New 
rules must be established for its use, its effects upon 
the action of the uterus, upon the state of the child 
and on the puerperal state of the m other” [2], Per
haps the rudimentary development of both the anal
gesic and anesthetic management of his day retarded 
any further distinction. In any event, the popular 
perception of (surgical) anesthesia being applied to 
obstetric (nonsurgical) pain management was firmly 
planted. From it has grown a widespread (and some
times justified) discomfort with the use of so drastic
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a measure for the relief of what is understood to be a 
natural function [3], Indeed, the American College 
of Obstetricians and Gynecologists (ACOG) found 
it necessary to issue a Committee Opinion rebut
ting the view that a "medical indication” should be 
required to justify the expense of anesthesia during 
labor [4], Simpson was right, however: anesthesia 
modifies or suspends a variety of normal functions, 
can affect labor, involves risks and complications, 
and necessitates further efforts to circumvent these 
effects. Recent advances in the study of pain as dis
tinct from the study of anesthesia, however, have 
promoted both analgesia and the preservation or 
restoration of normal functions through the control 
of pain. Such management finds natural application 
and popular acceptance in childbirth.

Consideration of pain management exclusive of 
surgical anesthesia has been the principal advance 
in obstetric analgesia of the last quarter-century, 
leading to improvements in maternal satisfaction 
and safety, labor progress and outcome, and fetal/ 
neonatal condition. Popular expectations corre
spond with this distinction and anticipate a new 
practice paradigm, that obstetric analgesia does not 
imply operative anesthesia, even if both use an 
epidural catheter. Epidural anesthesia for delivery 
(e.g., rather than perineal infiltration) is predicated 
on the need for operative intervention and not nec
essarily precedent epidural analgesic management. 
Distinguishing obstetric analgesia from operative 
obstetric anesthesia encourages the anesthesiolo
gist’s rational exercise of consultative pain manage
m ent skills, limits anesthetic management to true 
operative obstetric cases, and stimulates obstetric 
reconsideration and tailoring of labor management 
for the parturient who (unlike her predecessors in 
previous generations) enjoys potent analgesia but is 
not anesthetized. Free of a misconceived connec
tion to operative obstetric anesthesia, obstetric pain 
management has developed a reasonable utiliza
tion rate, distinct practice and staffing patterns, and 
become self-sustaining by satisfying popular expec
tations.

This chapter begins with a discussion of the phar
macology of both new and accepted drugs in obstet
ric anesthesia management. Obstetric pain man
agement (i.e., neuraxial analgesia) is naturally the 
focus of the authors’ work; the practice of obstet
ric anesthesia based on its division into obstetric 
analgesia and operative obstetric anesthesia is criti
cally reviewed, and principles by which this is best
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technically accomplished are presented. The impli
cations of this distinction as they extend to the orga
nization and management of an obstetric service are 
also presented.

PHARMACOLOGY OF OBSTETRIC 
ANALGESIA/ANESTHESIA

Drugs administered to the parturient to provide 
analgesia or anesthesia for childbirth can affect 
not only maternal physiology but also fetal condi
tion and neonatal well-being. Therapeutic strategies 
must be formulated with consideration for these 
effects, as well as the compounding influences of 
obstetric agents and illicitly consumed substances.

Analgesic/Anesthetic Agents and Adjuvants 

Premedicants
Glycopyrrolate (Robinul), an anticholinergic agent 
used to increase heart rate, is a quaternary ammo
nium compound that does not cross the placenta. In 
contrast, both scopolamine and atropine cross read
ily and can suppress normal fetal heart rate variabil
ity [5]. Because of the potential for hallucinations 
and delirium caused by scopolamine, there is little 
to recommend its use as a sedative. Anticholinergic 
agents reduce lower esophageal sphincter tone and 
can increase the possibility of gastric reflux. Cime- 
tidine (Tagamet) and metoclopramide (Reglan) are 
used to decrease gastric acidity and promote gastric 
emptying, respectively, prior to induction of general 
anesthesia. Although their efficacy is controversial, 
they appear to be without adverse side effects when 
used alone in parturients [6].

Tranquilizers
Diazepam (Valium) is seldom administered to par
turients in the United States because of its long 
duration of action and association with neona
tal depression, hypotonia, and hypothermia. Small 
intravenous doses (2.5 mg-10 mg) do not cause 
neonatal sedation or alter acid-base status but do 
decrease fetal heart rate variability and neuromus
cular tone, the latter persisting for several hours 
[7,8], The anterograde amnestic effect of midazo
lam (Versed) is generally undesirable because of 
its potentially negative effect on maternal bond
ing. Additionally, the commonly used combination

of intravenous midazolam (Versed), 0.05 mg/kg, 
together with a small amount of fentanyl (Subli- 
maze), results in a significant potential for hypox
emia and apnea [9].

Analgesics
Meperidine (Demerol) remains the most widely 
used opioid for labor analgesia. In contrast to other 
opioids, in doses of 2 mg to 2.5 mg/kg it decreases 
myocardial contractility and can lower arterial blood 
pressure, peripheral resistance, and cardiac out
put, while increasing heart rate. Meperidine pro
duces greater cardiovascular depression when used 
with nitrous oxide than does morphine. Meperidine 
rapidly crosses the placenta after intravenous dos
ing and can lead to depressed Apgar scores and a 
delay in establishing spontaneous ventilation [10]. 
Adverse effects in the fetus and newborn are related 
to timing and dose. When the drug-to-delivery inter
val (DDI) is between 1 and 3 hours, a 50-mg intra
muscular dose causes a significantly higher incidence 
of neonatal depression than is seen after a longer or 
shorter DDI [11]. After a 100-mg dose, heightened 
risk of neonatal depression persists even with a DDI 
exceeding 3 hours.

Morphine is rarely used for labor pain relief 
because it results in greater neonatal ventilatory 
depression than does an equianalgesic dose of 
meperidine. Similarly, morphine is seldom used 
alone for epidural or spinal analgesia because of 
an unacceptable incidence of side effects at doses 
required for satisfactory pain relief.

Fentanyl (Sublimaze) is a potent synthetic opi
oid with rapid onset and short duration of action. 
Fentanyl causes little, if any, depression of myocar
dial contractility or change in pulmonary or systemic 
vascular resistance. It seldom produces significant 
decreases in blood pressure w7hen given alone, even 
in patients with poor left-ventricular function. It 
appears to cause more maternal vomiting and seda
tion than morphine at equianalgesic doses but has a 
lower incidence of neonatal respiratory depression 
[12], Its ability to depress ventilation is synergis
tic with that of benzodiazepines, however, and care 
must be exercised with use of this combination. 
Combined with 0.125% bupivacaine (Marcaine, 
Sensorcaine) epidurally, fentanyl shortens onset 
time and prolongs duration of action compared with 
local anesthetic alone, without untoward maternal/ 
fetal or labor effects (see Epidural Blockade).
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Sufentanil (Sufenta), like fentanyl, has also been 
added to epidural bupivacaine. Specific attention 
must be directed to the avoidance of unintentional 
intravenous injection, because very little sufentanil 
is required to cause profound maternal ventilatory 
depression. Alfentanil (Alfenta) is a synthetic opi
oid with a rapid onset and short duration of action. 
It is highly protein bound in the blood. Initial expe
rience suggests that an intravenous dose of 10 |ULg/kg 

during induction of general anesthesia has no imme
diate adverse effect on the neonate [13], Because of 
lower fetal levels of binding protein (cq-acid gly
coprotein), however, free fractions of drug are typi
cally as high (or higher) in fetal as in maternal blood. 
This warrants caution in the use of the drug. Com
pared with fentanyl for epidural use, sufentanil and 
alfentanil are more likely to produce maternal and 
fetal/neonatal side effects, respectively [14].

Butorphanol (Stadol) and nalbuphine (Nubain) 
are synthetic agonist-antagonist narcotics that are 
popular for use during labor because, unlike mor
phine, there is a ceiling effect (of dubious sig
nificance, see Systemic Analgesia) on the ventila
tory depression that they produce [15], Nalbuphine 
has not been associated with neonatal side effects 
[16], Butorphanol, I mg or 2 mg intramuscularly, 
is equally safe for the neonate when compared with 
equianalgesic doses of meperidine [17]. Unlike fen
tanyl, sufentanil, alfentanil, or nalbuphine, butor
phanol can increase systemic and pulmonary artery 
pressures, pulmonary capillary wedge pressure, pul
monary vascular resistance, and cardiac work [18], 
Butorphanol therefore should be used cautiously, 
if at all, in parturients with cardiomyopathy of 
pregnancy or other conditions in which pulmonary 
artery pressures are elevated.

Opiates that cause less hemodynamic instability, 
are more potent, and are faster in onset and shorter 
in duration than existing drugs would be of interest 
for obstetric use. Remifentanil, the newest synthetic 
opioid, can produce rapid onset of intense analgesia. 
A unique ester linkage enables it to undergo rapid 
metabolism [10], It has a small volume of distribu
tion and an extremely short half-life (a calculated 
50% reduction in concentration at the effector site 
in 3.7 minutes). The time to recovery of patients 
receiving an infusion does not appear to be influ
enced by the duration of administration or total 
dose, or by patient age, weight, or sex [20,21], Its 
potential clinical advantages include 1) rapid titra

tion of the drug to a desired clinical effect, 2) lack 
of accumulation, 3) reduced incidence of postinfu
sion narcotic side effects, 4) safe use in obstetric 
analgesia, where its unique metabolism and pharma
cokinetics could significantly reduce fetal exposure 
and all but preclude undesirable side effects in the 
neonate, and 5) a route of metabolism unaffected by 
renal or hepatic disease, with implications for use in 
medically complicated parturients, A recent clini
cal trial compared a patient-controlled IV infusion 
of remif entanil with an IV infusion of meperidine; 
remifentanil produced greater pain relief and patient 
satisfaction, less Sedation and hemoglobin desatura
tion, fewer crossovers to epidural analgesia, and no 
differences in mode of delivery and neonatal out
come [22],

Ketorolac (Toradol), a nonsteroidal anti-inflam- 
matory drug, is an attractive alternative to narcotics 
because of its lack of opiate side effects. A recent 
report, suggesting that 60 mg intravenously follow
ing cesarean delivery provides pain relief similar to 
spinal morphine, differs from others that show that 
intramuscular ketorolac alone fails to provide ade
quate postcesarean analgesia [23], Such drugs must 
be administered with caution to pregnant women 
owing to potential adverse effects of prostaglandin 
inhibition on amniotic fluid volume production and 
closure of the ductus arteriosis.

Two novel analgesics, applicable only to epidural 
or intrathecal dosing and investigational use in the 
United States, are indicative of the analgesic (rather 
than anesthetic) approach to obstetric pain man
agement. Neostigmine, a cholinesterase inhibitor, 
promotes analgesia by stimulating an acetylcholine- 
mediated spinal cord mechanism. Not sufficiently 
potent for use alone, its role as an adjuvant for opi
oid analgesia remains in doubt owing to nausea and 
vomiting caused by even very small doses. Cloni- 
dine, a centrally acting alpha-adrenoceptor agonist, 
also produces analgesia by stimulating a spinal cord 
mechanism; it is not associated with motor blockade 
or respiratory depression. Mild degrees of maternal 
sedation and hypotension remain to be fully eluci
dated, but an adjuvant role in local anesthetic/opiate 
mixtures appears promising.

General Anesthesia: Induction Agents
A standard dose of thiopental (Pentothal) for induc
tion of general anesthesia produces a decrease in
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maternal systolic and diastolic blood pressure, a 
reduction in uterine and intervillous blood flow, and 
transient fetal hypoxia; nevertheless, Apgar scores 
at 1 minute are typically seven or greater [24-26]. 
Although intravenous ketamine (Ketalar), 0.9 mg/ 
kg to 5 mg/kg, produces a dose-related increase 
in maternal blood pressure, an increase in uterine 
tone with a concomitant decrease in uterine blood 
flow, and fetal acidosis in pregnant ewes, intravenous 
induction with 1 mg/kg in humans seems to have 
an insignificant effect on blood flow [27]. Induc
tion and maintenance until cesarean delivery with 
ketamine produces only mild elevations of maternal 
heart rate and blood pressure and does not result in 
maternal recall of events if the incision-to-delivery 
time is less than 10 minutes. A low Apgar score and 
umbilical pO? correlates with the interval from uter
ine incision to delivery of the infant, rather than with 
anesthetic management [28],

Studies evaluating propofol (Diprivan) have 
shown its effects on maternal hemodynamics to 
be similar to those of thiopental, but with equal 
or lower neonatal neurobehavioral scores [29,30], 
This agent is often used as a component of a total 
intravenous anesthetic technique. An initial report 
showed that maintenance infusion of propofol from 
150 |xg/kg/min to 450 |j,g/kg/min does not alter 
uterine blood flow [31]. Subsequent studies have 
shown, however, that maintenance infusion during 
cesarean delivery is associated with a lower neuro
logic and adaptive capacity score at 15 minutes [32] 
and at 2 hours of age, secondary to rapid transfer 
across the placenta and accumulation in the fetus 
[33], Thus, propofol appears suitable, as a substi
tute induction agent for thiopental when the latter 
is contraindicated but probably should not be used 
for maintenance of anesthesia.

Etomidate (Amidate) is commonly used for 
induction in patients with compromised cardiovas
cular status. Its use in obstetrics has not become 
widespread, perhaps because of the occurrence of 
pain on injection in peripheral veins and because it 
causes involuntary muscle movement in unpremedi
cated patients. It is noteworthy that these effects can 
be prevented by judicious use of intravenous lido- 
caine and premedication, respectively. The suppres
sion of cortisol production that can occur after a sin
gle bolus for anesthetic induction in adults also has 
been demonstrated in the neonate following mater
nal dosing for cesarean delivery, however [34].

Volatile General Anesthetic Agents
Inhalational anesthetics do not significantly affect 
uteroplacental blood flow or fetal acid-base sta
tus when used to produce light planes of anesthe
sia. Deeper anesthesia produces a reduction in car
diac output, which in turn can cause a decrease 
in uterine blood flow, fetal acidosis, and bradycar
dia [35], Halothane (Fluothane) is a potent uterine 
muscle relaxant. Even analgesic doses diminish uter
ine activity, and anesthetic amounts virtually abol
ish it [36]. Enflurane (Ethrane), isoflurane (Forane), 
desflurane (Suprane), and sevoflurane (Ultane) will 
also relax the uterus. Uterine relaxation with inhala
tion agents, which is usually performed at cesarean 
delivery or for a breech extraction or other obstet
ric maneuvers, can increase blood loss following 
delivery. It is therefore important to decrease the 
concentration and effect of these agents as rapidly 
as possible once the obstetric procedure is com
pleted. Inhalation agents that permit the most 
rapid changes in alveolar concentration, like sevoflu
rane, might therefore offer a clinical advantage. 
In any event, the uterus will respond normally to 
oxytocin as anesthetic concentrations are reduced 
[37,38],

Nitrous oxide, when administered alone, causes 
an increase in sympathetic activity, which might 
decrease placental perfusion secondary to an 
increase in vascular resistance. This effect appears to 
be blunted when nitrous oxide is used in combina
tion with a major inhalational agent. Nitrous oxide 
does not directly alter uterine tone. Inspired con
centrations should not exceed 50%, and duration of 
exposure, should be kept to a minimum (preferably 
under 20 minutes) to avoid anesthetization of the 
neonate.

Agents to Support Circulation
Conditions that lower perfusion pressure, such 
as profound sympathetic blockade during regional 
anesthesia, cardiovascular depression with general 
anesthesia, hypovolemia, or supine hypotensive syn
drome, can result in reduced uterine blood flow. 
Hypertension, which can arise from endogenously 
released (as during endotracheal intubation for gen
eral anesthesia) or exogenously administered vaso
constrictors, also decreases uterine blood flow sec
ondary to an increase in uterine vascular resistance.
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Ephedrine, a mixed a- and ^-adrenergic ago
nist, is considered the pressor agent of choice for 
anesthetic-induced hypotension because it lacks 
negative effects on uterine blood flow or fetal acid- 
base status [39], Phenylephrine (Neo-Synephrine), 
an a i-agonist, has also been used to treat hypoten
sion in otherwise normal parturients during regional 
anesthesia without affecting fetal acid-base balance 
[40,41], Further study is indicated before its use in 
compromised parturients can be recommended. It 
could be of value in patients with cardiac disease in 
whom tachycardia caused by ephedrine is not toler
ated, however. Effects of epinephrine are dose and 
route related. Although epinephrine used in small 
doses as a component of epidural local analgesics 
does not impair placental perfusion, use of intra
venous epinephrine to support the maternal circu
lation can profoundly decrease uterine blood flow 
and must be considered only in critical situations.

There is continued debate over choice and vol
ume of fluid to use for prevention or treatm ent 
of hypotension during regional anesthesia, There is 
no apparent difference between the effects of col
loid or crystalloid solutions when used for circula
tory preload [42], Maternal administration of large 
amounts of dextrose-containing solutions is poten
tially detrimental to the neonate, however. Large 
amounts of colloid solution can theoretically cause 
allergic reactions and coagulation defects, whereas 
massive amounts of crystalloid solution can occa
sionally lead to pulmonary edema. Understanding 
these limitations, the authors recommend the infu
sion of 500 ml to 1500 ml of a dextrose-free, isotonic 
crystalloid solution (e.g., lactated Ringer’s solution) 
prior to administering the block.

Neuromuscular Blocking Agents
Although plasma pseudocholinesterase is reduced in 
parturients, implying a decreased rate of metabolism 
for succinylcholine (Aneetine), doses administered 
to facilitate maternal intubation have no depressant 
effect on neonatal ventilation. Prolonged maternal 
and neonatal neuromuscular blockade is a potential 
complication, however, in mothers with an atypical 
cholinesterase, The nondepolarizing agents -  curare, 
pancuronium (Pavulon), vecuronium (Norcuron), 
atracurium (Tracrium), and rocuronium (Zemuronj
-  commonly used to prevent fasciculations from 
succinylcholine and to maintain surgical relaxation,

have minimal placental transfer and consequently 
have no adverse neonatal ventilatory, neuromuscu
lar, or neurobehavioral effects.

Local Anesthetics
Although epidural anesthesia has been shown not 
to affect placental perfusion unless associated with 
systemic hypotension, local anesthetic use is not free 
of potential hazards to mother and fetus. The hor
monal changes of pregnancy enhance the potency 
and toxicity of local anesthetics [43,44], Local 
anesthetics become potentially toxic when acciden
tally injected intravascularly, or if there is systemic 
absorption of an excessive dose from the injection 
site. Absorption can be decreased by use of a vaso
constrictor (epinephrine) with the local anesthetic. 
Central nervous system (CNS) toxicity ranges 
from dizziness, tinnitus, and light-headedness, to 
seizures followed by CNS and ventilatory depres
sion. Obstruction of the airway, the potential for 
aspiration of gastric contents, and increased oxy
gen demand during seizure activity, coupled with 
the decreased vital capacity and oxygen reserve of 
pregnancy, places the m other and fetus at risk for 
hypoxemia. Although most of the commonly used 
local anesthetics are equally toxic to the CNS, there 
is a profound difference in their duration of action. 
The effect of chloroprocaine (Nesacaine) is usually 
short lived because of its rapid ester hydrolysis in the 
blood, whereas seizures resulting from the amide 
drugs such as lidocaine (Xylocaine) and bupivacaine 
(Marcaine, Sensorcaine) can last for several minutes.

There is a general correlation between the anes
thetic potency and toxicity of local anesthetics; 
however, bupivacaine produces cardiotoxicity of 
greater degree and duration at relatively lower 
dosages than lidocaine, ropivacaine, and levobupi- 
vacaine (the L-isomer of bupivacaine). Ventricular 
dysrhythmias including fibrillation are more likely 
to occur following rapid intravenous injection of 
bupivacaine than lidocaine [45], Cardiac resuscita
tion is more difficult following bupivacaine-induced 
cardiovascular collapse and can require massive 
amounts of fluid, epinephrine, and antiarrhythmics. 
Consideration of toxicity is vitally important when 
any of these agents is used in doses sufficient to pro
duce surgical anesthesia; however, doses used to pro
duce neuraxial analgesia are well below the toxicity 
threshold for all of these local anesthetics.

ak
us

he
r-li

b.r
u



Obstetric Anesthesia 199

Drug Interactions 

Tocolytic Agents
A variety of agents is used for tocolysis, including 
(3-sympathomimetics (ritodrine [Yutopar], terbu- 
taline [Brethine]), direct smooth muscle relaxants 
(magnesium sulfate), calcium antagonists (nifedip
ine [Procardia]), and prostaglandin synthetase 
inhibitors (indomethacin [Indocin]). Drug classifi
cation helps to clarify their potential for Causing 
serious side effects alone or in combination with 
other drug therapy. The most commonly used drugs 
with uterine relaxant properties are the ^7-agonists, 
ritodrine and terbutaline. Important side effects 
include arrhythmias (7%), palpitation (53%), hyper
glycemia (30%), hypokalemia (39%), pulmonary 
edema (1%), tremor (39%), and headache (23%) 
[46], Pulmonary edema is associated with multi
ple gestations, glucocorticoid and magnesium sul
fate (a negative inotrope), or betamimetic admin
istration, maternal infection, and, especially, injudi
cious fluid administration [47,48]. Arrhythmias are 
especially likely when (^-agonists provide a phar
macologic background for the administration of 
anesthetic agents, such as halothane [49], anti
cholinergics [50], and possibly ketaminei:

Slow calcium channel ion antagonists inhibit 
transmembrane influx of calcium ions into cardiac 
and vascular smooth muscle. This causes varying 
degrees of systemic vasodilation, negative chrono- 
tropy (reduced heart rate), and negative inotropy 
(decreased myocardial contractility). Nifedipine is 
the most potent vasodilator of the calcium chan
nel antagonists and can have additive vasodilating 
effects with inhalation agents, narcotics, and epidu
ral anesthesia. Verapamil (Calan) can interact with 
p-adrenergic blockers and inhalational anesthetics 
to further depress myocardial contractility and heart 
rate but is rarely used in obstetric practice as a 
tocolytic agent.

Magnesium sulfate is a divalent ion that com
petes with the calcium ion presynaptically at the 
myoneural junction, with a resultant decrease in 
release of the neurotransmitter acetylcholine. Post- 
synaptically, magnesium decreases the sensitivity 
of the receptor to acetylcholine. These actions 
result in the well-documented abnormal neuro
muscular function seen in preeclamptic women 
receiving magnesium sulfate [51]. Magnesium can 
act in synergy with reduced plasma cholinesterase

(<50% of normal) seen in preeclampsia to pro
long the neuromuscular blockade of an intubat
ing dose of succinylcholine [52], Magnesium also 
has negative chronotropic and inotropic effects, 
inhibits catecholamine release, and blunts the vas
cular response to vasoconstrictors [53], Magne
sium therefore can interact with both general 
and epidural anesthesia to cause hypotension and 
decreased uteroplacental perfusion. Although both 
phenylephrine and ephedrine have been shown to 
correct epidural-induced hypotension in hypermag- 
nesemic ewes, the former causes an increase in uter
ine vascular resistance, whereas ephedrine does not 
[54],

Vtero tonic Agents
Oxytocin (Pitocin) is most often associated with 
a dose-related hypotension but occasionally causes 
hypertension, even in the absence of contamination 
by vasopressin [55], The risk for untoward effects 
is greatest when bolus intravenous doses are given. 
W hen oxytocin is combined with regional or inhala
tion anesthesia, the potential for severe hypoten
sion exists. Prolonged administration of high-dose 
oxytocin, particularly if administered in hypotonic 
solutions (e.g., D5W), can cause antidiuresis, fluid 
retention, and rarely, water intoxication. Adminis
tration of vasoconstrictor drugs in this setting could 
precipitate serious hypertension. Anesthesiologists 
should always administer oxytocin in an isotonic salt 
solution such as lactated Ringer’s solution.

Prostaglandin 15-methyl-F2a (15M-PGF2, Hem- 
abate), used to control postpartum hemorrhage, or 
prostaglandin E2, used to induce labor, can produce 
hemodynamic instability and bronchospasm in nor
mal as well as asthmatic parturients [56,57], PGF2 

can cause pulmonary artery vasoconstriction with 
resultant hypoxemia, systemic vasoconstriction, and 
cardiac arrhythmias [58]. Pulmonary effects are 
prominent, because most PGF2 is removed in a 
single pass through the lungs. Any hemodynamic 
instability resulting from either regional or general 
anesthesia will compound management difficulties. 
Capnography and pulse oximetry, bronchodilating 
and vasodilating drugs, and provision for invasive 
cardiovascular monitoring should be readily avail
able to manage cardiovascular collapse and refrac
tory bronchospasm if PGF2 is administered par- 
enterally.
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Therapy for Pregnancy-induced Hypertension
A variety of drugs is used in therapy for pregnancy- 
induced hypertension (PIH), many of which 
have significant interaction with agents commonly 
administered by anesthesiologists. Cimetidine can 
interfere with metabolism of drugs by cytochrome 
P-450, reduce hepatic blood flow, and thereby pro
long the clearance and clinical action of drugs depen
dent on hepatic elimination. This can augment the 
hepatic dysfunction already present in PIH. Among 
drugs used for PIH that interact with cimetidine are 
phenytoin (Dilantin), propranolol (Inderal), lido
caine, and labetalol (Normodyne). Ranitidine (Zan
tac), in contrast, has less potential for significant 
interaction.

Labetalol, a combined «]- and nonselectiye (5- 
adrenergic blocker, is commonly used in both 
chronic and acute management of PIH and to 
decrease the hypertensive response to endotracheal 
intubation during general anesthesia. Its P-blocking 
potency is approximately seven times greater than 
its a i blockade. Dose requirements vary, how
ever, and titration is required. Injudicious use has 
the potential for precipitous drops in blood pres
sure when combined with potent vasodilators such 
as nitroglycerin (Tridil) or nitroprusside (Nipride), 
or whenever sympathetic tone is diminished by 
regional or inhalational anesthesia.

Verapamil has more potent negative chrono
tropic and inotropic properties than does nifedip
ine. It can cause severe bradycardia and decreased 
cardiac output when used in patients receiving 
P-adrenergic blockers. Caution must be exercised 
when the likelihood of using inhalational anesthet
ics: (negative inotropic action) or regional anesthe
sia (vasodilation) is present. The depressant effects 
on uterine contractility of inhalational anesthetics 
and verapamil are additive, with enflurane being the 
most potent and halothane the least, in this regard. 
General anesthesia therefore can represent a higher 
risk of uterine atony and postpartum hemorrhage in 
patients treated with this and possibly other calcium 
antagonists [59].

Both nitroglycerin, which primarily dilates capac
itance vessels, and nitroprusside, a mixed arteriolar 
and venous dilator, carry the risk of severe hypoten
sion when combined with any anesthetic. These 
agents can increase intracranial pressure, of impor
tance to parturients with severe preeclampsia or

other seizure disorders. Prolonged administration of 
nitroprusside can cause maternal and perhaps fetal 
cyanide toxicity. Short courses of nitroprusside ther
apy appear to be well tolerated. Tachyphylaxis to the 
vasodilating effect of nitroglycerin is well known. 
Hydralazine (Apresoline), a direct arteriolar dilator, 
has a much slower onset of action and can precipi
tate unexpected hypotension when used with other 
drugs that depress the cardiovascular system.

Low-dose aspirin, used to inhibit lipid peroxide 
and thromboxane production, and thus vasocon
striction and pathologic clotting, can affect bleeding 
time and has been a source of concern with respect 
to intraspinal hemorrhage, complicating regional 
anesthesia. Recent studies demonstrate that a bleed
ing time is not the “gold standard" it was once 
thought to be> and that the thromboelastogram 
(TEG) could more closely indicate clinical reality. 
The absence of clinical coagulopathy, typically asso
ciated with a normal TEG [60], removes the tradi
tional (and rather arbitrary) 100,000-platelet count 
restriction on use of regional anesthesia; on these 
grounds, low-dose aspirin exposure is no longer 
judged an impediment to regional anesthetic proce
dures. PIH-associated coagulopathy remains a rele
vant consideration, however (see Contraindications 
to Neuraxial Procedures).

Illicit Drugs

Use of illicit drugs can have life-threatening con
sequences for both parturient and fetus and can 
require critical intervention. Although alcohol and 
marijuana continue to be the substances most com
monly abused by women, the abuse of cocaine is 
significant in some obstetric populations. Cocaine 
users often abuse other drugs; the authors fre
quently see young expectant women who combine 
cocaine with alcohol, marijuana, amphetamines, or 
narcotics. Cocaine’s half-life is unchanged in par
turients (20 min-60 min), but the cardiovascu
lar system is particularly susceptible to its effects 
during pregnancy [61], The relation of cocaine to 
preterm labor, placental abruption, premature rup
ture of membranes, compromise of uterine blood 
flow and fetal distress, cardiac arrhythmias, and 
cerebrovascular accidents exposes the parturient 
to and compounds the attendant risks of emer
gency anesthesia. Acutely, cocaine inhibits neu
ronal uptake and deactivation of neurotransmitters,
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resulting in vasoconstriction, tachycardia, hyperten
sion, and CNS stimulation. These effects increase 
anesthetic requirements. Agents such as halothans 
and ketamine, which are by themselves arrhyth- 
mogenic, can potentiate cocaine’s cardiovascular 
toxicity. P-adrenergic blockers have been used to 
treat cardiovascular complications, but the result
ing unopposed a-adrenergic stimulation can worsen 
hypertension. Labetalol could be the wiser therapy 
[62]; however, large doses could be required, which 
carry the risk of sudden cardiovascular collapse if 
epidural or general anesthesia is added. This com
bination can suddenly unmask an otherwise unrec
ognized hypovolemic state in a previously vaso- 
constricted cocaine abuser. Conversely, epinephrine 
used in epidural anesthesia can act synergistically to 
cause severe hypertension. Chronic cocaine abuse 
can deplete catecholamine stores, thus decreas
ing anesthetic requirements while increasing the 
risk of hypotension. Catecholamine depletion also 
decreases the response to indirect sympathomimetic 
drugs (ephedrine) used to treat hypotension. A 
direct-acting vasopressor (phenylephrine) might be 
required.

Like cocaine, amphetamines enhance release 
of catecholamines. Acute and chronic abuse can 
increase and decrease anesthetic requirements, 
respectively. The anesthesiologist should take pre
cautions similar to those used in managing the 
cocaine addict. Unfortunately, whereas the effects 
of "crack" cocaine can last 20 to 30 minutes, those 
of methamphetamine (“ice") can last 8 to 24 hours.

Marijuana is the most commonly used illicit drug 
among women of childbearing age. It can produce 
euphoria and sleeplessness; as a p-adrenergic ago
nist it can cause tachycardia and increased cardiac 
work. The cardiovascular effects can be obtunded by 
P-adrenergic blockers. Data regarding prolongation 
or arrest of labor are inconclusive. Regional analge
sia/anesthesia is a good choice for labor and deliv
ery, especially since marijuana use is associated with 
acute and chronic bronchitis [63].

A wide variety of complications arises from 
narcotic abuse, including intravenous drug-related 
infection, endocarditis, pneumonia, pulmonary 
emboli, pulmonary edema, renal insufficiency, car
diac arrhythmias, and hypotension [64]. In narcotic- 
habituated pregnant women, methadone therapy 
should be continued or initiated when appropriate» 
Naloxone can be required to treat coma and ven

tilatory depression. Regional analgesia/anesthesia is 
the obvious choice for these patients, but the dehy
dration, hypovolemia, and lack of cooperation that 
accompany narcotic withdrawal can complicate its 
use. Agonist-antagonist drugs should be avoided lest 
they precipitate acute withdrawal. Conversely, the 
parturient with increased tolerance can require large 
doses of narcotics for pain control. The addition of 
the parenteral nonsteroidal agent ketorolac has been 
helpful in the authors’ management of postopera
tive pain in these patients

Alcohol continues to be the most abused drug in 
the United States. Complications include gastritis, 
hepatitis, cardiomyopathy hepatic failure, malnu
trition, cardiac arrhythmias, sudden death, periph
eral neuropathy, and pancreatitis. Regional anesthe
sia can be advantageous, but the chronic alcoholic 
can be hypovolemic, and attention must be paid 
to volume status before beginning a regional pro
cedure. The parturient's coagulation status should 
be checked because alcoholic liver disease can seri
ously elevate the prothrombin time and increase 
the risk for epidural hematoma. Peripheral neu
ropathies should be documented but do not consti
tute a contraindication to regional anesthesia. The 
risks complicating administration of general anes
thesia, such as electrolyte imbalance, myocardial 
depression, unknown volume status, and aspiration 
outweigh the hypothetical risk of exacerbating a 
peripheral neuropathy by spinal or epidural anes
thesia. A continuous epidural infusion, allowing for 
more gradual and controlled anesthetic spread, can 
be preferable to an intrathecal technique. In the 
acutely intoxicated or uncooperative patient under
going alcoholic withdrawal, however, all anesthetic 
techniques are difficult.

Obstetric Pain Management
Management of obstetric pain has long been the 
subject of impassioned controversy. Disagreement 
arises over the severity and significance of labor pain, 
and hence the choice between various steps taken to 
relieve it. In practice, both “naturalists” and “inter
ventionists” (for lack of better terms) have difficulty 
resisting overstatement of their respective positions. 
Some childbirth educators, minimizing the severity 
of labor pain and exaggerating both the effective
ness of “natural" techniques and the complications 
of intervention, exhort their pupils to avoid "drugs"
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in favor of natural simplicity. Many practitioners 
consider it only natural to desire relief from pain, 
and all the more commendable the more techno
logically sophisticated, intellectually appealing, and 
costly the means (a 100% epidural rate’). Never 
mind that accommodation to pain can sometimes 
suffice, or that an improvement in outcome from 
the latest technique is no more than theoretical.

Recognition of individual differences, rather than 
adherence to preconceived regimens, is the basis of 
successful pain management. Seen in this light, “pre
pared childbirth training and skillfully administered 
epidural analgesia are compatible, complementary 
procedures that allow recognition of the individual
ity of each woman” [65].

Labor Pain: Characteristics and Consequences
Accurate, unbiased instruction is the first step in 
satisfying the patient’s expectations for obstetric 
pain management, regardless of the technique ulti
mately used [66,67], Although a heavy responsibil
ity is placed on the educator, the consequences of 
inappropriate expectations befall the medical prac
titioner who fails to understand and support this 
effort. Early natural childbirth enthusiasts asserted 
that childbirth, being a normal physiologic function, 
is not inherently painful. Any pain perceived was 
the consequence of a fear-tension-pain sequence 
ultimately attributable to faulty childbirth expecta
tions stemming from modern society. Correction of 
these expectations and progressive relaxation would 
all but eliminate labor pain. Intrigued by its social 
implications, anthropologists and psychologists took 
up the question. A cooperative study of repro
duction in 64 primitive peoples, however, found 
that “the popular impression of childbirth in prim
itive society as painless and easy is definitely con
traindicated by our cases» As a matter of fact, it 
is often prolonged and painful” [68], Nevertheless, 
the need to purge societal expectations to achieve 
painless, natural childbirth encounters formidable 
obstacles.

Pain is the result of a m ultitude of extrinsic and 
intrinsic factors (including expectations) and ulti
mately is as severe as the patient says it is. Applied 
to childbirth, the McGill Pain Questionnaire per
mits a more rational appreciation for the severity 
and characteristics of obstetric pain. On average, 
labor pain is severe, comparable to that of causalgia

and traumatic amputation of a digit, and exceed
ing that of cancer and postherpetic neuralgia [69]. 
Variability is significant, however; "about 25% of 
primiparas and 10% of multiparas have extremely 
severe pain,” whereas “about 10% of primiparas 
and 25% of multiparas have very little pain” [70], 
This recalls the importance of recognizing individ
ual differences to rational pain management. At 
least a percentage of parturients is therefore likely 
to achieve acceptable pain management by natural 
techniques. The effectiveness of these techniques 
is variable and limited, however. For example, 
Melzack found that, where skillfully administered 
anesthesia was available, women with Lamaze train
ing were no less likely than those without such train
ing to request epidural anesthesia [69], Wuitchik 
and coworkers observed that “although PCT (pre
natal childbirth training) is known to reduce sub
jective pain during labor, the relief obtained is gen
erally m odest. . .  the psychological management of 
active labor may be much more difficult than gen
erally assumed . . .  childbirth training information is 
most often presented in a group context without due 
regard for individual differences” [71 ]. As with any 
approach to pain management, dogged persistence 
with an ineffective therapy invites complications 
[72], Severe labor pain and stress are associated with 
endogenous catecholamine release and predispose 
to dysfunctional or prolonged labor, decreased uter
ine blood flow, fetal acidosis and heart rate abnor
malities, and a higher incidence of instrumental and 
cesarean delivery [65 ,73- 75],

Epidural Blockade
The term epidural block has, with the advent of 
neuraxial pain management, become the source 
of much confusion and misconception in obstet
ric practice and is now probably best avoided. The 
term no longer defines a specific therapy any more 
than does parenteral, for example. In an attempt to 
restore some meaning to the discussion, the authors 
draw a distinction between epidural analgesia and 
epidural anesthesia. Although recent developments 
in pain therapy have emphasized this distinction, the 
boundaries of these two therapies abut and some
times blur. Nevertheless, fundamental differences 
between the two must be understood if physicians 
are to exploit the benefits and avoid potential dis
advantages of each. In particular, practitioners who
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misjudge the depth of this dichotomy, picking and 
choosing elements of analgesic therapy for use in 
their familiar anesthetic paradigm, should not he sur
prised to reap the benefits of neither. An analgesic 
regimen is presented in detail to illustrate the prin
ciples of this alternative management.

Analgesia Versus Anesthesia
Epidural analgesia is powerful, providing unparal
leled relief of even the most severe labor pain [76], 
Many parturients experience satisfactory analgesia 
from less potent management techniques, however. 
Historically, the principal drawbacks to the use of 
an epidural have been an increase in malpresenta- 
tion, dystocia, and instrumental delivery, as well as 
confinement to bed and need for bladder catheter
ization. The studies and experience in support of 
this view have been based on the use of epidural 
anesthesia for labor, relying solely on local anes
thetics to provide conduction blockade of not only 
sensory but also motor and autonomic innerva
tion. By contrast, epidural analgesia makes compara
tively little and discretionary use of local anesthetics. 
These two epidurals are by no means interchange;- 
able nor can the effects and management require
ments of one be carelessly ascribed to the other, 
which profoundly affects interpretation of past and 
current scientific literature. Flexible obstetric man
agement incorporating a simple epidural analgesic 
regimen can retain the pain-relieving potency of 
its anesthetic predecessor. Because epidural analge
sia shuns any infringement on obstetrically impor
tant reflexes and functions, it can offer a solid gain 
to the parturient with severe labor pain and stress 
[77-79],

There are positive effects from relief of severe 
pain with epidural analgesia. Pain relief can improve 
maternal and fetal/neonatal well-being, uterine 
function, and, under certain circumstances, blood 
flow. For example, maternal hyperventilation in 
response to prolonged, painful labor can jeopar
dize fetal acid-base status; both maternal and fetal 
conditions return to normal with epidural analgesia 
[80,81]. Relief also forestalls maternal exhaustion 
and promotes cooperation. Additional advantages 
stem from avoidance of many of the well-known 
negative effects of epidural anesthesia, which must 
be understood if analgesic regimens are to be opti
mally applied.

Negative Effects o f  Epidural Local 
Anesthetics: Problems
Local anesthetics alone, in sufficient dosage to block 
intense sensory input, have confounding effects on 
motor and autonomic transmission, accounting for 
the important disadvantages of epidural anesthesia 
in labor. Sympathetic and motor blockade together 
require the parturient’s confinement to bed. Sym
pathetic vasodilation produces relative hypovolemia 
and orthostatic hypotension, which can jeopardize 
uterine blood flow and function. Careful prehy
dration and recumbency do not by themselves 
ensure adequate compensation for these sympa
thetic effects, however. Supine aortocaval compres
sion, amplified by the reduction in vasomotor tone, 
can lead to pelvic hypotension not reflected by rou
tine blood pressure measurements. Thus, sympa
thectomy from local anesthetic conduction block
ade demands unremitting attention to hydration and 
lateral uterine displacement (during recumbency) if 
adverse consequences are to be avoided.

Myriad advantages, have been ascribed to upright 
posture and ambulation during labor. Although the 
literature to date is rather ambiguous concerning 
the significance of these effects, no detrimental con
sequences have been described as long as appro
priate fetal monitoring (by telemetry if necessary) 
is maintained. Marked motor blockade from local 
anesthetics prohibits ambulation and excludes any 
of its potential benefits. Voluntary bearing down, 
normally an important adjunct to uterine activ
ity during expulsion, is often diminished by local 
anesthetic-induced muscle weakness. Less obvious, 
although potentially more important, is the effect of 
motor blockade on the tone of the intrinsic pelvic 
m usculature Midpelvic cranial rotation results from 
the interaction among downward-expulsive force, 
the size and attitude of the fetal head, and the bony 
and muscular architecture of the pelvis. Loss of mus
cle tone and Conformation can delay or preclude 
rotation and descent of the head. Motor blockade 
from local anesthetics therefore raises several poten
tial impediments to normal progress in labor.

The lower extent of local anesthetic conduc
tion blockade from a lumbar epidural anesthetic 
descends, both with time and with repeated doses, 
to include the sacral segments. Pelvic autonomic 
(parasympathetic) transmission is thus interrupted. 
Sensory inputs conveyed along pelvic autonomic
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nerves, however, are vital to normal progress late in 
labor [82], Clinically, the strength of uterine con
tractions increases in the second stage of labor dur
ing the transitional phase, in association with cra
nial descent and distension of the birth canal. This 
effect culminates in the urge to bear down. Both ani
mal and human data indicate that this bearing-down 
reflex depends on the release of endogenous oxy
tocin. The afferent limb of this neurohumoral reflex 
arc consists of sensory transmission along pelvic 
autonomic nerves stimulated by distension of the 
birth canal. This distension is the consequence of 
progressive descent of the presenting part; it is not 
a result of the attainment of full cervical dilatation, 
although these events can roughly coincide in time. 
The efferent limb of the reflex consists of the pul
satile release of oxytocin by the pituitary, leading 
to more powerful uterine contractions and further 
descent of the presenting part.

Local anesthetic blockade of pelvic autonomies 
interferes with the automatic reinforcement of 
expulsive powers by disrupting this bearing-down 
reflex arc. The blockade also predisposes to mater
nal exhaustion wrhen the parturient, deprived of 
both her neurohumoral reflex and motor strength, 
is encouraged to bear down before cranial descent is 
well established. Allowing local anesthetic blockade 
to wear off before delivery should restore this reflex, 
but the accompanying resurgence of pain, with all 
of its attendant disadvantages, can well thwart the 
desired outcome. There is another alternative, how
ever [82], Epidural analgesic techniques, such as 
those described here, routinely and reliably deliver 
potent analgesia throughout labor while avoiding or 
minimizing the various disadvantages and untoward 
effects of local anesthetic blockade.

An Epidural Analgesic Regimen for Labor 

Neuropharmacology o f  Pain
Advances in analgesic management have focused 
attention on the neuropharmacology of pain pro
cessing at the spinal level. Current therapy empha
sizes manipulation of these processes through inter
action with spinal opiate and a-adrenergic receptors 
and minimizes reliance on the indiscriminate axonal 
effects of local anesthetics. Addition of fentanyl, a 
short-acting synthetic opiate, to bupivacaine pro
duces epidural analgesia of greater quality and dura

tion than is achieved with either agent alone [83]. 
Combination therapy therefore permits substantial 
bupivacaine dose reduction through replacement 
by fentanyl in the epidural solution, while preserv
ing analgesic potency. Does medication of spinal 
opiate receptors require epidural administration of 
the fentanyl component, or would intravenous dos
ing of the narcotic prove equally effective and 
simpler? Vella and coworkers tested this hypoth
esis in parturients and observed that “ . . .  despite 
slightly higher plasma fentanyl concentrations in the 
intravenous fentanyl group, epidural fentanyl pro
duced analgesia which was more complete, more 
rapid in onset and slightly longer lasting." Although 
fentanyl, like bupivacaine, is subject to absorption 
from the epidural space, “the presence of fentanyl 
in the systemic circulation makes a negligible contri
bution to analgesia. . ."  [84], DAngelo and cowork
ers demonstrated that epidural but not intravenous 
fentanyl produced a large dose reduction in patient- 
controlled bupivacaine [85],

The role of epidural epinephrine has tradition
ally been considered to include reduction in vascu
lar absorption and extension of duration of action 
of local anesthetics; however, research has defined a 
new role for a-adrenergic agonists in spinally medi
ated analgesia. Descending inhibitory mechanisms 
normally impinge on the processing of a painful 
stimulus in the dorsal horn of the cord, acting to 
impede its further transmission. Epinephrine acti
vates these inhibitory mechanisms to block spinal 
pain transmission. A small dose of epinephrine, inef
fective by itself for pain suppression, acts with fen
tanyl to produce profound suppression [86]. Low- 
dose epinephrine in epidural analgesic solutions 
enhances spinal opiate effects, intensifies analgesia, 
and further reduces the dose of bupivacaine.

Technique
The authors present an epidural analgesic mix
ture and management technique they have used, 
for more than 20 years, in over 40,000 parturi
ents. From this the reader can presume that it 
has met with a reasonable measure of success and 
satisfaction but should conclude neither that it is 
demonstrably the best such approach nor that it 
might be employed indiscriminately. The literature 
is replete with epidural "cocktails” composed of vir
tually every permutation and combination of local
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anesthetic (bupivacaine., ropivacaine, levobupiva- 
caine), opiate (fentanyl, sufentanil, alfentanil), and 
adjuvant (epinephrine, clonidine, neostigmine) in 
varying concentrations and dosing rates. Each has its 
advocates and, with careful attention to the pecu
liarities of the components and their interactions, 
can be used with success. Cataloging the alterna
tives would not be useful; instead, the authors point 
out the fundamentals of epidural analgesia exempli
fied in the technique they know best and encourage 
other practitioners to adopt and become well versed 
in the details of a regimen consistent with these goals 
and suited to their own environments. Intrathecal 
analgesia, which has become a relevant alternative 
in selected circumstances, is discussed later.

Initiation
Prior to epidural placement, the rate of intravenous 
infusion is accelerated, and at least 500 ml of lac- 
tated Ringer’s or another glucose-free isotonic salt 
solution is given -  more if the parturient’s hydra
tion is deficient or in doubt. A catheter is then intro
duced into the epidural space using standard tech
nique and secured at a lumbar level. There is enor
mous personal variation in the technical details of 
catheter placement; however, what matters is that 
there should be a low incidence of complications 
(e.g., dural puncture, multiple punctures with back
ache) in the quality control tracking data [17]. An 
important exception to some placement techniques 
is that no local anesthetic or test dose should be 
injected through the needle into the epidural space. 
As can be seen, relative to low-dose local anesthetic- 
opiate-a-adrenergic agonist combinations used for 
epidural analgesia, standard epidural anesthetic test 
doses contain more local anesthetic than the ther
apeutic analgesic dose; their use, although appro
priate for surgical anesthesia, defeats the purpose of 
local anesthetic dose reduction in epidural analgesia. 
Furthermore, a local anesthetic test dose through the 
needle can obscure the effect of a subsequent anal
gesic test dose through the catheter, needlessly com
plicating assessment of catheter position and further 
analgesic management.

With the catheter in place, an initial 10-ml bolus 
dose is administered in 5-ml increments. The dose 
consists of 12.5 mg bupivacaine (0.125%), 50 |xg 
fentanyl, and 16.5 |xg epinephrine (1:600,000) in 
saline solution [77,88]. This constitutes both the

test dose (confirming catheter position) and loading 
dose preparatory to infusion. If the catheter is prop
erly sited, analgesia begins within 5 minutes of dos
ing, has achieved near-maximal effect at 15 minutes 
[89], and after 20 minutes, dullness to pinprick over 
the lower third of thoracic dermatomes with intact 
ankle plantar flexion strength can be demonstrated 
bilaterally on careful inspection. Absence of these 
effects after 20 minutes indicates catheter malposi
tion -  in a vein, outside the epidural space, or infe- 
licitously threaded (laterally or caudally) within the 
epidural space -  and the need for prompt catheter 
replacement.

Injection of this initial small analgesic dose 
through a catheter unintentionally sited in an 
epidural vein results in a striking absence of 
potent pain relief, or any other characteristic effect, 
and constitutes a marker for intravascular injec
tion. Much has been written concerning the sen
sitivity and specificity of various markers (i.e., 
catecholamines, air, local anesthetics) added to 
epidural doses to detect intravascular injection, none 
of which is contributory under these circumstances, 
and all of which are best avoided. The initial bupi
vacaine dose is too small to produce toxic symp
toms, whereas the fentanyl can at most result in 
a short-lived and inadequate analgesia unaccompa
nied by evidence of sensory blockade (dullness to 
pinprick). The epinephrine dose was the subject 
of theoretical concern based on research showing 
a transient decline in uterine blood flow (without 
fetal effect) after intravenous injection in healthy 
pregnant ewes [90], Youngstrom and coworkers 
injected this analgesic dose (bupivacaine-fentanyl- 
epinephrine) intravenously into ewes in the pres
ence of severe fetal asphyxia (from umbilical cord 
compression and placental infarction), and detected 
no changes in fetal or maternal condition [91]. 
Absence of the desired analgesic effects described 
previously after this initial dose is a sensitive and 
specific marker of the need to avoid further dosing 
until the catheter is replaced.

A subdural position is the only other destination 
for a wayward catheter. This initial analgesic dose 
also constitutes a safe and effective test for detec
tion of injection through a subdural catheter. Van 
Zundert has reported on the safety of subarachnoid 
injection of 12.5 mg bupivacaine (10 ml of 0.125%) 
for cesarean delivery [92], Ng et al. observed a 
T5 sensory level and lower-limb motor blockade,
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without cardiovascular or respiratory depression, 
within 5 minutes after unintentional spinal injection 
of a similar bupivacaine-fentanyl combination [93]. 
In the authors’ experience, subdural injection of the 
suggested initial dose results, within 5 to 10 min
utes, in an upper thoracic sensory level and, most 
distinctively, marked motor blockade in the lower 
extremities. Loss of ankle plantar flexion strength 
from spinal bupivacaine at this dosage is reliably 
seen after 10 minutes [94], Observation of the par
turient for 20 minutes after injection shows that 
these effects are unmistakable; once recognized, 
untoward effects of subsequent subdural injection 
and high or total spinal anesthesia are avoided.

Twenty minutes after injection, the initial anal
gesic dose affords the parturient significant pain 
relief while maintaining cardiovascular stability and 
muscle strength. To maintain this state of affairs 
throughout labor, this initial dose can be viewed as 
a loading dose, preparatory to an epidural infusion 
designed to produce steady-state, patient-specific 
analgesia. Continuous infusion (by a volumetric 
pump) is preferred to intermittent bolus dosing; 
the latter 1) is predicated on “roller-coaster” anal
gesia (intermittent dosing equals intermittent anal
gesia), repeat doses being given upon the return 
of pain, 2) predisposes to hemodynamic instabil
ity from waxing and waning sympathetic effects, 
3) entails heightened risk from a misdirected bolus 
should the catheter stray to an unacceptable loca
tion, 4) complicates management with the approach 
or onset of second stage labor (i.e., should another 
bolus be given?), and 5) makes unnecessarily heavy 
and ongoing demands on the time of scarce person
nel [95,96],

Maintenance
Many epidural infusion solutions are described in 
the literature. The earliest schedules used surgi
cal concentrations (e.g., bupivacaine 0.5%) of local 
anesthetics. Although it was found that concen
trations could be decreased and conduction block
ade maintained, even those regimens relying on 
bupivacaine 0.125% remain holdovers from anes
thetic (rather than analgesic) labor management. 
Epidural analgesic management rarely includes con
centrations greater than bupivacaine 0.0625%, for 
labor infusion. In the authors’ experience, an infu
sion of bupivacaine 0.044%, fentanyl 1.25 |xg/ml,

and epinephrine 1:800,000 effectively continues the 
analgesia produced by the loading dose. The der- 
matomal levels affected by the standardized loading 
dose differ among patients owing to biologic vari
ability and differences in procedural technique. This, 
individuality of effect can be used to gauge a patient- 
specific rate for infusion: the more (or less) extensive 
the spread of the loading dose, the lower (or higher) 
the rate of infusion. Extension to the eighth tho
racic dermatome and an infusion rate of 14 ml/hr 
are typical [77,88]. This results in an hourly epidu
ral infusion dose of 6.16 mg bupivacaine, 17.5 jjLg 
fentanyl, and 17.5 )xg epinephrine.

Procedures for recognizing catheter dislodgment 
and malposition during epidural infusion are simi
lar to those followed after the loading dose. Intra
venous infusion from erosion of the catheter into 
a vein leads to dissipation of analgesia in a previ
ously comfortable patient, without untoward effect. 
Resurgence of pain calls for reevaluation. Investiga
tion of the site and quality of the pain can suggest 
its origin, such as breakthrough pain from a uterine 
rupture in a patient with a previous low-transverse 
incision, from perineal distension and imminent 
delivery, from a one-sided disparity in the level of 
analgesia (lateral catheter displacement), or from a 
symmetric loss of analgesic effect (intravenous ero
sion). Suspicion of an intravascular position calls 
either for catheter replacement or for testing its 
position in the same manner used initially after its 
insertion.

Subdural erosion of a catheter is rare but of poten
tially great consequence. With the hourly dosage 
described above, over 2 hours of subdural infusion 
would be required to produce high spinal anesthesia. 
This gradual onset of spinal blockade results in pro
gressive motor blockade of the lower extremities. It 
is therefore useful to monitor lower-limb mobility 
hourly during infusion and immediately reevaluate 
or discontinue infusion should obvious impairment 
of muscle strength develop.

Tangible pain relief restores maternal confi
dence and encourages a resumption of thought 
and behavior that is no longer pain dominated
-  "freed from the distressing element of terror.” 
Motor strength and postural stability (dorsal column 
function) remain essentially intact [97,98]; Breen 
and coworkers have demonstrated the ability of 
about 70% of parturients to ambulate safely during 
low-dose epidural infusion analgesia. (Orthostatic

ak
us

he
r-li

b.r
u



Obstetric Anesthesia 207

hypotension and inability to perform a stand
ing partial knee bend, indicative of a more pro
nounced anesthetic effect, are contraindications 
[99].) Nearly one half of ambulatory parturients 
were able to void in the bathroom (in preference 
to use of a bed pan), thus avoiding or delaying the 
need for urinary catheterization. Whereas evidence 
for shorter labor with ambulation remains equiv
ocal [100], Melzack and coworkers have demon
strated that upright posture (sitting or standing) is 
associated with less intense labor pain [101]. Thus 
a low-dose epidural infusion, by encouraging move
ment out of bed and its related reduction in pain 
intensity, can promote additional local anesthetic 
dose reduction (achievable when the infusion is 
patient controlled), enhancing both success of anal
gesic therapy and patient satisfaction and reducing 
the episodic need for analgesic supplementation and 
perhaps assisted delivery [102,103],

For many parturients, pain relief affords the 
opportunity for much-needed rest and recupera
tion. As anxiety levels decline, support staff must 
remain vigilant concerning two potential anesthesia- 
related hazards. First, the supine position entails the 
risk of aortocaval compression by the gravid uterus, 
which can be more severe with sympathetic block
ade, During recumbency, lateral uterine displace
m ent must be ensured. Second, the laboring parturi
ent (even the low-risk variety) is substantially more 
likely than her nongravid counterpart to undergo 
intraabdominal surgery in the very near term. For 
this reason, oral intake during labor must be cur
tailed [104]. Indeed; restriction of oral intake on a 
surgical ward in a patient with a similar likelihood of 
going to surgery is unquestioned. Prudence dictates 
that oral intake be further reduced in patients with 
predictable airway difficulty. Preference for regional 
anesthesia, although laudable, does not ensure the 
ability to actually provide satisfactory regional anes
thesia when necessary. Concern for pulmonary aspi 
ration is an important element underlying this 
policy and primarily reflects the difficulty in pro
tecting the airway when the patient is unable to do 
so herself. This being the case, the notion that the 
problem of aspiration is avoided completely by rou
tine administration of preoperative antacid is pro
foundly misconceived [105]. There is no eiridence 
that antacid therapy has influenced either morbidity 
or mortality from pulmonary aspiration, much less the 
ease of ainvay management. Those who correctly

observe and lament the fact that airway disasters 
are more frequently associated with sparse or inex
perienced anesthetic staffing on the obstetric ward 
than in the surgical operating suite should consider 
other ways in which the parturient having opera
tive intervention might benefit from surgical man
agement [106], Uniform quality of care should be 
afforded all patients having surgery -  the notion that 
operative childbirth is something less than surgery 
should not be allowed to continue.

Epidural infusion should be continued through 
delivery. Lowering the infusion rate to reduce 
numbness and restore an urge to push is rarely nec- 
essary, although easily accomplished. An episodic 
request for heightened analgesia is made in about 
20% of cases; after ruling out pathology, imminent 
delivery, and catheter malposition (described previ
ously), several options can be considered to restore 
acceptable relief. Most often the test dose used to 
reaffirm correct catheter position is sufficient to 
regain satisfactory analgesia. Alternatively, a small 
additional intravenous dose of opiate can be con
sidered in the rapidly progressing, transitional-stage 
parturient.

Delivery Management
The distinction between analgesia and anesthesia 
must be borne in mind at delivery. Episiotomy, per
ineal repair, forceps delivery, and, less frequently, 
vacuum extraction all require anesthesia. Epidural 
analgesia might well suffice for spontaneous deliv
ery, but perineal infiltration with local anesthetic 
(or less frequently, pudendal block) is often added, 
especially if an episiotomy is planned or repair 
required; epidural anesthesia, however, is rarely nec
essary under these circumstances. Anesthesia for 
most outlet forceps and vacuum operations is man
aged in the same manner. The uncommon diffi
cult or rotational forceps procedures warrant induc
tion of epidural anesthesia (e.g., 100 mg-200 mg 
lidocaine); in a patient with an epidural analgesic 
infusion of at least 2 to 3 hours’ duration (and 
a primed epidural space), the onset of anesthesia 
after a perineal dose (or a larger dose for an urgent 
cesarean) is frequently rapid (<5 min).

No adverse neonatal effects have been ascribed 
to low-dose epidural analgesia [107], Cumulative 
bupivacaine dosage is low, comparable to that 
known to be without neonatal neurobehavioral
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effects [108]. Similarly, fentanyl dosage is low; less 
than one half that in other regimens found to be free 
of neonatal depression [99,109], Epidural analgesia 
does not interfere with breastfeeding success [110]-

A low-dose epidural infusion regimen of the kind 
described is recommended for labor analgesia in 
most medically complicated parturients (e.g., mul
tiple gestation [111], preterm [112], breech pre
sentation [113], diabetes [114], vaginal birth after 
cesarean delivery [VBAC; 115], obesity [116], and 
many forms of cardiac disease [117]}, and especially 
those with PIH [118], Multiple sclerosis [119], 
recurrent herpes genitalis [120], asymptomatic HIV 
infection [121], and treated chorioamnionitis [122], 
although once controversial, are no longer consid
ered contraindications to epidural analgesia. Spinal 
deformity and previous surgery are technical obsta
cles to epidural placement but do not preclude a 
skillful attempt [123]. Traditional contraindications 
remain however. (See Contraindications to Neurax- 
ial Procedures.)

Implications for Obstetric Management of Labor 

Timing o f  Analgesia
Individual differences in labor pain and progress 
confound attempts to determine a point in labor at 
which epidural analgesia ought to be introduced. 
This is especially troublesome when severe pain 
and distress are experienced in the latent phase. 
Wuitchik and coworkers investigated the influence 
of early pain on the subsequent course of labor, con
trolling for obstetric factors and epidural anesthe
sia [74], Latent-phase pain was rated from discom
forting to horrible/excruciating, and cognitive activity 
from coping to distress-related. These two measures 
were found to be prognostic of obstetric outcome. In 
the horrible/excruciating pain group, 68% required 
instrumental delivery, compared with 30% in the 
discomforting pain group. Subjects in the distress- 
related cognitive group had two to six times the 
incidence of instrumental delivery, five times the 
incidence of abnormal fetal heart rate patterns, and 
four times the requirement for pediatric assistance 
for the neonate than subjects in the coping group 
[74],

Assessment of pain and cognitive activity during 
latent labor identified obstetrically normal women 
at risk for prolonged and complicated labor. There

was no such correlation, however, between labor 
efficiency and either pain or thought assessed during 
midactive or transition phases.

Early experience of severe pain and distress- 
related thought may predispose the parturi
ent to an inefficient labor pattern, which 
could continue through the second stage. 
High pain during latent labor may precipitate 
pathogenic increases in catecholamines and 
cortisol, which have been found to be higher 
in anxious women and which can attenuate 
uterine activity [74].

Latent-phase psychobiologic influences set the tone 
for the subsequent course of labor and recall the 
importance of prenatal childbirth training in dis
pelling faulty expectations and promoting psy
choprophylaxis. Some parturients, however, despite 
optimal preparation, will continue to suffer severe 
pain and distress in latent labor.

This subgroup of women might benefit psycho
logically from commencement of epidural analge
sia earlier in labor [124], Timely control of severe 
pain and distress and restoration of confidence with 
an effective analgesic (rather than an anesthetic, or 
temporizing intravenous analgesics) are opportuni
ties to modify important risk factors in the patho
genesis of dystocia and should not await achieve* 
ment of an arbitrary degree of cervical dilation 
[125]. Delay predisposes to later labor inefficiency 
and complications, regardless of the kind of analgesic 
management subsequently required, and leads to a 
distraught and depleted parturient whose manage
ment can become increasingly difficult and demand
ing. In contrast, epidural analgesia afforded the 
same parturient can simplify, and certainly does not 
negate the potential advantages of, active labor man
agement [126],

Early epidural analgesia is also recommended for 
those parturients likely to have operative interven
tion or in whom urgent general anesthesia is likely 
to be unusually hazardous. The morbidly obese par
turient meets both criteria: she is much more likely 
to undergo cesarean delivery, to require emergent 
intervention, and to be difficult to intubate [116], 
Although epidural catheter placement is challenging
I more time, more frequent second attempts, and an 
earlier start are required), success rates are high, and 
the need for general anesthesia (even for emergent
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intervention) is all but eliminated. Similarly, early 
epidural analgesia is recommended for the par
turient with severe preeclampsia [118] but with
out coagulopathy (see later). When each technique 
is optimally applied, epidural anesthesia is safer 
than general anesthesia should cesarean delivery 
be required and is less likely to compromise fetal/ 
neonatal well-being | 127], outworn opinions to the 
contrary notwithstanding [128,129].

Second-stage Management and Labor Outcome
Epidural analgesia is continued through the second 
stage because significant sacral anesthetic blockade 
(remedied, if necessary, by a reduction in the infu
sion rate) is unusual. As with any analgesic tech
nique, provision for perineal anesthesia is a sepa
rate issue. Maintaining the infusion -  and relief from 
contraction pain balanced against perception of per
ineal pressure and the urge to bear down -  leads to 
no more instrumental deliveries than does allowing 
analgesia to wear off [130,131 J. In this way, both 
the bearing-down reflex and maternal fortitude are 
preserved.

This highlights the difference between epidural 
analgesia and traditional epidural anesthetic man
agement techniques. Low-dose analgesia preserves 
a higher degree of pelvic floor sensation [132] and 
motor strength and is associated with a lower rate of 
instrumental and cesarean delivery compared with 
its high-dose, anesthetic predecessor [133-137].

A tendency toward prolongation of the second 
stage with epidural analgesia (and an attendant 
increase in instrumental delivery) led to adoption of 
a lengthening of the allowed duration of the second 
stage, consistent with A C O G ’s 2000 recommenda
tions concerning instrumental delivery [138,139]. 
In addition, advocacy of delayed pushing encourages 
the parturient not to bear down unless she feels 
the urge to do so, or, at the earliest, until the pre
senting part is powerfully distending the perineum 
[104]. Evidence for such management is equivocal; 
neither time spent pushing nor total second-stage 
duration appears to be significantly reduced. There 
is somewhat less maternal fatigue, probably a reduc
tion in midpelvic instrumentation, and no difference 
in fetal/neonatal condition, however [140-142], 
If epidural analgesia has unintentionally become 
excessively dense (numb, heavy legs), allowing time 
for sacral regression (and hopefully restoration of the

bearing-down reflex) by turning down the infusion 
appears reasonable.

Parturient-controlled Epidural Analgesia
Parturient-controlled epidural analgesia (PCEA) 
represents a technologic enhancement to the con
tinuous infusion of epidural analgesic mixtures. 
The patient is permitted to titrate, within pre
scribed parameters, epidural dosage to desired pain 
relief. After initiating epidural analgesia in the usual 
way, the infusion solution is delivered through a 
programmable pump capable of administering a 
basal rate, bolus dose, lockout interval, and hourly 
dose limit. The principal drawback is the consid
erable additional cost of programmable pumps and 
their required infusion cartridges. Compared with 
continuous infusion, PCEA produces similar over
all analgesia and no apparent difference in labor 
and fetal/neonatal outcome. Cumulative doses and 
motor blockade are consistently less, patient satis
faction is somewhat higher, and workload of anes
thesia personnel is reduced (a matter of conse
quence to both the busy obstetric center and the 
thinly staffed community hospital) [143-146].

Spinal Analgesia
Exploitation of spinally mediated pain mechanisms 
and the emerging availability of very-small-gauge 
needles sparked a reconsideration of intrathecal 
analgesia for labor. Early investigations with fen
tanyl and sufentanil found analgesia to be potent 
but of short duration; attempts to prolong it by 
addition of epinephrine or morphine only increased 
an already substantial incidence of side effects 
(e.g., transient neurologic effects, pruritus, nausea 
and vomiting) [147-150], Local anesthetic/opiate 
combination (usually bupivacaine 1.25 mg-2.5 mg 
plus fentanyl 10 |xg-25 fjig) demonstrates the 
expected potentiation/dose-sparing effect, but 
duration remains in the 60- to 90-minute range 
[151]. Spinal analgesia alone appears best suited 
to the rapidly progressing parturient in advanced 
labor, for whom rapid onset is paramount and 
short duration is probably acceptable. Compli
cations remain a consideration; transient (1-3 
days) neurologic symptoms were recently reported 
in 4.2% of parturients, and an 8.5% incidence 
of postdural-puncture headache using 27-gauge
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needles [152]. Headache was the third most com
mon complication among the obstetric claims iden
tified in the American Society of Anesthesiologists 
(ASA) Closed Claims Project and resulted in pay
ments in over one half of the cases [153].

Combined Spinal/Epidural Analgesia
In the case of the rapidly progressing parturient 
posed above, which options would be available if 
labor outlasted the spinal analgesic, or vaginal deliv
ery failed and a cesarean were required? Either 
eventuality could be managed with an epidural 
catheter introduced in the same procedure as the 
spinal. Combined spinal/epidural analgesia (CSE) 
is just such a procedure, designed to exploit the 
rapid onset of spinal analgesia while preserving the 
option of long duration from epidural analgesia. 
The technique involves siting an epidural needle 
in the usual fashion, introducing a longer, narrower 
needle through the epidural needle to administer the 
spinal, and removing that needle to subsequently 
thread the epidural catheter.

Enthusiasts note the advantage of rapid-onset 
CSE analgesia late in labor, a time when epidural 
onset is likely to be most prolonged. Accompany
ing transient nonreassuring fetal heart rate changes 
or severe hypotension (at twice the rate seen with 
epidural analgesia [154]) do not typically lead to 
an increased incidence of cesarean delivery, and 
neonatal outcome has been good [155], In another 
large series, additional side effects requiring treat
ment in 1.6% of patients prompted a recommen
dation that continuous pulse oximetry for 1 to
2 hours and “prompt treatm ent with intravenous 
naloxone for severe drowsiness, low oxygen sat
uration (PaO2 <90% unresponsive to mask oxy
gen), or dysphagia should be used to minimize the 
risk of apnea” [156], Portable pulse oximeters are 
available, should the parturient wish to ambulate. 
Because a minority of parturients deliver before the 
intrathecal component of CSE has worn off and 
been replaced by epidural analgesic management, 
it would seem unlikely that the intrathecal compo
nent would have much impact on labor progress and 
outcome. Indeed, CSE has not been found to influ
ence the duration of labor or mode of delivery com
pared with epidural analgesia [157,158], Finally, a 
reduction in manpower requirements has been pro
posed with CSE: intrathecal analgesia is so profound

that “anesthesia personnel need only return to eval
uate patients that subsequently develop inadequate 
analgesia from the epidural portion of the technique 
(usually less than 20% of patients)” [159],

Detractors point out that, compared with epidu
ral analgesia, onset time for CSE is shorter by 
10 minutes or less; although this might or might 
not achieve statistical significance, its clinical rele
vance is dubious [160], After onset, analgesia from 
the two techniques is not significantly different 
[161], and neither leads to fewer cesareans [162], 
Intrathecal analgesia carries a higher incidence of 
such side effects as pruritus, nausea, somnolence, 
and hypotension [163] and is distinctively associ
ated with reports of severe respiratory depression 
or arrest [164,165], The magnitude of the increase 
in incidence of postdural-puncture headache from 
CSE is operator dependent: low for inexperienced 
trainees more apt to puncture the dura during 
epidural needle placement (performed in both tech
niques), but several-fold higher for experienced 
practitioners with very little “wet-tap" risk. In both 
cases, however, the headache risk must increase with 
CSE.

Probably the most troubling deficiency in CSE is 
reflected in the necessity (referenced earlier as an 
advantage) to manage inadequate analgesia (i.e., an 
unsuitable epidural catheter) discovered only after 
the intrathecal effect has waned. With epidural anal
gesia, successful catheter position is tested and con
firmed by the pain relief produced by the initial 
dose at catheter placement; in CSE, the analgesic 
effect of the intrathecal dose precludes such catheter 
confirmation. One consequence of the CSE tech
nique, then, is the need to replace an unsuitable 
epidural catheter at a later (probably more painful) 
stage of labor in a previously comfortable patient, 
and to do so quickly. Another, more serious prob
lem arises if the patient requires urgent operative 
intervention before recession of intrathecal analge
sia has unmasked an ineffective catheter. For this 
reason, CSE should be avoided in patients at risk for 
urgent operative delivery or difficult airway manage
ment, including “those with morbid obesity, severe 
preeclampsia, history of placenta previa or an abrup
tion, multiple gestations, abnormal presentation, or 
those attempting VBAC” [159].

Finally, CSE materials cost more. As with any 
technique, use of CSE should be confined to those 
circumstances wherein the benefits outweigh the
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costs and disadvantages; at present, this certainly 
does not include generalized use for labor analge
sia.

Contraindications to Neuraxial Procedures
There are circumstances, listed later, in which neu
raxial (spinal, epidural) procedures should not be 
performed or offered. Among them, coagulopa
thy poses the principal clinical challenge;: the risk 
of causing unchecked bleeding in noncompressible 
epidural veins can be difficult to quantify, yet the 
consequence of an expanding epidural hematoma -  
permanent neurologic injury -  is devastating. When 
the risk-benefit balance favors a neuraxial procedure 
but the threat of epidural bleeding is not trivial, 
steps should be taken to ensure early detection of 
an epidural hematoma, because surgical decompres
sion can restore neurologic function if undertaken 
within 8 hours. Severe back pain, loss of bowel and 
bladder control, and progressive sensory and motor 
deficit are symptoms necessitating urgent neurosur
gical consultation. Neuraxial analgesic techniques 
with little motor blockade are recommended; for 
anesthesia, short-acting agents are preferred, and the 
patient must be closely observed for normal block 
resolution. Techniques involving prolonged epidu
ral catheterization (as for postoperative analgesia) 
are best avoided; catheter removal poses the same 
bleeding risk as insertion and can require reexam
ination of coagulation status. After block recession 
and catheter removal, neurologic checks should be 
monitored (especially for a spontaneous "return of 
the anesthesia”) at least every 2 hours until coagu
lation status has normalized.

Preeclampsia-induced thrombocytopenia is the 
most common of the pathologic coagulopathies. If 
several hours have elapsed since a platelet count 
<150,000/mm3 was initially observed, it should be 
repeated. A stable count of 70,000/mm '' (as in ITP) 
is less worrisome than a rapidly falling count of 
80,000/mm3 in a preeclamptic patient. W hen the 
platelet count is < 100,000/mm3, many practition
ers will check PT and PTT values, and add D-dimer 
assay in instances of severe preeclampsia, abruptio 
placentae, or intrauterine fetal demise; abnormal
ity in any of these is not consistent with neurax
ial intervention. Thromboelastograph studies and 
platelet function analysis suggest that platelet func
tion can remain acceptable with counts as low as

60,000/mm3 in preeclampsia, although few prac
titioners would accept a value below 70,000/mm3 
[166]. Finally and perhaps most important, the 
patient should be evaluated for any clinical signs 
of coagulopathy: bruises, petechiae (under the 
blood pressure cuff), bleeding gingiva (or reported 
occurrence with tooth brushing) or IV sites, and 
hematoma at an IM injection site, before proceed
ing. The same considerations apply before removal 
of a neuraxial catheter.

Guidelines have been published regarding anes
thetic management in patients receiving drug ther
apy that might impact coagulation status [167], 
Low-dose aspirin therapy and NSAID use are not 
considered contraindications. Subcutaneous (mini
dose) thromboprophylaxis with unfractionated hep
arin is also considered low risk, and this can be con
firmed by PTT testing; however, patients receiving 
heparin for more than 4 days should have a platelet 
count assessed to rule out heparin-induced throm
bocytopenia. Prophylaxis with low-molecular- 
weight heparin (LMWH) is problematic because the 
anticoagulant effect is difficult to quantify (mon
itoring anti-Xa is no longer recommended). Early 
Communication between obstetrician and anes
thesiologist regarding patients receiving thrombo
prophylaxis is essential to optimal management; 
general anesthesia has been implicated as an asso
ciated factor in a maternal death, the anticoagu
lation regimen having precluded use of the pre* 
ferred neuraxial technique [168], Patients receiv
ing low-dose LMWH therapy should not undergo 
neuraxial procedures for at least 12 hours after 
the last dose; higher-dose therapy (e.g., enoxaparin
1.5 mg/kg daily) requires an interval of at least 
24 hours. Postoperatively, a twice-daily dosing regi
men should not be started after less than 24 hours; 
single-daily dosing can be started 8 hours post
operatively, with the second dose no sooner than 
24 hours after the first. Therapeutic dosing with any 
of the heparins, oral anticoagulants, or thrombolytic 
agents is, of course, an absolute contraindication.

Systemic Analgesia
Systemic opiates and agonist/antagonists provide 
less potent pain relief than does epidural analge
sia. Their efficacy is limited by maternal side effects 
and neonatal depression (all cross the placenta) at 
increasing doses. They are useful in uncomplicated
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obstetrics for pain of moderate degree or short 
duration, however. Their essential pharmacology is 
briefly reviewed here.

Meperidine (Demerol) remains the most com
monly used agent, typically in doses of 25 mg to 
50 mg IV at least one hour apart. Accumula
tion of its active metabolite, normeperidine, can 
have Significant and prolonged effects on the new
born. Analgesia from intravenous fentanyl (50 jjcg— 
100 fxg) compares well with that from meperi
dine and is associated with fewer side effects [12]. 
In acceptable doses, however, neither drug alone 
affords adequate analgesia for transitional phase 
labor. Nalbuphine and butorphanol have each been 
found to be comparable to meperidine in terms of 
analgesia and neonatal effects [16,17], Both also 
produce sedation and have been associated with 
sinusoidal fetal heart rate patterns [169,170]. The 
touted ceiling effect for agonist/antagonist respira
tory depression is matched by their ceiling effect for 
analgesia and is thus of little clinical advantage. The 
limited analgesia and respiratory depression from 
the agonist/antagonists is clinically comparable to 
that from acceptable, equianalgesic doses of opi
ates. Meperidine, fentanyl, and nalbuphine have also 
been used in intravenous patient-controlled analge
sia (PCA) for labor [171-173], The PCA approach 
can exert a modest dose-sparing effect and reduce 
the incidence of side effects, while often improving 
patient satisfaction.

The limited role and effectiveness of systemic 
analgesia for labor has not been substantively altered 
by any new drug or dosing regimen until recently. 
Remifentanil (whose unique opiate pharmacology 
was previously described) would appear to offer the 
potential for an improvement in the scope and effi
cacy of systemic labor analgesia. With onset and off
set in a matter of minutes, intense analgesia, and 
limited fetal/neonatal exposure, the goal of useful 
IV-PCA labor analgesia begins to sound plausible 
[22],

Paracervical Block
Submucosal local anesthetic injection into the lat
eral fornices anesthetizes the visceral sensory nerves 
(Frankenhauser’s plexus) from the uterus, cervix, 
and upper vagina. The perineum is not anesthetized 
and dosing after the cervix has reached 8 cm dila
tion is not recommended because of the risk of direct

fetal injection. Repeated blocks are often required 
during labor, compounding the potential for mater
nal local anesthetic toxicity, from each injection and 
from the cumulative dose. In a recent review, low- 
grade anesthetic toxicity (tinnitus and oral pares
thesias) was the most common maternal side effect 
[174],

The overriding complication of paracervical 
block (PCB) is fetal bradycardia. The etiology is 
uncertain and could be variable (toxic local anes
thetic effect on the fetal myocardium, decreased 
uteroplacental blood flow from local anesthetic- 
induced vasoconstriction). Depending on its dura
tion, It is associated with decreased fetal oxygena
tion, fetal acidosis, and an increased likelihood of 
neonatal depression [175]. Occurring in 2% to 40% 
of cases, bradycardia usually resolves after 10 to 
20 minutes, with intrauterine resuscitative maneu
vers (i.e., lateral uterine displacement, supplemental 
oxygen, and hydration). Persistent bradycardia can 
necessitate operative delivery and full neonatal sup
port. Some recommend the ester local anesthetic 
2-chloroprocaine for use in PCB because of its rapid 
metabolism [ 176]; however, it also has a short dura
tion of action, about 40 minutes. Use of bupivacaine, 
the most cardiotoxic of the local anesthetics, in PCB 
is contraindicated by its manufacturers in the United 
States.

PCB might have its greatest appeal where sup
port services (e.g., anesthesia) are limited, yet other 
support (surgical and neonatal) could be required 
should bradycardia develop and persist. When 
epidural analgesia is contraindicated or unavail
able, a decision between PCB and systemic anal
gesia could ensue, Under these circumstances, the 
greater analgesic potency of PCB recommends it 
in cases of severe maternal pain and stress. Evi
dence suggests that neonatal status is unlikely to 
be adversely affected thereby, although only when 
PCB is administered by experienced practitioners 
in healthy mothers with a normal, full-term fetus 
[177],

Pudendal Block/Perineal Infiltration
The analgesic techniques considered thus far focus 
primarily on the pain of labor, although (apart from 
PCB) they exert some effect on pain at delivery 
as well. Bilateral pudendal nerve block, or perineal 
infiltration, is the most common intervention for
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management of pain at uncomplicated vaginal deliv
ery. It is rational that this should be so regardless of 
analgesic management during labor, whether non- 
pharmacologic, systemic, paracervical, or epidural. 
Skillfully done, pudendal block can suffice for spon
taneous and most low and outlet forceps or vacuum 
deliveries, episiotomy and repair [178], It can be 
safely performed by the obstetrician during contin
uous low-dose epidural analgesia, and propitiously 
so owing to a degree of reduced perineal sensa
tion often conferred by the latter. Lidocaine and 2- 
chloroprocaine are the agents commonly used.

As blockade affects only the lower vagina, vulva, 
and perineum, provision must be made for induc
tion of major regional or general anesthesia should 
more extensive intervention be required. Before sur
gical anesthesia, with its attendant risks and require
ments, is begun, indication for a commensurate 
degree of obstetric intervention should be identified. 
If mid-forceps delivery or profound perineal relax
ation is required, for example, epidural anesthesia 
can be induced when epidural analgesia has already 
been established. Circumstances that can involve 
intrauterine manipulation have traditionally been 
understood to warrant general anesthesia; however, 
when analgesia is otherwise sufficient (as with low- 
dose epidural), general anesthesia is no longer the 
only or safest alternative (see Anesthesia and Urgent 
Uterine Relaxation).

OBSTETRIC ANESTHESIA
Obstetric anesthesia, comprising major regional 
conduction blockade and general anesthesia, is 
designed to facilitate operative intervention. It 
is quantitatively and qualitatively different from 
obstetric analgesia as described previously must 
conform to the published guidelines and standards 
for anesthesia care, and is almost always conducted 
in a fully equipped operating suite [179]. Operative 
anesthesia must be appropriately adapted to the spe
cial requirements of surgery during pregnancy but 
is rarely a legitimate alternative for analgesic man
agement.

Epidural Anesthesia
Epidural anesthesia for cesarean delivery avoids the 
direct depressant effects of fetal exposure to gen
eral anesthetics, a distinction of increasing impor

tance the greater the duration of exposure. Conse*- 
quently, neonatal depression after elective cesarean 
delivery is less with epidural than general anesthesia 
[180], Hypotension (more common in the nonla
boring parturient) is avoided or treated with lateral 
uterine displacement, appropriate volume loading, 
and vasopressors [181]. Epidural anesthesia is less 
likely to be associated with severe maternal injuries 
[153] than is general anesthesia and is increasingly 
preferred for the obstetrically complicated parturi
ent (e.g., preterm, multiple gestation, and severe 
preeclampsia) [127,182],

Closed-claims analysis revealed that pain during 
anesthesia was the third most common source of 
maternal injury (after death and headache), and 
almost all of these claims involved cesarean opera
tions under regional anesthesia [153], These claims 
could Stem from poor communication (among 
parturient, anesthetist, and obstetrician), deficient 
prenatal preparation, unrealistic expectations, and 
reluctance by anesthesia personnel to convert to 
general anesthesia despite an inadequate epidu
ral block. Several steps can be recommended to 
improve the quality of epidural anesthesia [183], 
Addition of epinephrine, in concentrations up to 
1:200,000, to lidocaine 2% intensifies the anes
thetic blockade and reduces peak blood levels of 
local anesthetic. Absorbed epinephrine from the 
epidural space does not affect uterine blood flow 
[184,185]. Alkalinization of lidocaine 2% by addi
tion of bicarbonate (usually 1 mEq bicarbonate to 10 
ml lidocaine) both intensifies blockade and speeds 
its onset [186], Finally, addition of fentanyl (up to 
100 (jig) to the local anesthetic solution potentiates 
the anesthetic and decreases the incidence of nausea 
and vomiting during uterine manipulation, without 
adverse maternal or neonatal effects [187-189].

It is often the case, however, that an inadequate 
anesthetic encountered intraoperatively is a conse
quence of a malpositioned epidural catheter, a cir
cumstance that cannot be relieved by any dosing 
schedule or supplementation, and one that requires 
general anesthesia. This occurrence is usually pre
vented by appropriate testing of catheter position 
preoperatively; however, traditional test-dosing reg
imens, designed to confirm that the catheter is not 
sited intravascularly or subdurally, fail to confirm 
that the catheter is sited so as to permit dense, 
bilateral blockade, A symmetric effect from the 
analgesic test dose described previously signifies a
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well-positioned catheter and portends an effec
tive anesthetic. Clinically, this necessitates catheter 
placement and testing in a labor or (anesthetic) 
induction room to accommodate the requisite 
observation period. This is logistically advantageous 
for elective surgery in a busy obstetric suite because 
subsequent anesthetic blockade can be quickly and 
reliably achieved while operating room time is min
imized. The same advantages pertain, of course, 
when epidural labor analgesia has been previously 
established.

Recognizing the increased risks associated with 
general anesthesia, ACOG has advocated greater 
use of regional anesthesia for emergency cesarean 
delivery [190]. Actually, this recalls Simpson’s 
remark after the first maternal death attributed to 
general anesthesia: “If we could induce local anaes
thesia without that absence of consciousness which 
occurs in general anaesthesia, many would see it as 
a still greater improvement" [191]. Although gen
eral anesthesia is still preferred under certain cir
cumstances (e.g., prolapsed cord and massive hem
orrhage), a diagnosis of fetal distress, sa term that 
is imprecise, nonspecific, and that lacks positive 
predictive value, is not incompatible with reliance 
on epidural anesthesia for cesarean delivery [192], 
When a low-dose epidural analgesic infusion is 
already in us<* conversion to anesthetic blockade is 
quick, reliable,; and safe. Epidural anesthesia can be 
initiated in other circumstances in which immedi
ate delivery is not essential (e.g., failure of induc
tion, failure to progress, repeat cesarean delivery in 
early labor). The ACOG Committee Opinion also 
addresses the importance of antepartum risk assess
ment to minimizing the complications of emergency 
anesthesia. For patients in whom general anesthe
sia would be especially hazardous (e.g., because 
of obesity, airway abnormality, severe asthma, or 
preeclampsia), appropriate risk management often 
entails prophylactic epidural placement. Use of a 
low-dose analgesic regimen is well suited to this:end.

Combined Spinal/Epidural Anesthesia
Spinal anesthesia has long been an established alter
native to general anesthesia in obstetrics and is 
experiencing a resurgence in popularity [ 193]. Risks 
associated with maternal airway management are 
diminished, and depressant effects of general anes
thetics on the newborn are avoided [194], Hypoten

sion from rapid and extensive sympathectomy is a 
potential complication that must be quickly recog
nized and corrected to avoid neonatal acidemia, par
ticularly in the diabetic patient [195,196]. Mater
nal effects of sympathectomy contraindicate the 
technique in several forms of maternal heart dis
ease. Dural puncture headache is less common with 
the use of narrow-gauge pencil-point needles but 
remains a source of patient dissatisfaction [153], 
Nevertheless, consistent with the ACOG Commit
tee Opinion, the advantages of spinal anesthesia 
outweigh the drawbacks for most parturients when 
compared to general anesthesia and its attendant risk 
from airway management [190],

Compared with epidural anesthesia, perceived 
advantages of spinal anesthesia are reliability and 
speed. The former has less to do with successful 
block performance (failure rates for the two tech
niques are about the same [197]) than with less 
need lor supplementation (greater patient comfort) 
once the block is established [198] and is impor
tant if pain during anesthesia and the need to con
vert to general anesthesia are to be minimized. As 
with epidural anesthesia, addition of epinephrine 
and fentanyl is recommended to enhance the success 
of spinal anesthesia [ 199-201 ], the latter being par
ticularly effective in reducing perioperative nausea 
[202], Rapid onset makes spinal anesthesia advanta
geous in urgent circumstances as a means of avoiding 
use of general anesthesia [203], A potential draw
back to this rapid onset is the accompanying sym
pathectomy, requiring careful attention to intravas
cular volume, position (uterine displacement), and 
vasopressor support to avoid hypotension. Nev
ertheless, spinal anesthesia can be advocated for 
urgent operative delivery even in instances of severe 
preeclampsia [204], although under more elective 
circumstances, an epidural catheter ideally has been 
placed and tested prophylactically in such high-risk 
parturients.

Traditional spinal anesthesia, being a “single-shot” 
technique, has a limited duration of action. This 
poses a problem in those circumstances (especially 
training settings) when surgery might be expected 
to be prolonged. CSE finds application here; if the 
spinal block begins to wane, the epidural catheter 
can be incrementally dosed to maintain anesthe
sia for the duration of the procedure. As a further 
refinement, sequential CSE can be used to advan
tage in complex parturients (those with cardiac
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disease, pheochromocytoma, severe toxemia, or dia
betes), in whom a more gradual onset of sympa
thectomy is preferred. In this case, a smaller spinal 
dose is given, with the intent to achieve only a 
lower thoracic level (leaving most of the sympathet- 
ics unblocked); incremental epidural doses are then 
used to raise the level of anesthesia gradually, giving 
more time to stabilize the changing hemodynam
ics [205,206]. Epidural anesthesia alone, however, 
can achieve the same result as sequential CSE, with 
perhaps fewer side effects (no dural puncture) and 
greater reliability (a confirmed catheter position).

General Anesthesia
Circumstances such as massive maternal hemor
rhage, coagulopathy, and severe sudden fetal distress 
continue to require general anesthesia to accom
modate operative intervention. Deep inhalational 
anesthesia has also traditionally been used for acute 
uterine relaxation to facilitate removal of a retained 
placenta, extraction of the second of twins or a 
trapped after-coming head, and management of 
acute uterine inversion. Demand for participatory 
childbirth, improved understanding of the anes
thetic implications for maternal morbidity and 
maternal/fetal physiology, and emergence of alter
native means of acute tocolysis have all contributed 
to a marked decline in the use of general anesthesia 
in obstetrics [191 ].

General anesthesia is considered to be less 
safe for the parturient and more depressant for 
the fetus/neonate than regional anesthesia [207], 
Where skilled anesthesia and neonatology support 
are available, maternal safety becomes the overrid
ing issue -  most anesthesia-related maternal death is 
a consequence of airway disasters: failed intubation, 
bronchospasm, or pulmonary aspiration [208-211]. 
Significant reduction in anesthesia-related death 
corresponds to increased use of regional anesthesia, 
with essentially no improvement in mortality risk 
from general anesthesia. General anesthesia is there
fore chosen only for an ever-smaller group of special 
indications. Its reputation as unsafe and second best 
is particularly enhanced, however, where the anes
thesiologist is called at the last possible moment to 
“give a w hiff to a parturient w'ho has not been anes- 
thetically evaluated, in an inadequately equipped 
or prepared setting, and with no realistic opportu
nity to pursue alternative management. Such a sce

nario is virtually unthinkable in the surgical operat
ing suite; rather, it smacks of casualty management 
in the field, where awake intubation is more liberally 
applied to secure the airway. Such circumstances 
are rarely justified in obstetrics and imply failure of 
organization, management, or communication.

Safe anesthesia for operative obstetrics allows no 
relaxation in the practice standards prescribed for 
surgical anesthesia. Many of these are organizational 
issues-preanesthetic patient evaluation, equipment 
and staffing -  and are considered further later in this 
chapter. Cooperation between anesthesiologists and 
obstetricians is necessary if safe facilities, support, 
and protocols are to be designed for emergency gen
eral anesthesia. Communication and interaction are 
essential components of safe practice. The need for 
general anesthesia and the incidence of "emergen
cies” are reduced, and careful induction of necessary 
general anesthesia under better-controlled circum
stances is promoted [212],

Among the hazards of obstetric anesthesia is the 
notion that antacid prophylaxis provides a simpler 
solution to the risks of general anesthesia than the 
approach outlined previously. For those who feel 
compelled to raise gastric pH on the basis of preg
nancy alone, a variety of regimes (including sodium 
citrate, H2 antagonists, and metoclopramide) are 
available; however, any reduction in clinical morbid
ity or mortality remains to be demonstrated [213], 
Improvement is based instead on careful and timely 
patient evaluation, adequate equipment, experi
enced staffing, and competent assistance with air
way management (e.g., cricoid pressure).

Anesthesia and Urgent Uterine Relaxation
Deep inhalational anesthesia, although an effective, 
means of providing uterine relaxation, carries risks 
of considerable morbidity in obstetrics. Deep inhala
tional anesthesia predisposes to neonatal depression 
and acidosis, increases maternal blood loss and car
diovascular depression, and entails the well-known 
hazards of maternal airway management. A potent, 
fast-acting, short-duration intravenous alternative to 
deep general anesthesia is preferable.

Intravenous nitroglycerin produces uterine relax
ation [214], and it. has been used successfully for 
this purpose in the management of retained pla
centa [215,216], inverted uterus [217], and twin 
[218], breech [219], and premature delivery [220],
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Intravenous nitroglycerin is used in conjunction 
with intravenous sedation, regional anesthesia, or 
general anesthesia. The effect is apparent within 
about 1 minute after dosing, with recovery of uter
ine tone after another minute. Boluses of at least 
50 (jig to 100 (xg, repeated as necessary appear to 
be effective and well tolerated. Perhaps because of 
its evanescent effect, the fetus and neonate appear 
to be unaffected by its antenatal administration 
[221 ,222 ],

Intravenous nitroglycerin is faster than inhala
tional anesthesia in both onset and offset and avoids 
the risks of general anesthetic induction. Because 
it is also a vasodilator, however, it shares with deep 
inhalational anesthesia the risk of hypotension, espe
cially in the presence of uncorrected hypovolemia. 
Caution must be exercised under these circum
stances with either technique; rapid intravenous 
volume infusion, careful monitoring, and immedi
ate availability of vasopressor support are essential. 
Nevertheless, the brevity of nitroglycerin’s effect is 
an important comparative advantage.

Massive Hemorrhage
Most obstetric hemorrhage occurs postpartum; 
uterine atony is the most common cause, oth
ers being inversion, retained placenta, lacerations, 
and coagulopathy (e.g., disseminated intravascular 
coagulation [DIC], either alone or superimposed). 
Pharmacologic management of atony escalates from 
oxytocin to methyergonovine to prostaglandins; 
retained placenta and inversion can also require 
intravenous nitroglycerine for transient uterine 
relaxation. Conservative techniques including uter
ine packing, balloon tamponade, vessel ligation, 
placement of compression sutures, or embolization 
should be considered before more radical options for 
continued bleeding [223,224], O ther causes of peri- 
partum hemorrhage include placenta previa, abnor
mal attachment (placenta accreta/increta/percreta), 
abruption, and uterine rupture. Surgical manage
ment is the rule and, to the extent hemorrhagic 
risk can be anticipated, early anesthetic consul
tation is vital. Autologous blood predonation is 
appropriate and typically sufficient for volume 
replacement during elective surgical intervention 
in these high-risk cases. Epidural anesthesia can be 
selected to mitigate red cell loss -  intravenous vol
ume loading to maintain normovolemia produces

hemodilution as it compensates for vascular dila
tion during block induction -  and is associated 
with less operative blood loss and greater surviv
ability from hemorrhage [225,226], Other preemp
tive steps exist to reduce blood loss but might not 
be available in many obstetric units. Interventional 
radiologists can preposition intraarterial catheters 
to provide embolization or balloon occlusion of 
selected vessels; this is less effective when under
taken emergently after the fact, however. Another, 
although controversial step, is autologous blood 
salvage; even when aspiration of amniotic fluid is 
avoided, removal of all potentially hazardous super
natant and cellular material cannot be proved. Its 
use could nevertheless be justified in life-threatening 
hemorrhage; however, the difficulties of providing 
this infrequently used service distant from the oper
ating rooms, at odd hours and error free, may be 
significant.

Anesthetic management of ongoing obstetric 
hemorrhage focuses on patient resuscitation and 
accommodation of invasive maneuvers to control 
bleeding. If the patient has an epidural catheter 
in place, extension of the block to accommodate 
surgery in the face of continued bleeding and hypov
olemia is ill-advised, because hemodynamic stability 
could be disrupted by the reduction in sympathetic 
tone. General endotracheal anesthesia is indicated 
if there is impairment of consciousness, respiratory 
distress, or cardiovascular instability, and to pro
vide for surgical intervention in the unanesthetized 
patient. This is accomplished in a manner consistent 
with the principles of trauma anesthesia, protect
ing the airway while avoiding agents associated with 
cardiac depression and vasodilation (and bearing in 
mind that oxytocin is such an agent in the presence 
of cardiovascular compromise). At least two large 
intravenous catheters and an effective blood/fluid 
warmer are required. An intraarterial catheter aids 
m both pressure monitoring and obtaining sam
ples for cross-match, repeated blood gas analysis, 
hemoglobin and fibrin degradation product estima
tion, and coagulation screen. One should prepare for 
massive transfusion; a rule of thumb is that by the 
time transfusion is contemplated, the patient is sev
eral units behind. Patient response to induction of 
general anesthesia can be indicative of the extent of 
cardiovascular compromise. Aggressive colloid and 
crystalloid infusion and vasopressor support are indi
cated to maintain pressure but are no substitute for
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replacing the oxygen-carrying capacity of red blood 
cells. The blood bank should be alerted to stay sev
eral units ahead and of the potential need for fresh- 
frozen plasma and platelets as these coagulation 
factors are diluted out or consumed. A period of sur
gical compression or clamping might be necessary 
to allow time for restoration of a viable blood vol
ume. A minimum of a second trained pair of hands 
is essential for anesthetic management under these 
circumstances, and recovery in an intensive care unit 
is required [227],

Many avoidable hemorrhagic deaths have been 
associated with the “too little, too late" pheno
menon -  severity of hemorrhage recognized too late, 
too little expert (obstetric, anesthetic, intensivist) 
assistance, too little interspecialty communication, 
too little warmed blood transfused, and too few 
support staff (to carry samples and blood products 
to and from laboratories and blood bank) [228]. 
This recalls the previously mentioned mispercep
tion of operative obstetrics as childbirth rather than 
surgery -  cast-off equipment and sparse staffing in 
outmoded delivery rooms, far (in so many ways) 
from the operating suite and intensive care unit. 
Regular “fire drills” at all hours -  to ensure rapid 
availability of requisite equipment and personnel, 
and effective communication and organization -  are 
essential to meet this challenge.

Anesthesia for Surgery During Pregnancy
Surgical intervention during pregnancy can affect 
fetal outcome; early obstetric and anesthesiologic 
consultation is beneficial. Evidence suggests an 
increased risk of fetal wastage or preterm deliv
ery and early death but does not support a height
ened frequency of congenital anomalies [229,230]. 
Against this risk is weighed the threat posed by 
the surgical pathology; on balance, elective surgery 
is deferred until after delivery, and more urgent 
surgery postponed until the second trimester if pos
sible. For emergent surgery in the first trimester, 
or any surgery during pregnancy, maintenance of 
maternal and fetal homeostasis is of paramount 
importance.

Surgery requiring intraoperative uterine manip
ulation or retraction carries the greatest risk of 
adverse fetal outcome and calls for exceptional pre
cision and finesse on the part of the surgical team. 
Regional anesthesia is recommended; it probably

carries the least risk of teratogenicity in the first 
trimester and avoids the risk of airway management 
later in pregnancy No particular anesthetic tech
nique enjoys demonstrated superiority with respect 
to fetal outcome, however. General anesthesia, using 
agents with an established record of safe use, is 
often an acceptable alternative. Regardless of tech
nique, anesthetic management must account for the 
altered physiology of pregnancy and placental per
fusion.

Obstetric anesthesia precepts regarding airway 
management and protection are applicable on entry 
into the second trimester. By 18 to 20 weeks’ gesta
tion, positioning should include lateral (usually left) 
uterine displacement to avoid aortocaval compres
sion and the threat it poses to maternal hemody
namic stability and fetoplacental perfusion. Mater
nal blood pressure is ideally maintained within the 
patient’s preanesthetic range; this entails appro
priate volume loading and use of a mixed ago
nist such as ephedrine, as necessary. Regarding gen
eral anesthesia, hyperventilation is undesirable as 
it can impair fetoplacental gas exchange [231], 
Ketamine in large doses increases uterine tone and 
is best avoided. Similarly, uterine vasoconstriction, 
whether exogenous from a-adrenergic agonists or 
endogenous from light, balanced anesthesia, can 
have an adverse impact on placental perfusion.

Monitoring specific to the pregnant surgical 
patient includes fetal heart rate (FHR) and uter
ine activity. Ongoing obstetric consultation is pre
ferred in the interpretation of these data. By the 
period that presumed fetal viability is reached, arbi
trarily defined as 23 to 24 weeks of gestation, an 
electronic fetal heart rate (FHR) tracing should be 
obtained before, after, and, if possible, continuously 
during the procedure. Untoward changes might sug
gest adjustment of uterine displacement, maternal 
hyperoxygenation, alteration of maternal ventila
tion, or reassessment of blood pressure and volume. 
The concomitant use of upper- and lower-extremity 
oxygen saturation monitors (i.e., finger/toe) might 
be helpful in judging the adequacy of these mea
sures. When the incision site precludes FHR mon
itoring during surgery, careful assessment of fetal 
condition by EFM or intrasonic techniques after 
anesthetic induction and positioning but prior to 
the incision can be particularly worthwhile. When 
the uterus is of sufficient size, monitoring its activ
ity with an external tocodynamometer is similarly
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recommended and could suggest addition or aug
mentation of a volatile agent for its uterine relax
ant effect. Postoperatively, this could provide early 
warning of preterm lahor and guide tocolytic ther
apy. (See Appendix III, Fetal Heart Rate Monitoring: 
Surgical Procedures, for additional discusson.)

In the event of maternal cardiopulmonary arrest 
or massive trauma, manual uterine displacement 
(to the left and slightly cephalad) after 18 to 20 
weeks' gestation must not be overlooked in the 
attempt to restore circulation. Prior to fetal viabil
ity (at least 23 weeks -  specific criteria, recogniz
ing institutional neonatology capabilities, should be 
determined prospectively) maternal survival drives 
resuscitation efforts and represents the best chance 
for fetal survival. If the point defined as potential 
fetal viability has been reached, expedited deliv
ery during CPR must be considered. In some cir
cumstances (particularly in late pregnancy) emer
gency delivery might be lifesaving not only for the 
infant but also improves maternal circulation and 
prospects for recovery [232], Perimortem deliv
ery carries a better infant prognosis the earlier it 
is performed but should be attempted up to at 
least 25 minutes after maternal arrest [233]. (See 
Chapter 18.)

Postoperative Pain Management
Intravenous patient-controlled analgesia (IV-PCA) 
and neuraxial analgesia have been extensively inves
tigated and developed over the past 20 years in 
response to deficiencies with intramuscular meperi
dine "as needed" for postcesarean pain manage
ment. In this regard, both have registered a marked 
and lasting improvement. Patients having general 
anesthesia receive better pain relief with IV-PCA 
than with conventional TM opiates, and satisfaction 
and side effects with IV-PCA compare favorably 
with those from neuraxial analgesics (although pain 
scores are not as low) [234,235], Neuraxial analge
sia with spinal or epidural morphine is more effec
tive and longer lasting than with parenteral opiates 
[236], safe in recommended regimens, and accom
panied by few, easily managed side effects (notably 
pruritus). Preservative-free morphine 0.1 mg, added 
to a spinal anesthetic (bupivacaine plus fentanyl), 
provides postcesarean analgesia of roughly 24 hours' 
duration; larger doses only add to side effects [237]. 
Ketorolac (30 mg IV, not to exceed 120 mg/24 hr)

is particularly effective should supplemental pain 
relief be requested during this time [238] and is 
considered safe for use in breastfeeding women by 
the American Academy of Pediatricians [239], Nal
buphine 2 mg to 3 mg IV is preferred for treatment 
of pruritus when necessary [240]; distinct from 
naloxone or diphenhydramine, relief is achieved 
without reversal of analgesia, sedation, or recur
rence. Similar analgesia in a comparable regimen is 
afforded patients having epidural anesthesia; mor
phine 4 mg is administered before the catheter is 
removed [241], Larger doses are not more effec
tive. Alternatively, the catheter is secured and a con
tinuous epidural infusion of fentanyl-epinephrine 
provided for 24 to 48 hours; this has been shown 
to be an equally effective analgesic technique with 
fewer side effects and heightened patient satisfac
tion [242],

Ever more sophisticated, complex, and costly 
regimens are proposed. Postcesarean epidural PCA 
infusion produces better pain relief with less nausea 
than spinal morphine, but with similar satisfaction; 
it is, however, more expensive [243]. With grow
ing emphasis on the cost-effectiyeness of therapy, 
where do these techniques fit in? Demonstrations 
of improvements in outcome or length of stay have 
become conspicuous by their absence. Statistically 
significant reductions in pain scores might be more 
gratifying to the physician than the patient, espe
cially if achieved at the price of an unpleasant side 
effect or annoying inconvenience, and are unpersua
sive. Further research should address the marginal 
cost of improvements in patient satisfaction from 
new technologies [244],

AN OBSTETRIC ANESTHESIA SERVICE

An obstetric anesthesia service requires a director 
with interest and skill in management; clinical, edu
cational, or research success is not a substitute. Chal
lenges include provision for appropriate staffing and 
equipment and fostering effective communication 
among professional staff from multiple disciplines 
whose timely, coordinated input is essential to safe, 
high-quality outcomes.

Staffing and Equipment

There continues to be a shortage of qualified 
anesthesiologists interested in providing care for

ak
us

he
r-li

b.r
u



Obstetric Anesthesia 219

obstetric patients, and the demand exceeds availabil
ity [245,246], The size of the patient population is 
a major determinant in the availability of obstetric 
anesthesia coverage, Gibbs and coworkers reported 
that there was an anesthesiologist “in house" for 24- 
hour Coverage in only 3% and 38% of small and 
large hospitals, respectively [246], This emphasizes 
the impracticality of small maternity units: they 
lose economies of scale, overtax the resources of 
the anesthesiology department and the hospital, and 
exert negative pressure on quality of care. Health 
service contracts that require a hospital to be a full- 
service institution are in conflict with this reality. 
Small obstetric units, if they cannot be consolidated, 
must be subsidized.

The American Society of Anesthesiologists’ 
(ASA] Guidelines for Regional Anesthesia in 
Obstetrics state that an anesthesiologist should initi
ate a regional anesthetic, whereas a CRNA is permit
ted to monitor its effect [247], Such idealism does 
not correspond to the realities or logistics of clinical 
practice, in either rural America or many metropoli
tan areas. An unpublished 1991 survey of members 
of the Society for Obstetric Anesthesia and Perina
tology reported that a large percentage of conduc
tion anesthetics for obstetrics were done by CRNAs 
with or without anesthesiologist supervision [248]. 
In the authors' view, it is rational that a CRNA who 
has met the technical and intellectual requirements 
established by a hospital administer an epidural anal
gesic to appropriately selected patients. The anes
thesiologist can be called to address those who are 
more seriously ill or difficult. There are major logis
tical and cost advantages: 1) duplication of person
nel is avoided, 2} personnel are better used during 
the on-call period, and 3) anesthesiologist time is 
applied more effectively.

It is a regulatory requirement in the United States 
that anesthesia and monitoring equipment in the 
obstetric suite must be of the same quality as that 
in the general operating room. Provision must be: 
made (preferably in the obstetric suite or by expe
ditious transfer to the ICU) for intensive care facil
ities, which should include monitoring equipment 
for direct measurement of arterial, central venous, 
and pulmonary artery pressures; evaluation of car
diac output; and for measurement of arterial and 
mixed venous blood gases. Intensive care ventila
to rs)  and respiratory therapists should be desig
nated for obstetric service. Ideally, a satellite labora

tory should be located in a busy high-risk obstetric 
suite.

Communication and Coordination
A high-reliability obstetric unit is characterized by 
robust communication among obstetricians, anes
thesiologists, neonatologists, midwives, and nurses 
that solidifies the perception of team member
ship. “W hat i f ’ scenarios should be emphasized and 
discussed. Emergencies, including hemorrhage and 
shoulder dystocia, are rehearsed, and drills include 
interaction with laboratories, blood bank, respira
tory therapy ICU, and the main operating rooms as 
necessary. In an academic setting, this can be pro
moted by resident and faculty attendance at daily 
teaching rounds, as well as obstetric and neonatol
ogy conferences. In nonacademic settings, the direc
tor must attend obstetric and nursing department 
meetings and ideally combined quality assurance 
meetings. Attention and input at shift changes by 
a member of the anesthesia service benefits practice 
and morale in both settings.

Outpatient Anesthesiology Clinic
Communication among obstetricians, midwives, 
and anesthesiologists is enhanced by providing 
access to an outpatient anesthesiology clinic for pre
natal patients. The logistical advantages are several 
and have been shown to include benefits to all con
cerned [249],

The preanesthetic evaluation focuses on a review 
of personal and familial medical and surgical histo
ries, allergies and adverse drug reactions, current ill
ness (often overlooked), medication use and abuse, 
potential for airway difficulties, and other compli
cating anesthetic factors such as obesity or spinal 
deformity. Medically complicated parturients and 
those likely to require urgent or operative interven
tion should be identified and discussed in advance. 
This is particularly important in conditions with the 
potential for blood loss (placenta previa or accreta, 
and prior cesarean delivery), which occur more fre
quently as the cesarean delivery rate has increased 
[250]. In patients receiving thromboembolism pro
phylaxis, this opportunity for early planning and 
regimen coordination can be crucial to avoiding 
compromise of optimal anesthetic management. 
(See Contraindications to Neuraxial Procedures.)
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Relevant laboratory assessment should be confirmed 
and should include arrangements for autologous 
blood donation.

This prenatal visit also affords a valuable oppor
tunity to discuss anesthetic options, risks, benefits, 
expectations, and fears [66]; it can be supplemented 
by information pamphlets and video tapes, which 
visually describe the typical experience of a parturi
ent having an epidural analgesic or anesthetic. These 
efforts pay dividends during intrapartum manage
ment and can help ensure informed consent.

Informed Consent
The pertinent risks, benefits, and expectations of 
the anesthetic plan must be fully discussed [251]. 
Although of concern to many anesthesiologists, 
informed consent may be legally obtained during 
labor and is appropriate and necessary [252]. Expla
nation of an anesthetic plan is intended to inform, 
not coerce or frighten. W hen a detailed discussion 
of risks is called for, the obstetric nurse is often 
well suited to assuage unwarranted anxiety and curb 
unreasonable expectations. Documentation should 
acknowledge the following: a description of the 
planned management, patient acknowledgment of 
the salient risks and expected benefits, a statement 
that patient inquiries were invited and answered, 
and finally that she wishes to proceed.

Quality Assurance 

Traditional Approaches
Traditional intradepartmental guidelines regarding 
credentialing, policies, procedures, risk manage
ment, and quality care can be found in stan
dard textbooks, statements by the Joint Com
mission on Accreditation of Healthcare: Organiza
tions (JCAHO), and in the Standards, Guidelines, 
and Statements of the ASA. ASA guidelines and 
JCAHO standards are frequently employed, at least 
in part, by virtually all anesthesiology departments 
and appear in their policies and procedures manu
als. In the United States, compliance with JCAHO 
standards is functionally mandatory, because most 
states require JCAHO accreditation to qualify for 
licensure. JCAHO quality assurance (QA) focuses 
on 1) documentation of preoperative and postop
erative anesthetic evaluation, and 2) presence of an

assessment process that records "indicator” (adverse 
event) occurrence, investigates the circumstances, 
determines deviation from acceptable standards of 
care, and communicates directly back to the respon
sible person(s) with a plan for corrective action. 
The ASA has an occurrence-driven QA process in 
which a QA committee determines relevancy to 
anesthetic management, classifies the type of man
agement error, determines the nature of the under
lying error (i.e., none, mechanical, human), grades 
the clinical severity according to a negative outcome 
score, and reports corrective action back to the prac
titioner [253], This process facilitates tracking of 
individual performance, as well as comparison with 
department norms and with other practitioners, at 
significant administrative cost [254],

These QA approaches, along with legal closed- 
claims analysis, have helped to improve care, 
decrease risk, and decrease legal and financial lia
bility. Both are based on retrospective analysis of 
identified adverse outcomes, however. There are no 
guidelines for the measurement of variations in clin
ical practice that underlie these events. Both count 
adverse events but provide no measure of cause 
and effect and thereby little stimulus for continu
ous quality improvement.

Continuous Quality Improvement
Continuous quality improvement (CQI) or TQM 
(total quality management) is founded on statisti
cal analysis of an activity (process)-based account
ing system and provides a framework for continuous 
process and product improvement. Three important 
tenets of this statistical process control are 1) out
come (quality) must be measured for improvement 
to occur, 2) analysis of variation found in outcome 
reveals information that can be used to improve 
quality, and 3) control charts and flow diagrams help 
to identify process variation and facilitate statisti
cally valid improvements in outcome.

The concept of statistical process control can 
form the basis of CQI through integration with 
cause-and-effect diagrams. This is a management 
tool that tracks all of the events in a manufacturing 
process and enables them to be related to various 
outcome measurements [255], Similar flowcharts, 
in the form of algorithms or critical paths, have been 
used in medical textbooks for years as teaching aids. 
The CQI technique involves creation of a flowchart
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TABLE 9.1 Labor and Delivery Anesthesia Survey

Please circle YES or NO for each question.

11.

Did you have epidural analgesia for labor pain relief? YES NO
Were risks and benefits of epidural analgesia explained clearly? YES NO
Did your epidural give you satisfactory pain relief? YES NO
You did not have an epidural because:
a. You did not want one. YES N O
b. It was not offered. YES NO
c. The anesthesia team was too busy. YES NO
d. The nurses were too busy. YES NO
e. Did not have tim e -  too close to delivery. YES NO
f. W anted one, but changed mind after hearing the risks. YES NO
Would you have an epidural for your next delivery? YES NO
Did you have a spinal anesthetic? YES N O
Were you satisfied w ith your spinal anesthetic? YES NO
Did you have a vaginal delivery (from below)? YES NO
Did you have a cesarean delivery? YES NO
Did you have a general anesthetic (put to sleep)? YES NO
Were you satisfied with your general anesthetic? YES NO
How w'ould you rate the anesthesia team  m em ber who took care of you?
a. Professional YES N O
b. Pleasant YES NO
c. Considerate YES NO
d. Indifferent YES NO
e. Inconsiderate/rude YES NO

Comments:
Name (optional):
Date of delivery (optional):

diagram that is used to describe how the process 
of clinical care should be organized. Such a system, 
used by one of the authors [256], served to define 
areas of quality improvement, such as when a con
trol chart run of low rates of narcotic-related side 
effects began when fentanyl replaced morphine for 
postcesarean epidural pain management. Outcome 
based on this change in clinical practice (use of fen
tanyl) was then used to reset (raise) the performance 
level and control limits of the service [87].

A simple but useful way to introduce this 
approach to QA is the patient satisfaction survey 
(Table 9.1). Filled out at the time of discharge, 
this survey can provide valuable outcome results 
that might suggest modifications in the Service. This 
highlights the goal of CQI: to improve the process 
of care, not to identify persons or cast blame for the 
responsibility of substandard care. More powerful

application of CQI requires investment in informa
tion technology but offers the prospect of continu
ous advances in patient safety and care.
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C O N D U CT OF NORMAL LABOR
Lucy A. Bayer-Zwirello

However uncertain we may be of the efficient 
cause . . .  we are taught by long experience, that 
about the fortieth week of gestation, an effort is 
made by the uterus to expel its contents; and 
this effort is called labor.

W illiam  Potts Dewees ( 17 6 8 -18 4 1)

Compendious System o f  M idwifery  

Philadelphia: Carey and Lea 

Second Edition, 1826, xi, p. 170

The conduct of labor is a physiologic, social, and 
medical event in which the practitioner is one of 
several participants. The clinician’s role is to moni
tor the natural process of parturition while detecting 
and treating any important deviations from normal. 
The physician or midwife collates and interprets 
data from the heart rate/auscultation or electronic 
monitor record, laboratory data, and the results 
of various maternal evaluations and examinations. 
Clinical information from the observations of nurses 
or other attendants, as well as data directly obtained 
by evaluation of the progression of labor from exam
inations and their graphic recording on the par- 
togram, are combined, analyzed, and then discussed. 
If the course of labor is less than ideal and prob
lems are identified, the clinician evaluates the issue, 
considers the best response, confers with the fam
ily, and initiates an appropriate intervention. The 
accoucheur must strike a balance between exces
sive optimism and unremitting pessimism, provid
ing reassurance when possible and support at all 
times. In sum, the principal birth attendant must 
be an active participant in the process of labor and 
not simply an observer.

Obstetric labor management begins when the 
woman is first admitted. A careful review of the his
tory is performed, and the events leading to admis
sion are discussed. Vital signs are reviewed, and a 
urine dipstick test is performed. In the initial eval
uation, an abdominal examination is conducted, 
including Leopold’s maneuvers (Table 10.1). A 
pelvic examination follows, and depending on the 
circumstances, it is either simply a digital or by a 
sterile speculum.

A digital vaginal examination notes cervical 
effacement, dilation, and fetal position and station. 
Cranial positioning -  flexion/deflection -  is checked, 
as is the presence or absence of molding or caput 
succedaneum. An estimate of pelvic capacity is also 
conducted.

If the history is suspicious for membrane rupture, 
but uterine activity is neither reported nor appar
ent, a sterile speculum vaginal examination is in
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TABLE 10.1 Leopold’s Maneuvers, Modified*

Procedure

First maneuver

Second maneuver

Third maneuver

Fourth maneuver

The operator stands at the patien t’s side (traditionally the right) and palpates the uterine fundus. 
Given this manipulation, the fetal size is estimated, the contents of the fundus evaluated, and the 
lie is determined.

Using both hands, the surgeon judges the contents of the midportion of the uterus. The fetal back 
versus small parts can normally be distinguished by kneading the uterus back and forth gently, 
noting the contour of the fetal body and the increased resistance to digital pressure when the back 
is palpated.

The operator grasps the lower uterine segment with the right hand and attem pts to move it back 
and forth. This helps to  judge engagement and to identify the presenting part, establishing the 
presentation.

The operator turns toward the patient’s feet and passes his/her hands longitudinally along the 
presenting part, noting whether the fingers diverge immediately suprapubically (indicating 
engagement) or dip into the pelvis, displacing the presenting part (suggesting non-engagement). 
Lateral masses (occiput, in a face presentation, etc.) are also palpable during this examination.

*If abnormalities are suspected, a bedside real-time ultrasound scan is perform ed for verification and additional data, at the clinician's 
discretion,

order. The cervix should be visualized, the condi
tion of the membranes judged, and culture samples 
obtained, which might or might not be submit
ted with test samples to confirm or refute amnior- 
rhexis. If membrane rupture is suspect and labor 
has not begun, digital examination should not be 
performed, because it increases the risk for infec
tion while not providing information that can be 
obtained more safely by visual inspection.

Many obstetricians or midwives are now com
fortable using ultrasound in the labor and delivery 
suite to verify the clinical examination. If membrane 
rupture has occurred without labor, or if fetal mal- 
presentation is suspected, bedside real-time ultra
sonic examination is in order. In some parturients 
in whom Leopold’s maneuvers are difficult or inad
equate or the presentation is high, an ultrasound 
scan easily confirms the presentation. In experi
enced hands, ultrasound scans can also detect more 
complex malpresentation such as face, brow, or 
occiput posterior. These women are candidates for 
close observation; their labors might require oxy
tocin augmentation or eventually result in cesarean 
delivery.

Management of premature rupture of mem
branes (PROM) depends on the gestational age. If 
the PROM is preterm (^37 weeks), the volume 
of the remaining fluid is estimated and to evaluate 
fetal status a biophysical profile (BPP) is performed,

including a non-stress test (NST). The lag time until 
the onset of labor can be hours or even days; there
fore a baseline study of fetal condition is prudent. 
W hen membrane status is uncertain, simple reex
amination by ultrasound scan or by direct repeat 
pelvic examination might be necessary. Transvagi
nal ultrasound examination can also assist in the 
diagnosis of PROM. Such studies apparently do not 
increase the risk of infection. In selected cases, an 
amniocentesis with indigo carmine dye installation 
to test for fluid leakage and laboratory analysis of 
an aspirated amniotic fluid sample can be consid
ered. If PROM has occurred at term (>37 weeks), 
the methods of diagnosis are similar, but manage
m ent is generally more active. Spontaneous labor 
commences within 24 hours in 80% cases, and a fur
ther 10% of women deliver spontaneously within 48 
hours. A minority of term PROM cases will not go 
into labor until >72 hours. As there is no advantage 
to expectant management at term, an oxytocin or 
prostaglandin induction can be performed without 
delay [1],

Particular attention to the diagnosis of labor is 
required. In this evaluation, the frequency, persis
tence, and strength of contractions; the presence or 
absence of bloody show; and membrane status are 
important features. W ith allowance for parity, recur
rent uterine contractions with cervical dilatation 
beyond 2 cm to 3 cm or contractions accompanying
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documented membrane rupture are the criteria fre
quently used to diagnose labor. The most important 
feature of normal, active labor is, however, progres
sive cervical dilatation. Thus, serial examinations 
can be required to establish the correct diagnosis, 
unless the woman presents initially with advanced 
dilation and ruptured membranes [2],

With the sum of these clinical data -  direct obser
vation, abdominal and pelvic examination, notation 
of the uterine contraction pattern, and the heart rate 
pattern -  the experienced accoucheur rapidly devel
ops a clinical “snapshot” of the labor. Such clinical 
impressions, combined with the results of fetal mon
itoring, serial pelvic examinations, and observation 
of how the mother is tolerating her contractions, 
are the basis for clinical decisions concerning any 
required actions. As long as the labor progresses nor
mally the likelihood of significant difficulty is mini
mal. When progress is desultory or becomes arrested 
in either dilation or descent, the potential morbid
ity for both m other and fetus dramatically increases, 
and often the clinician must act.

Monitoring and Analgesia
During labor, the fetal heart rate is monitored either 
by electronic means or by intermittent ausculta
tion, following the protocol of each institution. The 
author has usually avoided the administration of 
epidural anesthesia until the active phase of labor 
is established; however, this delay might not be 
necessary. Recent data suggest that modern low- 
dose mixed epidural anesthetics, combining a nar
cotic and an anesthetic agent in very low concen
tration, administered by continuous-pump infusion 
epidurals do not significantly prolong labor [3,4], 
Thus, early use of epidural analgesia by a combined- 
agent continuous-infusion technique is appropriate 
in markedly uncomfortable women even in latent 
phase labor. When and if an epidural agent is admin
istered, its level and intensity should be gauged to 
provide labor analgesia and not surgical anesthe
sia. Anesthesia (as opposed to analgesia) is unneces
sary during labor and seriously interferes with nor
mal second-stage progress (see Chapter 9 Obstetric 
Anesthesia}. The goal of epidural analgesia should 
be explained to the woman clearly, so that surgi
cal anesthesia is neither expected nor requested. 
The advantage of the low-dose continuous-pump 
infusion technique is less motor dysfunction and 
reduced interference with the second stage of labor

[5], In some institutions, a continuous low-dose 
pump infusion with self-administered boluses for 
reinforcement is now being tried with success. In 
these management plans, the patient is started on 
a low-dose continuous infusion, and she can initi
ate boluses if there is pain breakthrough [6], This 
self-control is popular both with parturients and the 
nursing staff.

Occasionally it is appropriate to administer par
enteral doses of an analgesic such as nalbuphine 
hydrochloride (Nubain). A popular method is to 
administer 2 mg every 20 minutes until pain relief 
is achieved (maximal dose of 10 mg) or to simply 
commence with 10 mg. Narcotics are administered 
with an antiemetic, which can improve analgesia 
by adding sedation [7], Owing to their potential 
adverse effects on the fetus, intermittent injections 
of parenteral narcotics should be administered spar
ingly. (See Chapter 9, Obstetric Anesthesia.)

O ther parturients do extremely well with pre
pared childbirth techniques. Such techniques are 
acceptable for women who are motivated to labor 
without the administration of chemical analgesics.

Stages of Labor

For purposes of discussion, labor is arbitrarily 
divided into stages. Although the process of normal 
labor is dynamic and continuous, the division into 
stages is a useful method of focusing attention on the 
physiology of the process and its usual progression. 
Viewing labor as a continuous process also empha
sizes its dynamic features which are best evaluated 
by graphic representation as a partogram.

The period from the onset of contractions 
through complete dilation of the cervix is termed 
the first stage of labor. The second stage extends from 
complete dilation of the cervix through delivery of 
the fetus. The third stage of labor is the period from 
the delivery of the fetus to the delivery of the pla
centa. The 2-hour period immediately following the 
delivery of the placenta is less formally termed the 
fourth stage. Normative values for the first stage are 
recorded in Table 10.2 with a synopsis of common 
abnormalities in Table 10.3.

Station
A brief discussion of station is important for an 
understanding of both the older as well as recent
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TABLE 10.2 Characteristics of Labor in Both Nulliparous and Multiparous Patients*

Nullip;aras Multiparas

Normative Values All Patients Ideal Labor All Patients Ideal Labor

Duration of first stage (hr)
Latent phase 
Active phase 
Total
Maximal rate of descent (cm/hr) 
Duration of second stage (hr)

6.4 (± 5 .1 )  
4.6 ( ±  3.6) 

11.0 (± 8 .7 )  
3.3 (± 2 .3 )  
1.1 (± 0 .8 )

6.1 (± 4 .0 )
3.4 (± 1 .5 )
9.5 (± 5 ,5 )
3.6 (± 1 .9 )  
0.76 (± 0 .5 )

4.8 (± 4 .9 )  
2.4 (± 2 .2 )  
7.2 (± 7 .1 )  
6.6 (± 4 .0 )  
0.39 (± 0 .3 )

4.5 (± 4 .2 )  
2.1 (± 2 .0 )  
SUf ( ± 6 .2 )  
7.0 (± 3 .2 )  
0.32 ( ±  0.3)

"All values given are. ±  SD.
Data derived from Friedman EA: I .Libor: Clinical Evaluation and Management, 2nd ed. New York: Appleton- 
C entu ry-Crofts, 1978.

publications in the medical literature concerning 
labor and descent. Many practitioners originally 
were taught to report station in thirds, to describe 
the distance from the plane of the ischial spines to 
the presenting part. In 1989, the American Col
lege of Obstetricians and Gynecologists (ACOG) 
instituted a technique of reporting station in cen
timeters [16,17]. (The correlation between the

centimeter versus the classic method is indicated 
in Table 10.4. See also Figure 10.1.) The inten
tion of this system was to standardize nomencla
ture and provide a more reproductible terminology 
for reporting instrumental procedures. The great
est problem is in estimating station in centime
ters by palpation alone from the imaginary plane 
of the ischial spines. In communication among

TABLE 10.3 Abnormal Labor Patterns, Diagnostic Criteria, and Potential Treatment*

Diagnostic Criterion 

Nulligravida Multipara Treatment and Comments

Disorders of dilation: 
Prolonged latent phase

Protracted active phase

Arrest of dilation

Disorders of descent: 
Protracted descent 

Arrest of descent 
Failure of descent

>20 hr >14 hr Rest (medicated or unmedicated); oxytocin
infusion

<1.2 cm /hr <1.5 cm /hr Oxytocin, if contractions are inadequate, and
disproportion and malpresentation are both 
excluded by abdominal-pelvic exam ination1 

>2 hr >2 hr Oxytocin, if contractions are inadequate and
disproportion and malpresentation are both 
excluded by abdominal-pelvic examination; 
otherwise cesarean delivery

<1.0 cm /hr <2.0 cm /hr Forceps or vacuum extraction, if disproportion is
>1 hr >1 hr1 excluded and the presenting part is low;

otherwise cesarean delivery, failure of descent. 
In selected patients with epidural anesthesia, 
oxytocin administration*

*See text and Figs.. 10.1 and 10.2 for details.
* Oxytocin stimulation in a protracted active phase might not prove successful [74],
fSlow second-stage progress is often related to use of epidural anesthesia and can herald outlet/shoulder dystocia; thus, instrumental 
delivery must be used with circumspection in this:.setting, especially if the fetus is believed to be large:
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TABLE 10.4 Estimation of Station of the Presenting 
Part: Comparison of Methods*

Classic
Three-station
Scale

ACOG Centimeter 
Scale

Position of Bony 
Presenting Part

- 3 - 5 Pelvic inlet
- 2 - 4

- 3
-1 - 2

0 0 Ischial spines 
(engagement)

+  1 +  1
+2

+2 +3
+3 +5 On the perineum

*Station is estim ated by palpation of the bony segment of the 
presenting part during a vaginal examination and determining 
the distance from the plane of the ischial spines. See text for 
details.

Modified from Rosen MG: Management of Labor. New York: 
Elsevier, 1990.

clinicians, and in the analysis of the medical lit
erature, it must be kept clear which system is 
used for reporting. Adhering to recent convention, 
this textbook reports station by two numbers (e.g., 
+2/5 cm). The first number indicates the positive 
or negative station in centimeters; the second num 
ber reminds the reader that it is the five-centimeter 
scale that is being used. (See Chapter 17, Instru
mental Delivery, for additional discussion.)

With the onset of regular uterine contractions, 
there is initially minimal change in cervical dilata
tion, despite frequent and sometimes even strong 
contractions. During this time, progressive efface
ment normally occurs. At approximately 3 cm to 4 
cm of dilatation, a more rapid rate of cervical change 
normally develops [8,9], This initial slow dilatation 
or preparatory phase is termed the latent phase of 
labor, whereas the interval of more rapid dilatation 
is termed the active phase of labor. The duration 
of these phases depends on both obstetric manage
ment and parity. Latent phase or prodromal labor 
can last up to 20 to 24 hours in a nullipara but is usu
ally shorter for the multipara. In some respect, the 
latent phase is a "retrospective” phase, established 
by review of the partogram once the active phase is 
identified. Otherwise, if the latent phase does not 
progresses into active phase, this process would be

FIGURE 10.1.
Estimation o f  station by different techniques: traditional 
three station system  (top); current ACOG centimeter 
system  (bottom). See text for details.

deemed false labor. In the active phase of labor, the 
rate of progress in terms of cervical dilatation is a 
function of parity [10]. Based on classic studies of 
labor, nulliparas normally dilate at a rate of greater 
than 1.2 cm/hr. In multiparas, the rate of cervical 
dilatation is faster, with a rate of 1.5 cm/hr or more 
(Tables 10.2 and 10.3; Figure 10.2).

This classic analysis of basic labor patterns is 
not universally accepted. O ’Driscoll’s concept of 
the active management of labor removes the latent 
phase from the labor vocabulary. He believes that 
this allows for a more controlled environment on
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LATENT PHASE----------------------------— —  ACTIVE PHASE-------••

FIGURE 10.2.
Standard partogram indicating curves o f  cervical 
dilatation, presenting part descent, and phases o f  labor 
(see text for details).

labor and delivery [2], Only patients expected to 
deliver within 12 hours are admitted to the labor 
and delivery floor. Patients considered not in labor 
or prodromal are either sent home or to another 
floor for observation. Active management of labor 
is discussed further at the end of this chapter.

Partogram
Progress in labor is commonly evaluated by plotting 
cervical dilatation and the descent of the presenting 
part against time [12-14]. With the resulting labor 
curve, or partogram, arrested or slow progress can be 
easily detected. Friedman introduced partograms to 
American obstetric thinking and reported mean and 
normal ranges for the duration of various divisions 
or phases of labor based on his statistical analysis of 
accumulated cases [13]. Partograms remain in com
mon use, although most clinicians do not adhere 
rigidly to the norms originally established by Fried
man. In preparing such graphs, cervical dilation is 
plotted on a graph that includes a vertical scale from
0 to 10 cm. Station of the presenting part is plot
ted from - 5  (unengaged and floating), through 0 
(engagement), to +5 (crowning). The convention 
for reporting station is the centimeter scale recom
mended by ACOG. To create the plot, repeat pelvic 
examinations at intervals during the active phase of 
labor, and the cervical dilation and station are sim
ply recorded against time (see Figure 10.2). Because 
abnormalities in the progress of labor are common,

FIGURE 10.3.
A, Protraction disorders o f  labor: protracted active-phase 
dilatation pattern (A); protracted descent pattern (B). 
Mean normal dilatation and descent curves are shoum 
(broken lines) for comparison. B, Arrest disorders o f  
labor: secondary arrest o f  dilation (A); prolonged 
deceleration phase (B); arrest o f  descent (C). Normal 
dilatation and descent curves (broken lines) are 
illustrated. See text for details. (From Friedman FA: 
Protraction disorder. In: Friedman FA, Acker DB, Sachs 
BP (eds): Obstetrical Decision Making, Toronto: BC 
Decker, 1987; pp. 238-240; with permission.)

it is advisable to routinely follow cases by this simple 
technique (Figure 10.3, A  and B). Several authors 
and the World Health Organization have recom
mended changes to what is accepted as a normal 
partogram, either lengthening the active phase by 
slowing the rate of dilation or allowing more time 
to dilate from 4 cm to 7 cm or 8 cm [4]. Regardless 
of the norms chosen, the use of the partogram to 
plot labor’s progress over time assists in the man
agement of labor.

The other important components of normal 
progress are cervical effacement and change in sta
tion or descent of the presenting part. The duration 
of labor and of the various stages of labor are greatly 
influenced by the status of the membranes, dura
tion of gestation, strength and frequency of uter
ine contractions, and medications administered, as 
well as by other considerations, including fetal size, 
presentation, and positioning [13,15], Here, parity 
again plays a role. Approximately 80% of nulliparas
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begin the onset of labor with the presenting part 
at station 0 to —1/5 cm. In nulliparas, the present
ing part normally descends into the pelvis at a rela
tively constant rate during the active phase of labor, 
paralleling the progress in cervical dilation. In con
trast, in the labor of many multiparas, the presenting 
part can remain at high station until complete dila
tion of the cervix occurs. Thereafter, the presenting 
part descends rapidly with the second stage of labor 
often complete in less than 1 hour. In contrast, in 
nulliparas, the second stage of labor usually begins at 
station +2 or +3/5 cm, and, under epidural anesthe
sia, often 2 or more hours are required to complete 
the delivery.

The Two-hour Rule

Clinicians have long known the risks of prolonged 
labor. In the 1920s, such concerns influenced DeLee 
to recommend limiting the length of the second 
stage by shortening it by instrumental delivery. 
Maternal and fetal complications observed in pro
longed labors were also part of the original impetus 
for the Dublin group to develop their protocol for 
the active management of labor.

It can be difficult to assess progress in descent. In 
selected cases, ultrasound examination can be use
ful in this determination. Transperineal scanning, 
using the symphysis as a landmark, is the most com
mon technique. Experience is necessary to conduct 
such examinations, but the results improve the diag
nostic accuracy of clinical evaluation. Prospective 
study is needed before such techniques can be veri
fied to improve outcomes, however. A similar tech
nique is useful prior to forceps application if there 
is a molded head and it is difficult to palpate the 
standard landmarks, or if a more difficult rotational 
delivery is attempted (See Chapter 17, Instrumental 
Delivery [20]).

The appropriate length for the second or expul
sive stage of labor is controversial [13,19,21], Prior 
obstetric teaching held that the second stage should 
not exceed an arbitrary time limit, which was 
established at 2 hours. Many clinicians, including 
the author, were originally taught to electively ter
minate the second stage -  if necessary by a for
ceps operation -  when 2 hours had transpired unless 
spontaneous delivery was imminent. How this spe
cific interval came to be enshrined in obstetric 
practice is unclear. In previous generations, how

ever, when electronic fetal monitoring (EFM) wras 
nonexistent, epidural anesthesia was uncommon, 
and many aspects of obstetric and pediatric manage
ment were different from current practices, such an 
arbitrary limitation on the length of the second stage 
had a measure of clinical validity. In the early 1950s, 
Heilman and Prystowsky reported a direct relation
ship among the length of the second stage, infant 
mortality, and maternal infection/hemorrhage [21], 
In this study, the median duration of the second 
stage was 20 minutes for multiparas and 50 minutes 
for nulliparas. Only 3% of labors exceeded a 2- to 3- 
hour second stage, because the second stage was usu
ally terminated by prophylactic forceps operations. 
These authors also reported an association between 
abnormalities in the first stage of labor and subse
quent difficulties in the second stage. Newer stud
ies suggest that with or without regional anesthe
sia, the median duration of the second stage has not 
changed: 19 minutes for multipara and 54 minutes 
for nulliparous patients [22],

In contrast, modern studies do not correlate seri
ous fetal problems with length of the second stage if 
adequate monitoring is conducted. Cohen [23] and 
others [23-25] have studied second-stage length 
and perinatal mortality and have found no significant 
relationship (Table 10.5). Maternal febrile morbid
ity, the likelihood of instrumental or cesarean deliv
ery, and puerperal hemorrhage do however increase

TABLE 10.5 Duration of the Second Stage of Labor and 
Perinatal Outcome

Duration
(min)

No. of 
Patients

Perinatal
Mortality
(per
1,000)

Neonatal
Mortality
(per
1,000)

Low
5-minute
Apgar
(%)

0-29 623 6.5 0.0 0.6
30-59 1,257 4.8 2.4 0.7
10-89 1,007 3.0 1.0 0.3
90-119 599 0.0 0.0 0.2

120-149 425 2.4 0.0 0.0
15:0-179 237 0,0 0.0 0.8
180+ 255 3.9 0.0 1.6
Total 4,403 3.4 1.8 0.5

Modified from  Cohen W: Influence of the duration of 
secand-stage labor on perinatal outeiSme and puerperal 
morbidity. O bstet Gynecol 197?;49:2(56—26$; \vith permission.
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when the second stage exceeds 3 to 4 hours (see 
Chapter 17, Instrumental Delivery).

An important influence on second-stage length is 
epidural anesthesia. If an epidural block has been 
administered, the acceptable length of the sec
ond stage is extended by 1 hour [26,27]. Epidural 
anesthesia commonly accompanied by major motor 
blockade, as opposed to modern epidural analgesia, 
which should not have a significant motor block
ade, prolongs the second stage and increase the 
incidence of instrumental and cesarean delivery. 
Modifications in both obstetric and anesthetic pro
tocols can greatly influence outcomes (see Chapter
9, Obstetric Anesthesia).

Although a 2-hour second stage is no longer con
sidered a required point for routine intervention, it 
remains an important marker. Even with epidural 
anesthesia, with either delayed or immediate push
ing, the second stage usually does not exceed 1 hour 
[28], Thus, when the second stage exceeds the 2- 
hour mark, this is when the clinician should care
fully judge the progress of the labor and the con
dition of the mother and fetus. There is a point 
at which intervention in a prolonged second stage 
is appropriate; however, this point is not marked 
by a specific time interval, but it is determined by 
the dynamics of labor and the evaluation of mater
nal and fetal condition. In the absence of maternal 
or fetal distress and as long as reasonable progress 
continues, close observation, encouragement and, 
on occasion, oxytocin are the best management 
techniques for the second stage. If progress stops, 
the fetal condition becomes uncertain, or maternal 
exhaustion develops, medical or surgical interven
tion is indicated. Such interventions could consist of 
maternal repositioning, rest, provision of improved 
analgesia, encouragement, oxytocin augmentation, 
cesarean delivery, or a forceps or vacuum extraction 
operation. The appropriate type of intervention is 
the subject of this and subsequent chapters.

Uterine Activity
Measurements of uterine activity or quantitation of 
the amount of uterine work during labor requires 
determination of the onset, duration, frequency, 
and strength of contractions [27,29,30]. Histori
cally, this task was accomplished by manual palpa
tion by a bedside birth attendant. Clinical estima
tion of the strength of contractions was based on the

knowledge that the uterus was not easily indented 
by finger pressure once the intrauterine pressure 
reached approximately 40 mmHg. To semiquanti- 
tate uterine activity, an external tocodynamometer 
is now frequently used. This device measures the 
onset of contractions from an established baseline 
but is capable of recording only the relative intensity 
of uterine contractions. W hen tocodynamometry is 
used in conjunction with a strip chart recorder, a 
graphic representation of uterine activity over time 
results. These data, combined with the instanta
neous fetal heart rate (FHR) tracing, describe the 
classic EFM tracing. After membrane rupture, a 
pressure catheter can also be inserted between the 
uterine wall and the presenting part to record uter
ine pressure directly. W ith these data, the clinician 
can record the both the onset and duration of con
tractions as well as monitor their frequency and 
intensity.

Summation of the area under the pressure 
catheter deflection curve for uterine contractions 
over a 10-minute interval constitute the Montev
ideo units, perhaps the most familiar of the sev
eral published measures for uterine work [27,29]. 
Although it is possible to calculate the amount of 
uterine work in a given labor by this method, it is 
not commonly used. In fact, in active, normally pro
gressing labor there is no well-defined normal pat
tern for contractions, and many variations exist. rI he 
range for normal is so wide that labor is best followed 
routinely by observing the work that the uterus per
forms -  specifically, cervical dilation, effacement, 
and descent of presenting part.

Effects of Maternal Posture
Although the tradition in obstetric management has 
been to position the parturient in supine position 
with a partial left-lateral position for labor, there is 
interest in other positions for labor/delivery. There 
are data to support the idea that upright mater
nal postures enlarge some pelvic diameters and can 
shorten the course of labor [31-35]. Upright posi
tioning, including squatting, apparently results in 
changes in pelvic dimensions because of flexibil
ity of the bony pelvis at its various articulations. 
An increase in interspinous diameter, the sagittal 
diameter of the outlet, and posterior rotation of the 
iliac bones at the sacroiliac joint apparently accom
pany maternal repositioning. It is possible that these
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changes, combined with the added effect of gravity- 
assisted parturition, could shorten the second stage 
of labor [32,33], Newer techniques of epidural anal
gesia permit patients to retain substantial muscle 
tone, and repositioning and occasionally even ambu
lation are possible. As ambulatory fetal monitor
ing has become technically possible, there is an 
increasing potential to apply these concepts in labor 
management. Today many obstetric units have the 
capability of telemetry, which permits unfettered 
continuous monitoring of the fetal heart rate. 
Telemetry encourages walking during the first stage 
of labor, and because the upright posture can 
enhance contraction strength, it has the potential 
to shorten the first stage of labor. Old studies actu
ally showed stronger contractions in the Montevideo 
units with the parturient standing or sitting as com
pared with her in the supine position [31,33-35],

NORMAL LABOR 

Mechanism of Labor
Normally, close to the onset of labor, the term fetus 
is positioned longitudinally in a cephalic presenta
tion, with the head flexed. The arms are flexed and 
folded across the chest and the knees are brought up 
against the lower abdomen or chest. Stating that the 
presentation is a vertex implies knowledge of cranial 
positioning, that is, the head is flexed. In contrast, 
stating that it is a cephalic presentation simply indi
cates that the head is the leading part.

As the fetal head negotiates the passage through 
the pelvis, it undergoes a series of positional changes 
termed the cardinal movements of labor. These move
ments include engagement, flexion, descent, internal 
rotation, extension, and restitution. For poorly under
stood reasons, some fetuses traverse the birth pas
sage with difficulty. Often, subtle changes in fetal 
position are a factor. For example, in a partially 
deflexed presentation, the presenting part is larger, 
additional pelvic space is required, and dystocia is 
frequently the result. O ther common impediments 
to labor include inefficient uterine activity soft 
tissue or cervical dystocia, or combinations of subtle 
fetal malpositioning combined with other factors.

A spontaneous delivery can occur from any of 
the anterior or posterior classic presentations, with 
one major exception. A fetus in face presentation, 
with the chin directed toward the sacrum (mentum 
posterior), is usually undeliverable vaginally because

extension is not possible. Occasionally in such 
mentum posterior positions, the fetal head rotates 
spontaneously or, rarely, in modern practice, it is 
instrumentally rotated anteriorly, permitting vagi
nal delivery. A fetus in the brow presentation should 
also be considered as in an undeliverable position if 
this cranial position is fixed. Occasionally, a brow 
presentation is intermittent in a fetal head that is 
in the process of extending to a face or when a 
very small fetal head is presenting as in a markedly 
premature delivery. These brow malpresentations, 
which are quite uncommon, are too large to allow 
for normal delivery without flexion to a vertex or 
extension to a face presentation. In virtually all cases, 
a brow presentation therefore must undergo spon
taneous flexion to permit vaginal delivery, since the 
diameter presented to the pelvis by the extended 
head of a term-sized baby is on average 12.5 cm to 
13 cm (occipital-frontal]. Brow presentation is diag
nosed by palpating the nasal bridge and the upper 
portion of the orbits or the brow during a pelvic 
evaluation. If the nose is palpable in its entirety, the 
presentation is most likely face. A brow or face pre
sentation is easily confirmed by combined transab
dominal and transperineal ultrasound scan.

The usual plan for labor management includes 
repeated clinical examinations at regular intervals, 
noting the rate of dilation and descent of the present
ing part. As long as the active phase and descent por
tions of the labor curve are within normal limits, no 
intervention is indicated [Figures 10.1-10.3], If the 
progress of labor is inadequate, details of fetal pre
sentation, the fetopelvic relationship, and uterine 
activity are assessed. If uterine work is not optimal, 
uterine stimulation by oxytocin is usually adminis
tered in an attempt to restore uterine activity to nor
mal (see Abnormal Labor). If normal progress does 
not resume with uterine stimulation, but slow con
tinuous changes are noted (a protracted labor) the 
use of oxytocin must be reevaluated. The impor
tant decision is whether the progress is real versus 
only increasing molding of the fetal caput. As dis
cussed more fully later, in the technique of active 
management of labor, the membranes are routinely 
ruptured and uterine activity is augmented using a 
rapidly advancing oxytocin protocol.

Fetopelvic Relationship
Except in the unusual situation of a gross fetopelvic 
disproportion, a fixed brow, or a face presentation
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(posterior), no available diagnostic technique except 
labor can establish with high reliability which fetus 
will or will not successfully negotiate the mater
nal pelvis. All experienced clinicians have had the 
unsettling experience of confidently predicting dys
tocia only to witness a rapid, uncomplicated labor! 
Nonetheless, clinical pelvimetry and other examina
tions remain useful for identifying cases at risk for 
problems and in making management decisions. In 
1933, Caldwell and Moloy produced a classification 
of pelvic types that has since been used through
out the obstetric literature and has been taught 
to generations of students [36,37], In this scheme, 
the shape of the pelvic inlet defines one of several 
types of pelves (e.g., gynecoid, android, anthropoid, 
and platypelloid). As the initial cardinal movement 
of cranial engagement occurs, the pattern that the 
head takes in rotation, flexion, and descent is largely 
determined by reference to pelvic bony anatomy. In 
the current understanding of labor, the fet us is a pas
sive passenger in this process, simply propelled by 
uterine contractions. In theory, study of these types 
and their many clinical variants permits prediction 
of the mechanism of fetal cranial descent expected 
during the course of labor. Classically, disproportion 
between the fetus and the maternal pelvis was eval
uated by clinical pelvic examination (i.e., clinical 
pelvimetry), abdominal estimation at or near term 
for fetal size and engagement, examination of fetal 
lie/position at the onset of labor, and the notation 
of progress during labor (especially descent). Radio- 
graphic or x-ray pelvimetry, a technique rarely prac
ticed or indicated today, was used as a method of 
evaluation pelvic adequacy and occasionally station.

At the time of cranial engagement, the small
est fetal skull diameter usually enters the mater
nal pelvis in the narrowest available diameter. 
Thus, in gynecoid pelves, the fetal head commonly 
engages in an occiput transverse position. Following 
engagement, as rotation and descent of the present
ing part proceeds, the posterior portion of the fetal 
head moves anteriorly, leading to the usual occiput 
anterior position at the time of delivery [38]. 
Knowledge of pelvic architecture is of some but lim
ited assistance in predicting dystocia at the onset 
of labor. Clinically significant dystocia is uncom
mon in women with gynecoid pelves unless fetal 
macrosomia, an occiput posterior presentation, or 
a markedly deflexed fetal head are present. In con
trast, android pelves are associated with labor diffi
culties in up to 40% of cases. An anthropoid pelvis,

with its restricted transverse diameter, predisposes 
to occiput posterior positions, predicting a longer 
labor with greater likelihood for a prolonged second 
stage and the need for assistance.

Part of this evaluation process includes the esti
mation of fetal size. The most common methods are 
palpation (Leopold’s maneuvers), the measurement 
of the height of the uterus from symphysis pubis 
to fundus, ultrasound examination, a review of the 
prior obstetric history, and in multiparas, maternal 
report. Normally, the uterine fundus grows linearly 
from approximately 24 to 38 weeks of gestation, 
with the fundal height in centimeters approximately 
equal to the gestational age in weeks. Thus, con
sistent fundal growth provides some indirect infor
mation regarding fetal size, particularly when the 
growth exceeds 40 cm or, alternatively, if it severely 
lags. Unfortunately, as routinely performed, such 
estimates are rarely accurate and are strikingly oper
ator dependent. Based on palpation alone, clini
cians can usually categorize fetuses only as small, 
medium, or large. Other commonly used techniques 
are also problematic. Because of the wide devia
tion, weight estimates by current ultrasound tech
niques are disappointingly inexact, especially when 
either very small or very large infants are mea
sured [39]. The American College of Obstetricians 
and Gynecologists (ACOG) recommends elective 
cesarean delivery only if the estimated fetal weight 
is greater than 5,000 g in the nondiabetic or 4,500 g 
in the glucose-intolerant patient [40]. W ith these 
estimates, the clinician is approximately 90% certain 
that the true fetal weight is greater than or equal to 
4,500 g and 4,000 g, respectively. In multiparous 
women, another m ethod for weight estimation is 
simply to ask the mother whether the fetus is per
ceived to be larger, smaller, or the same size as her 
prior infants. Such reports are often as reliable as 
other methods of weight evaluation. Given the poor 
accuracy of these methods, an important question 
is whether estimation of fetal weight should have 
any influence on management apart from insulin- 
requiring diabetics or when the quite uncommon 
markedly macrosomic infant (>5000 g) is encoun
tered.

Clinical Pelvimetry
Clinical pelvimetry is a traditional technique of 
physician examinations that is controversial and 
often poorly taught to most obstetric residents. The

ak
us

he
r-li

b.r
u



2 4 2  BAYER-ZWIRELLO

reason for this is the belief by many clinicians that 
pelvimetry is inconsequential to modern obstetric 
management. In addition, the measurements of clin
ical pelvimetry are not easy for many students of 
obstetrics to perform, because they require “blind” 
estimates in patients who can be made uncomfort
able by the various manipulations, especially in a 
teaching situation.

In theory the clinician mentally constructs an 
image of the pelvis from the results of pelvic pal
pation. This anatomic review, when combined with 
the assessment of fetal bulk and presentation, allows 
the accoucheur to predict the labor mechanism 
likely for that specific patient’s anatomy and deter
mine how to achieve vaginal delivery. These deter
minations were of more immediate utility in the 
era when extensive obstetric interventions, espe
cially midforceps operations, and rotations were 
commonly performed. With the disappearance of 
most of these operative procedures -  some replaced 
by cesarean delivery, others avoided by more aggres
sive use of oxytocin or by simply extending the sec
ond stage of labor -  many traditional obstetric skills, 
including clinical pelvimetry have waned in popu
larity. Certainly, the ranks of the practitioners expe
rienced in these estimations have been thinned by 
age and retirement. With the increasing complex
ity of obstetric practice and the progressive move 
toward technical knowledge, it is not surprising that 
training in pelvimetry has suffered. Nonetheless, the 
author and other traditionally trained obstetricians 
believe that these data remain potentially useful in 
labor management.

All birth attendants should minimally be able to 
evaluate the diagonal conjugate, the prominence of 
the ischial spines, and the anatomy of the sacrum 
during a pelvic examination. The diagonal conjugate 
indirectly measures the size of the pelvic inlet 
by estimating the distance from the underside of 
the pubic symphysis to the sacral promontory. 
Estimated lengths less than 11.5 cm suggest pelvic 
inadequacy and could suggest why the presenting 
part has not engaged. If the fetal head is deeply 
engaged, however, this measurement is neither pos
sible nor necessary. If descent and engagement of 
the fetal head are verified by pelvic and abdominal 
examination, this is good evidence that at least the 
pelvic inlet is adequate for that fetus. The conjugate 
measurement also aids in determining pelvic type, 
as discussed later.

During palpation for the ischial spines, the shape 
of the pubic arch is usually easily appreciated 
as well. If the arch is roman, the operator’s fin
gers easily pass back and forth across the fore
pelvis during palpation. A wide or roman arch is 
considered normal, suggesting adequate room in 
the forepelvis. Such architecture, combined with 
a deep conjugate and nonprominent spine, docu
ments a gynecoid pelvic configuration. These are 
the primary markers for a clinically adequate bony 
pelvis. ,

The transverse diameter between the ischial 
spines roughly indicates the size of the midpelvis 
and serves as a marker of the plane of least pelvic 
dimensions. W hen the leading bony edge of the 
fetal head reaches this point, the largest diame
ter of the fetal cranium has successfully traversed 
the pelvic inlet, and the fetal head is engaged. If 
on pelvic examination the spines are prominent, 
midpelvic size is suspect, and descent and rota
tion of the fetal head might be delayed or might 
not occur at all. Prominent spines might require 
that the fetal head rotate to an occiput poste
rior or oblique position rather than occiput trans
verse, to permit cranial engagement and subsequent 
descent.

The posterior pelvis is also evaluated with atten
tion to the sacrosciatic notch and the sacrum. In 
palpating the sacrosciatic notch, the examiner’s 
finger sweeps from the ischial spines posteromedi- 
ally toward the sacrum, along the sacrospinous lig
ament. If the notch is narrow (<4 cm or approx
imately 2 to 2.5 fingerbreadths), there is limited 
room in the posterior pelvis. This examination is 
often limited by patient discomfort unless an anes
thetic/analgesic has been administered. After this 
examination, the sacrum/coccyx is evaluated. A flat 
or anterior sacrum that juts forward and is elevated 
toward the plane of the ischial spines restricts the 
space available at the posterior outlet. This sug
gests pelvic inadequacy, prior coccygeal fracture/ 
dislocation, or at least a limited amount of poste
rior pelvic room.

These are important limitation to these tech
niques. Traditional clinical pelvimetry does not eval
uate fetal size nor does it necessarily reflect what 
happens in the dynamics of labor; thus, the finding 
of one or more borderline measurements does not 
necessarily mean that labor will be obstructed. Con
versely, normal pelvimetry does not guarantee the
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vaginal delivery of a large or malpositioned infant. 
To be useful, the data obtained from these pelvic 
examinations must be combined with the results of 
other physical examinations and observation of the 
course of spontaneous or stimulated labor to reach 
decisions concerning disproportion and the appro
priate response to poor or limited progress.

Does any role remain for classic clinical pel
vimetry? The author believes so. Evaluation of 
pelvic architecture, when combined with the data 
from palpation of the fetal cranium, provides the 
basis for the dynamic evaluation of pelvic adequacy 
during labor. Furthermore, for the experienced 
accoucheur contemplating an instrumental delivery, 
these data are useful for all midpelvic vacuum or for
ceps procedures.

Radiographic Pelvimetry
The radiographic techniques for pelvic evaluations 
once traditionally performed with regularity in 
obstetric management have disappeared. There is 
currently little, if any indication for radiographic 
fetograms or fluoroscopic examinations during preg
nancy. Trauma is, of course, a separate issue. When 
fetal visualization is required, ultrasonography or 
magnetic resonance imaging (MRI) has replaced 
radiographic methods.

Radiographic or x-ray pelvimetry has no role in 
evaluating pelvic adequacy except in rare instances 
of prior pelvic fracture,; congenital skeletal defor
mity, or breech presentation. Radiographic pelvime
try does evaluate pelvic measurements but carries 
the risk of exposure of the fetus to ionizing radi
ation. Computed tomography (CT) scans of the 
pelvis have of late found advocates. In the breech 
fetus, radiographic information from CT studies 
documents fetal lie and cranial attitude in addi
tion to the usual measurements of the major pelvic 
diameters. In the now-rare instance when pelvime
try is appropriate, CT scan has replaced the classic 
x-ray studies owing to its simplicity and low radi
ation exposure. Current protocols for breech man
agement can include CT radiographic pelvimetry to 
ensure that all pelvic dimensions are adequate [41]. 
Vaginal trials under these circumstances are more 
likely to be successful and atraumatic. (See Chapter
12, Breech Presentation.)

Ultimately, successful transit of the birth canal 
depends on the ability of the fetal calvarium to

flex, mold, descend, and rotate through an irreg
ular bony and muscular passage. It is clear that none 
of the traditional means of evaluation -  ultrasonog
raphy, Leopold’s maneuvers, radiographic or clini
cal pelvimetry -  can alone reliably predict vaginal 
delivery. The ultimate test of pelvic adequacy is a 
trial of labor. Given the risk, difficulty, and poor 
predictive value of classic radiographic pelvimetry, 
this technique is rightly relegated to the category of 
historic interest for pregnancies with cephalic pre^ 
sentations and has as well been largely superceded 
by CT pelvimetry in breeches [27],

Real-time Ultrasonography
The most useful tool for immediate evaluation 
of fetal anatomy is real-time ultrasonography. 
Although it cannot evaluate the anatomy of the 
maternal pelvis, real-time ultrasound scan does have 
the ability to easily document the lie, presentation, 
position and station of the fetus, to estimate ges
tational age, to evaluate fetal anatomy and, with 
a limited degree of reliability, to estimate fetal 
weight.

Unfortunately, neither ultrasound estimations of 
fetal weight nor calculation of ratios between spe
cific fetal measurements have proved useful in elim
inating the risk of traumatic delivery. It is precisely 
those cases for which these data are most critical 
(i.e., the suspected macrosomic fetus and the very 
small, perhaps previable fetus) that ultrasonic fetal 
weight estimates are most difficult to obtain and are 
the least accurate. Nonetheless, bedside real-time 
ultrasonic examinations are useful in cases of dysto
cia in evaluating gross fetal size, presentation, cranial 
deflection, and, in experienced hands, station. The 
plane of the fetal orbits is normally identified with 
ease, especially when the true station is high and the 
occiput is posterior. In certain other settings, such as 
second-twin deliveries, ultrasound scanning is valu
able both in antepartum assessment and, especially, 
in intrapartum delivery room management. Estima
tion of fetal size remains a problem. Even in a dia
betic patient, the inaccuracies of ultrasonic weight 
estimates only marginally improve decision making. 
A more specific method could be measuring sub
cutaneous fat at the level of the thigh, abdomen, 
and cheeks. A fat bulge of greater than 10 mm 
denotes excessive deposition. If the estimated fetal 
weight and the fat layer are both more than the
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90th percentile, these data might warrant an elec
tive cesarean delivery [42], Such interesting appli
cations of ultrasonography await supportive clinical 
trials for validation.

Importance of Cranial Flexion
Evaluation of fetal cranial flexion is an important 
issue that is often peculiarly absent from the dis
cussion of disproportion or safe instrumental deliv
ery. Cranial deflection is an important sign for clini
cians. If marked cranial deflection is accompanied by 
abnormal labor progression, disproportion is likely, 
and cesarean delivery is normally the best manage
ment choice. Lesser degrees of deflection are com
mon in many ultimately successful labors, espe
cially in posterior and transverse presentations. In 
a normally sized term infant, with the chin flexed 
on the, chest, the suboccipitobregmatic diameter is 
presented to the pelvic inlet (approximately 9.5 
cm). This is the smallest presenting diameter for 
a term-size (approximately 3,500 g) fetus. As the 
fetal head progressively deflexes from this posi
tion, ever-larger diameters are presented to the birth 
canal. In a brow presentation, which is normally 
an undeliverable position, the head presents the 
occipitomental diameter to the pelvis, measuring 
approximately 12.5 cm. Many cranial deflections 
correct spontaneously as labor progresses. For the 
rare persistent brow and face presentations, clinical 
associations for deflection should include anen- 
cephaly and other fetal anomalies, true dispropor
tion, high maternal parity, prematurity, and pre
mature membrane rupture. Brow, but not face, 
presentations virtually always result in obstructed 
labor unless the position is transitional, the baby 
is very small, or the maternal pelvis is unusually 
large. Although there are operative techniques to 
correct brow presentation, these manipulations are 
rarely performed nor are they appropriate. If a brow 
presentation is diagnosed, the use of oxytocin is 
contraindicated. In selected cases, if the pelvis is 
clinically adequate and the baby is small, a rea
sonable, course might be to observe labor to 
determine if conversion to a face or vertex pre
sentation occurs. Failure to convert to either a 
face or a vertex presentation within 2 hours of 
active phase labor is a reasonable indication for 
a cesarean. A face presentation with the men
tum persistently posterior is an undeliverable posi

tion vaginally, and cesarean delivery should be 
performed.

Epidural Anesthesia
W ith epidurals, the aim for both the obstetrician and 
the anesthesiologist is to provide analgesia for labor, 
not surgical anesthesia. A surgical level of anesthe
sia in labor is unnecessary, inhibits effective labor 
progress, and predisposes to unnecessary operative 
deliveries. (See Chapter 9, Obstetric Anesthesia.)

Epidural blockade has physiologic effects that 
potentially alter the course of labor. Epidural 
anesthesia-induced vasodilation can lead to mater
nal hypotension that might not be necessarily 
reflected in the usual brachial artery blood pressure 
determinations. Pulse oximetry is probably a more 
accurate means of identifying occult utero-pelvic 
hypoperfusion than routine blood pressure determi
nations [43,44], Preparing for and preventing the 
combination of maternal hypotension with associ
ated fetal bradycardia is essential. Many unneces
sary cesareans still occur because of this association. 
Positioning the m other laterally after epidural place
ment and sustaining circulating volume with iso
tonic salt solutions can prevent this complication. 
Fortunately, epidural-related FHR changes are nor
mally transient, responding to simple remedial mea
sures such as positional changes.

Despite occasional problems, there are also sev
eral potential beneficial effects from epidural block
ade, Adequate maternal pain relief enhances coop
eration, limits exhaustion, and reduces stress-related 
elevations in catecholamine levels that accompany 
labor. Adverse neonatal effects of epidurally admin
istered drugs for pain relief are minimal. (See Chap
ter 9, Obstetric Anesthesia.)

Important potential effects of epidural block
ade in labor include adverse effects on labor pro
gression and the related increased risk for opera
tive intervention. Epidural blockade interferes with 
the m other’s voluntary and involuntary expulsive 
efforts by changing abdominal and pelvic muscle 
tone and attenuating reflex arcs. Normally, uterine 
contractions increase in strength concurrent with 
cranial descent in the second stage, a finding that is 
specially marked in unmedicated labors in this tran
sitional phase of labor. More intense uterine con
tractions occur at or near full dilation and are usu
ally followed rapidly by the m other’s spontaneous 
urge to bear down. This effect is believed to result
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from stimulation of sensory output by the pelvic 
autonomic nerves with the endogenous release of 
pulses of oxytocin from the pituitary [46]. Epidu
ral blockade interferes with this process by interfer
ence with nerve transmission. The more profound 
the motor and sensory blockade, the greater the like
lihood of inhibiting this bearing-down reflex. This 
is another major reason for avoiding dense epidu
ral anesthesia. It is likely that consistently effective 
analgesia cannot be provided by the epidural tech
nique throughout the second stage of labor w ith
out some increase in the incidence of instrumen
tal delivery and perhaps in the requirements for a 
cesarean [46-48]. Appropriate management proto
cols for oxytocin and epidural anesthetic use, how
ever, make it possible to provide adequate analgesia 
for a large percentage of labors and permit nearly 
normal labor progression wTith a low level of inter
vention. Oxytocin should be administered with
out hesitation in the second stage if progress under 
epidural blockade is slow, assuming that maternal- 
fetal status is acceptable and that disproportion has 
been excluded [49],

Coaching, administration of oxytocin, and exten
sion of the time allowed for second stage when using 
epidural anesthesia are helpful in promoting either 
spontaneous delivery or in achieving a lower station 
of the fetal head prior to an instrumental delivery. 
In the author’s opinion, voluntary bearing down in 
the second stage is best deferred until spontaneous 
descent occurs and the mother perceives pelvic pres
sure and the spontaneous desire to bear down occurs 
[26], This more closely simulates normal second- 
stage progression. Pushing should not be initiated 
based only on full cervical dilation. Maternal expul
sive efforts initiated at the time of full dilation, 
despite being widely practiced, are often of limited 
benefit in speeding descent and can tire the mother 
unnecessarily. The second stage is approximately the 
same length whether the parturient pushes imme
diately or waits until the bearing-down reflex is per
ceived. As discussed, squatting or partial upright 
positioning can also be beneficial in gaining station.

ABNORMAL LABOR 

Dystocia
Common terms used to describe patterns of 
inadequate labor progress, or dystocia, include 
cephalopelvic disproportion (CPD) and failure to

Failure to progress (FTP)
Lack of progressive cervical dilation 
Lack of descent of the fetal head 
Fetal macrosomia/exc&ssive fetal size 
Contracted pelvis 
Dysfunctional or obstructed labor 
Cephalopelvic disproportion (CPD)
Absolute disproportion 
Relative disproportion 
W CO (won’t come out!)

! See text for details.
Modified from Rosen MG: Management o f Labor. New York: 
Elsevier, 1990.

progress (FTP), (Table 10.6). Classically, dystocia is 
described as resulting either from true or relative dis
parity between the capacity of the maternal pelvis 
and the fetal head because of bony architecture, 
soft tissue or cervical resistance, fetal malpositioning 
(e.g., face, mentum posterior, brow, or deep trans
verse arrest), or a combination of these conditions 
[52], The greatest cause of dystocia leading to the 
failure of vaginal delivery in many labors is simply 
inadequate uterine activity.

In clinical management, the three classic issues 
(the 3 “Ps”) to be considered include 1) The pelvis, 
excluding true fetopelvic disproportion; 2) the pas
senger, determining the fetal presentation, size, and 
cranial orientation; and 3) the poivers, establish
ing if adequate uterine activity is present and that 
the m other is capable of adequately bearing down 
when required. The initial examination directs man
agement. For example, if the fetus presents as a 
fixed mentum posterior, or a transverse lie (shoulder 
presentation), cesarean delivery is obligatory. Some 
cases do not present a diagnostic challenge.

The relative fetopelvic relationship is another 
issue. Disproportion is a statement about the size of 
the fetal presenting part compared with the amount 
of space available in the bony pelvis. Classically dis
proportion is stated as either absolute or relative. In 
absolute disproportion, the fetal head cannot tran
sit the maternal pelvis because it is too large or 
the pelvis is too small. In this situation, engage
ment does not occur, and failure of descent or dilata
tion is inevitable. True disproportion is a rara aids, 
however. In the much more common condition of 
relative disproportion, a relatively large or possibly

TABLE 10.6 Dystocia: Common Terms in UsC*
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malpositioned fetus exists. Under these circum
stances, delivery from below is often possible, but 
the labor can be prolonged or difficult.

Rather than absolute disproportion, clinicians are 
much more likely to encounter other problems. A 
large fetus in an average-sized pelvis or the mal- 
presentation of a normal or average-sized fetus in 
an otherwise adequate pelvis are common. Because 
of this, routine clinical pelvimetry is of limited assis
tance in deciding which parturients should not have 
an initial trial of labor or receive oxytocin stimu
lation. In the common situation of an arrest of an 
established labor, a more comprehensive fetopelvic 
evaluation is required. (See Chapter 17, Instrumen
tal Delivery.)

Diagnosis of Malpresentation and Disproportion
The clinical evidence for true classic disproportion 
(CPD) is progressive molding of the presenting part 
without true descent. That is, the molded caput can 
be felt to descend, but the actual biparietal stays 
high. If CPD is present, vaginal delivery is unac- 
ceptably dangerous or impossible,. But, true CPD 
is rare. Furthermore, this diagnosis is always suspect 
without an adequate trial of labor. The clinician’s 
challenge is to identify cases in which disproportion 
exists and cesarean delivery is indicated versus those 
in which the dystocia is relative or likely to prove 
inconsequential and can be safely overcome by oxy
tocin stimulation or an operative vaginal delivery.

Using a partogram is helpful to establish the 
correct diagnosis. Protraction or arrest disorders 
are common with disproportion (see Fig. 10.3, A  
and B). Because most cases of dystocia are caused 
by relative disproportion, they respond promptly to 
simple amniorrhexis or oxytocin stimulation. After 
this, the labor should resume with progress, and 
eventual vaginal delivery should occur. In contrast, 
in poorly progressing or arrested labors, the need 
for oxytocin when paired with epidural anesthesia 
often results in a higher incidence of cesarean or 
instrumental delivery [46,53].

When dystocia occurs, it can be difficult to estab
lish the etiology. If extensive cranial molding is 
present, the clinician might not be able to determine 
whether it is the actual fetal head or the molded and 
edematous caput that is descending deeper into the 
maternal pelvis. In this setting, station cannot be 
accurately judged based solely on palpation of the 
leading edge of the presenting part, and other clin

ical findings become important. Increasingly in this 
setting, transabdominal, vaginal, or labial ultrasound 
examinations can assist the clinician.

Initially, it is prudent to perform Leopold’s 
maneuvers abdominally (see Table 10.1) and fol
low with the Muller-Hillis maneuver during a pelvic 
examination [54], The Muller-Hillis maneuver is a 
simple clinical examination that judges descent of 
the fetal head with fundal or suprapubic pressure. 
With this maneuver, the cervix should be dilated to 
4 cm to 5 cm or more. Fundal pressure is applied 
with one hand at the height of a contraction dur
ing a vaginal examination. The clinician notes the 
movement of the presenting part elicited during the 
maneuver. Acceptable descent with this maneuver 
is one station (or 1 cm). Although the Muller-Hillis 
maneuver is useful, the clinical importance of the 
information it provides should not be overstated. 
If a contraction combined with abdominal pressure 
results in additional descent of the presenting part, 
it simply suggests that there is additional space avail
able in the pelvis. At best, the Muller-Hillis maneu
ver is a simple, rough estimate of pelvic adequacy. 
The test is meaningless unless interpreted with the 
additional information derived from the partogram 
and progress of labor.

O ther clinical data are important. The initial 
abdominal palpation can reveal a high presenting 
part, a head overriding the pubic symphysis, or a 
face or brow presentation. Failure of the fetal head 
to fill the posterior hollow of the sacrum, despite a 
heavily molded cranial mass beyond the plane of 
the ischial spines, is a strong suggestion that the 
head has not negotiated the midpelvis and is unen
gaged. Similarly, failure to easily palpate the fetal ear 
also suggests high station [55], Careful estimation 
of how much of the fetal head is present abdomi
nally is another possible means of evaluation [56]. 
In this technique, the extent of cranial descent into 
the pelvis is estimated in fifths, using a palpation 
technique akin to the classic Leopold’s maneuvers. 
Engagement of the fetal head has occurred when no 
more than one fifth of the fetal head remains palpa
ble abdominally. Obviously, anesthesia, patient size, 
and the skill and experience of the operator con
tribute to the success of such examinations.

Philpott [57] and Vacca [58] describe an addi
tional and useful technique of gauging the extent 
of disproportion. In this method, the degree of cra
nial molding is estimated during pelvic examination 
by judging the overlap of the fetal cranial bones at
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the occipital-parietal and parietal-parietal junctions. 
The extent of this overlap and the ease of reduction 
by simple digital pressure are noted. If the bones are 
overlapping and cannot be separated easily by sim
ple digital pressure, molding is judged as advanced 
or extreme (+3), and there is probably true dispro
portion. (See Chapter 17, Instrumental Delivery.]

Real-time ultrasound scanning is a new and 
important tool in assessing fetal positioning and sta
tion. Transperineal or transvaginal ultrasound scans 
can easily identify specific landmarks, including the 
maternal symphysis and the fetal calvarium, the fetal 
orbits, and edema of the scalp (caput). An experi
enced sonographer can rapidly determine the posi
tion of the fetal head and if it is engaged. The degree 
of cranial molding and caput formation are also eval
uated, as is the station of the presenting part. Caput 
is easily diagnosed by observing an echo-free space 
between the fetal skull and fetal scalp [59]. As clin
icians become more experienced with these m eth
ods, the accuracy of the clinical diagnosis of position 
and station will improve.

Management
The management of labor dystocia depends on the 
type of specific abnormality, the maternal-fetal con
dition, and the results of the evaluation of the 
fetopelvic relationship. Abnormalities of the latent 
phase should be treated with either therapeutic rest 
(with or without sedation) or amniorrhexis and oxy
tocin infusion. As previously discussed, it is possible 
but uncommon to discover a fetal presentation at 
the onset of labor that is undeliverable and for which 
a trial of labor is inappropriate. Narcotic-induced 
sleep, an old technique, is still useful in latent labors. 
After a dose of morphine, the parturient often sleeps 
for a several hours and then when she awakens is 
often either in active-phase labor or the contractions 
have abated and the diagnosis of false labor is made.

For active-phase labor abnormalities when 
progress is poor, the presentation is cephalic, and 
absolute disproportion and malpresentation have 
been excluded by the suggested examinations, the 
best measure of pelvic adequacy is a trial of oxytocin 
labor stimulation under close maternal-fetal obser
vation. Oxytocin can safely be administered to nul- 
liparas by various standard protocols with minimal 
risk. Dystocia in multiparas requires more consid
eration, because malpresentation is more common 
and the risks of oxytocin stimulation are greater than

those for nulliparous women [3,38,59]. Whereas 
Friedman and Cohen [61 ] reported high failure and 
complication rates for oxytocin stimulation for dys
tocia, others, including Cardoza and Pearce [62], 
did not find this to be true. In the two studies, how
ever, the patient population might not have been the 
same, and the definitions used to describe the labor 
problems were different. One group could have had 
protracted active phase and dysfunctional labor as 
opposed to an arrest of active phase labor. The lat
ter responds poorly to oxytocin, and the response 
to stimulation is important. In the 10% to 20% of 
dysfunctional labors that fail to respond to oxytocin 
stimulation, there is a high incidence of nonreassur
ing fetal heart rate patterns and cesarean delivery.

Thus, in second-stage arrests in patients with 
epidural anesthesia, augmentation with oxytocin 
should be considered. W hen second-stage progress 
is tardy, patient repositioning, use of epidural anal
gesia as opposed to anesthesia, simply prolonging 
the second stage, and patient encouragement are 
often successful in achieving vaginal delivery or, 
minimally, in advancing the fetal head to a lower 
station to avoid a complex or rotational instrumen
tal delivery. Because slow second-stage progress can 
herald shoulder dystocia, heroic efforts at instru
mental delivery in women known or suspected to 
be carrying macrosomic infants are to be avoided.

W hen oxytocin stimulation/augmentation is per
formed, labor progress is judged by frequent serial 
vaginal examinations with careful recording of cer
vical dilation, station, and position of the fetal head. 
Although arrests or tardy descent requires close 
attention, the risks of a trial of oxytocin stimulation 
for dystocia are minimal [62-64],

Resumption of progress is the critical variable. If 
the fetal head fails to descend or the cervix fails 
to dilate following adequate oxytocin stimulation 
(usually defined as a minimum of a 2-hour trial), 
maternal encouragement, or repositioning, vaginal 
delivery becomes progressively less likely. The clin
ician must then decide between modes of opera
tive delivery: cesarean or trial of instrumental deliv
ery. Fetal and maternal condition, cervical dilation, 
station of the presenting part, skill of the operator, 
and relative fetopelvic size all figure into the deci
sion. (See Chapter 17, Instrumental Delivery.)

Trials of labor augmentation require especially 
close attention to possible maternal and fetal 
stress. The pattern of uterine activity is commonly 
documented by continuous monitoring using an
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intrauterine pressure catheter or transducer (IUPC), 
while the FHR is recorded electronically. Such inva
sive monitoring is not required in all cases, at least 
in nulliparous patients, however. The Dublin group 
has safely used oxytocin stimulation in thousands of 
cases with "one-on-one’' nursing/midwifery clinical 
observation and intermittent auscultation without 
use of electronic detectors to detect or document 
either uterine activity or fetal heart rate patterns 
[2]. In U.S. practice, the use of electronic monitor
ing for women receiving oxytocin is, however, the 
routine standard. When oxytocin is administered to 
a patient with a previous uterine scar, or in multi- 
parous women with arrest disorders, the monitor
ing of uterine contractions and the fetal heart rate 
response is more critical. In these settings, the fre
quency of uterine contractions are monitored elec
tronically and if there are concerns an intrauter
ine pressure catheter may be placed. The risk in 
oxytocin administration to such patients is uterine 
rupture. Although a pressure catheter is helpful in 
determining that an adequate contraction pattern 
has been established without overstimulation, thus 
establishing limits for the rate of the oxytocin infu
sion, it is not a reliable m ethod for the diagnosis of 
a rupture.

UTEROTONICS: OXYTOCIN 

Physiology of Normal Labor
Normal labor is a complex endocrinologic event that 
is believed to be initiated by the fetus [67,68].

Oxytocin is a naturally occurring octapeptide that 
is produced by the posterior pituitary. It is a facili
tator of uterine contractions and plays an important 
but limited role in initiation of normal term labor. 
The role for fetal oxytocin in the onset of normal 
labor remains unclear. Oxytocin is produced by the 
fetus in relatively large amounts. As oxytocin is a 
relatively small molecule (molecular mass <1,000 
Daltons) oxytocin of fetal origins is able to pass 
from placenta into the maternal circulation. The 
placenta does degrade oxytocin by a specific oxy- 
tocinase enzyme.

The prostaglandins are believed to be essen
tial to the initiation and the normal progress of 
labor. Clinically, the uterus is able to respond to 
prostaglandin stimulation at any time during preg
nancy. Increases in prostaglandin concentration and

that of their metabolites are observed in both 
the active phase of labor and in late pregnancy 
Prostaglandin F2 synthesis occurs in the decidua 
with prostaglandin Et produced in both decidua 
and membranes. The levels of prostaglandin F rise 
rapidly during active labor. Amniotomy also results 
in a rapid rise in prostaglandin concentration, pre
sumably by stimulating prostaglandin production 
in the membranes and decidua. There also is an 
important prostaglandin effect on the cervix. Pri
marily mediated by E prostaglandins, progressive 
collagen degradation and alteration of the connec
tive tissue ground substance prepare the cervix for 
labor, resulting in softening and effacement [70], 
Because of these important effects, prostaglandins 
have found a role in cervical ripening for labor induc
tion, in treatment of postpartum atony, and in the 
termination of pregnancy [71-72], (See Chapter 6, 
Pregnancy Termination, and Chapter 18, Cesarean 
Delivery and Surgical Sterilization.)

Oxytocin and the prostaglandins play comple
mentary roles in human parturition. As term is 
reached, the concentration of myometrial oxytocin- 
receptors rises sharply. This lowers the level at which 
contractions are evoked by circulating oxytocin, the: 
levels of which do not change with the onset of 
contractions. Oxytocin also increases the decidual 
production of prostaglandins. Prostaglandins in turn 
stimulate the myometrium. Oxytocin also increases 
intracellular calcium flux, increasing myometrium 
contractions [67],

Although complex endocrine changes are 
involved in the onset of normal term  labor, clin
icians have long recognized that several other 
factors, including excessive uterine distension, 
Mullerian anomalies, placental separation, prema
ture membrane rupture, intrauterine or endocervi- 
cal infection, and other unknown influences, can 
also result in the early and inappropriate onset of 
labor. The precise mechanism leading to most cases 
of preterm labor, however, remains unknown.

Labor Induction and Augmentation
Induction of labor is now second only to cesarean 
delivery as the most common obstetric procedure. 
Induction of labor is indicated when the maternal or 
fetal benefits of delivery outweigh the risks of con
tinuing the pregnancy. Nationally there has been an 
increasing trend toward labor induction, the rates:
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rising from 9.5% in 1990 to 20.6% in 2003 [73,74], 
Nulliparous women who were non-Hispanic, white, 
college educated, and born in the United States were 
more likely to undergo induction of labor in the; 
years 1989 to 1998. Additionally, women with preg
nancies complicated by medical conditions such as 
hypertension, preeclampsia, and renal disease were 
more likely to be induced. Despite its popularity, 
the induction of labor is not risk free. It has been 
associated with an increased incidence of cesarean 
delivery and iatrogenic prematurity. Cesarean deliv
ery is increased particularly in nulliparous women 
undergoing labor stimulation for poor progress.

Physicians should discuss with their patients the 
indications, methods, and the increased possibility 
of cesarean delivery prior to proceeding with a trial 
of induction. The gestational age, an estimate of 
fetal size, and notation of presentation, a clinical 
statement concerning pelvic adequacy, and a cer
vical examination should be included in the hospi
tal admission documents. ACOG has specific guide
lines to assist in choosing a date for induction.

Delivery by induction should be limited to spe
cific indications. Potential maternal and fetal reasons 
for induction include but are not limited to post
dates pregnancy (>41 weeks), fetal demise, known 
or suspected chorioamnionitis, intrauterine growth 
restriction, premature rupture of membranes, 
preeclampsia or eclampsia, isoimmunization, or 
maternal medical conditions, such as diabetes mel
litus, renal disease, or chronic hypertension. W ith 
maternal diabetes, the requirement for lung m atu
rity testing is higher than with nondiabetic pregnan
cies, since fetuses of diabetic mothers often have 
delayed pulmonary maturation. Thus, respiratory 
distress is more common, especially if the fetus is 
delivered by a cesarean without intervening labor.

Contraindications to labor induction include but 
are not limited to a prior classic uterine incision, 
active genital herpes infection, known or suspected 
vasa-previa or placenta previa, and an undeliverable 
fetal position (e.g., a transverse fetal lie). Suspected 
fetal macrosomia is a surprisingly common but 
invalid indication for labor induction [40], A cau
tious approach is recommended in induction involv
ing multiple gestations, pregnancies complicated by 
poor fetal growth, macrosomia, and hydramnios, 
or maternal heart disease or hypertension. Cases: 
involving prior low transverse cesarean birth (s) and a 
trial of labor, or a trial of vaginal birth after cesarean

(VBAC), also require close scrutiny. Logistic indi
cations such as history of rapid labor, living a great 
distance from the hospital, and other social issues are 
legitimate considerations to include in the decision 
for induction, depending on circumstances. For all 
elective inductions, fetal pulmonic maturity is a con
cern. Criteria suggested by ACOG for determina
tion of term gestation requires fetal heart tones doc
umented for 30 weeks by Doppler (or 20 weeks by 
nonelectronic fetoscope), a positive urine or serum 
HCG test documented at a minimum of 36 weeks 
from the time of induction, ultrasound measure
ments of crown-rump length at 6 to 12 weeks, or 
standard ultrasound measurements between 13 and 
20 weeks confirming a gestational age of at least 
39 weeks. For elective inductions prior to the 39th 
week, a lung maturity test by amniocentesis is rec
ommended.

A pelvic examination is mandatory prior to begin
ning an induction. Cervical effacement and dilation 
are reasonable predictors of successful vaginal deliv
ery. The frequently used Bishop pelvic scoring sys
tem assigns a numeric value to dilation, effacement, 
consistency, and position of the cervix. The likeli
hood of a vaginal delivery is similar to that after 
spontaneous labor if the  total score is greater than 
eight. A low score documents an unfavorable cervix 
that should undergo ripening as part of the induc
tion process. A low score of less than 5 also increases 
the risk of failure of the induction.

A positive fetal fibronectin (fFN) test is also pre
dictive of a successful induction. Women with an 
unfavorable cervix examination and a negative fFN 
have almost a 50% increased risk of a cesarean for 
failed induction versus those with a similar exami
nation but a positive fFN.

Mechanical methods such as membrane strip
ping, amniotomy, the placement of intracervical or 
extraamniotic balloon catheters, the use of cervical 
dilators such as Laminaria or prostaglandin admin
istration are common methods for cervical ripening. 
In specific circumstances such as a VBAC, induction 
with a mechanical device is safer than the adminis
tration of prostaglandins. Mechanical methods pro
vide either cervical dilation or simply disrupt the 
fetal membranes. They have the advantage of low 
cost and fewer systemic side effects. The goal is to 
achieve a favorable Bishops score to improve the 
likelihood for a successful induction and ultimately 
a vaginal delivery.
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Membrane sweeping or stripping is easily per
formed after 38 weeks. Some clinicians perform 
stripping membranes beginning at 38 weeks on 
a weekly basis. Studies have shown a significant 
decrease in postterm deliveries with this technique 
[75].

Amniotomy, or intentional rupture of membranes, 
is a common induction procedure used alone or with 
other induction agents. It is performed when the 
membranes are accessible and the fetal head is well 
applied to the cervix. Although a common proce
dure in labor induction, modern data are lacking 
about the value of amniotomy alone for induction 
of labor. Older studies indicate that up to 60% of 
women with favorable cervical examinations will go 
into labor with amniotomy alone [76], Amniotomy 
as an adjunct to prostaglandin or oxytocin adminis
tration is common.

Induction using a Foley catheter is a modern tech
nique the refines a method long used in obstetric 
practice. A No. 16 Foley catheter is passed through 
the partially dilated Cervix, and the 30-cc balloon 
inflated. The balloon is placed so that it rests against 
the internal os in the extraamniotic space. Pres
sure can be applied against the internal os of the 
cervix by attaching a weight to the end of the 
catheter, although this is not necessary. The infusion 
of extraamniotic saline of isotonic infusion through 
the catheter can decrease induction-to-vaginal deliv
ery time with no increase in the cesarean rate. This 
technique can also be used in women with a prior 
cesarean delivery undergoing a VBAC trial, without 
increased risk of uterine rupture [77,78].

Both hygroscopic cervical dilators (Dilapan) and 
osmotic dilators (Laminaria) can be placed intracer- 
vically to dilate and soften the cervix. These dilators 
work to improve the Bishop score; however, success
ful labor and cesarean delivery rates are apparently 
unchanged, and the risk of postpartum infections is 
increased [79], For these reasons, use of such cervi
cal dilators at or about term is not recommended.

Because normal labor begins following a period 
of preliminary cervical ripening changes caused by 
prostaglandins, mimicking this process by cervical 
pretreatment with prostaglandin E2 is a popular 
approach to labor induction [80,81], Normally two 
to five doses of prostaglandin E2 gel are administered 
intracervically every 4 to 6 hours. This increases the 
chances for a successful induction and shortens the 
duration of labor. The Bishop score (Table 10.7) 
is commonly used to clinically assess the. need for 
administration of cervical prostaglandins [82], With 
a Bishop score of five or greater, treatment with a 
prostaglandin is usually unnecessary.

Preparations of prostaglandins El and E2 are 
widely available for pharmacologic cervical ripen
ing. The E2 analogue, dinoprostone, is available 
in a 0.5-g gel form (Prepidil) or 10-mg vaginal 
insert (Cervidil) [73]. Misoprostol (Cytotec) has 
also been used for labor induction. Misoprostol is a 
form of prostaglandin E. This compound is the best 
prostaglandin preparation to choose if the patient 
has reactive airway disease. This medication, first 
used to prevent stomach ulcers and protect the 
stomach lining, is also a dilator of bronchial mus
cle and does not induce bronchospasm. Misoprostol

TABLE 10.7 Pelvic Examination: Bishop Score

Clinical Feature

Points*

0 1 2 3

Cervical dilatation 0 1-2 3-4 •5-6
Cervical effacement (%} 0-30 40-50 60-70 80+
Station1 —5 - 4 —2 or 0 + 1 to +3
Cervical consistency Firm Medium Soft -

Cervical position Posterior Mid Anterior -

’The ‘final score is the sum of the points-assigned'for the various clinical parameters
! Bgsed on ACOG: centim eter scale, B P  text disciis-sion and Table 10.4.
Modified from Bishop EH: Pelvic sc&ring for elective induction. O bstet Gymsrol 
1964;24:266-2@ i
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is contraindicated in a scarred uterus (VBAC or 
prior myomectomy scar), and its administration 
results in more uterine tachysystole than dynopro- 
stone. In two studies, the use of misoprostol had 
to be discontinued secondary to uterine ruptures in 
VBAC inductions. A reliable risk for uterine rup
ture related to misoprostol induction in VBACs is 
not known; however, misoprostol is now contraindi
cated in VBAC trials. This drug is safe, however, in 
second-trimester abortions.

In regular inductions, despite the increased risk of 
tachysystole with misoprostol, there is no increase 
in cesarean delivery rates for fetal distress. In addi
tion, misoprostol can be used either orally (50 |jLg— 
100 |xg) or per vagina (25 |xg-50 |xg). W hen miso
prostol is administered orally, it has the peak effect in 
a few minutes, with the effect lasting 1 hour. In con
trast, when misoprostol is given vaginally, the peak 
effect is slower to develop, but it lasts for approx
imately 4 hours. Either form of administration has 
similar successful vaginal delivery rates [80,81].

Oxytocin (Pitocin) remains the primary drug 
for labor induction and augmentation and it can 
be used as an adjunct to a cervical ripener (e.g., 
Foley catheter) or in conjunction with amniotomy. 
Amniotomy is effective but should not be per
formed in special instances, such as inductions in 
HIV-positive patients or in premature pregnancies. 
With a favorable cervix, oxytocin can be used alone. 
For induction, as discussed below oxytocin is admin
istered intravenously using one of several regimens. 
In terms of an individual case, cervical dilatation, 
parity, and gestational age are the best predictors of 
a favorable response.

Oxytocin dosing is variable and many schemes 
for administration exist [27,85-86], Because oxy
tocin requires 40 minutes to reach steady plasma 
levels, it has been argued that the popular proto
cols of rapidly increasing the dose (e.g., every 15- 
20 minutes), as opposed to slowly increasing doses 
(e.g., every 45-60 minutes), offer no advantages and 
only increase complications. Despite these theoretic 
arguments, the use of progressive oxytocin dosing at 
15- to 30-minute intervals is near universal. Oxy
tocin infusion increases amplitude, duration, and 
frequency of contractioris. The dose-response curve 
flattens, however, at higher doses (>24 mU/min).

Oxytocin is now provided in premixed solu
tions of 2 ml (10 units) in 500 ml of D5W, for a 
final concentration of 20 mU/ml. The usual low-

dose oxytocin regimen begins with 0.5mU/min to 
m U l mU/min and is increased by 1 mU to 2 mU 
at 20- to 60-minute intervals. The high-dose reg
imen commonly starts at 4 mU/min to 6 mU/ 
min and increases the dose by rapid progression 
(4 m U-6 mU) at 15- to 20-minute intervals.

In a study of 2,788 consecutive single fetuses, 
cephalic-presenting pregnancies by Satin and 
coworkers, both the high- and low-dose oxytocin 
regimens were evaluated for specihc benefits or risks 
for labor augmentation and induction [86]. All solu
tions used resulted in satisfactory delivery rates; 
however, there were differences. Induction failed 
less often with the high-dose regimen (6 mU/min, 
increased by 6 mU every 20 minutes). Augmenta
tion with the high-dose regimen also minimized the 
number of cesarean deliveries performed for dysto
cia and resulted in significantly fewer forceps deliv
eries. Labors augmented with the high-dose regimen 
were significantly shortened (by >3 hr), but uter
ine hyperstimulation was more common with this 
regimen and cesarean delivery was performed more 
frequently for fetal distress when the high-dose as 
opposed to the low-dose protocol was followed. 
There were no consistent adverse fetal effects..Thus, 
the positive results of a high-dose oxytocin proto
col includes shorter labors (largely by shortening 
of the latent phase), fewer failed inductions, and 
a decreased incidence of neonatal sepsis (presum
ably by shortening labor). The negative result is an 
increased incidence of cesarean delivery.

Based on these and other data, many clini
cians believe that, when faced with poor progress/ 
dysfunctional labor, the higher-dose augmentation 
protocol, involving pharmacologic doses of oxytocin 
(e.g., 4 m U/m in-6 mU/min, increased by 3 m u-6 
mU every 15-20 min, maximum <42 mU/min) is 
indicated in nulliparas. The evidence suggests that 
this is the best treatm ent for dystocia. The data also 
can be fairly read to favor low-dose protocols or use 
in multiparas (e.g., 1 m U/min-2 mU/min, increased 
by 1 m U-2 mU every 30-40 minutes, maximum 20 
mU/min) for labor induction.

For labor inductions the author favors a low-dose 
induction protocol with oxytocin increments at 20- 
to 30-minute intervals. In contrast, for the augmen
tation of either dysfunctional or arrested labors, a 
higher-dose, rapid advancing augmentation protocol 
is employed. As noted, the higher-dose rapid pro
gression protocol should be used circumspectly in
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multiparas. In each case, the administration of oxy
tocin is an individual titration; the response depends 
on both previous uterine activity and individual sen
sitivity.

Timing of induction is important. A small study 
suggests that inductions started in the morning as 
opposed to other times in the day have a higher vagi
nal delivery rate and a greater success rate [88], If 
a morning induction succeeds, most women deliver 
by the early afternoon than do those commencing 
later. Some studies suggest two peaks in cesareans, 
the first at about 23:00 and the second about 04:00. 
The first interval is associated with the nighttime 
change of shift and, presumably patient reevalua
tion, the second with an increased likelihood of the 
diagnosis of a nonreassuring fetal status (presumed 
fetal jeopardy, fetal distress).

Active Management of Labor
The labor management technique as practiced in 
Dublin by the group at the National Maternity Hos
pital has been uniquely successful in their hands 
[2,83]. Their system, termed the active management 
of labor, employs early amniotomy and liberal oxy
tocin administration. A rapidly progressive (every 15 
minutes), high-dose oxytocin protocol (6 m U /m in- 
44 mU/min) is preferred. In their technique, the 
importance of defining the commencement of labor 
is emphasized. Cephalopelvic disproportion is diag
nosed only after a labor trial, and no labors are 
permitted to extend beyond 12 hours. The system 
depends on one-on-one nursing, using highly experi
enced personnel, as well thorough education of their 
patients and a strong team approach. The dedication 
and expertise of the Dublin group are as impressive 
as their success.

This kind of control is hard to achieve in the 
American labor and delivery services. Beds are often 
occupied by women who might or might not be in 
labor, might be being induced, or might be merely 
under observation. Furthermore, each obstetrician 
or midwife follows a unique protocol for labor man
agement, and the use of oxytocin stimulation is far 
from standardized. Furthermore, it is often the least 
experienced person who examines new patients, and 
multiple delays preclude prompt action. An impor
tant component of all successful active management 
plan programs is the belief and assistance of the nurs
ing staff and strong physician leadership.

Potential American and Canadian institutions 
that have attempted active management of labor 
protocols saw their cesarean rates decline, but as 
soon as the interested fellow or director of labor 
and delivery left, the rate would climb again [89], 
In recent years, active management of labor pro
grams have fallen from popularity, replaced by the 
contentious debates over elective cesarean (cesarean 
on demand) and proper management of VBAC 
trials.

COMMENT

Many factors influence the progress of labor. Among 
these are adequacy of uterine activity size of the 
fetus in relation to the birth canal, fetal position
ing, bony and soft tissue anatomy of the birth canal, 
maternal labor position, coaching by experienced 
personnel, and certain confounding factors such as 
uterine infection, hydramnios, and the administra
tion of analgesia or anesthesia (especially epidural 
anesthesia).

Progress in labor is best evaluated by meticu
lous clinical evaluation accompanied by charting 
cervical dilation and descent of the presenting part, 
using a standard partogram. If progress is arrested, 
knowledge of pelvic architecture, review of the 
course of labor, fetal size, and appreciation of posi
tion and maternal condition is necessary to decide 
whether oxytocin stimulation, instrumental deliv
ery, or cesarean delivery is best. For example, a 
deeply engaged, deflexed occiput posterior head in 
a multiparous woman with a gynecoid pelvis and 
arrested progress might lead to vacuum extraction 
failure but a successful delivery following a for
ceps application. Alternatively, a fetus with a heav
ily molded head in an occiput transverse, deflexed 
position at 0 to +1/5 cm station in a nulliparous 
patient with a nonreassuring fetal heart rate pattern 
and poor progress is not a candidate for either an 
instrumental trial or oxytocin, and prompt cesarean 
delivery is best.

If normal progress ceases, or only desultory uter
ine activity is present, and the pelvis is adequate 
with the child appropriately positioned, the best 
treatm ent for poor labor progress (if membranes 
have been ruptured) is a trial of oxytocin stimu
lation under close observation. In the presence of 
reassuring fetal status (a normal and reactive EFM 
tracing, or a normal auscultated fetal heart rate in an
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uncomplicated pregnancy) and with a clinically ade
quate pelvis, oxytocin stimulation should always be 
considered and usually attempted before resorting 
to either cesarean or instrumental delivery.

Judging the point of intervention is not always 
easy. Both flexibility and humility are necessary on 
the part of the clinician, since the course of labor is 
never entirely predictable. Many clinicians of excep
tional competence and vast experience have con
fidently predicted either uncomplicated labor or 
inevitable dystocia for a particular case, only to sub
sequently have been proved wrong! The problem for 
the modern obstetrician in labor management is that 
of balance. The equation includes fetal and mater
nal interests, requirements of the profession, and the 
demands of society, third-party payers, the family, 
and the medicolegal environment. In often com
plex clinical settings, obstetricians are expected to 
arrive at management decisions that choose cesarean 
delivery sparingly, restricting interventions to clini
cal settings when benefits clearly exceed risks. At 
the same time, patients and their families expect 
painless labors, absolute safety, the absence of com
plications, and the certainty of no fetal/neonatal 
injuries.

Controversies concerning obstetric management 
of labor are inevitable and ultimately healthy for 
clinical practice. The current high rate of cesarean 
delivery remains both problematic and controver
sial. The experience of recent years has shown that 
the virtually unrestricted use of cesarean delivery is 
not invariably beneficial to either m other or child. 
However, a return to the period of heroic obstet
ric intervention aimed at achieving vaginal deliv
ery at any cost is likewise inappropriate. Rethinking 
the standard obstetric responses to poor progress 
in labor, modification of techniques for epidu
ral anesthesia/analgesia, reasonable protocols for 
instrumental vaginal delivery, less invasive forms of 
fetal/maternal monitoring, and the continued sup
port for VBAC trials among other changes can all 
help to restore the appropriate balance between 
medical and surgical interventions in obstetric prac
tice.
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a -* »  11 THE THIRD STAGE

Lucy A. Bayer-Zwirello

This indeed is the unforgiving stage of labor, 
and in there lurks more unheralded treachery 
than in both the other stages combined. The 
normal case can, within a minute, become 
abnormal, and successful delivery can turn 
swiftly to disaster.

I. Donald (1910-1987)
Practical Obstetric Problems

London: Lloyd-Luke, 1979, 5th edition, p 748.

The process of placental delivery and the subse
quent involution of the uterus during the puer
perium are often described as the third and fourth 
stages of labor, respectively. Obstetric complica
tions during these periods are common and occa
sionally serious. This chapter presents a brief his
torical review concerning third- and fourth-stage 
events, followed by a discussion of the physiol
ogy of placental separation and uterine involution. 
The management of common complications and 
techniques for the repair of superficial and deep 
perineal injuries are also reviewed. The diagnosis 
and treatm ent of retained placenta and membranes 
(secundines), uterine inversion, postpartum hem
orrhage and atony, and hematomas are also con
sidered. Finally specific recommendations for best 
practice are made.

HISTORY

The same issues and controversies concerning third- 
and fourth-stage management that exist in modern 
practice were faced in the past by practitioners from 
all cultures. Although contemporary approaches 
employ drugs and surgical procedures that are more 
effective than those used by our predecessors, the 
clarity of the descriptions and the sensible clinical 
management of the best of these earlier practition
ers remain unrivaled. Reading their original descrip
tions impresses the reviewer with both their clin
ical competence and how well they succeeded in 
many dire situations despite the severe limitations 
imposed by the medical science and pharmacology 
of their times.

In the 17th century the renowned French 
accoucheur, Frangois Mauriceau (1637-1709), in 
his textbook of clinical cases entitled Observa
tions sur la Grossesse et L'Accouchment des Femmes, 
reported no less than 45 cases of postpartum 
hemorrhage caused by retained placenta (arriere- 
faix retenus) or retained membranes [membranes 
retenues) [1]. He observed that these complica
tions were associated with early fetal demise (at 5-6 
months of gestation) and reported that some led to 
death of the m other from catastrophic hemorrhage
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or infection. He also discussed other problems, 
including uterine inversion, which he felt was due to 
incompetent midwifery and overzealous interven
tion.

In his review of postpartum hemorrhage and 
atony Mauriceau astutely related these compli
cations to macrosomia, multiple gestations, post- 
datism, intrauterine fetal demise, uterine inversion, 
and uterine rupture. To better appreciate the dif
ficulties that Mauriceau and his contemporaries 
worked, it is important to remember that these prac
titioners lacked anesthesia, effective uterine relax- 
ants, potent uterotonics, atraumatic delivery instru
ments, or the ability to transfuse. As treatment 
for hemorrhage, Mauriceau recommended the judi
cious use of version and extraction, and prompt 
manual removal of the placenta, as required. Proba
bly less effectively, he relied on “quinquina" and the 
use of leeches.

Maurigeau had tragic personal experience with 
obstetric hemorrhage. He was called to attend his 
own sister, who had sustained sudden and serious 
bleeding from a placenta previa. W hen the hemor
rhage did not abate and the other birth attendants 
refused to act, Mauriceau delivered her by manual 
cervical dilatation followed by version and extrac
tion. This was the accepted m ethod of treatment at 
the time and a procedure in which Maurigeau was 
an acknowledged master. Unfortunately, in this case 
despite his best efforts, his sister died.

Jean-Louis Baudelocque (1746-1810) combined 
the best of classic French obstetric teaching with 
new ideas derived from the developing English 
school led by William Smeilie (1697-1763) and his 
contemporaries. In discussing management of third- 
stage complications, Baudelocque reported a case in 
which an accoucheur vainly tried to stem a postpar
tum hemorrhage. Failing in his quest for a suitable 
tampon, in desperation this practitioner tore off his 
wig and stuffed it into the unfortunate woman! This 
wigless and unnamed clinician was temporarily suc
cessful in arresting the observed hemorrhage; how
ever, he could not prevent the eventual death of 
the woman from exsanguination. Thus, as Baude
locque tartly observed, the wig was “vainly sacri
ficed” [2], His unfortunate colleague had treated 
only the symptom of the problem, rather than the 
cause.

The importance of the third stage of labor was 
also well recognized by the major 18th and 19th

century English practitioners, including William 
Smeilie, John Bard (1716-1799), and the promi
nent American physician, William Potts Dewees 
(1768-1841). These clinicians believed that delay 
in the delivery of the placenta led to most post
partum complications; thus they taught that early 
intervention to ensure prompt placental delivery 
was the best management [3], This encouraged rou
tine intervention when placental delivery was not 
immediate, an approach that was likely not in the 
best interests of many women.

Important cultural and historical events in world 
history have been directly influenced by complica
tions of involving the third stage of labor. The exis
tence of the Taj Mahal (Crown Palace) in Agra, 
India is one example. The Taj Mahal is a remark
ably beautiful white marble edifice, built over a 
nearly 20-year period. Reputedly, the construction 
required the efforts of 20,000 workers at the then 
remarkable cost of 32 million rupees. The Taj was 
constructed in honor of Mumtaz Mahal, wife and 
a grand multipara, who died in the year 1631 at 
age 39. The queen of the Mughal Emperor Shah 
Jahan (? -1666), Mumtaz Mahal died of a postpar
tum hemorrhage that occurred during her fifteenth 
pregnancy. Her mausoleum, the Taj, was situated in 
a riverside garden on a bend in the Jamuna River at 
the direction of her grieving spouse, so it could be 
easily seen from Emperor Jahan's personal palace at 
Agra Fort.

Postpartum hemorrhage and the failure of birth 
attendants to intervene when necessary have also 
played an important role in the history of the 
British royal family [4], In 1817, Princess Char
lotte, the only legitimate child of George III, died 
several hours postpartum after a long and diffi
cult labor. The princess was attended by a promi
nent practitioner, Sir Richard Croft (1762-1818), 
a firm believer in nonintervention in the process 
of labor. After a more than 50-hour labor and the 
painfully slow delivery of a normal-appearing but 
stillborn male infant, the princess succumbed to 
postpartum hemorrhage, exhaustion, and dehydra
tion, Croft was severely criticized for failing to inter
vene earlier with forceps, which were available, 
and to provide supportive care. Under the weight 
of this disapproval, he subsequently committed 
suicide.

W ith the death of the princess the English throne 
was suddenly without an immediate and legitimate
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heir. Eventually, Edward, Duke of Kent, a 54-year- 
old bachelor then living with his mistress of 20 
years was identified as the most likely candidate to 
sire an appropriate heir. He was forced to throw 
over his paramour and seek another, socially accept
able partner, Princess Victoria, widow of the Prince 
of Loiningen. Through this somewhat improbable 
union, in May of 1819 the new couple produced 
a daughter who in 1837 ascended the throne as 
Queen Victoria, the longest reigning of the English 
monarchs. (For additional information concerning 
the background of basic obstetric interventions, see 
Chapter 1, A History: Operative Delivery.}

NORMAL THIRD-STAGE PHYSIOLOGY

Placental Separation and Physiology
Complications of placental separation and deliv
ery are frequent and responsible for important and 
potentially serious maternal morbidity and, rarely, 
mortality. Normal uterine physiology both expels 
the placenta and limits blood loss following deliv
ery of the infant. The normal postpartum uterine 
contractions serve to promote placental separation, 
progressively occlude the major myometrial blood 
vessels, and autotransfuse the m other by expelling 
pooled blood into her general circulation. The fib
rin that is subsequently deposited on the endome^ 
trial surface activates the clotting mechanism. These, 
effects, the normal hypercoagulability of pregnancy 
combined with the direct occlusion of intramy- 
ometrial vessels by uterine contractions collectively 
result in local hemostasis and the restriction of post
partum blood loss.

The mechanism of placental separation is imper
fectly understood. Most of the current knowledge 
comes from cases of hemorrhage that progressed 
to hysterectomy; however, a description of separa
tion has been reported, using real-time ultrasound 
to visualize the activity of the myometrium and the 
changing uterine contour [5],

In response to the initial postpartum contractions, 
the size of the uterine cavity decreases rapidly within 
minutes of the delivery of the infant. The noncon- 
tractile placenta is thus progressively sheared from 
its attachment on the uterine wall and propelled 
into the lower uterine segment [5,6*7], Beyond the 
simple change in the shape of the uterus, the for
mation of a retroplacental hematoma also promotes

normal placental separation. The hemotoma devel
ops as the placenta is detached and spiral arter
ies are avulsed, leading to retroplacental bleeding. 
Control of this bleeding from the placental bed is 
caused by the unique anatomy of the myometrium. 
The progressive shortening of the intertwining fibers 
of the myometrium progressively pinch off and 
occlude arterialized feeding vessels underlying the 
placental site, thus limiting blood loss. These physi
ologic vessel ligations fail if the myometrium can
not or does not contract firmly, a condition that 
occurs with postpartum atony and subsequent hem
orrhage. These observations emphasize the impor
tance of both emptying the uterus so it can Con
tract and ensuring its firmness in the control of pri
mary atony, the most common type of postpartum 
bleeding.

It was previously but incorrectly believed that 
placental separation occurs at the basal layer along 
Nitabuch's stria; however, separation actually occurs 
in a layer deeper to the basal plate. Apparently, 
Nitabuch’s stria remains mostly adherent to the pla
centa. The basal layer consists almost entirely of 
maternal cells, decidual glands, and other compo
nents of endometrial stroma. Some fetal cells are 
also found in this layer, mostly X cells -  so-called 
because their origin was initially unknown [7-11].

In addition to the processes previously discussed, 
normal placental separation also depends on the 
normality of the underlying decidua at the implan
tation site. Animal studies reveal progressive histo
logic changes in the decidual spongy zone, com
mencing several days prior to delivery or labor. In 
humans, a comparable finding is seen in prema
ture delivery, when the spongy zone decreases from 
4 mm to 0.5 mm prior to the onset of labor [8]. 
Neither the mechanism for this change nor its role 
in normal separation is understood. When studied 
ultrasonographically, separation is also heralded by 
decreased blood flow to the placental base [5,6,7]. If 
this blood flow decrease is not observed, it could be 
a sign of abnormal placentation, such as a placenta 
accreta.

Physiology of Uterine Involution
Postpartum uterine involution (the fourth stage) 
is another little-understood physiologic process. 
Most information concerning involution comes 
from histopathologic studies of lochial fluid and
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lochial-decidual remnants, or from examination of 
hysterectomy specimens. Because of the usual post
partum myometrial contractions, the uterus rapidly 
decreases in size, and the uterine cavity is deformed, 
causing deep furrowing in its inner surface. Fol
lowing placental separation, the uterine cavity is 
rapidly covered by a fibrin layer. The fibrin that is 
deposited forms a thick mesh in which deformed 
erythrocytes are trapped [8,13], This process pre
sumably enhances local hemostasis, complementing 
the ‘ physiologic ligations" of the placental perfusing 
vessels due to uterine contractions.

Postpartum, most of the residual endome
trial/decidual lining undergoes necrosis. Regen
eration subsequently occurs from the residual 
glands and stroma. Although nonplacental site 
endometrium appears grossly intact by the 16th 
postpartum day this process requires 28 days or 
more for completion. The placental site can take 
several additional weeks to completely return to nor
mal. This delay is presumed to be caused by the slow 
resolution of thrombosed vessels at the implantation 
site. Anderson and Davis [14] studied the placenta 
site prospectively and demonstrated that it is still 
identifiable up to 11 weeks postpartum, although 
much reduced in size. The placental implantation 
site decreases from 9 to 10 cm in size at delivery, to 
approximately 1 to 2 cm at 11 weeks postpartum 
[8,14-16],

The myometrial cells that occlude rapidly shrink 
in size in the puerperium. Within several weeks, 
the uterus decreases in weight from 1,000 g to a 
mere 100 g. In the poorly understood clinical condi
tion of postpartum subinvolution, the uterus remains 
enlarged, and episodes of intermittent but limited 
bleeding are common. For unknown reasons, in 
subinvolution the normal regression of the myome
trial cells does not occur, and the endometrium stops 
regenerating. When subinvolution exists, the  clini
cal history is commonly that of recurrent episodes 
of moderate bleeding. On physical examination, the 
uterus feels excessively large, is often described as 
boggy,'’ and can be slightly tender to palpation.

Occasionally during the process of involution, 
small areas of retained placental tissue coalesce to 
form combinations of placenta, fibrin, and clot, 
termed a placental polyp. Such polyps can be a source 
of delayed postpartum bleeding [ 17-20]. Histologic 
evidence of inflammation, marked by superficial 
plasma cell infiltrates, phlebothrombosis, and the

presence of bacteria, is also common in subinvolu
tion specimens.

MANAGEMENT OF THE THIRD STAGE 

Routine Technique 

Delivery o f the Placenta
Immediately after the infant is expelled, the uterus 
initially relaxes. Contractions then resume several 
minutes later, and as has been discussed, acute 
changes in uterine shape results in the separation of 
the placenta from its insertion site. Clinically sepa
ration is usually heralded by a sudden gush of blood 
as the retroplacental hematoma escapes, an event 
accompanied by observed lengthening of the cord. 
Palpation of the uterine fundus can also reveal when 
separation occurs owing to the rapid change in uter
ine contour, from ovoid to round. In addition, the 
uterus usually rises in the abdomen as well. Placental 
separation can be easily confirmed by pelvic exam
ination, even in a woman lacking anesthesia [21], 
The operator’s index finger is gently inserted into 
the introitus, passed into the vagina, and through the 
open cervix. If separation has occurred, the placen
tal edge is easily palpable. If a partial or incomplete 
separation has occurred, the uterus might have con
tracted around the placenta, partially entrapping it. 
If this has happened, the surgeon feels the bulk of 
the placental mass in the vagina, whereas the cervix 
remains high and difficult to palpate. To relieve this 
condition, the accessible placental mass is simply 
grasped in the operator’s hand and removed with 
moderate but continuous traction, with or without 
a twisting motion. Pharmacologic uterine relaxation 
with a parenteral betamimetic or nitroglycerine is 
infrequently required to facilitate this process.

To assist normal placental delivery, a constant 
but not forceful tension on the cord in the axis 
of the birth canal is performed while the uterus is 
pressed upward above the pubic symphysis (Brandt- 
Andrews maneuver) [24,25-26], Direct cord 
traction should not be conducted without this con
comitant upward manual countertraction. Exces
sive cord tension should be avoided because it can 
cause Umbilical cord avulsion or possibly contribute 
to uterine inversion [21-23], The problem of uter
ine inversion is discussed later. With active trac
tion, avulsion of the cord occurs in approximately 
3% of deliveries [23], Avulsion is not a serious
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FIGURE 11.1.
Placental de livery  I. (A ) B rand t-A ndrew s m aneuver;
(B) vag inal p lacen ta l delivery, Schultz m echanism .

misadventure, but it leaves the surgeon without a 
point of leverage and predisposes to manual removal 
of the placenta. Cord avulsion can also herald a pla
centa accreta.

After separation, the final delivery of the pla
centa is usually performed by gently elevating the 
uterus out of the pelvis with the abdominal hand 
while providing gentle umbilical cord traction to 
lift the placenta out of the birth canal (Figure 11.1) 
[24-27],

Some attendants complete the delivery of the pla
centa and membranes by rapidly twisting the pla
centa to roll up the membranes at the last moment as 
the placenta is removed from the vagina. Although 
this technique is popular, it is not necessarily an 
improvement on simply lifting the placenta out, and 
it can spread rectal contaminants into the perineal 
or introital area. It therefore is not recommended. 
Retained membranes can be easily removed by 
grasping them with a ring forceps or Kelly clamp 
and pulling gently.

When expressing the placenta, the author does 
not recommend continuously kneading the fundus 
(Crede method) to promote separation, because this 
can predispose to hemorrhage, inversion, or trauma. 
Limited massage is acceptable, however. The pla
centa usually delivers inverted with maternal side on 
the inside (Schultz mechanism; see Figure 11.IB). 
Sometimes this does not occur, however, and the 
maternal side appears first (Duncan mechanism). 
There is no specific clinical significance to either 
delivery method of observation.

After delivery of the infant, if minimal bleeding 
occurs, the fundal examination is normal, and mater
nal vital signs are stable, some physicians choose to

repair the episiotomy or other lacerations before the 
placental delivery. With a delayed placental delivery, 
or especially if manual removal becomes necessary, 
a completed or partial perineal repair can be dis
rupted, however. Nevertheless, early repair of epi
siotomy or perineal lacerations reduces blood loss, 
and a subsequent spontaneous placental delivery 
usually does not disrupt the repair as long as a man
ual extraction is not required. Therefore, because 
a retained placenta is uncommon, many clinicians 
favor proceeding with any necessary repairs while 
awaiting separation. Either approach is acceptable. 
Episiotomy and episiotomy repair are discussed in 
greater detail later.

RETAINED PLACENTA

The median time of placental delivery is 6 minutes. 
Fully 95% of spontaneous placental deliveries occur 
within 30 minutes of delivery of the infant. The 
author’s practice is to infuse 10 IU to 20 IU of oxy
tocin in 1L of lactated Ringer’s or a similar balanced 
salt solution immediately after the delivery of the 
infant, to prompt uterine contractions and acceler
ate placental separation. Oxytocin is preferred to 
ergot derivatives, because the drug is safer and fewer 
cases of retained placenta result [31-37],

If the placental delivery is tardy or if bleeding 
develops, manual removal is indicated (Figure 11.2). 
Before the attempt, it is prudent for the operator 
to change gloves to reduce the risk of contamina
tion. The procedure should be briefly explained to 
the parturient, and the clinician must ensure that 
an acceptable degree of anesthesia/analgesic is nec
essary. The maternal vital signs are checked and a 
secure, large-bore intravenous line inserted if one 
is not already in place. The clinician should con
sider moving the parturient to an operating suite. A 
general, low spinal or epidural anesthesia is usually 
required for this procedure. In cooperative patients, 
uncomplicated manual removal of the placenta can 
be performed under intravenous analgesia or con
scious sedation, but this is not possible in all cases. 
Before administering the anesthetic, the uterus and 
cervix should be examined for a simple cervical 
closure or for a constriction ring that could have 
entrapped the placenta (Figure 1 1.3). If either is 
present, the administration of 150 |xg to 350 (jug of 
nitroglycerine IV or 250 |xg of terbutaline SC assists 
removal. If terbutaline is chosen, uterine relaxation
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FIGURE 11.2.
P lacental de livery  II. M a n u a l rem oval.

Placenta

FIGURE 11.3.
P lacental retention associa ted  w ith B a n d l’s ring (arroivs 
ind ica te  constriction site).

usually occurs within 2 to 3 minutes of the 
administration of the drug. When the placenta is 
detached but entrapped, myometrial relaxation 
normally permits an easy manual removal.

In terms of technique, the surgeon’s hand passes 
through the cervix and up into the uterine cavity. If 
the placenta remains partially or completely adher
ent, it is finger dissected away from the uterine wall. 
The mass of placenta is then grasped and removed 
from the uterus. A slow and steady pressure is best to 
help avoid placental fragmentation. After removal, a 
uterotonic is administered parenterally. Close atten
tion to the possibility of secundines is necessary 
as some degree of placental disruption is common 
with a manual removal. Failure of easy placental 
separation can be due to incomplete cervical dila
tion, inadequate analgesics or anesthesia, partial or 
complete placenta accreta or, very rarely, to the 
more advanced forms of placental adherence such 
as placenta increta or percreta. If the cervix is not 
widely dilated, precluding a complete examination, 
or if the placenta is difficult to remove, the proce
dure is terminated. The parturient should then be 
moved to an operating room and an anesthesiolo
gist summoned, because additional procedures will 
be required. Management of the abnormally adher
ent placenta is discussed in a latter section.

POSTDELIVERY EXAMINATION

Once the stability of the mother and baby are 
ensured, the placenta, membranes, and cord should 
be routinely examined. Gross placental examination 
is best performed by picking up the placenta with 
both hands on the fetal side in the same manner as 
passing a dish. Curling the operator’s fingers upward 
allows the placenta to assume a bowl shape, fetal 
side up, facilitating the examination. The placenta 
is first examined for intactness. The accoucheur 
should note torn or incomplete edges, or ruptured 
peripheral vessels, suggesting missing or fragmented 
cotyledons. The placenta should then be turned over 
and the edge again closely scrutinized. Vessels pass
ing to the periphery of the disk with ragged or 
avulsed edges suggest a missing or succenturiate lobe 
or a velamentous insertion. The cord length, gross 
appearance, and weight of the placenta should be 
estimated [28-30], If abnormalities are suspected, 
the cord is examined for obvious knots, hematomas, 
or other lesions. Membrane abnormalities such 
as a circumvallate placenta, opacity, staining
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with meconium, or a furcated insertion should also 
be reported in the medical record. The cut end of 
the cord is then examined, and the number of ves
sels noted. The observation of a two-vessel cord is 
important because it has a variable association with 
fetal anomalies; if noted, the pediatrician should be 
notified [8,29]. In complicated cases, if the immedi
ate condition of the neonate is poor or uncertain, or 
if the cord is very long (>70 cm] or short (<35 cm) 
or there are other anomalies noted, the placenta 
should be submitted for examination by the pathol
ogist [30], As is discussed later, much information 
concerning events that could have affected fetal 
growth and development can be derived from gross 
and microscopic placental examination.

The intentional placental drainage of fetal blood 
can reduce the length of the third stage, but the 
effect is not marked [38,39], If drainage is contem
plated, be certain that a twin gestation is not present. 
In theory, drainage of the cord of one twin might 
result in at least partial exsanguination of the sec
ond fetus if vascular connections exist between the 
two fetal circulations (monochorionic twinning). 
Beyond the potential effects of drainage, there are 
data to suggest that the injection of an oxytocin solu
tion (e.g., 10 IU diluted in saline) directly into the 
umbilical vein might accelerate placental delivery in 
cases of retention [40-45], Small studies of cord 
injection have suggested that blood loss is signifi
cantly reduced in normal term patients if such cord 
injection is performed [44]; however the evidence 
for this effect was not found compelling in the recent 
Cochrane review [45]. Because the supporting data 
for these practices are quite limited, the author does 
not recommend either routine drainage or injection. 
In the setting of placental retention for 30 minutes 
or more without significant bleeding, when the alter
native is administration of an anesthetic and manual 
removal, it is reasonable to attem pt either injection 
or drainage while preparations are made for opera
tive placental removal. The maternal risk is minimal, 
and success can avoid potentially complex obstetric 
manipulations. Also, in the absence of another spe
cific indication the author does not routinely admin
ister antibiotics following manual extraction.

ACTIVE MANAGEMENT OF THE THIRD 
AND FOUR TH STAGE
Active management of the third stage of labor con
sists of the immediate administration of oxytocin

after delivery of the infant, early cord clamping, 
and gentle traction on the cord, combined with gen
tle uterine massage to prompt placental separation. 
The basic components of this technique have been 
adopted in many centers. There are good data that 
show that active third-stage management shortens 
the process of placental delivery and significantly 
reduces the risk of postpartum hemorrhage [32,33]. 
Five clinical trials have documented an approximate 
60% reduction in the incidence of postpartum hem
orrhage (defined as estimated loss of greater than 
500 ml) when active management is performed. 
In these studies:, active management also reduced 
the need for the subsequent administration of addi
tional therapeutic uterotonics by 80%. Declines in 
maternal hemoglobin values to less than 9 g and the 
requirement for transfusion were similarly reduced. 
Thus, 1 of every 67 parturients undergoing active 
management avoids possible transfusion. Further
more, for every 12 deliveries following the protocol, 
one potential case of PPH is prevented. Active man
agement does not alter the risk of placental reten
tion, however [35].

Although the routine use of intravenous oxy
tocin postdelivery is recommended, this is not the 
only possible: treatm ent protocol. Several studies 
reported through the Cochrane Database confirm 
that the postpartum administration of oxytocin with 
the drug syntometrine versus dilute oxytocin alone 
results in a small but statistically significant reduc
tion in the rate of PPH [36]. This positive effect 
does extend to blood losses exceeding 1000 nil, for 
which these agents are apparently of equal efficacy. 
Because syntometrine, a fixed oxytocin (5 IU) and 
ergometrine (0.5 mg) is a combination drug and is 
not available in the United States, it is difficult to 
translate these data into clinical practice.

Uterotonics are potent pharmacologic agents 
and must be administered with care. Intravenous 
bolus (nondilute) administration of oxytocin is not 
recommended; this dosing can result in rapid alter
ations in maternal blood pressure, with episodes 
of severe hypotension possible. Oxytocin is best 
administered in dilute intravenous infusions only. 
For routine postpartum administration, the author 
favors the addition of 10 IU to 20 IU of oxytocin 
per 1000 ml of Ringer’s lactate, normal saline, or 
another balanced salt solution. It is best to begin 
with a rapid infusion of the dilute solution over 10 
to 15 minutes until the uterus firms to palpation, 
then reduce the rate to 125 ml/hr to 150 ml/hr.
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Intramuscular ergot derivatives such as mether- 
gonovine maleate (Methergine) can be administered 
after the delivery of the placenta, as an alternative 
to dilute intravenous oxytocin. For this indication 
ergots offer no specific advantage and have other 
potentially important side effects, however. Ergot 
preparation can predispose to placental retention 
and can cause nausea, vomiting, and elevations in 
arterial pressure, side effects largely absent with oxy
tocin [36,37], The ergots are, however, an excel
lent adjuvant therapy for maintenance oral treat
ment after a postpartum hemorrhage is controlled 
Because of their potent effects, these compounds 
should never be administered to known hyperten
sive or preeclamptic women.

For these reasons, despite their efficacy, the 
administration of the ergot derivatives is best 
limited to selected postpartum cases when oxy
tocin has failed and the bleeding is excessive. 
Although ergot has been used in medicine since 
the nineteenth century [46], newer uteroton- 
ics, such as the prostaglandin derivatives, have 
been readily available for clinical use only since 
the 1980s. Some of these new compounds have 
been used in treating postpartum atony,- how
ever, few controlled studies have employed them 
in active management of the normal third stage. 
The prostaglandins have been found to be effec
tive in shortening the third stage and prevent
ing hemorrhage but have not offered any specific 
advantage over oxytocin in routine management 
[47-50], Several of the prostaglandin compounds, 
carboprost (Hemabate., 15-methylprostaglandin F2 
alpha IM), and prostaglandin E2 by suppository 
(Prostin) are restricted in use to cases of serious 
postpartum hemorrhage/atony or in the induction 
of abortion. Potentially dangerous complications, 
including bronchospasm or anaphylaxis, are more 
common with these prostaglandin derivatives than 
with the other major uterotonics, oxytocin [51] 
or misoprostol [48], In recent years, misoprostol 
(PGE1, Cytotec) has become the most popular of 
the prostaglandin derivatives. Misoprostol has been 
administered for labor induction and as well as a 
substitute for methergonovine maleate in the acute 
treatment of postpartum atony [47], Misoprostol 
has the advantage that it does not promote bron
chospasm as it is a bronchial muscle relaxant. Given 
in doses of 800 |j.g to 1,000 \xg rectally, misopros
tol can be effective in the prevention of postpartum

hemorrhage and result in reduced blood loss. In ran
domized trial, however, its efficacy versus placebo 
has questioned. Further, side effects such as shiver
ing were more common in comparison to placebo 
[48-50],

O ther controversies in third-stage management 
are the benefits or risks associated with early versus 
later cord clamping and placental drainage. Draining 
the placenta after delivery can decrease the risk of 
fetomaternal blood transfer (from 10.2% to 7.9%), 
but as noted previously, the effects on separation 
are less clear [55,56], Early cord clamping leads to 
heavier placentas (higher mean residual blood vol
ume) but has no significant clinical importance for 
the mother. For the infant, a lower incidence of res
piratory distress syndrome, possibly lower levels of 
childhood anemia and greater iron stores, are poten
tial benefits reported with delayed clamping [52- 
54]. The clinical importance of these claimed ben
efits in otherwise normal cases is unclear and prob
ably limited. A normal child has a sufficient red cell 
mass and increasing it iatrogenically is of no benefit 
and can be of some potential harm. The problem is 
that delayed cord clamping or cord stripping trans
fers a significant volume of unneeded blood to the 
fetus. In otherwise normal neonates, forced transfu
sion can result in polycythemia and increase the risk 
for hyperbilirubinemia by increasing the amount of 
hemoglobin in the neonate’s circulation.

This is a situation when the paucity of data 
indicating significant harm should permit flexibil
ity. In counseling families anticipating uncompli
cated term deliveries, clinicians should try to dis
suade the parents from cord stripping. Because the 
effects of the timing of cord clamping have not been 
subjected to extensive study, neither the risks nor 
the benefits should be exaggerated, and the rules 
of reasonable behavior should apply. Stripping or 
milking the cord to increase blood transfer in other
wise normal deliveries of term infants should be dis
couraged. These effects are of questionable efficacy, 
and this procedure is specifically not recommended 
as routine. Holding the newborn below the level 
of the placenta for “autotransfusion” is effectively 
the same as cord stripping and is also not advisable 
routinely.

If the parents strongly desire to position the child 
in some manner that they believe to be appropri
ate, or to delay cord clamping until pulsations cease, 
these requests can be followed at little if any real risk

ak
us

he
r-li

b.r
u



The Third Stage 265

to mother or infant, unless contraindicated by spe
cific clinical circumstances.

There is a situation when it is best to clamp 
the cord promptly after delivery. Specifically this 
is when cord blood is electively collected for bank
ing. In this situation, the cord is clamped promptly 
and the blood is subsequently collected by simple 
drainage via needle tubing leading to a blood collec
tion bag. This will normally permit up to 150 ml 
to be withdrawn from the placenta. For an oth
erwise normal neonate this early cord clamping is 
essentially risk free. When cord blood collection is 
planned in a multiple gestation, blood removal must 
wait until all the infants are delivered. Because vas
cular connections between twins or greater multi
ples are reasonably common, the removal of blood 
from one cord has at least the theoretical potential to 
drawn volume from the undelivered infant(s). Thus, 
the delay in moving to cord drainage is prudent until 
after the delivery of the last infant.

Episiotomy

Episiotomy Technique
The role of episiotomy in routine practice has been 
hotly debated, especially in recent decades. It is 
now generally accepted that the routine episiotomy 
increases the risk of third- and fourth-degree per
ineal tears, without demonstrated benefit in pro
tecting the integrity or function of the muscles and 
connective tissues of pelvic support [57,59]. In the 
United States, when an episiotomy is performed, 
the median incision is favored, w'hereas in Europe 
the mediolateral is preferred. The median incision 
has a better cosmetic result and generally results 
in less pain. Unfortunately median incisions predis
pose to extensions posteriorly into the rectal sphinc
ter and rectum. In contrast, the mediolateral incision 
is more painful, heals with more difficulty, and is 
more likely than the median to result in permanent 
distortion of the perineum and long-term dyspareu- 
nia. Although the mediolateral incision reduces the 
risk of anal sphincter injury, it does not entirely 
exclude it. (See Chapter 23, Birth Injury, for addi
tional discussion.)

Episiotomy incisions are traditionally performed 
with scissors, although an occasional practitioner 
favors the use of a scalpel. The use of bandage scis
sors is discouraged. A Mayo scissors is usually eas

ier to manipulate and offers greater flexibility in 
extending the vaginal epithelium cephalad. In the 
usual technique, a local anesthetic agent such as 
lidocaine is administered into the perineum, unless 
another form of anesthesia is already present. To per
form the incision, one blade of the scissors is placed 
between the presenting part and vaginal epithelium, 
with the other blade resting on the perineal skin. 
The presenting part is protected by the surgeon’s 
finger wrhile the internal blade is guided to the cor
rect depth and angle to avoid inadvertent extension 
into the anal sphincter. After the initial cut is made, 
the Surgeon’s guiding finger protects and directs sub
sequent small midline cuts toward the vaginal apex, 
as required.

After delivery, a careful inspection of the entire 
birth canal is mandatory including close observation 
of the episiotomy site for occult lacerations of the 
vagina and cervix. The integrity of the rectal mucosa 
and sphincter must also be routinely evaluated by 
a digital rectal examination. This examination care
fully explores for hidden “buttonhole'1 defects in the 
rectal wall, which might not be detected by visual 
examination alone.

If tears or lacerations are present, their extent 
and extension are gauged and the parturient eval
uated for the extent and acceptability of anesthesia. 
If an extensive repair is necessary or adequate light 
or exposure is a problem, transfer to an operating 
suite is best. During routine repairs, small sponges 
should not be used because they are all too eas
ily forgotten. Instead, only vaginal obstetric tam
pons or laparatomy sponges with an attached tie 
or tape clamped to a Kelly or similar small clamp 
are appropriate for insertion into the birth canal. In 
the author’s institution, all sponges must be counted 
by the clinician at the end of the delivery. This 
requirement and the avoidance of the use of small 
sponges have essentially eliminated our prior diffi
culties with the occasional retained vaginal sponge 
and unhappy parturients.

SURGICAL REPAIRS OF PERINEAL 
AND PERIURETHRAL INJURIES 

Overview
Common birth canal injuries following instrumen
tal or spontaneous delivery include superficial soft- 
tissue abrasions, ecchymoses, and minor lacerations.
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Midline episiotomy increases the risk for posterior 
extensions into the rectum (fourth-degree lacera
tion) or rectal sphincter (third-degree laceration). 
In multiparous women or in the occasional nulli
para, slow and gentle fetal extraction, with attention 
to control of the fetal head and maternal coach
ing, can often avoid both episiotomy and lacer
ation. Postpartum ultrasound examination of the 
rectal sphincter suggests that occult tears occur 
spontaneously in 15% to 25% of parturients with 
otherwise normal vaginal deliveries. Most of these 
parturients are asymptomatic. The long-term effects 
of such injuries remain to be elucidated [61].

In the literature of birth management, the impor
tance of avoiding periurethral and anterior vagi
nal vault lacerations is underemphasized [62]. Fail
ure to apply traction in the correct pelvic curve, 
faulty application of Ritgen’s maneuver, and in some 
cases no episiotomy with rapid delivery over a firm 
or unyielding perineum predispose to anterior or 
periurethral lacerations. When timed correctly, epi
siotomy does reduce injury to these periurethral tis
sues, although there is risk of an extension into the 
sphincter or rectum. Periurethral lacerations, which 
often bleed freely, appear in the thin tissues on 
either side of the clitoris or urethra. Although repair 
is usually not difficult, suturing in this area com
monly leads to a temporary inability to void and, 
uncommonly to long-term dyspareunia after heal
ing. If bleeding occurs, prompt anatomic closure of 
the periurethral or paraclitoral lacerations with the 
minimal possible number of fine, absorbable inter
rupted stitches is best. Nonbleeding tears that do 
not gape can be left to spontaneous healing. Sitz 
baths and intermittent catheterization, as required, 
are additional appropriate therapies, but avoidance 
is the best management.

Vaginal Lacerations
Most vaginal lacerations are small, superficial, and 
relatively easy to repair. If necessary, in cases involv- 
’n§ jagged tears, the edges are best freshened with 
scissors prior to resuturing. Specific bleeding sites 
are either clamped for a few moments or suture lig
ated. Superficial oozing usually does not require spe
cific suturing beyond tissue reapproximation. The 
normal anatomy is reconstructed employing the 
finest uninterrupted or continuous-suture material 
that will reapproximate the tissue (see Figures 1 1.4

FIGURE 11.4.
R ep a ir  o f  superfic ia l vag ina l laceration. A  catheter is 
p a s s e d  to ensure integrity o f  the urethra. The laceration is 
then reapproxim a ted  w ith fin e  in terrup ted  sutures. Sitz 
baths a n d  in term ittent catheterization are freq u en tly  
necessary p o stpartum . See text fo r  a d d itio n a l discussion.

and 1 1.5). If vaginal lacerations are extensive or are 
near the urethral orifice, urinary retention is com
mon. The postpartum use of baths is recommended, 
and intermittent or even indwelling catheterization 
is sometimes required for relief, until the edema 
resolves and pain abates.

Routine Episiotomy Repair
After an examination and the administration of 
appropriate anesthesia, the vaginal epithelium is 
closed [59,60] (Figure 11.6). A running, locking 
chromic, or a synthetic absorbable suture (pre
ferred) of 000 or 0000 starting, approximately 
1 cm above the apex, reapproximates the tissue. A 
polyglycolic suture or one of its newer, more rapidly 
reabsorbed derivatives is the author’s recommen
dation. This closure reapproximates the anatomy 
and controls bleeding from the subepithelium. This 
suture continues to the level of the hymenal ring. 
In the most popular technique, the needle is then 
grasped by a Kelly clamp and temporarily put aside. 
Alternatively, this initial suture may be tied at this 
point after the operator pulls the suture through the
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FIGURE 11.5.
R epa ir o f  va g ina l/per inea l laceration. A fter the integrity  
o f  the sphincter a n d  rectal m ucosa  are verified, the 
laceration is closed w ith a com bination  o f  in terrup ted  
a n d  runn ing  su tures to reapproxim ate  no rm a l a n a to m y  
a n d  control b leeding (B -D ).

Continuous 
suture closes 
vaginal 
tissue

Interrupted sutures 
close the transverse 
perineal muscles

Final closure by 
continuous 
subcutaneous suture

epithelium and tying so as to bury the knot. The per
ineal closure as described later is then performed.

Depending on the depth of the episiotomy and 
the distinctiveness of the anatomy, the pubococ- 
cygeus as well as the deep and superficial trans
verse perineal muscles can be individually reapprox
imated by the placement of one or more sutures. 
Placing two fingers in the vagina to push these 
muscles forward can improve repair technique. As 
formation of edema is inevitable, a snug but not 
tight closure is appropriate, and simple, uninter
rupted sutures only should be used for this repair. At 
this point, the bulbocavernosus muscles, if avulsed 
and retracted, are reapproximated. In this repair, 
a stitch transfixes one bulbocavernosus, including 
some of superficial transverse perinei, and attaches 
it back to the normal position on the central per
ineal raphe. The original vaginal epithelial suture, 
or a new suture if the original were tied, is then 
passed under the mucosal dermal junction or started 
at this location and continued toward the anal ori- 
hce, closing subepithelial tissues. Usually, the same 
stitch is returned ventrally as a subcuticular closure. 
Interrupted single sutures can also be used at the sur-

FIGURE 11.6.
R epa ir o f  routine episio tom y. The vag ina l epithelium  is 
in itia lly  closed  b y  a runn ing  su tue  (A) to the hym en a l 
ring (B). This su ture  is u su a lly  tied, a n d  the transverse  
p erin ea l m uscles are reapproxim a ted  by  in terrupted  
su tures (C ). A  fin a l closure by  a con tinuous subcuticular 
technique follow s.

geon's discretion to reapproximate deeper tissues of 
the perineum. In all of these repairs, the surgeon’s 
aim is to arrest bleeding while accomplishing gentle 
and not overly tight reapproximation of normal per
ineal anatomy, closing dead space at the same time 
and leaving the smallest amount of suture material 
in the wound [60],

If “buttonhole” defects are detected in the rectal 
mucosa, they should be repaired in layers without 
tension. W hen such mucosal rents are detected, a 
complete and careful examination of the entire birth 
canal under good light and direct vision is manda
tory. Rectal mucosa lacerations are often associated 
with other injuries either to the internal or exter
nal sphincter mechanism or both, and these must 
be sought. As long as the entire injury can be visu
alized and reapproximated in layers without undue 
tension, the original tear or incision does not nec
essarily have to be lengthened. All rectal mucosal

ak
us

he
r-li

b.r
u



2 6 8  BAYER-ZWIRELLO

repairs should include two or more layers of tissue 
closed without tension above the site of the original 
rent.

Third- and Fourth-degree Lacerations
Repair of fourth-degree lacerations with proper 
identification of the various tissue layers can prove 
difficult owing to poor light, exposure, localized 
bleeding, or retraction of the various tissue planes. 
A sphincter injury must always be considered an 
important surgical issue. Such injuries are closed in 
layers using meticulous technique under the best 
light and retraction possible.

To repair a rectal mucosa tear, the apex is first 
identified. The mucosa is then reapproximated 
using a fine (000} absorbable suture, everting the 
tissue edges together. Through-and-through sutur
ing of the mucosa is best avoided. This repair can be 
performed with the operator’s gloved finger in the 
rectum to ensure that the suture does not transfix 
the mucosa.

This closure is followed by a second, imbricating 
layer of the same suture material. If bleeding is a 
problem, continuous irrigation assists in delineating 
tissue planes. It is usually best to simply press ahead 
with the repair rather than stop and attempt to 
control bleeding, unless specific bleeding vessels are 
identified. Closure of the appropriate tissue planes 
is usually rapidly hemostatic.

When the doughnut-shaped external sphincter 
(ES) has been severed (i.e., fourth-degree lacera
tion), there is virtually always a laceration of the 
higher internal sphincter (IS) as well (Figures 11.7 
and 1 1.8). It is now recognized that when the ES 
is repaired, whenever possible, reapproximation of 
the IS should also be performed. The IS is a less dis
tinct, musculofascial tissue layer that lies above the 
ES. Usually identified by its thin white fascia that 
accompanies the muscle, this layer should be reap
proximated by either an interrupted or a running 
nonlocking fine suture before the repair of the ES is 
begun. The IS layer sometimes retracts laterally but 
can usually be easily located, grasped, and drawn to 
the midline with an Allis clamp. W hether layered 
closure of both the IS and ES will improve healing 
and ensure retention of sphincter function better 
than the conventional technique, in which this layer 
was often not specifically identified or closed, is not 
known. The author favors the technique of IS iden-

FIGURE 11.7.
R ep a ir  o f  rectal sphincter (third-degree) laceration. The 
retracted ends o f  the externa l sphincter are grasped  
(A  a n d  B) a n d  reapprox im a ted  by  in terrup ted  sutures  
(C  a n d  D ). A d jacen t fa sc ia  is closed, com pleting  the 
sphincter repair. O verlapp ing  repair, ex ternal rectal 
sphincter (E). R ep a ir  o f  ep is io tom y or a n y  vag inal 
lacerations fo llow s. See text fo r  details.

tification and closure if possible because it seems to 
reconstruct normal rectal/perirectal anatomy better. 
(See Chapter 23, Birth Injury, for additional discus
sion.)

In the traditional repair of the ES, the fascial edge 
of the muscle is grasped, and simple, interrupted 
sutures of 00 or 000 polyglycolic acid (Vicryl) or 
PDS sutures are placed in the posterior, inferior, and 
superior aspects of the muscle bundle, taking care to 
incorporate the fascia. The free ends of the sutures 
are initially clamped and not tied, because immedi
ate reapproximation obscures visualization of and 
access to the remaining muscle body and fascia. 
Thereafter, two or more additional simple sutures 
are placed anteriorly to complete the closure of the 
(ES) fascia of the sphincter muscle. The best tech
nique for repair of laceration of the ES is currently 
unclear. Although most clinicians were instructed in 
an end-to-end closure technique, as outlined, over
lapping techniques are becoming popular (see Fig
ure 11.8).

Regardless of the method of ES closure, during 
the process of suture tying the operator’s finger is
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FIGURE 11.8.
(A ) R epa ir o f  fourth-degree laceration. The rectal m ucosa  
is reapproxim a ted  by  a runn ing  su ture  (B). The tissues  
fo r  the in terna l sphincter are a lso  closed  a s  a  seperate  
Payer. Then, the retracted sphincter edges o f  the in ternal 
a n d  external sphincter are identified, grasped, a n d  
reapproxim ated  by  in terrup ted  sutures (C ). See text fo r  
details.

inserted into the rectum to verify the circumferen
tial tightening of the orifice as the defect is closed. 
Once placed, the tension of these sutures is adjusted 
during sequential tying to achieve reapproximate of 
the severed tissues without undue tension or stran
gulation. In the puerperium, antibiotics are adminis
tered at the clinician's discretion. In most cases stool 
softeners or bulk laxatives are also ordered. Rectal 
surgeons in Europe favor routine antibiotic use. In 
the United States, traditionally antibiotics have not 
administered for a routine obstetric rectal sphinc
ter repair but practice is changing. This is another 
technical point that awaits additional clinical inves
tigation.

Current methods for the repair of third- and 
fourth-degree perineal lacerations are recognized 
as both inconsistent and inadequate. As long-term 
outcome studies verify, the traditional techniques

for repair of these injuries still result in a substan
tial number of long-term complications. There are 
two reasonable approaches to this problem. First, 
the focus must remain on the avoidance of poste
rior perineal injuries whenever possible. Second, we 
must learn from current prospective studies the best 
methods for repair of third- and fourth-degree lac
erations as well as critically review the possible ben
efits of ancillary therapies, including the adminis
tration of antibiotics. Finally, the potential role for 
mediolateral episiotomy in selected cases, when the 
risk of rectal injury is high, requires additional inves
tigation.

Suture Material
The choice of suture material to reapproximate vagi
nal or cervical tears or to repair an episiotomy or 
rectal injury is at the surgeon’s discretion. Despite 
theoretical considerations, infection of episiotomy 
or birth canal lacerations is uncommon and cannot 
be ascribed to the choice of suture material. Because 
of data concerning tissue reactivity and reports of 
perineal pain, the author prefers to use a polygly- 
colic acid or one of the new more rapidly dissolving 
derivative sutures for routine perineal repairs. Over 
the years, we have favored 3-0 polyglycolic acid 
[Vicryl] for most repairs and usually but not invari
ably employed 2-0 sutures for the reapproximation 
of the ES. Some practitioners now favor the use 
of fine PDS suture for sphincter repairs, believing 
that its longer tissue retention time better ensures 
complete healing. There are no reliable data on this 
point, however. The use of chromic suture material 
in the perineum is not recommended due to its high 
degree of tissue reaction. As always, control of bleed
ing, closing of dead space, leaving minimal resid
ual suture material in the wound, avoiding tissue 
strangulation, and correct anatomic reconstruction 
are the surgeon’s primary goals. These factors are 
more important to the final result than the choice 
of suture material.

Issues Concerning Episiotomy
Episiotomy during vaginal childbirth was once rou
tine and is still a common procedure in Amer
ican obstetric practice. Perineal incision to assist 
delivery was apparently first described by Fielding 
Ould in his treatise of midwifery in 1742 [63]. The
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term episiotomy was coined by Carl Braun in 1857 
and specifies a surgical procedure for incising and 
thus enlarging the vaginal introitus during child
birth [64], Anna Broomall brought the technique 
of median episiotomy to America from Austria in 
the late 19th century [65],

With the shift to hospital delivery in the early 
20th century and the popularization of episiotomy 
and prophylactic routine forceps delivery the con
cept of medical management of birth changed radi
cally from that of simple observation to one of active 
intervention. In 1918, Pomeroy advocated routine 
episiotomy for all nulliparas to limit the second 
stage and reduce pressure to the fetal head [66], 
In conjunction with this idea, DeLee introduced 
the concept of prophylactic outlet forceps with epi
siotomy in 1920 to shorten the second stage, and, 
thus, it was believed, to better protect the infant 
from intracranial injury [67J. Thereafter, and vir
tually without scientific study, episiotomy became 
a standard American obstetric procedure. In retro
spect, it is difficult to understand the near-universal 
acceptance of episiotomy for so many years. In later 
decades, it became enshrined as a belief that epi
siotomy had an even more important role in the 
avoidance of third- and fourth-degree lacerations 
and other injuries to the pelvic support tissues that 
were thought to predispose to long-term complica
tions. In previous decades, the discussion in the med
ical literature concerning episiotomy addressed only 
alternative techniques for the performance or repair 
of the incision, not the need for the operation. The 
literature of recent decades has focused instead on 
scientific inquiry into the benefits, risks, efficacy, and 
safety of episiotomy, along with follow-up studies of 
the effects of childbirth and common complications 
of obstetric procedures on rectal sphincter function 
and pelvic support [68].

Several confounding factors affect the: occur
rence of perineal lacerations resulting from child
birth. These factors include previous vaginal deliv
ery, fetal size and presentation, inherent tissue 
elasticity, operative vaginal delivery, type of anes
thesia, duration of the second stage of labor, and', as 
noted, the type of episiotomy (midline versus medi
olateral) performed [65-66,70,72,74-76].

Traditionally, and in the education of many older 
practitioners, the prevention of long-term pelvic 
floor dysfunction and uterine prolapse were cited 
as reasons for episiotomy. Labor and delivery were

understood to place a tremendous strain on the 
pelvic diaphragm and other pelvic support tissues. 
Clinicians had long associated obstetric trauma with 
both subsequent pelvic relaxation and rectal dys
function. The evidence usually forwarded to sup
port this contention includes claims of higher rates 
of pelvic relaxation among women of high parity 
than among women of low parity and associations 
between demonstrable anatomic pelvic floor abnor
malities, parity, and symptoms such as urinary and 
rectal incontinence. Part of the motivation for rec
ommending routine episiotomy was to limit the 
“physiologic" insult to the muscles and connective 
tissue of the pelvis from vaginal delivery and thus, 
in theory, to reduce the long-term sequelae of birth 
trauma [67,68,76,77],

In 1935, Aldridge and Watson studied 2,800 
primigravidas and concluded that injuries to the 
pelvic floor were substantially decreased when mid
line episiotomy and prophylactic forceps were used 
[78]. The definitions of pelvic floor injury were not 
clearly defined, however, and the episiotomy rate in 
the group studied was 20%,

In 1955, Gainey [79] reviewed examination data 
on 2,000 women for trauma sustained during par
turition. In his initial series of 1,000 patients, the 
deliveries were made without forceps or episiotomy, 
except for maternal or fetal indications. In a sepa
rate group of 1,000 patients, all deliveries occurred 
using routine outlet or low forceps with a right 
mediolateral episiotomy. Anatomic studies included 
evaluation of the urogenital diaphragm; the lev
ators, vaginal wall attachments, including detach
ment of the urethra; eystocele, rectocele, and ente- 
rocele detachment; prolapse of the vaginal walls; 
and internal as well as external sphincter tone. 
Gainey Concluded that with the exception of ure
thral detachment, pelvic damage was greater in the 
group delivered spontaneously without episiotomy. 
He claimed that each succeeding labor increased 
soft-tissue trauma, and that for multiparous women, 
if operative intervention did not occur, they showed 
significant increases in damage. In contrast, the 
patients who delivered operatively were observed 
to sustain less damage. He believed that the vagina 
was most vulnerable to injury and that detach
ment of the vagina from its retropelvic attachments 
and subsequent descent of the urethra and bladder 
neck were the most critical injuries. Thus, signifi
cant protection of the vagina and endopelvic fascia
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attachment was claimed as a benefit of episiotomy. 
Gainey did not discuss third- and fourth-degree per
ineal lacerations because he routinely employed a 
mediolateral incision. This was by no means a ran
domized study, and the influence of observer bias is 
difficult to ascertain.

In 1946, Power [74] discussed the anatomic 
sequence of events and the mechanism of changes 
in the pelvic floor during parturition and defined 
trauma arising from childbirth as the principal cause 
of pelvic floor injury. He claimed that once the 
fetus advanced to the level of the ischial spines, 
the plane of origin of the pelvic floor, the levator 
and muscular segments were already stressed. Lev
ator funneling having occurred early in nulliparous 
labor, he stated that obstetric management (i.e., epi
siotomy), at best might prevent trauma to tissue dis
tal to the ischial spines, including the vagina and the 
endopelvic fascia. Power argued that an episiotomy 
that extended up into the vaginal canal, rather than 
down toward the perineal body, before the fetal 
calvarium distended the perineum, would decrease 
trauma to both the external anal sphincters as well 
as to the vagina and endopelvic fascia. This theory 
lacks supporting data, however. Study by endorectal 
ultrasound and 3D transperineal ultrasound reveals 
subtle tears in perirectal and other tissues after nor
mal vaginal deliveries without evidence of unusual 
trauma [61]. Data connecting these occult injuries 
and long-term anal dysfunction are lacking, and 
there is no information to support the theory that 
episiotomy would prevent these lesions.

A continuing controversy with episiotomy is 
timing. Depending on how the extant data are 
weighted, early episiotomy might reduce injury to 
perivaginal and paravesical fascia, whereas late or 
outlet episiotomy results in reduced blood loss. 
Unfortunately, late episiotomy also predisposes to 
third- or fourth-degree lacerations [68],

In sum, the data claiming protection of pelvic fas
cia by episiotomy are difficult to interpret and in 
general methodologically unsound. Anal but not uri
nary incontinence: seems largely limited to woman 
who have experienced direct third- or fourth-degree 
tears. Labor is an important variable in injury 
to perineal supports. Recently, studies investigat
ing pudendal nerve and external and internal anal 
sphincter damage suggest that most perineal dam
age is secondary to vaginal delivery and associated 
with macrosomic infants and instrumentation but

not necessary to episiotomy, unless there is an overt 
rectal tear.

Unfortunately, for traditionalists, the benefits 
classically ascribed to episiotomy -  a reduced risk of 
perineal injury and easier repair, prevention of fetal 
cranial trauma, and protection of the pelvic floor 
muscle -  are either poorly documented or undocu
mented in the medical literature [68]. None of these 
is currently accepted as a valid indication for the 
procedure.

The issue of the relationship between episiotomy 
and lacerations of the perineum was long debated 
but is now settled. Early reports claimed bene
fit for episiotomy in the reduction of third- and 
fourth-degree lacerations during delivery in nulli
paras as well as in forceps-assisted deliveries [64]. 
Recent reports have yielded strikingly different data, 
however, with the near-universal observation of an 
increased incidence of third- and fourth-degree lac
erations following performance of an episiotomy 
[68,69], As an example, Shiono and coworkers [71 ] 
reported on 24,114 deliveries from The Collabora
tive Perinatal Project. Women who had midline epi- 
siotomies were nearly 50 times more likely to expe
rience perineal lacerations than were women who 
had no episiotomy. In this same study, mediolateral 
episiotomies and use of forceps were associated with 
an eightfold increase in the incidence of perineal lac
eration. Finally, nulliparous women were ten times 
more likely than multiparous women to have an epi
siotomy, and the use of forceps in the absence of an 
episiotomy was rare.

Mediolateral incisions do reduce the risk of third- 
or fourth-degree lacerations but do not entirely 
exclude these injuries. Mediolateral episiotomy inci
sions have distinct limitations. They result in more 
postpartum pain, are technically more difficult to 
repair, provide a less satisfactory cosmetic result, 
and are associated more often with dyspareunia 
and distortion of perineal anatomy than are mid
line incisions [72], How to best employ episiotomy 
and which type of incision is best if elective divi
sion of the perineum is indicated have not been 
established; both are topics are subjects of ongoing 
investigation.

Is there a correct answer concerning episiotomy7 
The traditional claims for episiotomy are not sup
ported by the best recent data [68-71,75], It 
appears that long-term adverse effects (specifically 
pelvic relaxation and incontinence) of pregnancy,
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labor and vaginal delivery are more important, and 
the benefits of episiotomy are much less than pre
viously believed [68,71,75,81], The author believes 
that the obstetric surgeon should attem pt to avoid 
episiotomy and episiotomy extensions whenever 
spontaneous and instrumental deliveries are per
formed. Despite previously held beliefs, no convinc
ing data support the various protective claims long 
made for routine episiotomy; however, it is also safe 
to say that the last word on this issue is far from 
being written.

C O MPLICATIONS OF THE THIRD STAGE 

Postpartum Hemorrhage

Hemorrhage is a common complication of preg
nancy and a leading cause of maternal morbidity 
and mortality [84-89], The incidence of postpar
tum hemorrhage (PPH) is estimated to range from 
5% to 10% of all deliveries, depending on definition. 
Approximately 5% of vaginal births are associated 
with a 1000-ml or greater blood loss [90], Approx
imately 10% of maternal deaths in Western indus
trialized countries are due to hemorrhage. Maternal 
deaths from PPH are much more frequent in the
i bird World, and World Health Organization statis

tics suggest that as much as 25% of all maternal mor
talities can be ascribed to this cause [86], The goals 
of management during a hemorrhage are rapid con
trol of blood loss, restoration of circulating volume, 
and the prevention of maternal cardiovascular col
lapse. As previously discussed, active management 
of the third stage with the routine administration of 
parenteral uterotonics can avoid many but not all 
cases of PPH.

Early PPH is defined as an episode of hemor
rhage occurring within the first 24 hours follow
ing delivery. These episodes are largely due to uter
ine atony or retained products of conception [83] 

Table 1 1.1) [8 /]. LatePPHs, defined as those occur
ring more than 24 hours after delivery but usually 
prior to 6 weeks after the parturition, are princi
pally due to placental site subinvolution, a poorly 
understood condition that is usually associated with 
chronic inflammation, or from retained products 
(secundines) or placental polyps. There are well- 
recognized difficulties in the clinical estimation of 
the volume of hemorrhage, and the range for nor
mal is wide. It is therefore best to define PPH based

TABLE 11.1 Potential Causes of Postpartum Hemorrhage 

Early
• Placental:

Secundines 
Placenta previa
Abruptio placentae/marginal sinus separation 
Placenta accreta/increta/perereta

• Uterine:
Postpartum atony
Rupture
Inversion

• Birth canal injuries:
Uterine lacerations/rupture 
Cervical lacerations 
Vaginal or vulvar lacerations

• Uncommon causes:
Intrauterine fetal demise syndrome 
Amniotic fluid embolism 
Coagulopathies
Administration of heparin/warfarin (Coumadin)

Late
• Uterine

Subinvolution of placental site/placental polyps
Chronic endometritis
Secundines
Gestational trophoblastic disease

on clinical parameters, combining observations of 
maternal signs and symptoms with visual estima
tions of total blood loss.

Although every postpartum patient has some 
potential for puerperal hemorrhage, high-risk cases 
are identified based on events of labor and deliv
ery, prior history, or preexisting medical condition. 
Women experiencing cesarean delivery receiving 
general anesthesia, or with pregnancy complicated 
by amnionitis, preeclampsia, and protracted active 
phase or second-stage arrest disorders are at an 
increased risk for bleeding. In vaginal deliveries, 
multiparity, amnionitis, and overdistension of the 
uterus from multiple gestation, hydramnios, or the 
presence of placental abnormalities such as abruptio 
placentae or accreta are additional risk factors (Table 
11.2). In selected high-risk patients with strong his
tories of prior atony or those in whom heavy blood 
loss is anticipated because of known coagulation 
or placental abnormalities, autologous antepartum
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TABLE 11.2 Clinical Associations: Postpartum 
Hemorrhage

• Uterine atony:
Tocolytic/anesthetic agents 
Multiple gestations 
High parity 
Hydramnios
Fetal macrosomia/shoulder dystocia 
Prolonged labor 
Precipitate labor 
Chorioamnionitis

• Uterine inversion:
Complete
Partial

• Birth canal lacerations:
Prolonged/precipitate delivery 
Operative vaginal delivery 
Episiotomy
Fetal macrosomia/shoulder dystocia 
Breech extraction

• Placental complications:
Antepartum hemorrhage 
High parity
Prior cesarean delivery 
Uterine (Mullerian) anomalies

• Uterine dehiscence/rupture:
High parity
Prolonged, obstructed labor 
Trauma
Operative vaginal delivery 
Previous hysterotomy scar 
Breech extraction/internal podalic version

• Coagulopathy:
Administration of heparin/warfarin(Coumadin) 
Abruptio placentae 
Amniotic fluid embolism 
Septic shock
Prolonged intrauterine fetal demise 
Hereditary coagulation defects

blood donation for potential delayed transfusion is 
appropriate.

Healthy women with normal vascular volume 
and red cell mass and good prior nutritional sta
tus can tolerate substantial blood losses surprisingly 
well. In contrast, women of poor nutritional sta
tus, marked anemia, or who have serious preex
isting medical or obstetric conditions (e.g., severe

preeclampsia, advanced insulin-requiring diabetes 
mellitus, or chronic hypertension) can develop seri
ous difficulties despite much less extensive blood 
losses. It is estimated that in some parts of the Third 
World blood loss exceeding as little as 250 ml can 
be life threatening [85],

There are other uncommon but nonetheless 
important causes of peripartum bleeding. Coag
ulation defects secondary to abruptio placen
tae, unusual placenta adherence, amniotic fluid 
embolism, or severe preeclampsia can result in 
excessive blood loss. Women with previously undi
agnosed coagulopathies such as von Willebrand’s 
disease or who are receiving anticoagulants occa
sionally experience postpartum bleeding. Beyond 
the special cases, the most common obstetric cause 
for an acquired postpartum coagulopathy is sim
ply prolonged bleeding. Severe hemorrhage progres
sively depletes clotting factors beyond the ability of 
the body to replace these substances, resulting in 
both hemodynamic problems and a coagulopathy. 
Fortunately, most significant chronic medical con
ditions are recognized prior to parturition and thus 
are managed prospectively. Nonetheless, even given 
a previously normal prenatal course, in every deliv
ery there is a small but definite possibility for an 
event that can result in sudden, unanticipated, and 
even life-threatening hemorrhage [84,91-92]

D IA G N O S IS

Vaginal bleeding is the most common sign of 
hemorrhage; however, bleeding can be occult, and 
in most cases of active hemorrhage, blood loss is 
underestimated. Occasionally, however, anxious or 
inexperienced attendants can actually overestimate 
blood loss, leading to unnecessary concern or unwar
ranted treatment.

The initial maternal response to hemorrhage 
varies and can be confusing. The usual indicators 
of circulatory function, including arterial pressure 
and pulse rate, are often normal in pregnant women 
despite substantial blood loss. In late pregnancy, the 
usual orthostatic measurements, such as the tilt test, 
often are either inaccurate or difficult to interpret. 
Thus, even with a substantial hemorrhage, ortho
static hypotension is an inconsistent sign and can 
be confused by the presence of supine hypoten
sion or anesthesia. More important signs for clini
cal attention include persisting hypotension despite
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fluid administration, delayed capillary filling at the 
periphery oliguria, patient complaints of sudden 
severe abdominal or pelvic pain, and persisting 
tachycardia with or without dyspnea. These signs 
and symptoms require prompt investigation, regard
less of the visual estimate of blood loss.

Routine blood pressure determinations are an 
imperfect means of clinical evaluation. Cuff posi
tion, maternal arm size, and the biophysical tech
nique of measurement easily alter results. Appar
ently normotensive arterial pressure readings in a 
patient with prior hypertension but blood loss can 
be confusing, as are elevated pressures when a too 
small a cuff is applied around the arm. Sympathetic 
blockade from conduction anesthesia and medical 
treatment with tocolytics, sedatives, or other drugs 
can also confuse the interpretation of arterial pres
sure data.

The most objective and least invasive of organ 
perfusion measures is hourly urinary output. In 
the absence of pharmacologic manipulation, urine 
output of >30 ml/hr from an indwelling catheter 
indicates adequate renal perfusion. In a previously 
normal patient, persisting oliguria in the face of 
observed hemorrhage strongly suggests compro
mised renal blood and an inadequate circulating vol
ume [90,92], Unfortunately, if the hemorrhage is 
sudden and severe, this parameter is not useful in 
judging immediate losses or in estimating the extent 
o! the acute fluid replacement required for resusci
tation.

If the initial hemorrhage is promptly arrested by 
obstetric maneuvers, and the maternal signs and 
symptoms improve to normal following fluid infu
sion and uterotonics alone, no additional treatment 
might be necessary (Table 11.3). The need for more 
aggressive therapy is best gauged by combining 
blood loss estimates with clinical data such as heart 
rate, arterial pressure, and evaluation of peripheral 
perfusion. In terms of patient evaluation, the author 
prefers the following simple four-stage classification 
scheme: proposed by Benedetti (Table 11.4} [88], 
Class 1 hemorrhage patients with blood losses <900 
ml (15% of blood volume] have minimal signs and 
symptoms. A Class 2 hemorrhage corresponds to 
a 20% to 25% loss of total blood volume. These 
patients normally have orthostatic changes, delayed 
peripheral capillary filling, and a narrowed pulse 
pressure. The pulse pressure narrows when there is a 
slight decline in the observed systolic pressure com-

TABLE 11.3 Management of Volume Replacement in 
Postpartum Hemorrhage

Insert:
Two large-bore intravenous lines 
Foley catheter
In selected cases: an arterial line 
Initially infuse:
1 or more liters Ringer's lactate or normal saline 

containing 20-40 IU of oxytocin 
Thereafter, administer 3 ml of crystalloid/ml of estimated 

blood loss. Aim to maintain urine output of >30 ml/hr 
while sustaining maternal arterial pressure 

Administer as uterotonics:
Ergonovine maleate (Methergine, 200 ^g IM), or 
Prostaglandin 15-methyl-F2 (Hemobate, 250 |j.g IM, or 

intramyometrial), as clinically required 
Transfuse:
Blood or blood products, as required: packed cells, 

fresh-frozen plasma, platelets, or cryoprecipitate

bined with a rise in diastolic pressure. These findings 
reflect diminished cardiac output owing to reduced 
diastolic filling combined with increased sympa
thetic tone. Women with Class 3 hemorrhage have 
lost more than 25% of their blood volume. These 
women are tachycardic and tachypneic, frequently 
have cool extremities, and are overtly hypotensive. 
Urgent treatm ent of these cases is required to avoid 
additional deterioration. Finally Class 4 patients are 
those whose intravascular losses exceed 40% of total 
blood volume. These women are usually in profound

TABLE 11.4 Classification of Puerperal Hemorrhage

Approximate or Estimated 
Blood Loss*

Class of Percentage of Total
Hemorrhage Volume (ml) Blood Volume

1 <900 15
2 1200-1500 20-25
3 1800-2100 30-35
4 >2400 40

* Clinical estimates of blood loss: are notoriously inaccurate. These1 
data m ust be combined with observations o f p u l#  rate, arterial 
pressure, capillary filling, and other signs and symptoms. See text 
for details.

Modified from  Benedetti TJ; Obstetric hemorrhage. In: Gabbe SG 
(ed): Obstetrics: Normal and Problem Pregnancies. New York: 
Churchill Livingstone, 1991:485-515, with permission.
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TABLE 11.5 Initial Laboratory Tests for Acute 
Postpartum Hemorrhage

• Hemoglobin/hematocrit/platelet count
• Blood type, antibody screen, Cross match
• Fibrinogen concentration
• Fibrin degradation product concentration
• Prothrombin time
• Partial thromboplastin time

shock, with markedly depressed or nonobtainable 
blood pressure and might or might not be lucid. 
Prompt and aggressive treatment for these women 
is mandatory to avoid permanent injury or death.

Appropriate laboratory investigations for hem 
orrhage include determination of hemoglobin/ 
hematocrit and performance of basic coagulation 
studies. A blood sample must promptly be sent to 
the blood bank for crossmatching for blood and 
blood products (Table 11.5). Clinicians must rec
ognize that the demand for definitive therapy might 
not permit waiting for the return of laboratory data. 
Deciding to administer blood or blood products 
acutely or to perform surgery in a case of serious and 
acute obstetric hemorrhage depends principally on 
clinical observations and not the results of laboratory 
tests.

M A N A G E M E N T

Hemorrhage observed immediately after delivery 
warrants a prompt assessment. If the problem is sus
pected to be atony and the placenta is retained, man
ual removal is indicated. A complete inspection of 
the birth canal for lacerations and the placenta for 
intactness follows. If the placenta is thought to be 
incomplete, even if the hemorrhage has apparently 
abated, either an intrauterine manual exploration 
or a real-time ultrasound scan of the uterus should 
be performed. If the cervix is not widely dilated 
or there is no anesthesia, it is best to proceed first 
with the ultrasound scan. If the ultrasound study is 
suspicious for secundines, a manual uterine explo
ration or, if the patient is under anesthesia, a curet
tage is indicated for atony, best initial treatment is 
often bimanual compression (see Figures 11.9 and
11.10). Rarely, a manual exploration uncovers an 
occult uterine rupture or other pathology, em pha
sizing the importance of this basic examination.

Postpartum Hemorrhage 
i

Atonic

Figure 11.10

Manual removal 
Uterine exploration

Uterine laceration 
Inversion, rupture

Secundines/incomplete Atonic uterus 
placental removal

Suction/sharp
curettage

- 4  , , l i r ^ r  Continue oxytocin &
Admisister 15-MPGF close observation
Ergot v

Uterine massage/compression, 
observation ____

Persisting
hemorrhage

Exploratory Laparotomy
•Vessel ligation: Uterus, 
uteroovarian, hypogastric arteries 

•Total or partial hysterectomy 
•Repair/replacement of uterus 
•Uterine packing (?)

FIGURE 11.9.
General management scheme for postpartum  
hemorrhage. (Modified from Beydoun SN: Postpartum 
hemorrhage and hypovolemic shock. In: Hassam F (ed): 
Diagnosis and Management o f  Obstetric Emergency. 
Menlo Park, CA: Addison-Wesley, 1982:195-213, with 
permission).

If the uterus remains atonic, an intravenous infu
sion containing 20 to 40 units of oxytocin in 1000 
ml of an isotonic salt solution such as Ringer’s lactate 
or normal saline is administered rapidly. Volumes of 
500 ml of fluid or more per 10 minutes might be 
required to stabilize maternal vital signs, depending 
upon the extent of the blood loss.

Close reevaluation of vital signs and symptoms 
after rapid volume expansion helps to gauge the 
need for the administration of blood or blood prod
ucts. The goal of the initial supportive therapy is to 
maintain uterine tonus and maternal pressure and 
sustain a urinary output of 30 ml/hr. Ongoing blood 
losses are replaced with crystalloid at an approxi
mate 3-to-l ratio.

If the uterus responds poorly to the administra
tion of uterotonics and massage, other methods of 
treatment are necessary. Colloidal solutions as vol
ume expanders have a limited role in fluid resusci
tation as they are associated with more complica
tions than crystalloids. These solutions should not 
be routinely administered. If the uterus does not 
firm promptly after the initial brisk infusion and
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Firm uterus 
P lacenta out 
and intact

Examine 
birth canal

FIGURE 11.10.
M anagem en t o fp o s tp a r tu m  hem orrhage w ith firm  uterus 
fo llow ing  rem ova l o f  in tact p lacenta . (iModified from 
B eyd o u n  SN : P ostpartum  hem orrhage a n d  hypovo lem ic  
shock. In: H a ssa m  F (ed): D iagnosis a n d  M anagem en t o f  
O bstetric Emergency. M en lo  Park, C A: A ddison-W esley,
1982:193-213 , w ith  p e rm is s io n ) .

bleeding persists, methylergonovine maleate 200 
(Jtg [Methergine] or, in the absence of hyperten
sion, 250 (jig of 15-methylprostaglandin-F2-alpha 
(Hemabate), is administered intramuscularly. In 
patients known or suspected to have reactive air
way disease, misoprostol (PGE1, Cytotec} can be 
administered per rectum at the dose of 0.8 mg 
to 1.0 mg as an alternative but might not be 
as effective as the other uterotonics. Continued 
atony might require the administration of additional 
doses of 15-methylprostaglandin-F2-alpha, miso
prostol, or methylgonovine every 20 to 30 minutes 
for four or more doses. At cesarean delivery, 15- 
methylprostaglandin-F2-alpha is commonly admin
istered intramyometrially in cases of hemorrhage, 
but there are no data to suggest that this form of 
administration is more rapid or effective than the 
usual intramuscular technique. Intravenous bolus 
injections of undiluted oxytocin, methylgonovine, 
or 15-methylprostaglandin-F2-alpha are contraindi
cated. The failure to control the hemorrhage after

three or perhaps four doses of F2-alpha, an ergot 
derivative, or misoprostol indicates that medical 
management alone will probably fail, and alternative 
methods of treatment are necessary (Figure 11.10}.

In severe hemorrhage due to unresponsive atony, 
techniques such as bimanual uterine compression, 
gauze packing, or the use of an intramyometrial bal
loons can reduce blood loss until blood or blood 
products are obtained or preparations for surgical 
intervention or embolization are completed. (See 
Chapter 18, Cesarean Delivery and Surgical Sterl- 
ization.}

Gauze packing of the uterus, although popular 
previously, is now rarely performed except by prac
titioners trained in prior decades. There is continued 
interest in this procedure, however [93-98], Pack
ing should be performed by experienced clinicians 
only, while potent uterotonics are administered con
comitantly. Packing has a limited but occasionally 
important role in management and is still useful as 
a temporizing measure to reduce blood loss while 
blood is being obtained, assistance is summoned, or 
until the patient can be transferred to an operat
ing suite or the radiology service for embolization. 
Before packing is attempted, uterine rupture, genital 
tract lacerations, and retained secundines are to be 
excluded by examination and ultrasound scanning.

If packing is chosen, it may be performed with a 
specialized instrument such as the Torpin packer or 
more simply by using a vaginal speculum and ring 
forceps. To achieve an effective tamponade, it is nec
essary to firmly pack as much of the uterine cavity 
as possible without leaving voids. As usually prac
ticed, as many yards as necessary of 1- or 2-inch 
plain gauze with or without initial soaking in a vaso
pressin (Pitressin}/saline solution (10-20 units/250- 
500 ml normal saline) are firmly packed into the 
atonic uterus using a long ring forceps while another 
instrument grasps the cervix for counter traction. 
Packing can be performed blindly or under real
time ultrasound guidance. Traditionally, plain gauze 
has been used as the packing material, but iodine- 
impregnated gauze can be substituted. All gauze 
strips must be securely knotted together. Some clin
icians pack the vagina as well as the uterus. There 
is no consistency in approach, nor are there any 
data favoring one method over another. The the
ory of vaginal packing is presumably that it better 
retains the uterine pack, helping to avoid voids and 
areas of incomplete compression. The problem of
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vaginal packing is that it provides a large area for 
the sequestration of blood if hemorrhage from the 
uterus continues, potentially misleading the clini
cian into the assumption that the hemorrhage is con
trolled. When a packing is inserted, a Foley catheter 
is required because spontaneous voiding will not 
be possible. The author usually places a suture in 
the last portion of the packing, removes the needle 
and then ties a knot, leaving the suture ends long. 
The remaining ends are then loosely tied around the 
Foley catheter, and the end of the pack is tucked into 
the vagina. When the time for removal comes, the 
suture loop around the Foley catheter is located, the 
knot severed, and the pack end is then easily with
drawn.

In terms of its physiology, a uterine pack directly 
compresses the wall of the myometrium, thus 
mimicking uterine contractions. This compresses or 
occludes myometrial vessels and arrests the bleed
ing. An intrauterine compression balloon works in a 
similar fashion [102-105]. If it is elected to attempt 
a balloon, either one or more Foley catheters with 
large bulbs can be inserted into the uterus [104] or 
a Sengstaken-Blakemore tube [105] or a commer
cially available balloon can be substituted. (Figure
11.11) [103]. Effective compression devices have 
even been constructed on site from intravenous tub
ing and a rubber glove or a condom [105], The 
commercial balloon looks like a large Foley catheter 
[90g]. It is inflated with up to 500 ml of normal 
saline, as required. Intrauterine balloon insertion 
may be easier than traditional packing if the equip-

FIGURE 11.11.
C ook balloon for nltrauterine tam ponade.

ment is immediately available. Although balloons 
are potentially more convenient than gauze packing, 
there are no comparison data concerning efficacy. 
In theory at least, a balloon should be less likely to 
hide blood loss than a pack, the intrauterine pres
sure can be modulated as required, and the entire 
uterine cavity is simultaneously compressed without 
the risk of voids. If either packing is performed or a 
compression balloon is inserted and the technique 
proves successful in arresting the hemorrhage, the 
pack or balloon is left in place for at least 12 hours, 
and broad-spectrum antibiotics are administered.

The usual complaint against packing -  which 
could also be leveled against balloon tamponade -  
is that the procedure is nonphysiologic because it 
prevents uterine contractions, hides hemorrhage, or 
introduces infection. These arguments are not sup
ported by clinical experience, however. Packing and 
other forms of internal uterine compression, includ
ing intrauterine balloon or Foley use, should remain 
in the repertoire of obstetric surgeons. One or more 
of these techniques could well prove useful and even 
lifesaving in a specific clinical circumstance.

Persisting hemorrhage in the face of an intact 
placenta and a firm uterus demands other consid
erations. An occult uterine inversion, uterine rup
ture, or a cervical or vaginal laceration must be 
promptly excluded. The entire birth canal should be 
immediately examined under good light and retrac
tion, with the uterus carefully palpated. As lac
erations or hematomas are identified they should 
be sutured, evacuated, or, if necessary, packed. 11 
an incomplete inversion is diagnosed during the 
manual exploration, the uterus must be promptly 
returned to the anatomic position, as discussed 
later. Perineal hematomas are usually obvious and 
present as an acute, painful swelling involving the 
vulva, perineum, ischiorectal fossa, or paravaginal 
tissues. Hematomas developing high in the pelvis 
or extending upward into the broad ligament or 
other retroperitoneal areas are difficult to identify, 
despite careful examination. Often but not invari
ably in these cases, palpation of the upper vagina and 
the inguinal region either identifies a mass or notes 
persisting lateral deviation of the uterus. In difficult 
cases, prompt real-time ultrasound examination or 
other imaging studies are helpful in establishing the 
correct diagnosis.

If small vaginal or perineal hematomas are identi
fied, the parturient is hemodynamically stable, and
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the mass is not observed to increase in size, these 
are best managed expectantly. Enlarging hematomas 
resulting in severe pain or associated with signs 
or symptoms of cardiovascular compromise require 
surgical exploration, however. At surgery, ligation of 
any bleeding points, obliteration of the hematoma 
cavity (usually by packing], and drainage are per
formed. If a high hematoma is present, laparo
tomy and vessel ligation or embolization are some
times necessary for control of bleeding. (See Chap
ter 18, Cesarean Delivery and Surgical Steriliza
tion, for additional discussion.) If hemorrhage per
sists despite a normal intrauterine exploration, care
ful evaluation of the birth canal, administration 
of uterotonics,; and the use of intrauterine com
pression pack or balloon, selective angiography can 
be performed. At angiography, bleeding vessels are 
identified by the injection of radiopaque dye and 
then directly embolized [99-101,106]. This pro
cedure has a high efficacy rate and an acceptably 
low incidence of complications. In many institu
tions, although embolization is available, it might 
not be immediately available. Embolization can be 
of great assistance when there is some but not com
plete control of bleeding and immediate laparotomy 
is not mandated by the patient’s condition. In these 
circumstances, if administration of blood, blood 
products and crystalloids can maintain the m other’s 
cardiovascular status, there is sufficient time to 
assemble a team and attem pt an embolization 
procedure.

Temporizing measures such as balloon insertion, 
uterine massage, administration of uterotonics, and 
even embolization can fail or in some instances 
are not available or appropriate. In these circum
stances, exploratory surgery is performed. When 
the cause for the persistent uterine bleeding arises 
from atony or laceration, bilateral ligation of the 
uterine and utero-ovarian arteries can be quickly 
performed (modified O ’Leary technique) to either 
control or reduce the hemorrhage. In cases of 
atony, other types of surgical control of hemor
rhage such as the B-Lynch (or another type of com
pression sutures) are also appropriate. Ultimately, 
hysterectomy might be required to control bleed
ing, depending on the patient’s condition and her 
response to prior therapy [85,108,109],

In the O'Leary technique, for direct ligation of 
the uterine artery, the uterus is elevated by an assis
tant and deviated laterally [107], An area close

to the uterine isthmus is exposed, and a No. 1 
absorbable suture (chromic or polyglycolic acid) 
is then passed through 1 cm of the myometrium, 
at approximately the level of the endocervix. The 
suture is next passed through an avascular segment 
of the broad ligament, with the appropriate site cho
sen by transillumination. This suture is then firmly 
tied either anteriorly or posteriorly, with attention 
to not inadvertently incorporating neither the bowel 
nor the omentum. When the body of the uterus 
is the source of hemorrhage, uterine artery liga
tions (O ’Leary) are much easier and safer to per
form and more likely to be effective than ligating 
the hypogastric arteries, as no retroperitoneal dis
section is required, and the course of the ureter is 
not of concern and surgical access is difficult at best 
[108],

When the problem is atony, either the B-Lynch 
or one of the other types of compression sutures, 
or direct oversewing of the placental site can be 
effective in controlling postpartum hemorrhage 
unless there are other contributing factors (e.g., pla
centa accreta or percreta) [85,110]. The B-Lynch 
suture (brace suture) is usually performed using 
a 1 chromic or polyglycolic suture. The original 
report described its placement through a trans
verse myometrial cesarean incision. We find this 
to be unnecessarily complex. We favor the use of 
one of the variations of this procedure, employ
ing simple through-and-through sutures placed in 
the myometrium and passing across the fundus. 
In our experience this technique is successful and 
much less difficult to conduct. Placement of any 
compression suture requires that attention be given 
to ensure drainage of the endometrial cavity, as 
a hematometrium or a pyometrium are potential 
complications.

In the modified B-Lynch technique that we rec
ommend, an assistant supports the uterus while the 
primary surgeon passes a suture (No. 1) through 
the myometrium anteriorly to posteriorly, at the 
level where a low transverse uterine incision is nor
mally placed (i.e., approximately 2 cm medial to the 
edge of the uterine wall). The suture is then passed 
over the fundus. A knot is made and subsequently 
slowly drawn tight and then secured. This com
presses the myometrium, resulting in an unusual M- 
shaped appearance, mimicking the effects of biman
ual compression. (See Chapter 18, Cesarean Deliv
ery and Surgical Sterilization.)
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Other clinical situations require the use of differ
ent approaches. Rarely, in the case of a retroperi
toneal hematoma, persistent bleeding after hys* 
terectomy, or a high paracervical laceration, a 
unilateral or bilateral hypogastric artery ligation is 
required to control bleeding. Occasionally, the feed
ing vessels arise directly from the hypogastrics or 
their branches, and not simply from the uterine 
artery [108], (Chapter 18, Cesarean Delivery and 
Surgical Sterilization.}

If a vessel ligation or compression sutures do 
not control the hemorrhage, a rapid supracervical 
or complete hysterectomy becomes necessary. In 
extreme instances, manual compression of the aorta 
above the bifurcation assists in acute patient stabi
lization. The reason for progressive vessel ligations 
and the use of compression sutures is because an 
emergency hysterectomy for exsanguinating obstet
ric hemorrhage is a potentially morbid event. 
Ureteral injury, cardiac arrest, septic pelvic throm 
bophlebitis, and maternal death are possible seque
lae [92,109],

If unfamiliar with any of these specialized tech
niques for vessel ligation or placement of compres
sion sutures, the treating physician should request 
assistance from a gynecologic surgeon or another 
experienced obstetrician. It is well to remember 
the potential benefits of radiographic embolization 
because when possible, this technique is highly 
effective in controlling hemorrhage and avoids the 
myriad complications of major abdominal surgery 
[99,106],

Late Postpartum Hemorrhage
Late postpartum hemorrhage is usually attributed to 
the poorly understood condition termed subinvolu
tion. Retained products (placental polyps), chronic 
endometritis, or previously undiagnosed uterine or 
cervical tumors are possible additional causes [87], 
Rarely, gestational trophoblastic disease presents 
in this fashion. In the usual case of subinvolu- 
tion, the uterus is enlarged, boggy, and occasion
ally slightly tender to palpation. An endometrial 
biopsy will reveal plasma cell infiltrates or other his
tologic evidence suggesting chronic inflammation. 
Real-time ultrasound is useful in identifying candi
dates for curettage or other surgery, because occa
sionally occult secundines or other masses such as 
placental or endometrial polyps are identified within

the uterus. If the diagnosis, is simple subinvolution, 
scanning usually does not identify much beyond a 
nonspecific enlargement of the uterus and the pres
ence of scant echogenic material within the cavity. 
Large amounts of retained products are normally 
easily identified. As ultrasound scanning cannot dis
tinguish between intrauterine clots versus small 
amounts of decidual debris, judgment is neces
sary in determining which cases should go imme
diately to curettage versus those in which a less 
aggressive approach is possible [14]. If retained 
products of conception are not identified or sus
pected, and prompt control of bleeding follows 
the administration of a uterotonic (e.g., intra
venous oxytocin, an ergot derivative, or a combined 
prostaglandin with a broad-spectrum antibiotic), 
expectant management is usually best. The usual 
treatm ent for subinvolution is to administer a broad- 
spectrum antibiotic such as doxycycline (100 mg 
bid for 5 to 7 days, if the patient is not nursing a 
broad-spectrum cephalosporin if she is) combined 
with a potent uterotonic such as methylergonovine 
maleate (Methergine; 200 |xg PO, 96 hours for 4 
to 6 doses). A curettage is required, however, if 
secundines are suspected or if the bleeding persists 
or recurs after a trial of expectant management. In 
cases requiring curettage, real-time ultrasound in the 
operating suite can assist the surgeon both in the safe 
placement of surgical instruments and in ensuring 
that the uterus is empty.

Uterine Atony/Inversion
Both uterine atony and inversion can result in exsan
guinating hemorrhage. As mentioned previously the 
risk of atony is substantially reduced but not elimi
nated by active management of the third stage and 
routine use of uterotonics. Atony has several impor
tant clinical associations [32], Atony is more com
mon when the uterus is overdistended, especially 
after delivery of a macrosomic infant or a multiple 
gestation. Infection and abruptio placentae also pre
dispose to atony, as does prolonged oxytocin stimu
lation, precipitate labor, and the use of halogenated 
anesthetic agents, although the later are rarely used.

Treatment for atony initially includes the admin
istration of uterotonics, uterine massage, and, occa
sionally, direct uterine compression (Figure 11.12). 
As discussed earlier, uterine packing, placement of 
an intrauterine balloon, vessel ligations (O ’Leary),
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FIGURE 11.12.
B im a n u a l uterine com pression  fo r  a tony/hem orrhage.

a B-Lynch or other surgical compression proce
dure, uterine artery embolization, or hysterectomy 
might be required for control if a true hemor
rhage ensues [85,87,92], Parenteral administration 
of uterotonics combined with uterine massage, 
to prompt myometrial contractions, is the initial 
therapy. A dilute solution of 20 IU to 40 IU of oxy
tocin in a non-glucose-containing balanced salt solu
tion is administered intravenously at a brisk rate. 
If bleeding continues despite oxytocin, or if the 
uterus relaxes after massage is stopped, then an ergot 
derivative or one of the prostaglandins is adminis
tered. If medical management fails, an endometrial 
balloon, packing, arterial embolization, selective 
vessel ligation, brace/compression suture place
ment, or hysterectomy should be considered.

Uterine Inversion
Uterine inversion is an uncommon postpartum com
plication that occurs in from 1/2,000 to 1/20,000 
deliveries [22,112,116-125], Uterine inversions are 
usually described as either partial or complete, with 
or without placental attachment, and either acute 
or, very unusually, chronic. Incomplete inversion

FIGURE 11.13.
M a n u a l reduction o f  uterine inversion. (A ) D epicts a  
com plete uterine inversion  w ith sp on taneous p lacen ta l 
separa tion . Vaginal replacem ent invo lves adm in istra tion  
o f  a  tocolytic a n d  gentle hu t s tea d y  u p w a rd  pressure  
(B, C) to reduce the inversion  (D ). U terotonics are then  
adm in istered , a n d  the p a tien t is observed  closely fo r  
p o ss ib le  reinversion.

occurs when the fundus of the uterus partially 
indents, but the uterus does not entirely evert. This 
type of partial inversion is difficult to diagnose until 
a uterine exploration is performed. Several varia
tions of partial inversion are possible, but in most 
the cervix is usually palpable as a distinct anatomic 
structure (Figure 11.13). The principal risk fac
tors for inversion are a flaccid lower uterine seg
ment combined with a fundal placental implanta
tion, occasionally but not invariably assisted by cord 
traction or fundal pressure.

Acute uterine inversion requires prompt diagno
sis and restoration of the usual uterine contour as 
rapidly as possible by either physical manipulation 
or surgery, because blood loss is characteristically 
both sudden and severe [22,114,116,119], In the 
absence of an accreta, early diagnosis with prompt 
uterine replacement will often avoid the need for a 
surgical exploration.

The presumed predisposing factors for inversion 
are so common but the actual event so rare that 
which concatenation of events is necessary to pre
dispose the uterus to invert in a given case remains
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unknown. In general, inversion occurs in association 
with fundal implantation of the placenta, unusual 
placental adherence (i.e., accreta, increta, percreta), 
and Mullerian abnormalities such as a bicornuate 
uterus [112,114,121],

Incompetent midwifery with inappropriate cord 
traction has long been taught as the cause for 
inversion; however, this explanation does not 
explain all instances. This association remains valid 
if excessive cord traction is performed when the pla
centa is not separated and the uterus remains flaccid, 
however [22,119], An unpublished retrospective 
study of 16 cases (of 26,000 deliveries) in Toronto 
by the author found cord traction to be an impor
tant factor in 11 of 16 cases, with fundal implanta
tion present in 60%. Forty percent of the inversions 
occurred without a history of cord traction or fun
dal massage/pressure, however. In fact, spontaneous 
inversion is occasionally observed at cesarean deliv
ery. In a recent review of 40 uterine inversions, one 
half occurred with cesareans, with an overall five 
times higher rate compared with vaginal deliveries 

[22]-
Historically, in either acute or chronic uterine 

inversion, maternal mortality rates were high. The 
mortal risk of nearly 18% for inversion was reported 
as recently as 1953 [121], In recent decades, how
ever, fatalities from this condition have become rare, 
except in neglected cases. With better understand
ing of this disorder and more aggressive obstetric 
management, the risk to the m other’s life from an 
inversion is now less than 1%.

If the uterus inverts externally, the correct diag
nosis is usually immediately apparent and frequently 
dramatic. A large, regular, and erythematous mass 
suddenly presents at the introitus, often with the 
placenta still attached. A hemorrhage of rapid onset 
commonly accompanies the pelvic/vaginal mass, 
and the uterine fundus is usually not palpable. A 
partially prolapsed or incomplete inversion is a more 
subtle condition, at times presenting only with sud
den postpartum hemorrhage and shock. Incom
plete cases are often misdiagnosed initially as a 
prolapsing leiomyoma, the expulsion of a retained 
placental fragment, or a succenturiate lobe [118]. 
Infrequently, chronic partial inversion occurs. These 
most unusual cases present as late as several days 
postpartum, with patients having signs and symp
toms that include complaints of chronic bleeding, 
vaginal discharge, and pelvic pressure. On physi

cal examination, the uterus feels unusually globu
lar and enlarged (although the fundus cannot be felt 
rounded as usual) and secundines are commonly sus
pected as the principal diagnosis. If a chronic inver
sion is diagnosed and there are no acute symptoms, 
some suggest waiting for complete involution of the 
uterus (6 weeks) prior to repair or restoration. The 
reason for this waiting period is unclear, however. 
There is at least one case report of a patient with 
chronic incomplete inversion and infarction of the 
uterine fundus necessitating hysterectomy [122]. 
The prompt restoration of the uterus to its normal 
position once the diagnosis of any degree of inver
sion is made is strongly recommended.

Treatment of an inversion must be prompt, 
because delay results in the formation of a constric
tion ring, excessive blood loss, and tissue edema, 
all of which progressively render uterine restora
tion more complicated and more difficult. There 
are three important features to proper manage
ment. First, blood losses commonly are heavy and 
exceed the clinical estimates. Second, returning 
the uterus promptly to its normal position avoids 
the development of a constriction ring, which ren
ders the process of restoration much more diffi
cult. Third, administration of uterotonics is con
traindicated until the uterus has been replaced; then 
aggressive treatm ent is needed.

S U R G IC A L  T R E A T M E N T

Once the diagnosis is established, immediate 
replacement should be attempted while active 
hydration is administered. Prompt replacement is 
successful approximately 40% of the time or more. 
The technique for replacement is discussed later. 
If immediate replacement fails, active fluid resus
citation is continued, an intravenous tocolytic is 
administered, and a more extensive procedure is 
required in the operating suite. In modern practice, 
most parturients will have had epidural anesthesia, 
which provides analgesia for vaginal manipulations 
but not the profound uterine relaxation required for 
replacement.

The parturient is next transferred to the operating 
suite, and experienced help summoned, including 
senior obstetric staff an anesthesiologist, and sur
gical assistants. If not already in place, large-bore 
intravenous needles are inserted for fluid resuscita
tion, and blood should be drawn immediately for
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cross matching, because hemorrhage accompanies 
virtually all cases of inversion, and shock appears 
in up to 40% of cases [22,118,119], Many of these 
women require aggressive fluid and blood transfu
sion to stabilize their vital signs and restore losses.

Most cases of uterine inversion are easily treated 
by prompt vaginal replacement of the prolapse 
by manual pressure (Johnson maneuver) per
formed per vagina either with parenteral tocol
ysis under epidural anesthesia or, if necessary, 
under general inhalational anesthesia (see Figure
11.13) [22,119,124,125,127-130,133,137], The 
classic clinical rule for treatment of inversion is “last 
out, first in.’ Working with finger pressure, the sur
geon begins lateral to the central mass and progres
sively presses the prolapsed tissue upward in a circu
lar pattern until the complete mass is returned to its 
normal contour within the pelvis/lower abdomen. 
Usually, with tocolysis, this procedure is relatively 
easy Once the fundus (with or without placenta) 
is replaced, uterotonics are administered while the 
surgeon maintains his or her hand within the uterus 
until myometrial tone returns. Immediately after 
replacement, attention to the position of the uterus 
is necessary, because prompt reinversion is com
mon. If the inversion is complete and the pla
centa remains intact, manual replacement is best 
performed first, before attempting to remove, the 
placenta. Placenta accreta occasionally accompa
nies inversions. If the placenta does not sepa
rate entirely while the uterus remains inverted, 
additional and usually severe blood loss is likely. 
This loss can compromise the chances for the 
m other’s recovery. Best practice is to first restore 
the uterus to its anatomic position, and then sup
port the maternal cardiovascular function by restor
ing circulating volume and red cell mass. Once the 
uterus is replaced and contracts, the placenta should 
separate spontaneously. If not, then manual removal 
is required. If an accreta is encountered, it will need 
management in the usual fashion for unusual pla
cental adherence.

Occasionally in older but in some recent litera
ture concerning inversion, the comment was made 
that the degree of shock seen in women with inver
sion was out of proportion to the estimated blood 
loss [126,127,130], It was presumed that there 
was a neurogenic mechanism responsible, owing to 
intense parasympathic stimulation resulting from 
stretch to the uterus and its adjacent structures. The

principal clinical markers of this condition included 
evidence of shock accompanied by bradycardia or 
peripheral vasodilatation [130], Most literature does 
not support this hypothesis. It seems more likely that 
actual blood losses from inversion are simply more 
severe than clinicians estimate and that this hem
orrhage is sufficient to explain the observed shock 
state [105c].

In terms of technique, uterine relaxation is 
often needed to restore a complete inversion. The 
author’s preference for relaxation is the adminis
tration of intravenous nitroglycerin [129,132,134], 
With nitroglycerine, each case is an individual titra
tion. Initially, a dose of 150 |jug to 200 |xg is admin
istered. Thereafter, if relaxation is insufficient, addi
tional boluses of 100 (jLg to 150 jjig are administered 
several minutes apart, as required until the desired 
effect or a total dose of 500 |xg is reached. The 
most important maternal side effect of nitroglycer
ine is transient hypotension. Nitroglycerine should 
be used with caution in patients already compro
mised by low vascular volumes from prior hemor
rhage, especially in cases complicated by preeclamp
sia or chronic hypertension. O ther possible tocolytic 
agents include intravenous terbutaline given in doses 
of 150 |xg to 250 |xg or intravenous magnesium sul
fate in a dose of 4 g to 6 g [123,124], Because of their 
delayed onset of action and potential side effects, 
there is no reason to favor these agents over nitro
glycerine.

An unusual technique for replacement is hydro
static [135]. In this unique method, originally 
described by O Sullivan, the introitus is tampon- 
aded either by the surgeon’s forearm, or a plastic 
vacuum extractor is inserted into the vagina for the 
same purpose. Warmed sterile saline or water is then 
introduced into the vagina via an intravenous line 
or the vacuum port of the vacuum extractor. The 
progressive filling of the vaginal vault exerts suffi
cient pressure to slowly return the uterus to its nor
mal position. The success rate or the efficacy of this 
technique in comparison to manual replacement 
is unknown, but successes of this unusual method 
have been reported.

Abdominal Approach
If replacement under tocolysis fails, an abdominal 
exploration or a combined vaginal/abdominal pro
cedure is required to replace the uterus surgically
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FIGURE 11.14.
Surgical reduction o f  uterine inversion. U terine inversion  
tha t cannot be reduced m a n u a lly  requires p ro m p t 
surgical exp lora tion  a n d  correction. A  relieving  
m yom etria l incision (A ) p erm its  reduction. Then the 
m yom etria l defect is su b sequen tly  repa ired  in layers, as  
required  (B, C). See text fo r  deta ils

[ 136-138]. There are several abdominal approaches 
described for uterine inversion. These procedures 
are discussed in additional detail in Chapter 18, 
Cesarean Delivery and Surgical Sterilization, and 
only a brief outline is given below.

In the Huntington procedure, the abdomen is first 
entered by a low, transverse Pfannenstiel-type inci
sion [136], Visualization of the bizarre-appearing, 
classic inverted uterine “funnel," with the round, 
broad, and utero-ovarian ligaments disappearing 
into the vagina, confirms the diagnosis (Figure
11.14). Either an inhalational agent that relaxes 
the uterus or a parenteral tocolytic is administered, 
and a gloved assistant is stationed at the perineum. 
From above, the wall of the uterus or the round 
ligament is grasped approximately 2 cm below the 
constriction ring with Allis or similar clamps. Alter
natively, a No. 1 suture of Vicryl or chromic in 
a figure-of-8 stitch can be placed in a midpor
tion of the fundus, if it can be visualized. The 
inverted organ is slowly pulled upward by progres
sively grasping the uterine tissue as it advances, aided 
by constant, upward pressure provided by the vagi
nal assistant on the traction suture. With the uterus 
restored to its normal contour, a uterotonic such as

15 methylprostaglandin-F2-alpha is administered. 
Prior to closing the abdomen, the surgeon should 
observe the uterus closely for several minutes to be 
certain that it firms normally and does not reinvert.

The second technique for surgical correction of 
inversion is the Haultain operation [138], This dif
fers from the Huntington procedure in that the ring 
of the inverted uterus is incised posteriorly to relax 
the opening of the funnel, thus easing the reinver
sion. This technique is best for chronic or silent 
inversions when the uterus has been inverted for a 
prolonged period, a situation that usually precludes 
a simple mechanical replacement procedure due to 
the formation of a dense retraction ring.

The Spinelli operation is a vaginal surgical proce
dure for inversion. In this rarely attempted oper
ation, an anterior vaginal colpotomy is first per
formed, followed by an incision in the cervix and 
then the lower uterine segment. The uterus is then 
replaced by simple upward pressure, and the sur
gical incisions are then closed. A second possible 
vaginal approach is the Kustner procedure. In this 
operation, a posterior colpotomy is made. A poste
rior incision through the cervix and lower uterine 
segment is also performed, and uterine reposition
ing is then conducted followed by the usual repair 
of the incisions. Neither of these vaginal procedures 
is recommended because of the risks of the inci
sion entering or extending into the bladder, ureter, 
or major vessels. An additional problem is the poten
tial risk of cervical insufficiency in these women in 
subsequent pregnancies.

Abnormal Placental Adherence
As previously discussed, in uncomplicated cases, if 
the placenta has not delivered by 30 minutes after 
delivery of the infant, the placenta is considered 
retained and intervention is indicated [140,141], 
Usually 90% or more of placental deliveries occur 
within this period of time. Hemorrhage associated 
with a retained placenta requires immediate evalua
tion and treatment, however, regardless of the time 
elapsed. In general, placental retention is associated 
with prem aturity placenta accreta/increta/percreta, 
and cervical entrapment or for unknown causes 
[141], Whenever the placenta does not separate nor
mally, there is a finite possibility of severe hemor
rhage or placental fragmentation, possibly requiring
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a curettage, transfusion, or even hysterectomy. Man
agement depends on the clinical circumstances.

To differentiate an entrapped but separated pla
centa from a partially adherent placenta requires a 
manual uterine exploration. If a placenta has been 
retained for a short time and bleeding is minimal, 
dilute intravenous oxytocin is administered to speed 
separation [142], As previously discussed, if the 
placenta is retained, before proceeding to a man
ual removal, either drainage of placental blood or 
umbilical venous injection of a dilute oxytocin solu
tion can be attempted. There is no risk to these 
maneuvers and some, albeit limited, data to suggest 
efficacy. If treatment is successful, further difficulty 
is avoided, and if the effort fails, nothing has been 
lost. In the somewhat unusual situation that the pla
centa has separated but remains entrapped within 
the uterus, blood can collect inside the cavity result
ing in an expanding fundal height. Under these cir
cumstances, if the placental mass tamponades the 
cervix, the observed bleeding can be minimal.

Placenta accreta and the other, more severe types 
of abnormal placental adherence result from abnor
mal trophoblast invasion of either the myometrium 
(increta) or the myometrium and adjacent tissues 
(percreta). In placenta accreta, the villi are adher
ent to the myometrium, and normal separation can
not occur. An accreta can be complete, involving 
the entire placenta, or only partial. With complete 
accreta, no plane of cleavage is found when manual 
placental extraction is attempted; the placenta will 
come away in fragments, usually accompanied by a 
sudden and substantial hemorrhage. If the accreta is 
partial, a plane of cleavage can be found, but it does 
not continue throughout the placental disc. While 
the diagnosis of accreta is histologic, as a practical 
matter, the clinical findings at the time of attempted 
placental removal are so characteristic that the clin
ician is rarely in doubt concerning the correct diag
nosis.

Placenta accreta/increta/percreta is associated 
with advanced parity, low-lying presentation (pla
centa previa), Mullerian anomalies, or preexisting 
uterine scars, especially prior cesarean delivery scars 
[144,145], With the rising cesarean delivery rate, 
the incidence of placenta accreta has also increased 
substantially. Endometrial damage from any source, 
including a prior cesarean delivery or Asherman’s 
syndrome, increases the risk of unusual placental 
adherence by several-fold [8,146], When there has

been a prior cesarean, the risk of accreta increases 
if the placenta in the current gestation implants 
over the prior cesarean scar. Women with accreta 
often but not invariably also give a history of mid
trimester bleeding. Such a history of mid-trimester 
bleeding or the rotation of an elevated AFP in 
the mid-trimester combined with a review of the 
woman’s prior surgical background should prompt 
ultrasound scanning which can often identify sus
pect cases in advance of labor.

The etiology of placenta accreta or percreta is 
unknown but is likely associated with an abnor
mal maternal-fetal immunologic relationship at the 
cellular level, leading to abnormal trophoblastic 
invasion of the myometrium [147], The definitive 
diagnosis of an abnormally adherent placenta is his
tologic and requires that the pathologist directly 
study either the uterus or review uterine curettings 
that include the myometrium. Direct villous inva
sion into myometrial cells must be histologically 
confirmed to secure the diagnosis [144-146], Pla
centa increta and percreta are differentiated his
tologically by the extent of the myometrial inva
sion. In placenta increta, the trophoblast invades 
the myometrium deeply, whereas in percreta it 
passes entirely through the myometrium to appear 
at the serosal surface [8]. Dysfunction of maternal 
leukocytes and various immunologic abnormalities 
have been suggested as etiologies for such abnor
mal placentation [143,147], It is fair to say, how
ever, that the pathophysiology leading to placenta 
accreta/increta/percreta has yet to be convincingly 
established. O ther abnormal findings in these cases 
are common. In Fox's comprehensive study of acc
reta cases, only 8% of patients with an adherent pla
centa had no identified pathology or abnormality to 
explain the abnormal placentation, and 35% of the 
women with placenta previa also had placenta acc
reta [28],

Rarely, a patient with a placenta percreta that 
invades entirely through the uterus presents with 
exsanguinating intraabdominal hemorrhage. More 
frequently, the placenta percreta invades adjacent 
tissues, notably the bladder [161-163], Because of 
this, unexplained hematuria can be an early sign. 
Although adenomyosis has been proposed as a pre
disposing factor to placenta percreta, this pathology 
is rarely identified in surgical specimens. Mullerian 
anomalies such as a bicornuate uterus increase the 
risk, for unknown reasons. In this situation, the
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abnormal placentation usually invades the septum. 
The risk for the infant remains high [163], The 
incidence in the Third World could be 20 times 
higher than that in industrialized nations because 
of a higher likelihood of predisposing factors such as 
multiparity, prior missed abortions, and severe post
partum endometritis, all of which result in endome
trial injury [148].

Placenta accreta has been diagnosed in all 
trimesters of pregnancy and has complicated first- 
trimester abortions [149,150], Several authors 
report that at least 50% of patients with pla
centa accreta have otherwise unexplained increased 
maternal serum a-fetoprotein (MSAFP) [151-154]. 
In some instances, the diagnosis of abnormal placen
tal invasion is suspected antenatally by ultrasound 
examination. The ultrasound criteria for suspecting 
placental adherence include 1) loss of the normal 
hypoechoic retroplacental fetal-maternal interface 
2) thinning or disruption of the hyperechoic uter
ine serosa-bladder interface, 3) the observation of 
focal exophytic masses invading into the maternal 
bladder; and 4) the presence of large or abnormal 
placental venous lakes [155-157]. Doppler ultra
sonography may document arterial vessels crossing 
from the placenta to adjacent tissues, the loss of 
venous flow in the peripheral placental margin, or 
intraplacental lacunae with apparent arterial flow 
[157], It should be noted that most patients in 
these ultrasound studies were already considered at 
high risk for various reasons, including combinations 
of placenta previa, known previous cesarean scar, 
unexpected vaginal bleeding, or high mid-trimester 
MSAFP levels. The diagnosis of a placenta accreta 
before parturition in an asymptomatic pregnancy is 
not always possible. Because of the limitations of 
current methods of surveillance, caution in diagnos
ing placenta accreta based on ultrasonic data alone 
is prudent. MRI scans can prove useful in confirm
ing abnormal placenta adherence in suspect cases, 
but experience is necessary to provide accurate diag
noses [158,159],

TREATMENT OF PLACENTA 
ACCRETA/INCRET A/PERCRETA

Placenta accreta is implicated in at least one half 
of all emergency postpartum hysterectomies [132]. 
In cases involving only small areas of abnormal 
adherence, however, hysterectomy can on occasion

be avoided. In the focal type of placenta accreta, 
the combination of sharp uterine, curettage and the 
administration of uterotonics can prove successful 
in avoiding hysterectomy. Despite the occasional 
success, hysterectomy is still required in most pla
centa accreta cases when a substantial portion of the 
placenta is involved. Nonoperative management is 
rarely a reasonable choice owing to the high inci
dence of serious complications. Up to 95% of cases 
of true placenta accreta/increta/percreta eventually 
required hysterectomy. In the rare instance when 
the abnormal placentation is diagnosed prior to 
delivery and clinical circumstances make retention 
of fertility a major issue, it can be possible to man
age an occasional case conservatively. This includes 
leaving the placenta undisturbed at delivery and, 
possibly, administering methotrexate to hasten pla
cental resorption. If the parturient is hemodynam- 
ically stable after a vaginal delivery when the pre^ 
sumptive diagnosis of accreta is made and there; is 
no vaginal bleeding, the cord is simply cut as short 
as possible and the woman subsequently observed. 
If bleeding resumes as the uterus contracts, how
ever, immediate intervention is required. Most often 
bleeding recurs approximately 6 to 10 days post
partum as the process of endometrial regeneration 
begins. Conservative treatm ent leaving the placenta 
in situ is a more reasonable choice when the abnor
mal placentation is associated with either a cervi
cal or an abdominal pregnancy. In these instances, 
however, the complication rate remains high. Such 
unusual circumstances require a careful and detailed 
discussion with the parturient. Conservative treat
ment should not be attempted unless the woman is 
aware of the associated risks.

If the diagnosis of placenta percreta is strongly 
suspected antepartum, special measures should be 
taken at the time of the planned delivery to ensure 
the immediate availability of appropriate equip
ment and personnel. W hen the laparatomy has 
been performed, the infant has been successfully 
removed, and placental invasion is confirmed, if the 
findings are more extensive than originally antici
pated and conditions are not optimal for immedi
ate surgical removal, alternative management needs 
consideration. In highly selected instances, assum
ing that the placenta has not been disrupted and 
there is no unusual bleeding, the abdomen can sim
ply be closed. Other procedures, such as prophy
lactic embolization of the hypogastric arteries, are
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considered at the same time and the parturient may 
electively be administered methotrexate. Definitive 
surgery is then scheduled after a delay when it is pre
sumed that vessel involution and trophoblast necro
sis will render the placental removal less difficult and 
dangerous. Alternatively in these unusual circum
stances, the woman can be transferred to a referral 
institution where special equipment and more expe
rienced surgeons are available [163].

Uterine or vaginal vault packing has a limited role 
in the control of bleeding after the diagnosis of pla
centa accreta in a vaginal delivery [164,165], After 
successful manual removal and curettage of a partial 
placenta accreta, gauze packing or the insertion of an 
intrauterine balloon accompanied by the aggressive 
use of uterotonics often will initially control hemor
rhage. Such treatm ent might prevent hysterectomy 
in some cases, but the risk of complication is very 
high. More importantly, this approach permits time 
for maternal stabilization. The surgeon plans either 
a subsequent move to the operating suite or, possi
bly, transfer of the mother to another institution if 
appropriate personnel and facilities are not available 
at the site of delivery.

In the occasional case, tamponade vaginal vault 
pelvic packing can be lifesaving. The most com
monly used pelvic pack consists of a mass of Ker- 
lix gauze that is placed in a mesh or plastic bag and 
introduced into the pelvis after laparotomy. The ties 
securing the bag are brought out through the vagina. 
Continuous traction on this pack provides compres
sion and thus mechanical hemostasis. If the pack is 
successful in controlling the immediate hemorrhage, 
the patient can subsequently be treated by arterial 
embolization or, if bleeding is secondary to a coag
ulopathy, by correcting the deficiency. Obviously, 
such complex cases are rare in obstetric practice and 
should be managed in conjunction with an experi
enced gynecologic consultant or surgeon.

LACERATIONS OF THE BIRTH CANAL 

Uterine Lacerations
Uterine laceration or rupture can follow several 
obstetric misadventures such as an instrumental 
vaginal delivery, extraction of the second of twins, a 
vaginal breech extraction, a severe shoulder dysto
cia, or a trial of vaginal birth after cesarean delivery. 
Spontaneous rupture of the previously normal and

non-scarred uterus of a nullipara in a normal preg
nancy is rare. In multiparas, however, spontaneous 
uterine rupture is much more likely. At present, 
many uterine ruptures are associated with vaginal 
birth after cesarean (VBAC) trials. Abnormal pla
centation (e.g., placenta percreta) or other prob
lems (e.g., occult Mullerian anomalies or obstructed 
or dystotic labor) also can predispose a patient to 
uterine rupture. Otherwise, unexplained cardiovas
cular collapse, vaginal hemorrhage, loss of station, 
or rapid-onset fetal distress in a high-risk patient 
should alert the physician to consider the diagnosis 
of a uterine rupture or laceration. (See Chapter 18, 
Cesarean Delivery and Surgical Sterilization.)

Cervical Lacerations
After any complicated delivery, the cervix must be 
carefully examined. If significant or bleeding lac
erations are discovered, they should be reapproxi
m ated with interrupted sutures of absorbable suture 
material (Figure 11.15). Tears that extend upward 
beyond the fornix can require exploratory laparo
tomy if injury to the lower uterine segment or the 
urethra or bladder is suspected, or if there is a 
possibility of hematoma formation. Aggressive blind 
lateral suturing for laceration repair or for hemosta
sis is inappropriate owing to the proximity of the 
ureters. In considering the repair of cervical lesions, 
the rule of reason must apply. After complete dilata
tion, the cervix can appear torn, but suturing appar
ent nonbleeding tears of less than 2 cm is usually 
inappropriate since these are inconsequential and 
this unnecessary intervention may predispose to cer
vical stenosis. Only tears greater than 2 cm in length 
or those that are bleeding briskly or do not respond 
to simple tamponade should be reapproximated. 
The long-term outcome is the issue. A woman sus
taining a major cervical injury is probably at risk for 
subsequent cervical insufficiency. Reexamination of 
such patients prior to subsequent attempts at con
ception, and serial examinations and cervical ultra
sound studies for cervical length (beginning in the 
early second trimester once a subsequent pregnancy 
is established) are prudent.

Vaginal Lacerations
Vaginal lacerations occur commonly after both 
spontaneous and instrumental delivery but are
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FIG UR E 11.15.
R epa ir o f  a  cervical laceration. In terrup ted  su tures are  
in serted  to reapproxim ate  n orm a l a n a to m y  a n d  control 
bleeding.

clearly more common after obstetric interventions. 
Vaginal vault lacerations are usually easy to repair, 
but some extend into the lateral fornix or dissect 
deeply into the ischiorectal fossa, leading to hem 
orrhage or the formation of hematomas. The most 
serious of these injuries involve either spontaneous 
or induced lateral hematomas occurring from vagi
nal wall vessels. The pudendal artery can be rup
tured or avulsed during delivery without a history of 
pudendal nerve block or a lateral wall tear. Regard
less of the vessels injured, the resulting hematomas 
can rapidly reach a surprisingly large size, dissect into 
the retroperitoneal space, and even threaten mater
nal cardiovascular stability.

The usual presenting complaint for a pelvic 
hematoma is severe perineal/vaginal pain accom
panied by acute, progressive, unilateral swelling of 
the labia. The hematoma can remain entirely intrav- 
aginal. It is also possible for the mass to dissect

upward into the retroperitoneal space and be cor
rectly identified only after a vaginal examination 
with the patient under anesthesia or at laparotomy. 
Treatment consists of surgical exploration, with the 
ligation of any observed bleeding vessels followed by 
drainage and vaginal packing. Usually a single, dis
tinct bleeding site is not found, and the surgeon must 
be content to evacuate the hematoma, ligate or cau
terize as many bleeding vessels as can be identified, 
and finally pack the vagina firmly to compress the 
site. W hen a hematoma is surgically explored, a suc
tion drain should be inserted and broad-spectrum 
antibiotics administered. With a vaginal pack in 
place, spontaneous voiding is not possible and a 
Foley catheter is required. The packs are progres
sively removed after 12 to 24 hours. Rarely, blood 
losses from vaginal wall hematomas can be extensive 
enough to require transfusion.

INFECTION 

Superficial Perineal Infection
Infections of vaginal lacerations or episiotomy sites 
are usually superficial and minor, although rarely, 
serious problems ensue [166,167], If there is infec
tion, the usual outcome is the disruption of epi
siotomy or laceration repair. For superficial infec
tions, the classic treatm ent is wound exploration, 
debridement, and closure by secondary intention. 
Antibiotics are administered if signs of celluli
tis, induration, or gross infection are present. Sitz 
baths and analgesics usually provide symptomatic 
relief. In the past, simple wound breakdown at the 
episiotomy site or laceration was reapproximated 
following debridement, but only after a variable 
waiting period of up to 3 months. At present, in 
uncomplicated cases, waiting is not believed to be 
necessary, and repeat suturing can be performed 
once the wound is clean, with the high likelihood 
for a successful repair.

Necrotizing Fasciitis
Necrotizing fasciitis (NF} is a rare and potentially 
fatal disorder with several clinical variants [16 — 
170]. NF is caused by an infection tracking along 
fascial planes, which results in progressive tissue 
necrosis. The three most important forms of NF 
are Type I, polymicrobial; Type II, streptococcal,
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and Type III, clostridial (gas gangene/myonecrotic}. 
Historically, NF has received many names includ
ing Meleney ulcer, acute dermal gangrene, hospital 
gangrene, suppurative fasciitis, synergistic necrotiz
ing cellulitus, or hemolytic streptococcal gangrene 
[168].

NF developing in the perineal area is sometimes 
termed Fournier’s gangrene. Although this term was 
originally used to describe a variant of scrotal NF, 
this condition is part of the same general infectious 
disease process.

In obstetric cases, the causative organism for NF 
is usually Group A [3-hemolytic Streptococcus alone 
or in combination with various anaerobic bacteria. 
The latter are most often Bacteroides species. Less 
frequently, a Streptococcus species combined with 
bacteria other than anaerobes or Enterobacteriaceae 
is responsible. Obstetric patients who develop NF 
usually but not inevitably experience extensive per
ineal lacerations with substantial blood loss. In some 
cases, however, the only surgical injury is a rou
tine episiotomy with repair [167], NF can involve 
superficial tissues only (Camper's and Colles’ 
fascia) -  superficial fasciitis -  or progress to involve 
deep perineal fascia or muscles. As the infect
ing microorganisms invade fascial planes, localized 
ischemia, vascular occlusion, and tissue necrosis 
occurs. In this process, superficial nerves are dam
aged, leading to the characteristic but not invariable 
anesthesia of the wound.

The serious complications of NF result from the 
pathophysiology of the infecting organisms. The 
combined release of pyrogenic bacterial exotoxins 
and streptococcal antigens leads to the elaboration 
of cytokines, resulting in various additional clinical 
signs and symptoms including hypotension. Hydro
gen, nitrogen, hydrogen sulfide, and methane gases 
produced by bacterial action can result in gas form
ing in infected areas, leading to the classic finding 
of wound crepitation. The most common present
ing symptom for NF is the sudden onset of severe 
perineal/vaginal pain, accompanied by characteris
tic "dishwater” serous wound discharge. Localized 
tenderness is often but not always present. As the 
disease progresses, the affected area usually becomes 
progressively anesthetic, although hyperesthesia can 
occur earlier. Complaints of severe pain, the charac
teristic discharge, and crepitus, erythema, edema, or 
bullae beyond the immediate episiotomy site or area 
of the laceration repair collectively suggest the cor

rect diagnosis. Skin changes overlying the involved 
area vary, especially on the perineum. In addition, 
labial edema is not a reliable sign of this infection, 
unless it is unilateral and extreme.

Associated laboratory findings can include evi
dence of hemoconcentration, anemia, and occasion
ally hypocalcemia. The last is believed to occur 
because of saponification of fatty acids within tissue 
spaces [168]. The white blood count is also usually 
but not invariably elevated above 14,000/ml. The 
suspicion of progression, combined with complaints 
of severe pain and symptoms of systemic toxicity, 
differentiate NF from simple cellulitus.

If NF is suspected, visual observation alone is 
insufficient to establish the correct diagnosis. A 
biopsy of the suspected area must be performed. 
Standard radiographs are not helpful; MRI or CT 
studies can identify gas in tissues and could be 
of assistance in delineating the extent of the NF, 
but these studies remain ancillary to direct surgi
cal exploration and are not considered confirma
tory. Indications for surgical exploration of a sus
pect episiotomy or perineal laceration site include 
extension of an infection beyond the labia, severe 
unilateral labial edema, systemic signs/symptoms 
of toxicity, deterioration in clinical status, and 
persistence of apparent infection beyond 24 to 
48 hours despite routine antibiotic therapy or 
wound drainage [170-173], When the characteris
tic clinical picture is present, prompt open biopsy 
of suspected areas with immediate frozen-section 
study is mandatory. Characteristic histologic find
ings include gram-positive coccobacilli in tissue 
planes, polymorphonuclear cell infiltration of the 
deep dermis and fascia, vessel inflammation with 
fibroid necrosis, the presence of venous and arte
rial thrombi, and fascial necrosis with absence of 
muscle involvement. Frozen-section data must be 
interpreted in light of the overall clinical picture, 
because falsely reassuring results are possible. A high 
degree of clinical suspicion and selective rebiopsy 
might be required to establish the correct diag
nosis [172,173], If NF is strongly suspected, with 
or without a supportive biopsy report, prompt 
surgical exploration with aggressive debridement 
is indicated, because this condition is potentially 
life threatening and has the potential for explosive 
advancement.

At surgery, as the wound is probed, the find
ing of a characteristic watery discharge, easy
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separation of tissue from deeper fascia, yellowish- 
green necrotic fascia, and failure of tissues to bleed 
following incision are consistent with the presump
tive diagnosis. Surgical treatment must be prompt 
and aggressive, because the area of necrosis is typi
cally more advanced than anticipated and the infec
tion advances rapidly. Radical debridement of all 
devitalized tissues until active bleeding is encoun
tered is required. Extensive dissection into the but
tocks, anterior abdominal wall, or thigh is possi
ble, because any infected muscle, fascia, or connec
tive tissue must be entirely extirpated. The surgical 
wound should be copiously irrigated and left open. 
Periodic reevaluations and repeat debridement 
might be required, at times on a daily basis. General 
supportive measures include ample intravenous 
hydration, the administration of broad-spectrum 
antibiotics, and close cardiovascular monitoring. 
The principal treatment is aggressive surgical 
removal of devitalized tissue, however. Medical 
management is ancillary. If Streptococcus is believed 
to be the primary organism, high-dose penicillin 
or ampicillin, combined with anerobic coverage 
such as provided by gentamicin combined with 
clindamycin, vancomycin, or even chlorampheni
col are suggested [168], The benefit from hyper
baric oxygen or the administration of intravenous 
immunoglobulin is unclear. Because these treat
ments can reduce the mortality rate, their use as 
ancillary techniques is favored by some.

Progressive synergistic bacterial gangrene 
(Meleney ulcer] is an indolent variant of fascial 
necrosis, rarely encountered in obstetric practice. 
Characteristically, in this condition there is a 
central, necrotic ulcer with two surrounding zones. 
The inner zone is dark red to purple in appearance; 
the outer is erythematous. This slowly progressive, 
painful ulcerative lesion is associated with the same 
mixed bacterial flora characteristic of the more 
rapidly advancing forms of necrotizing fasciitis. Tre
atment consists of surgical debridement and the 
administration of broad-spectrum antibiotics.

Infection reaching deep tissues can result in the 
rarest and most extreme form of NF (Type III), clas
sic gas gangrene or myonecrosis [168]. The organism 
most frequently associated with obstetric infections 
of this type is Clostridium perfringens. This infection 
can result as an extension of previously occurring 
superficial fasciitis or develop de novo. Severe pain, 
systemic signs of sepsis, rapid-to-explosive progres

sion, cutaneous gangrene, and wound crepitation are 
the classic signs. If C. perfringens is the cause, rapid 
and massive intravascular hemolysis, severe vascu
lar volume constriction, and marked renal dysfunc
tion are common, accompanying rapid cardiovas
cular collapse and other signs of extreme toxicity. 
Shock with renal failure is the usual cause of death. 
In terms of diagnosis, a smear or frozen-section 
biopsy of the deep wound tissue reveals plump 
gram-positive rods. Treatment includes immediate 
and aggressive surgical wound debridement, high- 
dose penicillin therapy, and general supportive treat
ment. The concomitant use of polyvalent antitoxin 
and hyperbaric oxygen are ancillary measures to 
aggressive surgery, and in this setting they are of 
uncertain benefit. Mortality remains high (67%— 
100%). Fortunately, many clinicians will never expe
rience these rare cases.

Special Issues

Histologic Placental Examination
Close and critical review of obstetric management 
is never more intense than when a neurologically 
damaged or “bad" baby results from a delivery 
[174,179,181]. Such cases are often complex and 
difficult to defend legally. A complete histologic 
examination of the placenta by an experienced 
pathologist can provide important data, concern
ing the etiology of an infant’s injury and should 
never be omitted when fetal injuries are observed 
or suspected at birth. Potential benefits from pla
cental examination are several. If a pathologic con
dition involving the fetus is present, it might be 
possible to determine if the problem was acute or 
chronic. Furthermore, the etiology of specific clin
ical entities such as premature/preterm delivery, 
intrauterine growth retardation (IUGR), stillbirth, 
or neurologic injury might be revealed by com
bined gross, histologic, and specialized laboratory 
study of the placenta and the membranes [174,178— 
179,182], The placental findings of nucleated red 
blood cells, chronic ischemia, intimal cushions, 
intervillous fibrin, and acute and chronic meco
nium staining, among other findings, can help to 
determine whether acute or chronic fetal disorder 
were a factor in the etiology of a child’s observed 
deficits. Veteran pathologists emphasize that both 
experience and humility are necessary to evaluate
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FABLE 11.6 Conditions for which Placental Examination Is Suggested

Fetal Conditions Maternal Conditions Placental Conditions
Perinatal death/stillborn IDDM/GDM Gross abnormality of the placenta.
Multiple gestations Pregnancy induced hypertension (PIH) cord, or membranes
Congenital anomalies Post term pregnancy (>42 weeks] Placenta accreta/percreta
Growth restriction Fever and/or infection Chorioangioma or masses in the
Hydrops/polyhydramnios/ Drug or substance abuse placenta

oligohydramnios Repetitive bleeding
Thick meconium Abnormal serum screening/ thrombophilia
Admission to NICU History of reproductive failure
Apgar score <3 at 5 minutes IVF pregnancy
Suspected infection Previous caesarean section
Seizures Premature labor/premature rupture of
Gestation <32 weeks membranes 

Preterm premature rupture of membranes

placenta] specimens appropriately. At present, 
many institutions follow the recommendations of 
the College of American Pathologists Consensus 
Committee in determining which placentas to study 
[180] (Table 11.6). Some institutions have imple
mented various programs for routine gross placental 
examination, with preparation and permanent stor
age of microscopic blocks should subsequent histo
logic examination be required, even years later.
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o * *  12 BREECH PRESENTATION

Martin L. Gimovsky

It is an undoubted truth . . .  that the several 
unnatural Postures, wherein Children present 
themselves at their Birth, are the cause of most 
of the bad Labours and ill Accidents for which 
usually recourse is had to Chirurgeons.

F. Mauri?eau (1637-1709)

The Diseases o f  Women and Child, and in Child-bed,

H. Chamberlen (trans.)

London: Darby, 2nd edition, 1683, xiv, p 218.

Clinicians have long recognized the excessive peri
natal morbidity and mortality associated with the 
breech-presenting fetus [1-6]. Breech presentation 
complicates 3% to 4% of all deliveries. In premature 
labor and delivery, breech presentation is a coinci
dent finding in as many as 25% of pregnancies. As 
term approaches, however, this incidence falls dra
matically (Table 12.1).

Multiple factors are responsible for the well- 
documented three- to fourfold increase in poor out
come seen with breech presentation compared with 
cephalic presentation [6-14], The major problems 
are congenital malformations (Table 12.2), prematu
rity, and traumatic birth injury. These risks can occur 
separately or in conjunction.

In the past, severe birth injury and stillbirth were 
commonly associated with breech labor and deliv
ery [15]. Umbilical cord prolapse and entrapment 
of the aftercoming head contributed to adverse out
come, as did potentially traumatic delivery tech
niques, such as total breech extraction. In addition, 
other obstetric risk factors (e.g., placenta previa, 
abruptio placentae, and multiple gestation) also con
tributed to a poor outcome.

Before the development of blood banking, antibi
otics, and modern anesthetic techniques, routine 
vaginal delivery was the clear mode of choice for 
delivery of the breech-presenting fetus. A cesarean 
delivery was not a reasonable alternative for improv
ing outcome because of its attendant risks of mater
nal morbidity and mortality.

The potential maternal risks from cesareans 
demanded the demonstration of clear benefits 
before this method of delivery could be routinely 
recommended. Historically operative abdominal 
delivery was reserved for clinical situations in which 
the life of the mother was clearly in jeopardy. The 
well-being of the fetus was generally considered to 
be of secondary importance. (See Chapter 1, Oper
ative Delivery: A History.)

The liberalization of indications for cesareans fol
lowed the development of increasingly safer oper
ative procedures and better means to evaluate 
fetal condition. As cesarean delivery became an 
accepted routine, its use in breech labor and delivery
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TABLE 12.1 Breech Presentation by Gestational Age*

Gestational 
Age (wks)

Total
Deliveries Breech Fetus % Breech

37-42 21,241 531 2.5
33-36 3,117 214 6.9
29-32 787 153 19.4
25-28 221 82 37.1
Total 25,366 980 3.9

•Pooled data.from refs. 2, 11, 22, 27, and 55.

TABLE 12.2 Anomalies Frequently Diagnosed 
in Breech Fetuses

CNS Hydrocephaly
Anencephaly
Meningomyelocele
Dysautonomia

Genitourinary Potter’s syndrome
Musculoskeletal Myotonic dystrophy 

Congenital dislocation of the hips
Multiple anomalies Prader-Willi syndrome 

Trisomy 13 
Trisomy 18 
Trisomy 21 
De Lange syndrome 
Zollinger-Ellison syndrome 
Smith-Lemli-Opitz syndrome 
Fetal alcohol syndrome

CNS =  central nervous system.
From Brenner WE, Bruce RS, Hendricks CH: The characteristics 
and perils o f breech presentation. Am J O bstet Gynecol 1974 
Mar 1; 118(5):70()-12; w ith permission.

increased sharply (Figure 12.1). In a landmark study 
of 1,456 breech presentations delivered in the early 
1950s, reported by Hall and Kohl [2], the authors 
concluded that cesarean delivery resulted in the low
est perinatal mortality Among their most important 
observations was reflected in the statement, ‘‘ . . .  the 
perinatal mortality associated with breech presenta
tion is not the same as for breech delivery. . .  ” [2], 
In 1959, Ralph Wright went so far as to write that 

any patient of more than 35 weeks’ gestation 
who entered labor with a living baby in breech pre
sentation should be born by cesarean section, pro
vided there was no maternal disease that contraindi
cated abdominal delivery. . . ” [14].

In recent decades, techniques of medical inter
vention have evolved, improving the safety of child-

Incidence of cesarean section (%)

FIGURE 12.1.
Relationship between death from labor and delivery in 
breech presentation and cesarean delivery rate. (From 
Gimovsky ML, Petrie RH: Strategy for choosing the best 
delivery route for the breech baby. Contemporary 
O B /G YN  1983;21:201-15; with permission.)

birth [16-18]. Modern methods of fetal moni
toring, the ability to promptly perform an emer
gency cesarean, and the widespread availability of 
safe anesthesia have reduced the maternal risks 
of abdominal delivery. Owing to these and other 
changes in both surgical practices and the attitudes 
of clinicians, most breech fetuses are now delivered 
by a cesarean.

Concurrent obstetric problems such as intrauter
ine growth restriction (IUGR), fetal distress in labor, 
cord prolapse, placenta previa, abruptio placentae, 
and difficulties in extracting the fetus are features 
of breech presentation that continue to compli
cate delivery. An international trial reported in 
2000 attempted to evaluate these issues prospec- 
tively [19]. The reports issued by The Term Breech 
Trial are the subject of much debate [13,78,89- 
91]. Interpreted by some to be the definitive 
word on management of the term breech presen
tation, others have suggested that the results of 
this international trial seem more to provide sup
port to the argument that an emergent cesarean 
delivery in labor is the major risk factor, regard
less of presentation. Although the interpretation of 
this randomized trial is controversial, practitioners 
are well advised to consider an elective cesarean 
for their patients at term when the diagnosis of 
breech presentation is made prior to the onset of 
labor. The American College of Obstetricians and
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Gynecologists (ACOG) Committee on Obstetric 
Practice recommends that “great caution . . .  be exer
cised” in women undergoing an attempt at vagi
nal breech delivery [20]. It should be noted that 
their opinion specifically excludes women present
ing in “ . . .  advanced labor. . .  or patients whose sec
ond twin is in a nonvertex presentation." This leaves 
open the possibility of a vaginal breech delivery 
under selected circumstances.

The controversy that remains is whether a 
cesarean should be performed routinely on all 
breech presentations when clinically possible, or 
whether specific groups of breech fetuses can be rea
sonably allowed a trial of labor (TOL). There is little 
controversy that the groups best served by cesarean 
delivery include fetuses that are between 26 and 34 
weeks of gestation, those in incomplete or footling 
presentations, or any breech presentation in which 
the fetal head is extended at the neck. The presence 
of lethal congenital anomalies also affects the deci
sion to perform a cesarean delivery [7,8]. In con
trast, other risks seen in conjunction with breech 
presentation including the presence of nonlethal 
congenital anomalies (see Table 12.2) and extreme 
prematurity (26 weeks or less) might be. minimally 
impacted by the. route of delivery [10-13],

There are additional issues for consideration in 
the management of the low-birthweight breech 
fetus. Prior to the development of neonatal inten
sive care facilities, a cesarean to save a premature 
infant posed an unreasonable risk to maternal well
being. Clearly, that has changed dramatically with 
the availability of the neonatal intensive care unit 
(NICU) and contemporary management of very 
premature infants with the concomitant decline in 
morbidity and mortality.

W ith the change from routine vaginal delivery to 
virtually routine cesarean delivery for the breech- 
presenting fetus, a shift has occurred from the accep
tance of a predominant risk of fetal/neonatal injury 
or death, to that of maternal surgical risk. The 
exact balance of decrease in fetal risk and increase 
in maternal risk associated with cesarean deliv
ery is subject to debate. An additional considera
tion is the decreasing number of practitioners and 
institutions willing to conduct any trial of vaginal 
birth after a cesarean (VBAC). This has resulted 
in an ever-increasing number of women requiring 
cesarean delivery, with a concomitant increase in 
overall maternal morbidity.

A contemporary policy of routine cesarean deliv
ery for the breech fetus is easy to understand. 
W ith a cesarean, the risks to the fetus are mini
mized, although they are not eliminated [21-22]. 
The resultant increase in maternal risk is difficult 
to quantify for an individual patient. In actual prac
tice, a cesarean does not eliminate all preventable 
fetal morbidity and mortality [13]. Infants who suc
cumb following surgical birth are usually either con
genitally malformed or premature. Rarely, a nor
mal infant is compromised during the delivery pro
cess by complications such as cord prolapse, difficult 
extractions, or unrecognized hyperextension of the 
aftercoming head. Because many cesarean deliveries 
must be performed to avoid even a single rare but 
severe injury, a policy of routine surgical delivery is 
not effective in the avoidance of risk unless virtually 
all breech fetuses are delivered by the abdominal 
route [14], The clinical reality is that this goal is 
unobtainable.

W hat cesarean rate is appropriate for breech 
presentation? An analysis of retrospective series 
from the 1940s and 1950s demonstrates that deaths 
attributed to factors unique to breech presentation 
decrease as more cesarean deliveries are performed 
(see Figure 12.1). The data allow an estimation of 
an ideal operative delivery rate by extrapolation. To 
avoid virtually all breech-presentation-related com
plications that result in neonatal death, an overall 
cesarean rate of approximately 30% for breeches is 
required [24], The challenge for the clinician is to 
select surgery for these cases which are at greatest 
risk and most likely to benefit. This observation is 
central to the use of clinical algorithms designed to 
select the route of delivery best suited to an individ
ual patient [ 19,24—28].

Many clinicians believe that selected breech 
fetuses can safely be allowed a labor trial. A method 
to select those breech presentations that might be 
at lower risk and therefore safely be allowed a TOL 
deserves consideration. Selection of cases for a TOL 
is not complex but requires careful and thorough 
attention to detail. The use of external cephalic ver
sion (ECV) antepartum or in early labor to avoid 
breech labor and delivery also has advocates [29], 
If selected cesarean delivery is possible, the result
ing decrease in the frequency of surgical delivery can 
potentially benefit both mother and infant. Manage
ment of breech presentation is challenging. Experi
ence in the conduct of breech labor and delivery,
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whether during a cesarean or at a vaginal delivery, is 
vital to a safe outcome 113]. Cesarean breech deliv
ery demands a clear knowledge of the same maneu
vers used in a vaginal breech delivery. In fact, a 
poorly performed breech delivery during a cesarean 
results in injuries similar to those sustained at vagi
nal delivery. These include, among others, brachial 
plexus injuries, bony fractures, spinal cord injury 
and crush injuries to the viscera [1,5,30].

This chapter reviews the fundamentals of the 
techniques for breech delivery and the evaluative 
process required for appropriate management. Also 
reviewed are external cephalic version (ECV) and 
internal podalic version (IPV) and the special needs 
of the premature breech fetus at delivery. These con
cepts and approaches are applicable in all breech 
presentations, independent of the route of delivery. 
This discussion is illustrated first by describing the 
basic precepts of vaginal breech delivery. As previ
ously emphasized, when a breech fetus is delivered 
by cesarean, the basic principles of safe manage^ 
ment are the same as those for a vaginal delivery. A 
basic problem exists in properly training new prac
titioners to manage breech presentation. In current 
practice, resident education programs simply can
not provide a sufficient number of vaginal breech 
delivery cases to permit students to learn the tech
niques and to develop the manual dexterity neces
sary to conduct safe breech delivery. Approaching 
every cesarean breech delivery with the same precepts 
as employed at paginal delivery can, at least in part, 
address these issues.

DEFINITIONS 

Breech Presentation
Breech presentation refers to the longitudinal lie of a 
fetus, with the breech or buttocks as the presenting 
part. The position in a breech presentation is desig
nated by the orientation of the sacrum with respect 
to the maternal pelvic outlet. Station in breech pre
sentation refers to the location in the pelvis of the 
lowermost portion of the buttocks in relationship 
to the plane of the maternal ischial spines. Station 
is expressed in centimeters ( ±  5 cm) in the same 
manner as for a cephalic presentation.

There are several types of breech presentation 
that are defined by the anatomic relationships of 
the lower extremities at the hip and knee joints

"Full" Varieties

Incomplete Varieties

FIGURE 12.2.
Variations o f  breech presentations.

(Figure 12.2). In frank breech presentation, both hip 
joints are flexed and both knee joints are extended. 
This is the most common type of breech and is seen 
in more than 50% of breech fetuses during labor 
at term. In the complete breech presentation, both 
hip joints and both knee joints are flexed. In the 
incomplete breech, there can be incomplete flexion at 
either the hip or knee joints. Thus the incomplete 
breech can present as either a single or double footling. 
Although pelvic examination is helpful in determin
ing which type of breech fetus is present, confusion 
is possible between double footling and complete 
breeches, or between complete and incomplete 
breeches. Bedside real-time ultrasound scanning 
clarifies the exact type of presentation. Ultrasound 
scan also permits evaluation of the fetal head and its 
relationship to the cervical spine and can discover 
a fetal anomaly or another problem that was not 
previously diagnosed.

MECH ANISM OF LABOR

Labor for breech presentation is influenced by 
the mechanical disadvantages inherent in this
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malpresentation. In comparison to the flexion that 
occurs at the cervical vertebrae in cephalic deliv
eries, in breech presentation flexion occurs at the 
lumbar vertebrae. Also significant is the difficulty 
encountered in the lateral flexion of the trunk nec
essary for delivery. Flexion of the trunk is especially 
problematic in frank breech presentation because 
of the tendency of the fetal legs to splint the 
body.

A breech fetus does not fill the birth canal as 
completely as a cephalic fetus. The proximity of the 
umbilical cord to the presenting part results in an 
increased risk of umbilical cord prolapse, a compli
cation seen primarily during the expulsive maneu
vers of the second stage of labor.

During the second stage of labor as the fetal 
body descends in the birth canal, a breech presen
tation delivers successively larger diameters of the 
fetal body to the bony pelvis, culminating with the 
largest bony diameter, the aftercoming head. W here 
a cephalic-presenting fetus might have hours for cra
nial molding to allow for adaptation and safe naviga
tion through the bony pelvis, the aftercoming head 
in breech presentation has. only minutes to accom
plish the same task. Thus, any significant dispropor
tion between the pelvis and the aftercoming head 
could result in a delay in delivery or fetal trauma 
resulting in significant fetal injury or rarely even 
death [6,15,21],

As labor with a breech enters the second stage, 
and after lateral flexion of the trunk occurs, the ante
rior hip is forced against and underneath the symph
ysis. The expulsive phase that follows delivers first 
the anterior and then subsequently the posterior 
buttock. As the back rotates anteriorly, the shoul
ders usually enter the pelvic inlet transversely. The 
shoulders then rotate and generally deliver in the 
oblique diameter where the pelvic size is greatest. 
Delivery maneuvers by the clinician are performed 
only in the final stages of expulsion. When the ante
rior scapula is delivering, the operator sweeps the 
infant’s right humerus across the chest. Rotation of 
the fetal body then delivers the posterior scapula. 
The left humerus is then delivered in a similar fash
ion. It is important not to attem pt delivery of the 
fetal arm until the scapula is visualized. At this 
point, the aftercoming head has entered the pelvic 
inlet slightly, and internal rotation and cranial flex
ion rapidly occur. Subsequently, the back of the; fetal 
neck extends slightly against the symphysis pubis as

the chin passes over the perineum, completing the 
delivery.

TECHNIQUES FOR DELIVERING 
THE BREECH FETUS

The approaches available for breech delivery include 
a cesarean, spontaneous breech delivery, assisted 
breech delivery, and partial and total breech extraction. 
External cephalic version and internal podalic ver
sion are additional obstetric techniques Commonly 
associated with the delivery of the breech fetus.

Assisted Breech Delivery
The preferred approach to the vaginal delivery of 
a breech fetus is by assisted breech delivery. In this 
process, delivery occurs with a minimal of operator 
interference. First, in preparation for the delivery 
assistants are identified and the maternal bladder is 
emptied. As previously noted, the infant is allowed 
to deliver spontaneously to the umbilicus with min
imal intervention (Figure 12.4}. A frank breech pre
sentation can require concentrated maternal expul
sive effort to permit the legs to be spontaneously 
expelled and patience on the part of the accoucheur 
is necessary. Whenever possible the fetus should 
be positioned so that the back is anterior. Delivery 
with the abdomen anterior is problematic and is best 
avoided because of its inherent difficulty. Once the 
infant is delivered to the umbilicus, several different 
maneuvers can be used to assist the delivery of the 
fetal body.

A combination of the L01 >set and the Bracht 
maneuvers are favored for delivery of the fetus (Fig
ure 12.3) [31]. With the infant delivered spon
taneously to the umbilicus, the obstetrician elec
tively wraps the fetal body in a warm, wet towel. 
In theory, this was originally done to inhibit fetal 
breathing efforts and maintain fetal warmth. Nei
ther of these reasons is especially compelling, thus, 
the use of the towel is optional. Both of the sur
geon’s hands are placed, thumbs together, over the 
fetal sacrum. The hands need to be positioned on 
the pelvis/thighs, avoiding pressure over the kid
neys and adrenal glands. This grasp must be suffi
cient to guide the body while at the same time care 
is used to avoid excessive force. The trunk is guided 
downward with gentle traction as the body is pro
gressively delivered. As this occurs, if necessary, the
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FIGURE 12.3.
l.o vse l m aneuver. See text fo r  details.

body is rotated to bring the spine anteriorly. In per
forming a rotation of the fetal trunk while the head 
remains undelivered, the operator must also remem 
ber that the vertebral arteries and the cervical spine 
are susceptible to injury from excessive rotation or 
traction. While rare, serious spinal cord injuries are 
possible with manipulation of the fetal body unless 
such maneuvers are performed slowly and expertly. 
(See Chapter 23, Birth Injuries.)

As the scapula appears (wings), the fetal body is 
rotated first to one side and then to the other to 
permit delivery of the upper extremity by simply 
sweeping the hand downward across the chest. This 
extraction of the fetal arms by clockwise and coun
terclockwise rotation of the thorax/abdomen with 
minimal torque minimizes the risk of injury (Figure 
12.3). This process is usually easy, and with rota
tion the fetal arms can spontaneously deliver w ith
out other manipulations. The head is then expelled 
by gentle but firm suprapubic pressure and the deliv
ery completed. An episiotomy is usually performed 
to reduce the extent of traction necessary for cranial 
delivery unless the perineum is flaccid.

FIGURE 12.4.
A , M a in ta in in g  flex ion  is crucial to achieving sa fe ty  
in  breech delivery. N o  interference with the birth is 
ind ica ted  un til the um bilicus delivers. B, E arly  
traction s im p ly  risks unnecessary  cranial deflection, 
a s ind ica ted  by  arrow. (See a lso  Figure 12.7.)

A common problem is nuchal arms. When the 
descent of the body stops before the delivery of 
the shoulder girdle, nuchal arms are always Sus
pect. Nuchal arms are especially a risk during breech 
extractions. In this setting the arms frequently pass 
upward as the fetal body rapidly descends due to tis
sue pressure from the birth canal. If one or both of 
the fetal arms has passed behind the head descent 
is blocked. Either traction from below or the use 
of fundal pressure only compounds the obstruction. 
The malpositioned arms must be located and drawn 
down across the chest and delivered before further 
descent of the fetal body is possible.
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The manipulations to release the nuchal arms are 
usually easy when properly performed. These pro
cedures are conducted only between contractions 
while the mother is specifically instructed not to 
push. In some cases it is best to push the fetal body 
slightly upward as the procedure is performed. The 
upward displacement helps to free the arms and 
provides working room for the surgeon. To release 
the obstruction, the surgeon first inserts two fin
gers across the fetal back toward the occiput, verify
ing the location of the malpositioned arm(s). Next, 
the fetal body is rotated 45 degrees or more until 
the scapula wings. At this point, the operator’s fin
gers are advanced into the antecubital fossa and 
the extremity is then simply swept downward and 
across the fetal chest. The infant is then rotated in 
the opposite direction and a similar maneuver frees 
the other arm, permitting its extraction. Care must 
be taken during the extraction of the nuchal arms as 
it is easy to pull downward and deflex the fetal head. 
After the arms have been freed, the surgeon should 
recheck for cranial deflection. Loss of cranial flexion 
is a potentially serious complication as a deflexed 
head requires extra force for extraction. If cranial 
deflection is diagnosed, the fetal body is pushed 
slightly upward while gentle suprapubic pressure 
is applied. Uncommonly in this process of extrac
tion of the nuchal arms, relaxation of the uterus is 
required. For acute tocolysis, the author’s approach 
is to administer 150 jxg to 350 |j.g IV of nitroglyc
erin, in bolus doses as needed, to a total of 500 (xg.

Delivering the Aftercoming Head
The principles for the various delivery techniques 
for an aftercoming head are the same regardless 
of whether the delivery is a cesarean or vaginal: 
maintenance of cranial flexion and the avoidance 
of excessive force. As in the cephalic-presenting 
fetus, the loss of flexion presents the larger diam
eter of the fetal head (occipitofrontal for suboccip- 
itobregmatic) to the pelvis, making delivery more 
difficult and thus more hazardous (Figure 12.7). By 
placing one hand on the m other’s abdomen over 
the fetal head, an assistant helps maintain flexion 
of the aftercoming head (Naujok's maneuver} as it 
descends during the delivery (Figure 12.5). This 
simple maneuver should be routinely performed.

The Maurigeau-Smellie-Viet (MSV) maneuver 
(Figure 12.6) is useful for assisting delivery when the

FIGURE 12.5.
N aujok’s maneuver.

head of the infant is in the occiput anterior position, 
with the fetal back toward the pubic symphysis. In 
the MSV maneuver, the body of the infant is sup
ported on the operator’s arm. The surgeon’s middle 
finger is inserted into the baby’s mouth while the 
index and ring fingers are applied to the face to main
tain flexion. The head is then delivered by down
ward traction until the back of the neck extends 
under the pubic arch. A modification of the MSV 
maneuver is the Wigand-Martin-Winkle maneuver. 
W hen the aftercoming head is higher than the oper
ator had anticipated, the first tractive efforts made 
to accomplish delivery must complete flexion and 
internal rotation. Suprapubic pressure is therefore 
applied with one hand, while the other keeps the 
fetal head flexed and helps to guide it out the birth 
canal [33].

The aftercoming head can be successfully deliv
ered by the judicious use of suprapubic pressure 
alone (Kristellar manuever). In fact, most clinicians 
combine the MSV maneuver within suprapubic 
pressure. Most often, the suprapubic pressure is pro
vided by an assistant surgeon under the immediate 
direction of the senior obstetrician conducting the 
delivery.

Rarely, the fetus must be delivered with 
the abdomen anterior and the occiput posterior. 
The Prague maneuver is the technique used for
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FIGURE 12.6.
M auriceau-Sm ellie- V ie t/W igand-M artin- W inkle  
m aneuver. See text fo r  details.

Im portance o f  crania l fle x io n  is em p h a sized  b y  no ting  the 
increased d iam eters p resen ted  to the birth cana l w ith  
progressive deflection. A , fle x e d  head; B, m ilitary  
position ; C a n d  D , progressive deflection.

delivery in this situation (Figure 12.8]. The infant 
is laid with his/her back on the operator’s arm [34], 
The index and middle lingers of the hand hook 
around each side of the fetal neck from behind. The 
infant is delivered in a large arc while flexion is main
tained. If the occiput is directed posteriorly and the 
head is deflexed, delivery can be achieved as follows: 
the baby’s back is positioned on the attendant's fore
arm, with the attendant’s other hand grasping the 
legs above the ankles. This results in the occiput 
passing forward over the sacral concavity. The fetal 
larynx serves as a fulcrum in this type of maneuver.

Breech Extraction
Extraction of the breech fetus can be total or par
tial. In total breech extraction, the entire body of 
the fetus is extracted by the obstetrician prior to 
engagement of the presenting part. This technique

FIGURE 12.8.
The Prague m a n eu ver fo r  de livery o f  the a ftercom ing  
head. See text fo r  details.

is still employed in the delivery of a second twin. 
In the past, breech extraction was infrequently used 
to deliver a singleton breech fetus when fetal dis
tress or another important complications such as 
a cord prolapse developed prior to full engage
m ent but with full cervical dilation. Such proce
dures require considerable skill and should never 
be attempted by an inexperienced surgeon with
out immediate expert instruction. Uterine relax
ation facilitates any extraction procedure and is rec
ommended. A breech extraction should be a smooth 
and slow operation, with an assistant providing con
tinuous fundal pressure to retain cranial flexion. 
Judiciously applied force exerted from behind the 
head, vis a tergo, tends to flex both the fetal head 
and the arms, reducing risk.

In total breech extraction, the fetal body is 
entirely within the uterus prior to effecting delivery. 
W hen the legs do not present as in a frank breech 
presentation, the operator must first flex the fetal 
legs at the hip by digital pressure in the popliteal 
fossa to bring dow'n one and, preferably, both legs, 
thus converting the position to a footling breech 
(Pinard maneuver) [39].

A  partial breech extraction refers to the extrac
tion of the fetal body after spontaneous delivery of
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fetal parts but prior to engagement of the head. For 
example, during the vaginal delivery of a preterm 
breech, the parturient can spontaneously deliver the 
fetal legs through the cervix prior to becoming fully 
dilated and prior to engagement. By extracting the 
remainder of the fetal body, the obstetrician hopes 
to avoid entrapment of the fetal neck by the cervix. 
This differs from an assisted breech delivery. In the 
latter procedure, the obstetrician performs maneu
vers to achieve delivery after the spontaneous expul
sion of the fetal body to the umbilicus, as a result of 
maternal expulsive efforts that occur after engage
ment.

To deliver the child in a total breech extraction, 
the surgeon grasps both feet and applies traction 
while gentle force is applied to the uterine fun
dus by an assistant to maintain cranial flexion. With 
downward pressure, the fetal body is drawn into the 
pelvis until the sacrum has delivered. The surgeon’s 
hands are then applied over the sacrum, thumbs 
together, encircling the fetal thighs. The fetal body 
is next extracted, rotating the trunk to release each 
arm in sequence. Nuchal arms are anticipated and 
managed as previously described. If the fetal body 
begins to enter the pelvis as a Sacrum posterior, the 
legs are simply crossed. With subsequent downward 
traction the fetal body is progressively rotated until 
the spine is anterior. Normally, this is an easily per
formed and atraumatic maneuver, but the rotation 
should neither be sudden nor forced.

FORCEPS IN BREECH DELIVERY

In 1924, Edmond Piper of Philadelphia introduced 
a special forceps design (Piper forceps) for delivery 
of the aftercoming head in breech delivery [35,36]. 
The principal advantage of the Piper instrument 
was the long shanks, permitting a more appropri
ate pelvic curve. With this modification the handles 
are lower than the blades when the forceps is prop
erly applied. Although these forceps are longer than 
average, they are easy to apply from below to the 
aftercoming head. Traction and elevating the han
dles delivers the head in a wide arc (Figure 12.9). 
Before an application is attempted, the aftercoming 
head must have descended to fill the pelvis and must 
be in the direct occiput anterior position. A pelvic 
application of the blades is then made. Delivery of 
the fetus is accomplished using the forceps to ele
vate the aftercoming head about a point formed by

FIGURE 12.9.
Piper fo rceps fo r  the delivery  o f  the a ftercom ing head.

the posterior aspect of the fetal neck where it meets 
the symphysis pubis. Very little traction is neces
sary to effect delivery with Piper forceps; they allow 
for delivery primarily by acting as a first-class lever 
while maintaining cranial flexion. In a similar fash
ion either the Simpson and Kielland forceps can also 
be used to assist delivery of the aftercoming head 
[36]. (See Chapter 17, Instrumental Delivery.)

Spontaneous Breech Delivery
In spontaneous breech delivery, the patient delivers 
the aftercoming head entirely by her own expul
sive efforts. This has theoretic advantages over the 
extraction procedures. By means of uterine contrac
tion and accompanying maternal bearing down (Val
salva) efforts, the fetal head retains its flexed posi
tion relative to the neck. With spontaneous breech 
delivery, however, it is possible that the aftercoming 
head might deliver precipitously, which in the
ory could subject the fetus to an increased risk of
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intracranial hemorrhage [33], In the analysis of vagi
nal breech deliveries involving both multiparas and 
nulliparas, the lower 5-minute Apgar scores seen 
with multiparous patients has been ascribed to these 
presumed rapid fluctuations in intracranial pressure
[21] , Because of this, close monitoring of the deliv
ery process is recommended with special care in the 
coaching of the bearing-down efforts. Note that the 
provision of a regional anesthetic such as an epidu
ral or a saddle block is strongly recommended to 
assist in the control of the delivery during this final 
expulsion phase.

Cesarean Delivery
During a cesarean for a breech-presenting fetus, 
an extraction is commonly required. Even during 
an abdominal delivery, this is an inherently more 
dangerous procedure than partial breech extraction 
because of the increased risk of extending the fetal 
head [37-38], An adequate incision of both the 
uterus and the abdominal wall are required to min
imize the risk of fetal trauma. Inadequate incisions 
can lead to traumatic injury to the extremities or 
the cervical spinal cord as the surgeon struggles to 
free an entrapped infant. Thus, when the abdomi
nal incision is performed, the surgeon should err on 
the side of a generous wound to insure ensure ade
quate space for the delivery. This same considera
tion holds for the uterine incision. In all cases where 
a breech extraction might be required, the anesthe
siologist should be requested to prepare a parenteral 
tocolytic, should uterine relaxation become neces
sary. In situations of a transverse lie when an extrac
tion is highly likely, and in most instances of surgery 
for breech presentations, we routinely administer 
150-350 |xg of nitroglycerine intravenously just as 
the vesicouterine fold is incised. This usually results 
in adequate uterine relaxation at the time that the 
extraction actually occurs. There are minimal mater
nal risks to nitroglycerine since the drug has a very 
short half-life and the commonly observed mater
nal hypotension is transient [40] (see Chapter 9, 
Obstetric Anesthesia).

After the uterus is opened and the fetal hips are: 
in view, they are drawn upward into the wound and 
gentle force is exerted at the fundus to deliver the 
fetal legs and body. Partial breech extraction can 
then be performed to complete the delivery. In this 
process, the aftercoming head is delivered primar
ily by force exerted at the fundus. As noted previ

ously, regardless of the type of breech encountered, 
any extraction must be performed slowly to prevent 
deflection of either the head or arms, When the sur
geon moves deliberately with the extraction, in con
junction with continuous pressure on the fundus, 
the risk of cranial or extremity extension is mini
mized.

The same general maneuvers used in assisted vagi
nal breech delivery are employed to complete the 
cesarean birth. Extraction of the hips through the 
incision is largely accomplished by force provided by 
the surgeon’s hand directed downward at the uter
ine fundus, assisted by pressure exerted by hook
ing the fingers at the thigh. As the buttocks appear, 
the surgeon grasps the fetal pelvis, fingers along 
the sacrum, and applies downward traction to com
plete the delivery. As the child delivers, the surgi
cal assistant maintains pressure on the fundus, fol
lowing the fetal head downward until its eventual 
extraction.

If nuchal arms are encountered, rotation of the 
trunk and shoulders is required and implemented in 
the same fashion as during a vaginal delivery. The 
fetal body is simply rotated in one direction until 
the scapula wings. The arm is then flexed on the 
chest and swept free. Rotation in the other direc
tion with a similar set of maneuvers frees the sec
ond arm. Upward displacement of the body can 
ease this maneuver. Correction of nuchal arms is, 
however, normally an easy procedure. Force that 
displaces the head laterally should be avoided dur
ing these manipulations, because this could predis
pose to brachial plexus injury Next the aftercoming 
head is brought into the operative field by pressure 
directly on the fundus. Delivery of the head follows 
with a MSV maneuver to maintain cranial flexion. 
Paralleling a vaginal delivery pressure by an assis
tant on the fundus or lower uterine segment will 
assist the cranial delivery. Because Mullerian anoma
lies are more common with malpresenting fetuses, 
the uterine cavity should be: explored after delivery. 
A septate uterus, as well as leiomyomas and other 
minor uterine anomalies, can be found associated 
with breech-presenting fetuses [1,9].

Internal Podalic Version
Internal podalic version is the conversion of a 
cephalic presentation to a breech presentation. This 
procedure is occasionally indicated with the delivery 
of a second twin (twin B). When ultrasonic scan or
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pelvic examination after delivery of the first twin 
reveals twin B to be in a longitudinal lie and cephalic 
presentation but not engaged, and clinical features 
of the case require an expedited delivery an IPV can 
be performed to extract twin B as a breech. This 
same approach can also be applied when twin B is 
compound in presentation, with the fetal arm/hand 
or umbilical cord prolapsed in front of the fetal 
head.

Adequate anesthesia and uterine relaxation are 
required prior to attempting the extraction. To per
form the extraction, the surgeon places one hand on 
the uterine fundus to support the uterus. The other 
hand is passed through the cervix into the uterine 
cavity. The fetal head is gently but firmly displaced 
upward. A Pinard maneuver can be necessary first 
to secure the feet. With the fetal feet firmly grasped, 
they are pulled slowly downward toward the pelvic 
inlet. As the downward traction on the feet is per
formed, the operator’s external hand gently pushes 
the fetal head upward towards the uterine fundus. 
The fetal body is next rotated as is necessary to 
guide the fetal spine anteriorly When the fetal legs 
reach the introitus, a total breech extraction fol
lows. In this type of extraction, nuchal arms should 
be anticipated and are managed in the usual man
ner. Occasionally but infrequently, once the fetus is 
Correctly positioned, the parturient may be able to 
perform a Valsalva maneuver, leading to an assisted 
breech delivery [41]. The use of real-time ultra
sound scan to locate fetal parts and the help of an 
assistant surgeon facilitates this sometimes compli
cated procedure. It is to be emphasized that these pro
cedures are not for the neophyte surgeon and shoidd 
never be attempted without uterine relaxation and 
immediate expert assistance.

Externa! Cephalic Version
ECV is the technique employed to convert a breech 
to a cephalic presentation. Although not strictly a 
procedure for breech delivery (i.e., it is a procedure 
used to avoid breech delivery), the technical aspects 
are pertinent to the overall approach to the problem 
of breech presentation.

ECV is usually performed before the onset of 
labor. Even without an ECV, up to 20% of breech 
presentations diagnosed as late as 37 to 39 weeks 
of gestation spontaneously convert from breech to 
vertex prior to labor [29]. Thus, the recognition of 
breech presentation near term but prior to labor can

allow for this approach to the overall management 
of breech presentation. Routine administration of a 
tocolytic agent such as terbutaline (0.250 mg SC) 15 
to 20 minutes before the attempt eases the proce
dure and can increase the likelihood of success [42],

During an ECV procedure, the administration 
of either anesthesia or potent analgesia should be 
avoided. Pain or major discomfort during the pro
cedure is a potential safeguard in limiting the force 
employed [43,44]. ECV should also be performed 
in reasonable proximity to the labor and delivery 
suite, in case of an emergency that requires expe
dited delivery.

The procedure begins with an ultrasound scan 
to document fetal presentation. This step should 
not be omitted, because spontaneous conversion of 
a breech to a cephalic presentation is not uncom
mon. Under real-time scanning the fetal position, 
cranial orientation, amniotic fluid volume and pla
cental location should be noted. Fetal testing with a 
non-stress test (NST) is also performed. If the fetal 
testing is not reassuring or the ultrasound examina
tion detects abnormalities, a version should not he 
attempted and additional evaluations are necessary.

After the fetal evaluations are complete and an 
informed consent has been obtained, the opera
tor places one hand over the breech for elevation 
and the other over the head, and rotates the infant 
through the shortest arc from breech to cephalic 
(Figure 12.10). Rotation is accomplished slowly, 
avoiding undue force that might compromise the 
cord or placental circulation. Fetal-maternal hemor
rhage is a risk with ECV, as is the rare occurrence of 
a fetal cervical spine injury. The risks for either are 
most likely related to the force with which the ECV 
is attempted. Avoiding analgesia and excessive force, 
and remaining attentive to the mother's discomforts 
minimizes risk.

This procedure has a success rate of about 60% 
at 37 to 39 weeks of gestation. Comparison of the 
success of ECV for breech and transverse presen
tations demonstrates a significant decrease in suc
cess with transverse presentations. This decrease has 
been ascribed to the greater incidence of unfavorable 
placental locations. Even with a successful ECV, 
the infants converted to cephalic presentations have 
higher rate of cesarean delivery than predicted [45]. 
The higher incidence of eventual cesareans relates to 
dysfunctional labors and, presumably, subtle forms 
of relative disproportion responsible for the initial 
malpresentation.
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FIGURE 12.10.
E xternal cephalic version. A  “head-over-heels  ” version is 
depicted. See text fo r  details.

Selective Trial of Labor
Selective labor trials in women with known breech 
presentations is another approach to delivery. 
Although a cesarean is performed for most women 
with a breech fetus, there are advocates for a TOL. 
on a highly selective and individual basis [21-28]. 
If an attempt at version is either contraindicated or 
simply refused by the patient, then a next step to 
consider is a TOL. For example, a TOL might be rea
sonable choice for a multiparous woman first diag
nosed as breech in early labor and at or about term 
with a frank or complete breech presentation.

A protocol for the management of term breech 
presentation in is described in Figure 12.11. With 
the onset of labor, patient choice, type of breech, 
pelvimetry and estimated fetal weight become 
important management issues (Figures 12.14,
12.15). T i t  protocol for intrapartum management 
has been studied prospectively [22,28,46,47], Such 
a selective plan for TOL addresses the risks of cord 
prolapse, fetal distress in labor, and prolapse of the 
fetus through an incompletely dilated cervix. Man
agement includes the use of continuous electronic 
fetal monitoring, frequent clinical evaluation, and 
the availability of emergency cesarean delivery, if 
required.

The decision process begins with a discussion 
with the woman about the fetal and maternal risks 
and benefits of a vaginal delivery versus an elec
tive cesarean. One school of thought is that the risk 
to the breech fetus of a vaginal delivery is accept
able in selected circumstances with strict adher
ence to protocol. It has been shown that immedi
ate neonatal outcome is similar when comparing
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groups undergoing either carefully monitored labor 
and assisted breech delivery, or a routine cesarean 
[1,22,28,46,47], Maternal morbidity increases with 
abdominal delivery, although the magnitude of this 
effect is usually minimal unless emergency proce
dures are performed in labor [18,19,22,28], The 
risk of fetal injury or demise is not entirely elimi
nated by any one strategy and there is a small risk 
of fetal/neonatal death associated with breech labor 
and vaginal delivery even with strict adherence to 
TOL protocols [22], Therefore, patients must be 
counseled carefully and the management strategy 
chosen carefully.

Any woman laboring with a breech presenta
tion should be prepared for abdominal delivery. 
Both anesthesia and nursing must be informed, and 
appropriate surgical assistants need to be identified. 
Regional anesthesia is best as, if required, a cesarean 
can be performed during labor on an expedited but 
nonemergent basis under epidural anesthesia [48], 
Prior to a decision about mode of delivery, bed
side ultrasound scan is performed to exclude obvi
ous anomalies, confirm the gestational age, estimate 
fetal size, and note the degree of cranial deflection 
or hyperextension. Exclusion of a borderline pelvis 
is also part of the evaluation and is discussed later.

Computed Tomography Pelvimetry and 
Ultrasonography in a Selective Trial of Labor
Radiographic evaluation has been used in the past 
to exclude a borderline pelvis for both cephalic and
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breech fetuses. A combination of ultrasound scan 
and CT studies to devise a fetopelvic index has been 
advocated to assess risk of injury from shoulder dys
tocia in cephalic deliveries. This approach also could 
help to avoid trauma during breech delivery. Based 
on earlier studies, the consensus is that women with 
a borderline pelvis should be excluded from a breech 
TOL [6,22,28],

Todd and Steer promoted the advantage of radio- 
graphic evaluation of the maternal pelvis in selective 
delivery protocols [6]. These authors reported on 
the delivery of over 1,000 term breech-presenting 
fetuses during the 1950s and 1960s. They deter
mined that the immediate neonatal outcome of vagi
nal breech delivery was associated with the pelvic 
diameters as determined by radiographic (x-ray] 
pelvimetry. W ith an inlet of the pelvis that measured
11 cm or greater in the anteroposterior diameter, 
and 12 cm or greater in the transverse diameters, 
the majority (85%) of infants delivered vaginally 
with acceptable perinatal mortality for that era. 
Wrhen either of these critical measurements was not 
achieved, the majority of infants ultimately required 
cesarean delivery (60%}, and the perinatal mortal
ity rate among those infants who delivered vaginally 
was determined to be 12 times greater than in the 
group with adequate measurements. The additional 
requirement of a 10-cm or greater diameter at the 
midpelvis followed, as did the use of CT studies for 
improved pelvimetry measurement (Figures 12.12 
and 12.13, Table 12.3} [24-28,46,47,49,50],

A CT study not only evaluates pelvic anatomy 
but also permits reliable evaluation of the relation
ship between the head and the cervical spine vis-a- 
vis hyperextension of the fetal head. Hyperexten
sion complicates about 5% of breech presentations 
at term [51]. To judge the degree, of flexion or exten
sion of the fetal head with respect to the cervical 
spine, the anterior angle between the mandible and 
the cervical spine is estimated. Hyperextension is 
diagnosed when this angle exceeds 90 degrees (Fig
ures 12.7 and 12.13}. In experienced hands, bedside 
real-time ultrasound scanning replaces radiographic 
studies for the evaluation of cranial hyperextension. 
Hyperextension must always be excluded regardless 
of the mode of delivery because cranial deflection 
is strongly correlated with spinal cord injury from 
birth trauma [51], The fetus with hyperextension 
is problematic to deliver. Even at a cesarean infants 
with this presentation require careful extraction to 
avoid injury. The potential causes for hyperexten

sion include, among others, multiple loops of nuchal 
cord, fetal neck masses, torticollis, and fetal neu
rologic abnormalities, In many cases, however, the 
problem is idiopathic.

MANAGEMENT OF LABOR AND 
DELIVERY OF THE BREECH FETUS 

Management by Trial of Labor
If ECV is unsuccessful or unacceptable to the 
patient, and the decision is made to conduct a labor 
trial, the woman should be instructed to present 
herself for evaluation at the earliest suggestion of 
labor or at the time of rupture of membranes. A 
multipara with a frank or complete breech presen
tation at term is a potential candidate for a TOL. 
With the exclusion of a borderline pelvis, the esti
mation of a fetus of average size, and an exclusion 
of cranial hyperextension, a TOL can be undertaken 
following an informed consent. These trial criteria 
are quite strict and when CT pelvimetry is used to 
evaluate women for a TOL, approximately 50% are 
excluded because of inadequate measurements of 
the bony pelvis. These women and those with unac
ceptable ultrasound examinations are then delivered 
by a cesarean [22,28],

In the remaining group of women, the evaluation 
of fetal status and progress of labor is managed in the 
same manner as with a fetus in a cephalic presen
tation [22,28,52—55]. In breech presentation, the 
EFM strips are interpreted in the same fashion as 
tracings from cephalic-presenting fetuses. Presumed 
fetal jeopardy/fetal distress during a breech trial is 
evaluated and managed in the usual manner. Lat
eral positioning, supplemental oxygen, increase in 
intravenous fluids, and administration of tocolytics 
all provide for in-utero resuscitation, as required.

The risk that the breech fetus might become aci- 
dotic during labor and delivery is marginally greater 
than for its cephalic counterpart [48,53], This aci
dosis is usually respiratory and transient. As with 
a cephalic presentation, a suspicion of metabolic 
acidosis remote from the expected time of deliv
ery generally results in an expedited delivery by 
cesarean.

The use of oxytocin was quite limited even in the 
era when breech labor trial were common. The rates 
of cervical dilation and descent of the presenting 
part in nulliparous women with a breech presenta
tion are comparable to those observed with cephalic
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FIGURE 12.12.
CT eva lua tion  o f  the m a tern a l b o n y  pelvis. A , The w id est transverse d is tance  a t the pelv ic  inlet. B, The anteroposterior  
d istance a t the pelv ic  inlet. C, The in tersp inous distance, m ea su red  a t the m idpelvis.

presentations [56], Amongmultiparouswomen, the 
maximal slopes of both dilation and descent have 
been reported as uniformly greater for breech labor 
than for cephalic labor. Breech fetuses with arrest 
of dilation or descent should be delivered by a 
cesarean.

In current practice, women with breech fetuses 
occasionally present to the labor and delivery suite 
with delivery imminent, and they frequently have

had no or little prenatal care. The decision about 
how best to proceed might not be easy. There is 
often little time for reflection. If the presenting part 
is truly crowning, a cesarean is often impossible and 
a vaginal delivery should be performed. It is better 
to conduct a well-controlled vaginal delivery than 
a poorly performed cesarean with improper tech
nique or inadequate anesthesia. If circumstances are 
not so pressing, a tocolytic is administered and the
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FIGURE 12.13.
C T  eva lua tion  o f  the a ftercom ing head  in  breech presen ta tion . A , The no rm a l rela tionship  betw een the h ea d  a n d  neck is 
one o f  flexion . B, The head  o f  this in fa n t is hyperextended  w ith reference to the cervical spine. C, In this fetus, the head  is 
extrem ely hyperextended; this w as classically referred to as a  “star-gazing" fetus.

woman is transported to the operating suite. If no 
studies of fetal size, cranial flexion, or the maternal 
pelvis have heen performed, a cesarean is best, inde
pendent of the patient’s parity, unless one is faced 
with the unusual case in which medical reasons

preclude the safe administration of an anesthetic 
agent.

When vaginal delivery is imminent, the bladder 
is catheterized. A generous episiotomy is performed 
as the buttocks crown. The membranes should be
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TABLE 12.3 Pelvimetry Criteria for a Trial of Labor for 
the Term Breech Fetus

Minimum Measurement
Dimension (cm)

Pelvic inlet
Anteroposterior 11
Transverse 12
Midpelvis
Interspinous 10

From Gimovsky ML, Wallace RL, Schifrin BS, Paul RH: 
Randomized m anagement o f the nonfrank breech presentation at 
term: a preliminary report. Am J O bstet Gynecol 1983 May 
l;146(l):34 -40 ; with permission. See also Figures 12.12 and 
12.13.

left intact as long as possible. The infant should be 
allowed to deliver spontaneously and to progress 
as far as possible. As noted, most infants deliver 
to the umbilicus with minimal assistance. Then, 
if the membranes are intact, they are then rup
tured and a loop of umbilical cord is freed and 
pulled gently down. The Mauriceau-Smellie-Viet or 
Wigand-Martin-Winkel maneuvers are then used to 
Complete delivery. Piper forceps (or alternatively, 
Simpson or Keilland forceps) can be used for deliver
ing the aftercoming head at the clinician’s discretion 

[57]'
In the case of the vaginal delivery of a very- 

low-birthweight breech fetus (<750 g, <26 weeks), 
the membranes should be left intact, if possible, an 
epidural anesthetic provided, and fundal pressure 
judiciously used to affect delivery en caul. Hydro
static force as distributed by intact membranes facil
itates the delivery and reduces the risk of fetal 
entrapment and resultant injury or death.

Onee the umbilical cord appears, clinicians often 
erroneously believe that there is only a short inter
val before severe neurologic injury or fetal demise 
occurs. In fact, when the interval between the 
appearance of the umbilicus and completion of 
delivery is. 6 minutes or less, the 5-minute Apgar 
score usually indicates the need for only minimal 
support of the newborn [1,4,22,28], In this set
ting, undue haste by the obstetrician could result 
in more traumatic injury than the putative bene- 
fits of a rushed delivery. In the past it was supposed 
that the cord was totally occluded during a deliv
ery. Although this is the worst possible situation,

its occurrence is a distinct rarity. The median time 
for completing delivery after the cord appears is 
about 60 seconds in a vaginal breech delivery [27], 
Although this might seem an eternity in the delivery 
suite, it is vital that the obstetrician use deliberate 
speed in effecting delivery. As previously reviewed 
in detail, haste can result in nuchal arms or, more 
dangerously, inadvertent extension of the fetal head 
and extremities, unnecessarily increasing the risk of 
delivery trauma.

Overall, the differences in outcome between 
breech-presenting infants delivered by an elective 
cesarean or vaginally following the described pro
tocol are minimal for infants who are of average 
size and at term. Average size is defined as infants 
between 2,500 g and 3,500 g at 36 to 40 weeks 
of gestation [4,22,28,53,55], The fetal outcome is 
not fundamentally affected by the specific type of 
breech presentation or by maternal parity [22].

Management by Elective Cesarean Delivery
At present, most practitioners elect to deliver the 
breech fetus by a cesarean regardless of other con
siderations [14,16,19,20,59], This decision is mul
tifactorial and involves both medical and nonmedi
cal issues, but the overwhelming reason for deciding 
to proceed with a cesarean is the attempt to avoid 
traumatic birth injury. The risk of asphyxia during 
both labor and delivery is also minimized. Both of 
these adverse events are rarely seen after a cesarean 
delivery. Nonmedical decision parameters include 
patient and clinician preference as well as concerns 
about liability [59,60].

Routine cesarean delivery in breech presentation 
is most beneficial for 1) patients delivering in facil
ities not equipped with full-time support services 
in anesthesia and pediatrics; 2) women delivering 
breech-presenting fetuses less than 36 to 37 weeks 
of gestation, or estimated fetal weights less than
2,000 g; 3) women delivering fetuses at 42 or more 
weeks’ gestation or with estimated fetal weights 
greater than 4,000 g; 4) any breech-presenting fetus 
having hyperextension of the head; or 5) a patient 
who desires a cesarean.

Management by External Cephalic Version
ECV is most successful when the breech is 
not engaged and spontaneous uterine activity is
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minimal [61,62]. Multiparous women with com
plete or footling breech presentation prior to 
engagement are good choices for an attempt at ECV. 
Sufficient amniotic fluid volume is necessary. The 
location of the placenta is important because an 
anterior location makes the procedure more diffi
cult. Maternal obesity and parity, frank breech pre
sentation, low station, and advanced cervical dila
tion are factors predictive of ECV failure. Fetuses 
that are at excessive risk, such as those with prema
ture rupture of membranes, placenta previa, abrup
tio placentae, or who have abnormal fetal testing, 
should not undergo ECV.

The decision to attempt ECV can be made either 
antepartum or in early labor [61]. With the use of a 
tocolytic agent and appropriate surveillance m eth
ods, ECV at 37 to 39 weeks of gestation is safe and 
an effective means to resolve the problem of breech 
presentation [62], Amnioinfusion as an adjunct to 
facilitate ECV has also been described, and ECV has 
been performed in some cases of preterm labor.

Team Approach to Breech Delivery
In effecting breech delivery by vaginal delivery or 
by cesarean, experienced personnel are necessary for 
optimal outcome. Minimally, the obstetrician must 
have a gowned and gloved assistant present at a vagi
nal delivery or a cesarean.

A delivery room in which either type of delivery 
can be performed should be prepared in advance. 
Warm, wet towels and forceps should be available in 
addition to the regular delivery instruments. Equip
ment should include a fetal monitor and a real-time 
ultrasound scanner to permit Continuous monitor
ing.

Both anesthesia and pediatric support are cru
cial to the successful outcome of breech delivery. 
Regional anesthesia has become the norm for both 
breech and cephalic deliveries. Once avoided for 
vaginal breech delivery, epidural anesthesia is now 
recognized as particularly helpful in special situa
tions, such as with a premature breech or with a 
non-frank breech presentation at term [37], On 
occasion, breech deliveries also benefit from the 
administration of uterine relaxants such as nitroglyc
erine when manipulations are necessary.

Because the first few minutes after breech deliv
ery are invariably associated with some degree of 
neonatal depression, immediate pediatric support is

key to the good outcome for the breech infant [55], 
This is evidenced by the high incidence of low 1 - 
minute Apgar scores seen at term breech delivery, 
independent of delivery mode [17], Five-minute 
Apgar scores demonstrate no significant differences 
between vaginally delivered breech infants and 
those delivered by cesarean when a selective pro
tocol has been used for managing labor [1,5,13,55], 
The rare occurrence of a seriously depressed infant 
mandates that a skilled pediatrician be present at 
any breech delivery, however. Umbilical cord gases 
frequently yield evidence of mild transient respira
tory acidosis. This finding could result from tran
sient, partial cord compression as the fetal body 
passes through the birth canal or be secondary to 
flow compromise from a nuchal cord, a feature that 
frequently accompanies breech presentation.

An experienced clinician should monitor all 
breech labors. Certain problems are more com
mon with a breech presentation during labor, and 
expert assistance can be required because special 
manipulations might become necessary for an atrau
matic delivery. As an example, prolapse of either the 
umbilical cord or the fetal body through a partially 
dilated cervix is a potential problem that requires 
immediate intervention. Use of regional anesthesia, 
avoiding early and inappropriate intervention, and 
not rupturing the membranes for as long as possible 
minimizes the risk of this complication.

Breech Delivery in Everyday Practice
A major difficulty in managing breech delivery is 
obtaining sufficient experience, because the number 
of both planned and unanticipated breech deliver
ies has declined. Many obstetricians are concerned 
when faced with the imminent delivery of a breech 
fetus, especially in a facility that lacks the necessary 
equipment and personnel required to perform an 
emergency cesarean. It therefore behooves the clin
ician to learn about the manual maneuvers required 
to assist safely at breech vaginal delivery and to prac
tice these same techniques at the time of cesarean 
delivery. Conducting partial or total breech extrac
tions at cesarean delivery when there is an appropri
ate indication provides the clinician with an oppor
tunity to Safely enhance his/her skill and confidence 
with the techniques of breech delivery.

In a prospective series at Los Angeles County 
Hospital in the 1980s, 12% of patients with breech
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presentation randomized to a cesarean delivered 
vaginally before the operation could be performed
[22], In current practice, a smaller percentage of 
advanced cases present in this manner. With the goal 
of providing the best possible care for the parturient 
and her breech fetus, several other issues have a sig
nificant impact on the choice of method of delivery 
including

• The local patterns of practice

• The need to obtain informed consent

• The desires and preferences of the patient

• The ability of the facility to support an emergency 
cesarean

• The availability of anesthesia and pediatric assis
tants.

O UTCOMES 

Term Breech Infant
Infants delivered from breech presentation, regard
less of management strategy are at greater risk for 
adverse outcomes than are those with a cephalic 
presentation. Overall, there is a threefold increase 
in perinatal mortality with breech presentation 
[1]. Congenital anomalies, IUGR, prem aturity and 
birth-related traumatic injuries are contributing fac
tors. The spectrum of possible fetal injuries, includ
ing cerebral palsy, direct birth injury and neonatal 
depression, is addressed later.

Although the ability to recognize many congen
ital anomalies has increased dramatically effective 
obstetric interventions that have a significant impact 
on outcomes are limited. Furthermore, accurate 
early recognition of severe growth disturbances (e.g., 
IUGR) and the ability to correct those, problems 
prior to birth are still at best limited.

There is enormous pressure to make significant 
inroads in reducing adverse outcome caused by birth 
trauma from labor and delivery. This pressure is 
complemented by a desire to practice medicine 
consistent with current societal expectations 
[60],

The potential for traumatic injury during breech 
labor and delivery has long been appreciated. Pos
sible problems include umbilical cord prolapse; 
brachial plexus injury; trauma to intraabdominal

organs; fracture of the clavicle, long bones, or skull; 
and various injuries to the spinal cord.

The fetal head and neck are at particular risk in 
breech labor and delivery, regardless of the chosen 
delivery mode. When hyperextension of the fetal 
head complicates delivery, intracranial hemorrhage 
from intracerebral bleeding, tentorial tears, subdu
ral hematomas, and cervical cord trauma can result 
in permanent neurologic injury [64], Fetal hypox
emia and ischemia can also result in severe neu
rologic impairment. Similar injuries can be caused 
by entrapment of the aftercoming head, whether 
at the pelvic inlet or by a partially dilated cervix. 
The possible relationship of breech presentation 
at term and cerebral palsy has also been cited as 
a reason for a routine cesarean for breech deliv
ery. This conclusion might have arisen from the 
observed association between breech presentation 
at term and low Apgar scores [65]. In a more thor
ough analysis, however, differences between breech 
and cephalic infants in rates of cerebral palsy are 
best attributed to the higher incidence of severe 
growth abnormalities (IUGR) among breech fetuses
[66.67],

Breech presentation can be a marker for another 
problem, such as IUGR, itself a risk factor for cere
bral palsy. Breech delivery complicated by anoxia or 
birth trauma has the potential to result in cerebral 
palsy. Studies in which the mode of delivery was 
assessed as to the risk of development of cerebral 
palsy fail to demonstrate a decreased incidence of 
cerebral palsy following cesarean delivery however
[65.66.67],

Brachial plexus injuries, which can occur follow
ing vertex or breech vaginal deliveries, are a special 
concern. Geutjens and coworkers studied differ
ences in the pattern of brachial plexus injury sus
tained at both breech and cephalic vaginal deliver
ies [68], In breech deliveries, 81% of the brachial 
plexus injuries were avulsions at the upper roots, 
C5, C6, _t C7. Low-birthweight infants constituted 
30% of the infants with brachial plexus injury, 
a threefold increase in risk compared with the 
general population. Brachial plexus injuries associ
ated with cephalic presentations demonstrated post
ganglionic rupture of nerve roots C5, C6, ± C7 
in 75% of infants. Shoulder function, as demon
strated by Mallet’s score, indicates a much worse 
injury for breech infants. Additionally, 22% of the 
breech infants were initially diagnosed with bilateral

ak
us

he
r-li

b.r
u



Brooch Presentation 3 1 5

brachial plexus injuries. Similar findings about 
the patterns of brachial plexus injury were also 
described by Al-Qattan [69]. Both groups con
cluded that the more severe injuries sustained by 
breech infants are specific to the presentation and 
are less likely to resolve spontaneously than are sim
ilar injuries occurring at cephalic deliveries. The 
authors also concluded that brachial plexus injury 
sustained by a breech fetus requires surgical cor
rection earlier and more frequently. Although these 
authors’ studies refer specifically to vaginal deliver
ies, brachial plexus injuries are also possible during 
cesarean delivery.

The need for resuscitation at delivery as assessed 
by Apgar score, is. greater for breech than cephalic 
infants. Low 1-minute Apgar scores (; 3) occur 
three to five times more frequently in breech as 
opposed to Cephalic deliveries [4,55], As noted pre
viously umbilical cord gases demonstrate a mild res
piratory acidosis more frequently at vaginal breech 
delivery [52,53],

Bony injury and peripheral nerve damage are 
increased in vaginal breech delivery [5,9,55], Not 
generally appreciated is the fact that these injuries 
also occur at cesareans, although at a lesser rate.

Intracranial hemorrhage, spinal cord trauma, 
bony fractures, and visceral injury are rare but 
potentially serious problems that can occur during 
delivery of the breech fetus [1,2,9,55], Earlier 
prospective studies suggest that the use of a selec
tive management protocol in conjunction with an 
experienced operator reduces the frequency of these 
injuries [22,28,55],

Although ECV is a routine procedure, related 
injuries can include vaginal bleeding, fetal-maternal 
bleeding, cesarean scar rupture, and umbilical cord 
prolapse [62,70-74], An emergency cesarean in 
conjunction with FHR abnormalities to avoid fetal 
hypoxemia is also an uncommon ECV procedure- 
related risk.

The additional increase in cesareans for breech 
delivery (to 90% or more at present) has not sig
nificantly decreased perinatal losses. Indeed, the 
almost universal use of cesarean delivery has gen
erated birth injuries attributable to the procedure. 
The breech fetus born at a cesarean can suffer the 
same range of injuries as one born at vaginal delivery, 
albeit at a lower rate. Iatrogenic fetal birth trauma at 
cesarean delivery has been estimated to be in excess 
of 1% [75-76]. Care with surgical and anesthesia

techniques and better understanding of the mecha
nism of breech delivery are important to minimize 
these types of injuries.

The Term Breech Trial, conducted with enor
mous effort by the researchers involved, reported 
on worldwide clinical practices in breech delivery 
[19,77,90,91]. Differing practices and attitudes by 
both clinicians and patients led these authors to the 
conclusion that the immediate neonatal outcome 
was better for the infants born by a planned cesarean 
than by planned vaginal delivery. In a follow-up 
report in 2004, however, the same group reported 
no significant differences in breech infants born by 
planned vaginal delivery or planned cesarean at age
2 years [77],

Preterm Breech Infant
About 25% of all breech-presenting fetuses are pre
mature at delivery. Most premature breech fetuses 
are delivered by a cesarean. The volume of amniotic 
fluid after spontaneous rupture of membranes and 
the relative size of the fetus are factors that predis
pose the premature breech fetus to an increased risk 
of traumatic delivery. The greater disparity between 
head and abdomen dimensions results in a signifi
cant disadvantage to the preterm fetus in negotiating 
the pelvis, making vaginal delivery inherently riskier 
than for the term fetus (Figure 12.14). The partially 
dilated cervix, which more often allows for delivery 
of the smaller fetal diameters of a low-birthweight 
fetus, increases the risk of entrapment of the fetal 
body or the aftercoming head. Other potential 
delivery risk factors seen with preterm breech 
fetuses include 1) increased incidence of non- 
frank presentations with attendant increased risk 
of umbilical cord and/or body prolapse [3,9-11]; 
2) increased incidence of premature rupture of 
membranes, which compromises both umbilical 
cord and placental blood flow and results in less tol
erance to the stress of labor [78-83]; and 3) the 
absence of an effective dilating wedge.

ECV has also been employed with the preterm 
breech fetus. Chervenak and coworkers reported 
their experience with ECV with tocolysis for low- 
birthweight breech infants in preterm twin gesta
tions [63]. These investigators reported one neona
tal death among the group of low-birthweight 
breech fetuses in a 1,000-g infant, suggesting a 
Serious potential risk of ECV in this group.
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FIGURE 12.14.
The shape o f  the fe tu s  d ep en d s greatly  o n  gesta tiona l age. 
The rela tionsh ip  o f  the three d iam eters tha t approx im a te  
shape (biparietal, bisacrom ial, a n d  intratrochanteric) 
becom es m ore fa vo ra b le  as g esta tiona l age reaches term. 
This is com m only  reflected in  the ratio o f  the h ea d  a n d  
ab d o m in a l circumference a s d e term in ed  b y  u ltra sound  
scanning  reaching unity.

infants weighing less that 1,500 g are delivered vagi- 
nally.

Among preterm breech-presenting infants fol
lowed for 1 to 5 years after birth, the incidence of 
developmental or neurologic abnormalities was ten
fold greater in premature breech-presenting infants 
(less than 35 weeks] delivered vaginally as com
pared with those born by a cesarean. The inci
dence of intracranial bleeding was four times greater 
among vaginally delivered infants. One third of 
the breech infants in whom significant neurologic 
sequelae occurred were small for gestational age 
[80], The frequency of neonatal death among vagi
nally delivered preterm breech-presenting infants 
is increased compared with those delivered by a 
cesarean, even with a mean gestational age of 34 
weeks [78,79]. Death occurs secondary to asphyxia, 
respiratory insufficiency, or intracranial hemorrhage.

The very-low-birthweight fetus (less than 700 g, 
less than 27 weeks) must be given separate consid
eration. Among these very-low-birthweight infants, 
injuries sustained at delivery are similar regardless of 
mode of delivery; therefore, a cesarean delivery does 
not, on balance, improve survival for these groups 
[12,79], In these extremely young and small fetuses, 
multiple factors relating to prematurity appear to be 
more significant in determining the neonatal out
come than the mode of delivery [3,10-12],

The many causes of compromised outcome 
among premature infants, vertex or breech, confuse 
the issue of the benefits that can be derived from 
a cesarean. The nonasphyxiated infant born with 
a minimum of birth trauma is the highest-quality 
survivor. A cesarean delivery performed when there 
has been little or no labor seems to result in the best 
outcome.

33-36
weeks to term 36 w eeks to term

▼  y

Selected frank and complete breech-presenting 
fetuses between 32 and 35 weeks of gestational age 
still await study to determine the safety of ECV, 
however.

BreCch-presfinting infants weighing more than 
700 g but less than 2,000 g (27 to 36 weeks) at 
birth are at great risk for significant injury at birth 
[10,11,13]. The incidence of low Apgar scores (less 
than 7 at 5 minutes), difficulty with the aftercom
ing head, peripheral nerve injury, and perinatal mor
tality (corrected) is greater when breech-presenting

CONCLUSION

Once a breech presentation has been diagnosed, 
the patient and her family can be Counseled and 
instructed about the potential problems that might 
be encountered. O f course, this is most easily 
accomplished when the diagnosis is made prior to 
labor.

Most women understand that breech presenta
tion involves risks to their unborn child, but they 
should also understand that the risks are not lim
ited to the route of delivery. Pregnant women are

Less than 
33 weeks
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also influenced by the comments that are made by 
family friends, their own on-line investigations, and 
the media. It is thus crucial that physicians continue 
to be well informed and available to answer ques
tions. Physicians must also be prepared to explain to 
patients the nature of the risks and benefits that are 
associated with alternatives to a routine cesarean, 
including ECV and a selective TOL [88],

In an era in which decreasing family size and 
increasing expectations for a perfect baby follow
ing an atraumatic birth coexist, it must be decided 
how to integrate these expectations and their subse
quent sequelae into clinical obstetric practice. This is 
another reason to encourage patients to participate 
actively in their understanding and choices about 
childbirth.

It is anticipated that the reliance on cesarean 
delivery for breech infants will continue to increase. 
With the rise in the number of repeat procedures, 
surgical complications will also rise. A more selec
tive approach to the overall use of cesarean delivery 
could help to limit this increased risk.

Another consideration is the inadequate expe
rience in breech management in residency educa
tion programs. The profession is currently well on 
the way to producing a generation of obstetricians 
trained to rely exclusively on cesareans for breech 
delivery. This inexperience with the management 
of breech vaginal delivery could compromise the 
advantages of cesarean delivery for the safe deliv
ery of the breech fetus. Reports of birth injuries suf
fered at cesarean delivery of breech infants confirm, 
this potential. The importance of learning all aspects 
of breech delivery technique therefore cannot be 
overstated. Clinical teaching of operative obstetrics 
using advanced simulators offers promise in this area 
[ 86 ,88 ],

Breech presentation during labor remains a high- 
risk situation and requires careful management to 
achieve the optimal outcome. It is an oversimplifi
cation to make the assumption that cesarean section 
is the complete and final answer [87-89].

SUMMARY
Management of breech presentation is complex. 
Although a role remains for selective breech vaginal 
trials, the number of such cases is now quite limited. 
It is important to recognize that when used properly,

cesarean delivery for breech-presenting infants has 
the potential to dramatically decrease the incidence 
of intrapartum fetal/neonatal injury and death. As 
we have seen, however, cesarean delivery does not 
solve all the problems inherent in breech presenta
tion or ensure the delivery of a normal child. Further, 
the techniques required for vaginal breech delivery 
are in many ways the same as those necessary at 
a cesarean. Due to the problems inherent in clini
cal medicine and its unpredictability, physicians in 
training should develop the skills necessary to per
form both version for breech presentation as well 
as both vaginal and cesarean breech delivery. More
over, it is necessary to understand all the clinical 
options available, as well as the controversy in the 
management of the breech-presenting fetus, in order 
to permit selection of the safest and most optimal 
delivery route for each patient in accord with each 
woman’s preferences.

RECOMMENDATIONS FOR PRACTICE
• Breech-presenting infants in frank or complete 

presentation at 36 to 42 weeks are potential can
didates for a TOL if strict criteria are satisfied 
(Figures 12.11 and 12.15). The double-footling 
breech, likely to be at greater risk for cord pro
lapse and prolapse of the fetal body through 
an incompletely dilated cervix, is the most dif
ficult term breech-presenting fetus to manage 
effectively through labor and delivery and should 
be delivered by a cesarean. Breech presentations 
require evaluation by real-time ultrasound scan 
once the diagnosis is established, and if a vaginal 
trial is considered, radiographic evaluation of the 
maternal pelvis is necessary.

• Breech-presenting fetuses at a transitional gesta
tional age, 32 to 35 weeks, in frank or complete 
presentation, are borderline by size and by shape 
(head-to-abdomen ratio) for a TOL. Except in 
highly selected cases, cesarean delivery is best for 
this group.

• Breech-presenting fetuses at 26 to 32 weeks of 
gestation are best managed by cesarean delivery.

• For breech-presenting fetuses when delivery is 
required prior to 26 weeks of gestational age, 
cesarean delivery is not routinely indicated.
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Informed Consent

Tocolysis as indicated by clinical circumstances

Prepare for possible cesarean delivery

EFW: 2-4  kg 
EGA: 36-42 wks

Adequate clinical pelvimetry

? Candidate for external 
cephalic version

No contraindication to labor

J ]
X-ray pelvimetry _ .e

-— — ------------------------------ w / O

Fetal x-ray Inadequate
1 or 
V unfavorable

Adequate

i
Trial of labor

Adequate biophysical and Nonreassuring »
biochemical monitoring---------------------------- ---------► C/S

Inadequate labor
Adequate progress in labor 

>1.2 cm/hour (nullipara)
>1.5 cm/hour (multipara)

T
Assisted breech delivery

— >  Satisfactory perinatal outcome -<— 

FIGURE 12.15.
O verv iew  a n d  flo w  d iagram  o f  the m anagem en t o f  
breech p resen ta tio n  in  early  labor fo r  e stim a ted  
g esta tiona l ages 36 to 42 w eeks. See text fo r  details.

Vaginal delivery, particularly when membranes are 
intact, remains a reasonable alternative for these 
very premature infants, under specific circum
stances.
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LE GESTATION

V. Ravishankar 
J. Gerald Quirk

By her he had two children at one birth.

W illiam  Shakespeare (1564-1616)

Henry VI, Part II (IV, ii)

Since its inception, more than 1 million children 
have been born through assisted reproductive tech
nologies (ART). Fertility treatments account for the 
explosive increase in twins and in high-order mul
tiple (HOM) births seen in the last two decades. 
Specifically twin births increased by 66% from 
1980 to 1998, and triplets increased by more than 
400% during the same period (against an increase 
of 6% in singleton births) [1], In 2003 in the 
United States, the twin birth rate was 31.5 per
1,000 total live births, and the triplet birth rate was 
187.4 per 100,000 live births [1], Reynolds and 
colleagues analyzed the trends in multiple births 
from ART in the United States between 1997 and 
2000 and reported that more than 50% of live 
births from ART were multiples [2], Besides ART, 
ovulation-inducing drugs and intrauterine insemi
nations account for the increase in multiple births. 
The other major factor contributing to this surge 
is the older maternal age at childbearing. Delayed 
childbearing and increasing reliance on ART to 
achieve pregnancy have led to an increase in mul
tiple births. Between 1990 and 2003, the number 
of twin and HOM births born to women in the age 
group 45 to 49 years increased notably (Figure 13 1) 
[!]•

The disturbing rise in multiple births imposes 
a great burden on medical care, mainly because 
of an increase in preterm births. Multiple births 
account for 10% of all preterm births. The last two 
decades witnessed a considerable decrease in peri
natal mortality rate in singletons principally because 
of advances in neonatal management that include 
the use of surfactants and antenatal corticosteroids 
[3], Although multiple gestations account for only 
3.3% of live births [1], they contribute significantly 
to the increase in very-low-birthweight (VLBW) 
infants. About 11 % of all multiple births have birth- 
weights less than 1,500 g (VLBW by definition; Fig
ure 13.2). Although the overall perinatal mortality 
rates have decreased in multiples in the last decade, 
they are still high compared with that of single
tons. Twins have a fourfold increase and triplets have 
a ninefold increase in the perinatal mortality rates
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Year
NOTE: T r ip le ts  includes births in g reater than tw in deliveries. Rates are p lotted on 
a log scale.

FIGURE 13.1.
Multiple births to women 45 to 49 years o f  age: United 
States 1990-2005. (From Martin JA, Hamilton BE, Sutton 
PD et al. Births: Final Data for 2003. National Vital 
Statistics Reports 2005;54; with permission.)

compared with that in singletons [4]. Multiple fac
tors such as race, maternal age, smoking, and socioe
conomic status influence the perinatal outcomes. 
Rydhstroem and coworkers [5] analyzed, from the 
Swedish Medical birth registry, the fetal and infant 
mortality rates of singletons and twins born between 
1973 and 1996 and found that twins born before 34 
weeks had six- to eightfold mortality compared with 
singletons. The fetal mortality rate in twins was con
sistently higher at all gestational ages and was higher 
in same-sex twins.

CEREBRAL PALSY IN MULTIPLES

The last two decades witnessed a great surge in mul
tiple births from ART, and the long-term neurologic 
consequences are now only beginning to unfold. 
Pharoah and Cooke reported a higher prevalence 
of cerebral palsy in survivors of multiples (44.8 in 
triplets, 12.6 in twins, and 2.3 per 1,000 births) [6]. 
Scher and coworkers collected data from more than 
1 million singleton births and from 26,000 twin 
births from five populations in Australia and the 
United States [7], They reported a higher preva
lence of cerebral palsy in twin survivors than in sin
gleton survivors at 1 year of age (0.59% vs. 0.14%, 
p < 0.0001). The cerebral palsy rates were also 
higher in twins born after 38 weeks’ gestation (or 
above 2,500-g birth weight). Overall, the higher 
prevalence of cerebral palsy seems to be gestational 
age dependent up to 36 or 37 weeks. After 37 weeks, 
twins seem to be at a disadvantage [8]. Intrauterine

P ercen t of live births 

15 -p ..... ...... ..........

© 2 0 0 6  March o f D im es B irth  Defects 
Foundation. All rights reserved

March

FIGURE 13.2.
Prevalence o f  VLBW infants among 
multiples. (From wum’.marchofdimes.com/ 
peristats; with permission.)
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death of a monochorionic twin also increases the 
cerebral palsy rate in the surviving twin.

Maternal and fetal complications also are 
increased in multiple gestations. Hypertensive dis
ease, anemia, pyelonephritis, and postpartum hem
orrhage are more common, as are preterm deliveries, 
fetal malpresentations, and placenta previa, which 
increase the likelihood of cesarean sections. Congen
ital malformations, growth restriction, polyhydram
nios, and fetal losses are more common in multiple 
gestations.

This chapter explores the maternal and fetal com
plications, advances in prenatal diagnosis, and man
agement of complications unique to multiple gesta
tions.

EPIDEMIOLOGY

An accurate determination of the incidence of mul
tiple gestations is difficult. The spontaneous twin
ning rate in Caucasians is about 12.5 per 1,000 
births [9], The lowest incidence in twinning is seen 
in the Japanese population (6-7/1,000 births [10]) 
and the highest incidence of spontaneous twinning 
occurs in Nigerians (35/1,000 births [11]). Monozy
gotic (MZ) twins, which result from splitting of a 
fertilized ovum, occur at a constant rate of 4 per
1,000 births in all populations, and this is not influ
enced by age, parity, or race. Dizygotic (DZ) twins, 
which result from the fertilization of two separate 
ova, are more common and account for about two 
thirds of all spontaneous twin conceptions.

Spontaneous triplet gestation is very rare -  about 
1 per 10,000 births. Spontaneous conceptions of 
HOM  gestations are extremely rare. The causes of 
twinning are not well known. Maternal characteris
tics influence DZ twinning rates. Taller and heavier 
women have an approximately 30% increased rate 
of DZ twinning against shorter and thinner women 
[12], Increased maternal age and parity also account 
for increased twinning. Maternal age increases DZ 
twinning and, to a lesser extent, MZ twins [13 ] 
Twinning rates increase with maternal age up to the 
mid- to late thirties and then decline [14], Again, 
rising gonadotropin levels with increasing age and 
their decline before menopause could account for 
the increase in multiple gestations in the older age 
group [12],

Extreme nutritional deprivation decreases the 
twinning rates in humans. In animal studies, improv

ing nutrition produced the opposite effect by 
increasing the size of litters. Maternal familial and 
genetic factors influence the incidence of DZ but not 
MZ twins. Paternal history does not seem to have an 
effect on the twinning rate. Mothers of DZ twins 
are more likely to have subsequent twin gestations 
than are women with previous singleton births [14], 
Women who were born of a twin gestation are more 
likely than the general population to give birth to 
twins.

Fertility treatm ent is the most significant contrib
utor to the increase in multiple gestations, because 
all ovulation-inducing drugs cause multiple ovula
tions. Women treated with clomiphene have a twin
ning rate between 6.8% and 17%. Gonadotropin 
stimulation has a twinning rate between 18% and 
53.5% [15],

PHYSIOLOGY OF MULTIPLE GESTATIONS

(wins can result either from two zygotes (dizygotic 
twin) or from splitting of one zygote (monozygotic 
twin). DZ twins occur in two thirds of spontaneous 
twin conceptions, and MZ twins represent the rest. 
DZ twins, resulting from fertilization of two sepa
rate ova, can be different or the same sex, whereas 
MZ twins are always the same sex and have identical 
genetic material.

In assisted reproduction, DZ twins account for 
almost all births, with a few exceptions of MZ twins 
resulting from the splitting of the inner cell mass 
of the blastocyst. Older textbooks went to great 
lengths to explain the phenomena of superfecunda
tion and superfetation. Superfecundation is the term 
used for fertilization of ova at different times by 
separate events of coitus but in the same ovulatory 
cycle, and superfetation occurs when the fertilization 
of the ova occurs at different cycles. Neither has ever 
been demonstrated in human reproduction.

MZ twinning results from the splitting of the 
zygote at various times after fertilization. The cause 
of this splitting is not well known. Fertility treat
ments also seem to increase the incidence of MZ 
twinning by two- to fourfold [16], ART, especially 
embryo transfers at the blastocyst stage, is associ
ated with an increase in the MZ twinning rates 
up to 5% [17,18]. It has been proposed that MZ 
twinning could result from exposure to teratogens. 
MZ twinning reportedly increased in mice treated 
with vincristine sulfate [19], Recently, Bamforth
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TABLE 13.1 Diagnosis of Multiple Gestations

Dichorionic/D iam niotic 
(Separate  P lacenta)

FIGURE 13.3.
Possible placental types in twin gestations.

and coworkers explored the role of a cell adhesion 
molecule E-cadherin in MZ twinning. In their study 
of both DZ and MZ placentas, they found slight 
overrepresentation of polymorphism in MZ twins, 
which did not reach statistical significance [20].

Placentation in Twin Gestations
The possible placental types in twin gestation are 
1} dichorionic-diamnio tic placenta, which contains 
two chorions and two amnions; 2) monochorionic- 
diamniotic placenta, having one chorion and two 
amnions; and 3) monochorionic-monoamniotic pla
centa, in which the twin fetuses are enveloped 
by a single amnion surrounded by one chorion (Fig
ure 13.3).

It is important to understand the difference 
between zygosity and chorionicity. All DZ twins 
have dichorionic-diamniotic placentas. In dichori
onic placentas, the implantation of the blastocysts 
can be at different sites. This is easily seen on 
ultrasound scan when the placentation occurs on 
the anterior and posterior walls of the uterus. If 
two implanting blastocysts are proximal to each 
other, the placentas might fuse, but the placental 
type remains dichorionic-diamniotic. W hen fusion 
of dichorionic placentas occurs, a distinctive firm, 
raised, yellow to yellow-white chorionic ridge nor
mally forms at the site where the two chorions meet. 
Despite the proximity, placental vascular anasto

Time of Zygote Splitting Type of Placentation

0-3 days Dichorionic-
diamniotic

4-7 days Monochorionic-
diamniotic

8-11 days Monochorionic-
monoamniotic

>11 days Conjoined twins

moses rarely occur. Histologic examination of the 
placenta shows four layers -  composed of two chori
ons and two amnions -  separating the fetuses.

In monozygotic twins, depending on the time 
during which the zygote splits, three forms of 
placentations can occur (Table 13.1). Splitting of 
the zygote in the first three days after fertiliza
tion results in a dichorionic-diamniotic placenta
tion. These twins are “identical" but likely to suf
fer fewer complications because the chorion has 
not differentiated, and the vascular communications 
between the placentas are rare. Approximately 30% 
of monozygotic twins have this form of placen
tation [21]. W hen the blastocyst divides between 
the fourth and seventh day after fertilization, the 
chorion and not the amnion has already differ
entiated to form a monochorionic-diamniotic pla
centa. This is the most common type and occurs 
in about 70% of monozygotic twin gestations. Vas
cular anastamoses between the fetuses commonly 
occur in the placenta, and this type of placentation is 
beset with unique complications, the chief of them 
being twin-to-twin transfusion syndrome (TTTS). 
Rarely, the zygote splits at the bilaminar germ disc 
stage before the appearance of the primitive streak 
(between 8 and 11 days after fertilization) to form 
a monochorionic-monoamniotic placenta. Division 
of the embryo after the formation of the primitive 
streak and node results in conjoined twins, which are 
further classified according to the union of the fetal 
parts. It can involve sharing of internal organs like 
the liver and of major circulation. Fortunately, this 
is very rare.

Prior to introduction of ultrasound scan as part of 
routine prenatal care, twin gestations were detected 
often later in pregnancy or sometimes only during 
delivery. The chorionicity can now be established by
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FIGURE 13.5.
Monochorionic twin gestation showing thin amniotic 
membrane between the sacs (T-sign).

FIGURE 13.4.
Ultrasound scan showing "twin peak" or “lambda" sign.

ultrasound scan very early in the pregnancy, and this 
helps in management and parental counseling.

As early as by fifth postmenstrual week, the chori
onic sacs can be identified on transvaginal ultra
sonography by their sonolucency surrounded by a 
bright rim of chorion [22], This requires expertise 
in the use of transvaginal ultrasonography, since the 
yolk sac might be mistaken for a separate gestational 
sac. The fetal heartbeats are evident by early in the 
sixth postmenstrual week, and identification of two 
or more fetal heartbeats confirms the presence of 
a multiple gestation. Because the amnion does not 
differentiate before the eighth week, it is not possi
ble to see it separately from the chorion in very early 
pregnancy.

With high-resolution ultrasonography it is now 
possible to determine chorionicity by 10 weeks. In 
a dichorionic placenta, the junction between pla
centa appears thick and has the characteristic ultra
sound appearance called the lambda or twin peak 
sign (Figure 13.4}. The intervening membrane mea
sures at least 2 mm and is made up of two chorions 
and two amnions. In monochorionic twin gestation, 
the junction has an attenuated look and is T-shaped 
where it meets the uterine wall (Figure 13.5). Simi
lar diagnostic criteria are applied in HOMs. Carroll 
and coworkers accurately diagnosed chorionicity in 
149 out of 150 twins between 10 and 14 weeks 
by ultrasound scan, which was later confirmed by 
histologic examination of the placentas after deliv
ery [23], The fetal positions should be described 
in relation to the maternal side. In good practice, a 
diagrammatic representation can help in identifying 
the fetus with problems, especially with advancing 
gestation.

In the mid-trimester scan, there are other features 
that can help in determining chorionicity. Fetuses 
with discordant sexes have dichorionic placentas, 
and about 45% of the fetuses with the same sex 
have dichorionic placentas. One should look for the 
placental positions, and in about one third of the 
pregnancies, the placentas are seen to be clearly sep
arated and can be on the opposite uterine walls. The 
sensitivity of this finding in diagnosing dichorionic 
placentas is 97% [24],

Monochorionic placentas are seen in 20% of all 
twins, and perinatal complications are about three 
to five times higher than in those with a dichorionic 
placenta [25], In addition, monochorionic twins are 
more likely to have preterm deliveries, congenital 
anomalies, low birthweights, and growth restric
tions, and to suffer from neurologic complications, 
including cerebral palsy. TTTS occurs in 10% to 15% 
of monochorionic twins.

Monoamniotic twins constitute 1 % of MZ twins 
[21]. Because these fetuses share a common amni
otic cavity, cord entanglement can occur, with dis
astrous consequences. A perinatal mortality rate of 
40% or higher has been reported [26].

Because complications depend on the type of pla- 
centation, establishing chorionicity early in preg
nancy is important. The couple should be coun
seled on the type of placentation and its significance. 
The use of terms identical and fraternal can be mis
leading and should be avoided. About one third of 
monozygotic twins have dichorionic placentations 
and might be erroneously labeled as fraternal twins.
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Although ultrasonography establishes an accurate 
diagnosis of twins, there are some clinical features 
that indicate the diagnosis. The clinician should have 
a high index of suspicion of multiple gestation when 
a patient 1) on examination has a fundal height mea
surement greater than normal for the gestational 
age, 2) has unexplained anemia or excessive nausea 
early in pregnancy, 3) has two separate fetal heart 
beats on Doppler examination, 4) develops early or 
unanticipated carbohydrate intolerance, or 5) has 
an elevated maternal serum a-fetoprotein (MSAFP] 
levels on mid-trimester screening.

MATERNAL PHYSIOLOGIC CHANGES

Pregnancy imposes demands on the mother, and the 
physiologic adaptations occur in almost every organ 
system. Maternal physiologic changes in pregnancy 
are exaggerated in multiple gestations.

In a singleton pregnancy, the plasma volume 
increases by 40% to 45% and reaches its peak at 
32 weeks [27], In late gestation, the blood vol
ume increases by an average of 1,570 ml in sin
gletons against an increase of 1,980 ml in twin 
gestations [28], The cardiac output also increases 
owing to increases in both stroke volume and heart 
rate, Echocardiographic studies have confirmed the 
increase in cardiac output in twin gestations over 
that in singleton pregnancies [29]. The normal fall 
in diastolic blood pressure seen in mid-trimester 
is exaggerated in multiple gestations. The venous 
flow in the lower extremity is further impeded by 
a greater degree of uterine distension in multiple 
gestations.

As would be expected, uterine growth is marked 
in multiple gestations. By 18 weeks, the 50th per
centile for the uterine height in twin pregnancies 
exceeds the 90th percentile for that of singleton 
pregnancies. By 28 weeks of gestation, the 10th 
percentile for the uterine size in twin gestations is 
greater than the 90th percentile for singleton preg
nancies [30]. Additional burden can be imposed 
by polyhydramnios, a possible complication of twin 
gestations.

Respiratory symptoms such as shortness of breath 
are exaggerated as a consequence of uterine overdis
tension. Tidal volume and oxygen consumption in 
multiple gestations are increased, as is the normal 
alkalosis seen in singleton pregnancy.

Hematologic changes are more marked, and the 
additional blood volume increase exaggerates the 
physiologic anemia. The red cell expansion lags 
behind the plasma volume increase, and the mean 
hematocrit is lower in multiple gestations [28], 
In multiple gestations, as in singleton pregnancies, 
coagulation factors VII, VIII, IX, X, and XII, and fib
rinogen and von Willebrand’s factor are increased. 
Prothrombin (factor II), factor V, antithrombin III, 
and protein C are unchanged. There is a decrease 
in factor V and protein S levels in pregnancy. There 
is a gradual decrease in the fibrinolytic activity as 
reflected by marked increases in plasminogen acti
vator inhibitors [PAI) PAI-1 and PAI-2 [31], These 
changes make pregnancy a hypercoagulable state 
and predispose to venous thromboembolism.

Serum protein and electrolyte levels can be 
reduced. The total protein content, sodium, potas
sium, and chloride levels, and serum osmolality are 
unchanged, as in singleton gestations [32]. Higher 
incidence of iron-deficiency anemia and folate defi
ciency are seen in twin gestations, and they should be 
corrected by supplementation. More women with 
twin gestations suffer from nausea and vomiting in 
early pregnancy and gastric reflux symptoms and 
constipation are more common. The frequency of 
intrahepatic cholestasis is doubled, and the dread
ful complication of acute fatty liver of pregnancy 
is increased in multiple gestations. Davidson and 
coworkers reported three cases of acute fatty liver 
confirmed by liver biopsies, and their resolution 
after delivery [33]. They hypothesized that in triplet 
gestations, an increased production of free fatty acids 
and decreased free fatty acid oxidation and increased 
fatty acid metabolization by the fetuses could lead to 
acute fatty liver. Carbohydrate metabolism is altered 
to a greater degree in twin gestations. Falls in blood 
glucose and insulin levels are more marked espe
cially in late gestation, and ketonuria is more com
mon [34], MacGillivray [32] reported an increase in 
gestational diabetes mellitus (GDM) in twin preg
nancies, which was not supported by another clinical 
study [9]. Recently, Schwartz and others reported 
the frequency of GDM (using a screening cut-off 
value of 135 mg at 1 hour) in twins against that 
in singletons [35]. The levels of MSAFP and human 
chorionic gonadotropin (hCG), both serum markers 
in screening for fetal aneuploidies, are elevated and 
are about twice the mean value for singleton preg
nancies [36], Human placental lactogen, estradiol,
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and progesterone levels are also significantly higher 
than those seen in singleton pregnancies.

WEIGHT GAIN IN MULTIPLE PREGNANCIES

Poor maternal weight gain is associated with fetal 
growth restriction and preterm deliveries [37,38]. 
The Institute of Medicine suggested that a weight 
gain of 35 lbs to 45 lbs (18.2 kg-20.5 kg) is ade
quate for a term twin gestation [39]. Adequate 
weight gain should be achieved by 24 weeks’ gesta
tion to have a sufficient impact on fetal birthweight. 
Before 20 weeks, only monozygosity and smoking 
seem to affect fetal growth negatively [40]. Inade
quate maternal weight gain (i.e., less than 24 pounds 
by 24 weeks) is associated with lower birthweights 
(<2,500 g).

Luke and coworkers, in their extended study of 
1,564 pregnancies, noted the impact of maternal 
weight gains at different stages of pregnancy on the 
rates of fetal growth [41], They showed that early 
maternal weight gain (before 20 weeks) and mid
pregnancy weight gain (between 20 and 28 weeks) 
had a significant effect on the fetal growth between 
20 and 28 weeks, and 28 weeks to birth respec
tively. This ripple effect underscores the importance 
of early maternal weight gain. Furthermore, they 
showed that a majority of women who were coun
seled by registered dieticians had the highest weight 
gains and lowest percentage of very-low-birth- 
weight infants (2% versus 12%).

MATERNAL COMPLICATIONS
Ideally, all women undergoing fertility treatm ent 
should have preconception counseling on the pos
sible complications of multiple gestations. Overall, 
pregnancy complications are increased (Table 13.2) 
in multiple gestations. O f these, the most serious 
complication is preterm delivery, which affects 
more than one half of all twins [1], The mean ges
tational age at delivery of twins is 35.3 weeks and 
that of triplets is 32.2 weeks [42],

HYPERTENSIVE DISORDERS

Hypertensive disorders increase by at least twofold 
in twin gestations. In their secondary analysis of 
data from the trial of low-dose aspirin for pre
vention of preeclampsia, Sibai and coworkers con-

Spontaneous miscarriages 
Preterm labor 
Anemia 
Hypertension
Intrauterine death of one twin 
Hypertensive disorders 
Pyelonephritis 
Gestational diabetes 
Fatty liver of pregnancy 
Placental and cord complications 
Postpartum hemorrhage 
Increased cesarean delivery

1 ABLE 13.2 Maternal Complications

eluded that women with twin gestations have higher 
rates of gestational hypertension (RR 2.04; 95% Cl, 
1.60-2.59) and preeclampsia (RR 2.62, 95% Cl, 
2.03-3.38) [43]. In addition, severe preeclampsia 
and hemolysis, elevated liver enzymes, low platelet 
count syndrome (HELLP) occurred more often in 
twin gestations. Management of hypertensive dis
orders in twin pregnancy should follow the same 
guidelines as that in singleton pregnancies. Twin ges
tations are more susceptible to fluid overload, and 
patients receiving magnesium sulfate prophylaxis 
should be closely monitored for pulmonary edema. 
Resolution of preeclampsia has been seen with the 
death of one fetus (usually the growth-restricted 
fetus). Heyborne and Porreco reported two cases of 
severe preeclampsia associated with growth restric
tion of one twin and one case of Ballentyne syn
drome with developing preeclampsia [44], Selec
tive fetocides of the affected twins were performed 
in all the pregnancies, which resulted in the resolu
tion of preeclampsia and prolongation of pregnan
cies by several weeks. It is possible that preclampsia 
resolved following the involution of placenta of the 
affected twin.

Hemorrhagic complications occur more fre
quently with twins. Placenta previa and placental 
abruption are more common [45,46]; the latter can 
also result from sudden decompression of the uterus 
following delivery of the first twin. Monochori- 
onic twins have a higher incidence of velamentous 
cord insertions and of vasa previa. Higher cesarean 
delivery rates from malpresentations entail greater 
blood loss, and postpartum hemorrhage from uter
ine atony occurs more frequently in multiple gesta
tions.
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Maternal anemia is four times as common in 
multiple gestations [47], Multiple gestation places 
a greater demand on iron and folate require
ments, so that these should be supplemented during 
pregnancy. Pyelonephritis and cholestasis are also 
observed more frequently [48].

PRETERM LABOR

Preterm deliveries (less than 37 weeks’ gestation] 
occurred in 10.6% of singleton pregnancies against 
a phenomenal rate of 61.2% of live births in multiple 
gestations [1], In addition, 13.2% of multiple births 
occur at less than 32 weeks’ gestation [49], Preterm 
delivery is the single most important cause of peri
natal mortality and morbidity in multiple gestations. 
Although there is an increase in the preterm births 
in multiple gestations, the survival of the infants is 
gestational age dependent, and similar outcomes are 
expected in singletons as well as in multiples 
[50,51],

Ideally it should be possible to predict the 
chances of preterm delivery by means of easily avail
able and reproducible tests so that interventions 
can be instituted to prevent preterm births. Home 
uterine monitoring has not shown to be effective 
in early diagnosis of preterm labor, however, and 
is in fact likely to increase costs by frequent visits 
to the hospital and by increased and unnecessary 
tocolytic therapy [52]. For prediction of preterm 
births, fetal fibronectin and cervical length measure
ments by transvaginal ultrasonography have shown 
promising results. Fetal fibronectin is a glycoprotein 
found in amniotic fluid and placental extracts, and 
it probably helps in binding uteroplacental and fetal 
membrane-decidual surfaces. Although present nor
mally in the cervix between 16 and 20 weeks, fetal 
fibronectin does not reappear until about 35 weeks. 
A commercially available assay can test for the pres
ence of fetal fibronectin in the cervix (using a cut-off 
value of 50 ng/ml), and the results are usually avail
able in 1 to 2 hours. The fetal fibronectin test has a 
very high negative predictive value (NPV, 99%) and 
a low positive predictive value (PPV, 13%) for deliv
ery within 7 days [53]. This test could be used in 
twin gestations equally with probably greater PPV 
(55% versus 13%) [54].

Ultrasound measurement of cervical length is 
more frequently used to predict preterm deliver
ies. A cervical length of 25 mm or less is associated

"Vanishing twin”
Fetal anomalies
Fetal growth restriction
Intrauterine death of one or both twins
Twin-to-twin transfusion syndrome
Prematurity
Cerebral palsy

TABLE 13.3 Fetal Complications

with greater chances of delivery before 32 weeks 
(OR 6.9; 95% Cl 2.0-24.2) [53]. Souka and 
coworkers obtained cervical length measurements 
at 23 weeks’ gestation in 215 twin pregnancies and 
reported that the sensitivity of cervical length mea
surements in predicting spontaneous preterm deliv
eries is the same as that in singletons [55]. Rates 
of pregnancies with cervical lengths less than 25 
mm were higher when pregnant with twins com
pared with singletons (11% vs. 8%). Neither fetal 
fibronectin levels nor cervical length measurements 
have been shown to influence obstetric interven
tions, however. Their usefulness in HOM  gestations 
is not clear.

FETAL COMPLICATIONS

As a consequence of preterm births, perinatal mor
tality rates are disproportionately higher in twins. 
The stillbirth rate is twice that seen in singletons 
[56]. Cord entanglements or prolapse, twin-to-twin 
transfusion syndrome, congenital anomalies, and 
birth trauma are some of the unique complications 
that contribute to the higher perinatal mortality 
seen in twins (Table 13.3).

“VANISHING TWIN” SYNDROME

In the United States, 84% of women begin their pre
natal care in the first trimester [1], As ultrasonog
raphy is incorporated more frequently into early 
prenatal care, some of the multiple gestations that 
are diagnosed early in the pregnancy resorb subse
quently (“vanishing tw in” syndrome). Higher fetal 
loss rates occur with both spontaneous and artifi
cial reproduction. In one study on the follow-up of 
pregnancies from fertility treatments, spontaneous 
reduction of one or more gestational sacs or of 
embryos before 12 weeks’ gestation occurred in 36%
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of twins, 53% of triplets, and in 65% of quadruplet 
pregnancies. In contrast, only 19.2% singleton preg
nancy losses were seen [57], Pregnancies following 
ART are more closely monitored from conception 
and therefore reflect the true incidence of fetal losses 
with greater accuracy. In an earlier study of 274 mul
tiple pregnancies, Dickey and colleagues found that 
the presence of fetal heart beats at 7 weeks of gesta
tion ensured twin births in 90% of cases [58]. The 
live birth rates were slightly lower in women aged 
30 years or older. Contrarily, in the same study, the 
authors found that when the presence of two gesta
tional sacs was the diagnostic feature of the twins, 
only 63% of patients had twin births. These observa
tions should be taken into consideration when coun
seling the parents about the possibility of fetal losses. 
Pregnancy outcomes following spontaneous loss of 
one twin before 12 weeks are usually good.

GROW TH RESTRICTION IN 
MULTIPLE GESTATIONS

Growth of singletons and twins is comparable 
until 27 weeks’ gestation (Figure 13.6}. The uterus 
accommodates the larger volume imposed by twins 
by overdistension, and beyond a certain limit, pre
mature labor can result. The preferential restriction 
in fetal size favors the advancement in gestational 
age. At 31 weeks, the median combined weight of 
twins equals the median birthweight at 40 weeks’ 
gestation of a singleton. In triplets, this is achieved 
as early as at 28 weeks [59], Birthweight discordance 
is the difference between the larger and the smaller

tw'in (or between the largest and the smallest fetuses 
in triplets] and it is expressed as a percentage of the 
larger twin. Discordance (%) can be calculated on 
the estimated fetal weights (EFW) on ultrasound 
scan by the following formula:

EFW of the larger twin -  EFW of the smaller twin/
EFW of larger twin K 100

About 75%: of twins are less than 15% discordant, 
and only about 5% of twins are greater than 25% 
discordant [60]. Twins with less than 25% growth 
discordance usually have favorable outcomes. Even 
if markedly discordant, the neonatal mortality rate of 
the smaller twin was higher only if he or she weighed 
less than the tenth birthweight percentile [61].

Serial monitoring by ultrasonography should be 
undertaken to assess fetal growth reliably. Single
ton growth curves usually are used, and prospec
tive studies have not shown any differences in the 
fetal biometrics of singletons and twins [62,63]. If 
growth restriction of one twin is identified, surveil
lance by serial growths and Doppler studies should 
be instituted. Management of twin pregnancy with 
one severely growth-restricted fetus poses a chal
lenge, since early delivery places the normally grown 
twin at risk for severe prematurity.

INTRAUTERINE DEATH

The incidence of fetal demise of one twin is approx
imately 0.5% to 6.8% [64-66]. More recently, it is 
estimated that intrauterine death of at least one fetus

Birth Weight in Grams

Gestational Age

FIGURE 13.6.
U.S. resident live births: 50th birthweight 
percentile by gestational age for singletons, 
twins, and triplets. (From Alexander GP, 
Kogan M, Martin J, Papiernik E: What are 
the fetal growth patterns o f  singletons, 
twins, and triplets in the United States? Clin 
Obstet Gynecol 1998:41:115; with 
permission.)
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FIGURE 13.7.
Fetus compressus or papyraceous.

occurred in 2.6% of twin and 4.3% of triplet ges
tations that survived to 20 weeks’ gestation [67], 
Early demise of one twin before 12 weeks is usually 
without complications. Fetus papyraceus or a mem
branous twin is the term applied when, after demise, 
the tissue fluid and the amniotic fluid are resorbed 
slowly and the fetus is compressed and incorporated 
into the membranes (Figure 13.7). Unless these 
are subjected to careful examination, this finding 
might be easily overlooked at delivery. The fetal 
parts might be absent or too small to be visible on 
gross inspection. Disseminated intravascular coagu
lation in the mother, following the death of a twin, 
is extremely rare.

Fetal death of one twin is more commonly seen 
in monochorionic twins. TTTS, cord accidents, vela- 
mentous insertion of the cord, and placental abrup
tion are possible causes. Subsequently, the co-twin 
in a monochorionic pregnancy could suffer the con
sequences of fetal death or major neurologic mor

bidity. Multicystic encephalomalacia was reported 
to occur in 12% of surviving twins [68]. It is possi
ble that at the time of fetal death sudden hypoten
sion or hypoxic injury occurs in the surviving twin 
[69,70], Johnson and Zhang [67], in their analysis of 
data from the Matched Multiple Birth File from the 
U.S. National Center for Health Statistics, found an 
inverse relation between time at death of one fetus 
and outcome of the co-twin. The earlier the death 
of one twin occurred, the higher were the chances 
of demise of the co-twin, and same-sex twins had 
higher rates of subsequent demise of the other twin 
than did opposite-sex twins.

Pharoah and Adi obtained information on the sur
viving twins (following fetal demise of co-twin) by 
surveying the general practitioners, in the United 
Kingdom, taking care of these twins [71]. Surviving 
twins were between 4 and 6 years of age at the time 
of survey. O f the surviving twins, the prevalence of 
cerebral palsy in the same-sex twins was 106 per
1,000 (95% Cl, 70-150) versus 29 per 1,000 (95% 
Cl, 6-84) surviving infants in opposite-sex twins 
(p  < 0.02). They also noted higher neurologic com
plications like speech and language delays in the 
survivors of same-sex twins. The limitations of this 
study were that chorionicity could not be predicted 
with accuracy, and in some cases, the sex of the dead 
twin was assigned by the parents when it could not 
be determined accurately.

The management of monochorionic pregnancies 
complicated by in-utero death of one twin is chal
lenging. Preterm delivery occurs more frequently 
[72,73]. The parents should be counseled about the 
possible death and neurologic morbidity of the sur
viving twin. Multicystic encephalomalacia is some
times evident on MRI after some days or weeks 
after fetal demise of the co-twin. Early delivery is 
not warranted because the neurologic insult more 
likely occurred at the time of death of the co-twin. 
Contrary to former belief, disseminated intravas
cular coagulation in the mother is very rare [73]. 
Cesarean delivery does not confer additional bene
fits and should be undertaken for obstetric indica
tions only.

CONGENITAL ANOMALIES

Congenital anomalies are more common in multi
ple gestations. In one large study, incidences of con
genital anomalies were 1.4% in singletons, 2.7% in
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twins, and 6.1% in triplet gestations [74], In addition 
to structural defects, especially open neural tube 
and cardiac defects, the incidence of chromosomal 
anomalies is also higher in twin gestations. Cleft lip 
and palate, abdominal wall defects, and limb reduc
tion defects are also more common [75,76], Anoma
lies are more common in monochorionic twin ges
tations and presumably result from the twinning 
process itself. The frequency of chromosomal 
anomalies in DZ twins is similar to that in sin
gletons, but the pregnancy risk of carrying at least 
one fetus with a chromosomal anomaly is approxi
mately twice that of singleton gestation [77], From 
the embryology of MZ twinning, one would assume 
that all MZ twins are genetically and phenotypi- 
cally identical, and this is normally the case. On 
rare occasions in MZ twins, however, chromoso
mal nondisjunction occurs just before or at the time 
of twinning, leading to chromosomal discordance. 
This phenomenon is called heterokaryotypia. Discor
dance, presumably from postzygotic error, has been 
reported for Turner syndrome [78], Theoretically, 
the discordance can occur with any autosomal or 
X-linked disorders. The discordance with trisomy 
21, although reported, is very rare. A discordant 
structural anomaly in MZ twins should prompt sam
pling of amniotic fluid for karyotype from both sacs 

[79]-
When couples discover the presence of discor

dant anomaly, they are faced with difficult manage
m ent choices. They can opt for continuation of the 
pregnancy, selective fetocide of the anomalous fetus, 
or termination of the entire pregnancy. Appropri
ate counseling should be provided to enable them 
to make an informed choice. Evans and coworkers 
reported the results of selective fetocide performed 
in 402 dichorionic pregnancies at various gestational 
ages [80]. Fetocide was performed by intracardiac or 
intrafunic injection of potassium chloride. They did 
not find any significant difference in the fetal loss 
rates up to z.4 weeks. The overall fetal loss rate was
7.1 % when the pregnancies were reduced to single
tons.

Selective fetocide by intracardiac injection of 
potassium chloride in monochorionic pregnancies 
with discordant anomalies can cause the death of 
other twin by transplacental passage of the drug. 
Bipolar coagulation [81] or umbilical cord ligation 
by fetoscopy [82,83] of the affected twin in experi
enced hands is a safer method.

ACARD1AC TWINS

Acardiac anomaly is a rare complication with an 
incidence of 1 in 35,000 births, and it occurs in 
1% of monochorionic twin gestations [84], In this 
anomaly, the cardiac structure in one twin is miss
ing, and this twin receives its blood supply from 
the normal fetus ("pump twin”). The blood flow is 
directed toward the acardiac twin. It is also called 
twin reversed arterial perfusion (TRAP] sequence. 
I his wasteful effort of feeding the parasitic twin 
leads to long-term morbidity in the normal twin. 
The size of the acardiac twin varies and can even 
be larger than the pumping twin. Frequently the 
head, upper limbs, and internal organs, including 
liver, bowels, and pancreas, are absent. The spine 
can be present in rudimentary form [85], The vascu
lar anastamoses are usually on the placental surface, 
and, infrequently, there is a direct attachment of the 
umbilical cord to that of the pumping twin. The 
demonstration of retrograde flow toward the acar
diac twin by Doppler ultrasound scan can establish 
the diagnosis. Management options include a con
servative approach of nonintervention, or in expe
rienced hands, by the use of bipolar coagulation of 
the cord of the acardiac twin.

TW IN-TO-TWIN TRANSFUSION SYNDROME
I l' fS is a unique complication that occurs in 15% of 

monochorionic pregnancies [25], The type of vascu
lar communication and the direction of blood flow 
determine the donor and the recipient status of the 
twins. In the absence of intervention, the donor suf
fers from hypotension, oliguria, growth restriction, 
oligohydramnios and ultimately fetal death. The 
volume overload in the recipient leads to polyhy
dramnios, polyuria, cardiomegaly, and cardiac fail
ure, ultimately leading to hydrops.

Pathophysiology

In a monochorionic placenta, vascular anastamoses 
between the twins are common. Superficial and 
deep anastamoses are usually seen. Three types 
of vascular anastamoses can occur in monochori
onic pregnancies: 1) arterioarterial (AA], 2) arte
riovenous (AV), or 3) venovenous (W ) . Bajoria 
and coworkers perfused monochorionic placentas 
with and without TTTS and noted that in TTTS
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placentas, there were fewer anastomoses of each 
type [86]. In addition, the presence of deep anas- 
tamoses was related to the development of TTTS. 
They concluded that in TTTS: 1) there are fewer 
placental vascular anastamoses; 2) there were more 
deep than superficial anastamoses; and 3) there was 
at least one arteriovenous communication, in which 
an unpaired artery of one twin anastamoses with 
the corresponding vein of the other twin, result
ing in a unidirectional flow from one twin to the 
other. Bidirectional AV anastamoses maintain equi
librium in perfusion and are common in monochori- 
onic placentas, which explains why TTTS occurs 
in only 15% of the cases. Denbow and associates 
[87] demonstrated that TTTS placentas have fewer 
superficial anastamoses, and that there is an absence 
or paucity of superficial arterioarterial anastamoses.

It is possible that other mechanisms are at work 
in the pathophysiology of TTTS. In one study, 
immunochemistry and in-situ hybridization of the 
donor kidneys showed an overexpression of renin. 
The upregulation of renin synthesis is a possi
ble consequence of hypoperfusion, which leads to 
the synthesis of angiotensin II. Vasoconstriction of 
intrarenal vessels induced by angiotensin II can 
worsen the hypoperfusion and oligohydramnios in 
the donor. The recipient kidneys showed downreg- 
ulation of renin synthesis. The hypertensive changes 
in the recipient kidneys were thought to result from 
the transfer of circulating renin from the donor [88]. 
It is still not clear whether transfer of small amounts 
of vasoactive substances could account for the renal 
changes seen in the recipient twin.

Diagnosis
Diagnosis of TTTS is sometimes made earlier, by 
ultrasound scan, before the onset of symptoms 
of polyhydramnios or of preterm labor. Increased 
nuchal translucency (>95th percentile) in the recipi
ent can be a forerunner of a full-blown TTTS in later 
gestations. O ther ultrasound features include

• Folding of intertwin membrane can be seen at 16 
weeks of gestation.

• Polyhydramnios in the recipient (maximal vertical 
pocket greater than 8 cm) and oligohydramnios 
in the donor (maximal vertical pocket of 2 cm 
or less; Figure 13.8). In severe oligohydramnios, 
the amniotic membrane is closely applied to the

FIGURE 13.8.
Ultrasound scan showing olyhydramnios in the recipient 
twin in TTTS.

FIGURE 13.9.
Ultrasound scan showing oligohydramnios (stuck-twin 
appearance) in the donor twin in TTTS.

fetus, which lies apposed to the uterine wall (stuck 
tivin, Figure 13.9). An enlarged fetal bladder can 
be seen in the recipient, and the bladder can be 
barely visible in the donor twin.

• In severe cases, no end-diastolic or reversed end- 
diastolic flow in the umbilical artery of the donor, 
and reversed flow in the ductus venosus and pul
satile umbilical venous flow in the recipient can 
be seen.

Accordingly, TTTS is divided into five stages with 
escalating severity based on the ultrasound charac
teristics [89]; the staging forms the basis for the 
interventional management.
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STAGING OF T IT S

Stage I Polyhydramnios/oligohydramnios. Donor
bladder is visible.

Stage II Polyhydramnios/oligohydramnios, Donor
bladder not visible. Normal umbilical artery 
Doppler studies.

Stage III Polyhydramnios/oligohydramnios. Donor 
bladder not visible. Abnormal Doppler 
studies of at least one of the following:
1) absent or reverse end-diastolic volume in 
the umbilical artery, 2) reverse flow in the 
ductus venosus, or 3) pulsatile umbilical 
venous flow.

Stage IV: Hydrops in either twin.
Stage V : Fetal demise of either twin.

Only one fourth of the TTTS fetuses exhibit 
a difference, of more than 15% difference in the 
hematocrit levels [90], and fetal blood sampling is 
not required to make the diagnosis of TTTS. The 
hemodynamic changes lead to structural and func
tional alterations in the heart of the recipient twin. 
Ventricular hypertrophy predominates; echocardio- 
graphic changes and ventricular dilations are infre
quently seen. The right heart is affected first, and 
with the progression of the disease, left ventricular 
hypertrophy can also be evident [91], Biventricular 
diastolic dysfunction is seen in two thirds of recip
ients, and right ventricular systolic dysfunction and 
tricuspid regurgitation is seen in about one third of 
the recipients [92],

Management

In the absence of intervention, most cases of TTTS 
are complicated by death or severe morbidity of 
one or both twins. Some cases resolve sponta
neously with a favorable outcome, however. Treat
ment options include

1. Serial amnioreduction.
Amnioreduction is performed by the introduc
tion of an 18-gauge needle, under ultrasound 
guidance, into the polyhydramniotic sac. A large 
quantity of amniotic fluid can be drained by this 
method. The aim is to restore equilibrium in the 
fluid volume in the sacs, but the exact mechanism 
by which it improves the outcome is not clear.

Serial amnioreduction helps by reducing the 
chances of preterm delivery from polyhydram
nios. Earlier studies reported survival rates vary
ing from 37% to 83% [93,94]. These studies were 
limited by the small number of cases, recruit
ment at various gestational ages, and the tech
nique employed. Mari and coworkers reported 
the results of amnioreduction on 223 twins with 
TTTS [95], The procedure-related complication 
rate was 15%, with most cases complicated by 
premature rupture of membranes. The rate of 
overall perinatal survival to 4 weeks was 60%. 
The recipients had a slightly more favorable out
come than the donors (65% vs. 55%), which was 
attributed mainly to decreased intrauterine mor
tality of the recipients (18% vs. 26%). O f the 
surviving infants, about one fourth had abnormal 
cranial ultrasound scans at 4 weeks of age. There 
was no difference in the abnormal cranial scans 
between the donors and recipients. Although the 
long-term neurologic outcomes were not avail
able, the severity is expected to be much less 
because infants having abnormal scans do not 
always have severe neurologic impairments. In 
another study, Mari and others found a cere
bral palsy rate of 4.2% in the survivors of TTTS 
treated with serial amnioreduction [96]. Sim
ilarly, the Australian-New Zealand Twin-Twin 
Transfusion Registry reported an overall perina
tal survival rate of 62.5% for the 112 pregnan
cies with TTTS treated with serial amnioreduc
tion [97]. They also reported abnormal cranial 
ultrasound findings in 27.3% and periventricular 
leukomalacia in 10.8% of the survivors.

2. Laser photocoagulation of placental vascular 
anastomoses.
Against the inexpensive and easily mastered 
skill of amnioreduction, laser photocoagulation 
requires expensive equipment and experienced 
personnel. The procedure is usually performed 
with the patient under sedation or anesthesia. An 
endoscope is introduced -  avoiding the placenta -  
into the amniotic cavity. The anastomosing ves
sels are ablated using a laser (Nd:YAG). Selec
tive photocoagulation, after mapping placental 
topography to ablate the arteriovenous commu
nications, is more frequently used with improved 
outcome [98]. The Eurofetus trial randomized 
severe TTTS between 15 and 26 weeks for
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selective laser photocoagulation or amniocente
sis and showed a higher survival rate in the laser 
group of at least one twin to 28 days (76% versus 
56%; p = 0.002) [99]. The relative risk of death 
for both fetuses is 0.63% (95% Cl, 0.25 to 0.93; 
p =  0.009). The survival rate of at least one twin 
in this group was also higher at 6 months of age 
(76% vs. 51%; p = 0.002). The laser group also 
had a later mean gestational age at delivery (33 
vs. 29 weeks [p =  0.004). In addition, a lower 
rate of neurologic morbidities, including cystic 
periventricular leukomalacia (6% versus 14%; 
p =  0.02). was seen in the laser group. Criticism 
was expressed about the lower survival rate from 
amnioreduction group, which fared poorly in 
comparison with the previously published results 
[100-102]. Further studies are required to stan
dardize the care, and long-term neurologic out
comes should be taken into account. In summary 
the laser treatment seems to offer advantage at 
least in the short-term neurologic outcomes in 
these infants. The disadvantage of laser therapy is 
that it is available only in specialized centers, and 
to overcome the learning curve, clinicians must 
perform several procedures [103,104],

3. Septosotomy.
Septostomy of the intertwin membrane is rarely 
performed; the goal is to create a communication 
between the sacs so that the amniotic fluid pres
sures can be equalized. In an international multi
center randomized trial of amnioreduction versus 
septostomy, Moise and coworkers [105], in their 
interim analysis, concluded that the survival rate 
of at least one infant in both groups is compa
rable (78% in the amnioreduction versus 80% in 
the septostomy group). Fewer procedures were 
required in the septostomy group. Criticism of 
this procedure rests on its assumption of unequal 
amniotic fluid pressures. Hartung and coworkers 
reported equally high pressures in the amniotic 
sacs in TTTS, and it is not clear how septostomy 
improves the outcome [106]. In addition, com
plications, including cord accidents and amniotic 
band syndrome, also have been reported [107],

4. Selective fetocide.
Selective fetocide involves the occlusion of the 
umbilical cord of the worse-affected twin to pre
vent exsanguination into the deaci twin and pla
centa. O f several methods, cord coagulation with

bipolar cautery forceps is safer, but it requires 
experience and therefore is restricted to only a 
few centers.

M ONQAM NIOTIC TWINS

Monoamniotic twins are rare, occurring in only 
1% of monozygotic twins [21]. In the absence of 
an intervening membrane, cord entanglement fre
quently occurs, and perinatal mortality rates ranging 
from 28% to 70% have been reported [108]. Pre
maturity contributes significantly to the increased 
perinatal mortality. Damaria and coworkers, in their 
review of 19 cases from a single institution, found 
an overall survival rate of 68% [109], There were 
nine fetal deaths from five pregnancies, all occur
ring before 29 weeks. Roque and coworkers, in their 
Medline literature review of 133 cases of monoam
niotic twins, found the perinatal losses to be con
stant at 2% to 4% between 15 and 32 weeks [110], 
The perinatal mortality escalated to 11% and 22% 
between gestational ages 33 to 35 weeks and 36 to 
38 weeks, respectively. Because cord accidents can
not be predicted by antenatal surveillance, the man
agement of monoamniotic twins poses a challenge. 
Although there is no consensus for optimal delivery 
time, it seems reasonable to deliver at or about 32 
weeks, after the administration of antenatal corticos
teroids, to prevent the small increase in the perinatal 
mortality.

PLACENTAL AND CORD COMPLICATIONS

Certain placental and umbilical cord abnormalities 
are more common in multiple gestations. Velamen
tous cord insertion occurs in 7% of twin pregnan
cies compared with 1 % with singletons [111]. As 
a result, vasa previa, with its complication of fetal 
exsanguination, occurs more frequently. With mal- 
presentations occurring more frequently in twins, 
cord presentation and prolapse are possible compli
cations. A two-vessel cord is more frequently seen 
in twin gestations but is usually not related to other 
structural abnormalities.

ANTEPARTUM. CARE

Because of the increase in multiple gestations from 
ART, counseling should begin in the preconcep
tion period. Ideally, the couple should be seen by
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maternal-fetal medicine (MFM) specialists before 
planning fertility treatment. HOM  gestations and 
the possibility of fetal reduction should be discussed, 
so that the couple is better prepared to face these 
problems, which involve difficult ethical issues. Sig
nificant maternal and fetal complications can occur 
in multiple gestations, a situation that offers grounds 
for intensive prenatal care. Specific risks should be 
addressed at the outset, and the chief aim of pre
natal care is to prevent preterm deliveries. Meyer 
and coworkers compared the clinical outcomes and 
financial costs of triplet gestations managed by 
MFM specialists with those managed by community 
physicians. The triplets born to women whose pre
natal care was provided by the specialists weighed 
more at birth, and the incidence of extremely 
low birth weight (<1,000 g) was significantly 
less. The neonatal care costs were also significantly 
less (p =  0.01).

ANTEPARTUM VISITS AND NUTRITION

Because most pregnant women seek prenatal care in 
the first trimester, this provides a great opportunity 
for directed counseling and planned prenatal care. 
Specifically, in multiple gestations, accurate deter
mination of gestational age and chorionicity should 
be performed by ultrasound scan. Early prenatal vis
its are similar to those in singleton pregnancies. More 
frequent visits are planned after midgestation and 
tailored according to any problems identified. Iron 
and folate supplements should be given to match 
the increased requirements.

As mentioned previously, maternal weight gain in 
early pregnancy is essential to achieve normal birth- 
weights for both infants. Ideally, trained nutrition
ists should provide counseling to achieve the desired 
goal.

Ultrasound Evaluation
Ultrasonography permits early diagnosis and dat
ing, establishes chorionicity, and identifies congen
ital anomalies. Nuchal translucency (NT) screen
ing and maternal blood screening can be performed 
between 11 and 13 weeks, and aneuploidy risks can 
be provided for each twin. Monitoring fetal growth 
by ultrasound scan is the standard of care now and is 
usually performed every 3 to 4 weeks. Monochori
onic twins are monitored more frequently (every 2

to 3 weeks) to identify TTTS or selective growth 
restriction of one twin.

Giles and coworkers randomized twin pregnan
cies to be monitored by biometry with or without 
Doppler ultrasound scan of the fetal umbilical artery 
starting at 25 weeks’ gestation [113]. They found no 
differences in the perinatal mortality rates between 
the no-Doppler group (11/1,000 live births) and 
Doppler group (9/1,000 live births). There were 
three fetal deaths in the Doppler group, which was 
not statistically significant.

Similarly, routine non-stress tests and fetal bio
physical profiles are not indicated to assess fetal well
being. Close fetal surveillance is indicated in fetal 
growth restriction or severe discordance, and as with 
singleton gestations, in oligohydramnios or in mater
nal conditions such as diabetes and hypertension, or 
in any other high-risk conditions. The amniotic fluid 
should be assessed by the measurement of largest 
vertical pocket in each sac [114].

Prenatal Screening
In DZ twin gestation, risk for fetal aneuploidy is 
higher than in singleton pregnancies, because the 
greater fetal number increases the chances of at least 
one fetus being affected. This mathematical proba
bility should be explained to the parents in genetic 
counseling. Prenatal screening for fetal aneuploidies 
includes NT measurement or serum screening in 
second trimester. The sensitivity of increased NT 
for Down syndrome in twins is the same as that 
for singletons [115]. It is also fetus specific, unlike 
maternal serum screening tests, and helps in selec
tive invasive testing of the affected twin. The mater
nal serum markers used for aneuploidy screening 
are a-fetoprotein, beta hCG, estriol, and inhibin. 
As would be expected, the mean MSAFP levels 
are almost doubled in twin pregnancies, and the 
adjusted multiples of median (MoM) are derived by 
using the twin cut-off levels of MSAFP. Similarly, 
MSAFP can be used to screen for open neural tube 
defects but with less accuracy.

Amniocentesis in a twin pregnancy in performed 
by two needle punctures, and there is no increased 
risk of miscarriage with this approach. Commonly 
about 1 ml to 3 ml of indigo carmine dye is 
injected after sampling from one sac, and the sub
sequent aspiration of clear fluid from the other 
sac ensures that is the operator has not sampled
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from the same sac twice. Less commonly, some 
clinicians have used a single-puncture technique, 
advancing the needle through the intertwin mem
brane to sample the amniotic fluid from the other 
sac [116,117], Difficulty in penetrating the inter
twin membrane, potential contamination of the 
samples, and creating a pseudomonoamniotic sac are 
some of the reasons why this technique is not used 
that frequently. Chorionic villous sampling (CVS) 
in twin gestations depends on placental location; 
both transabdominal and transvaginal routes can be 
used.

PREVENTION OF PRETERM BIRTHS

In the past, bedrest with hospitalization for twin 
pregnancies was freely advocated. A Cochrane 
review of the role of hospitalization and bedrest, 
however, showed that routine hospitalization for 
bedrest did not reduce the risk of preterm births 
or perinatal mortality in multiple gestations [118]. 
Actually, there was a significant increase in the 
preterm deliveries before 34 Weeks’ gestation (OR 
1.84; 95% Cl, 1.01-3.34). In addition, there were 
more low-birthweight infants born to women in 
the routinely hospitalized group (OR 1.93; 95% Cl, 
1.05-3.53).

As discussed previously, biochemical markers 
such as fetal fibronectin and cervical length mea
surements by transvaginal ultrasonography are fre
quently used in symptomatic patients for prediction 
of preterm birth; however, their value in asymp
tomatic twin gestations is not known. Prophylactic 
cervical cerclage has not conferred any advantage 
in twin or triplet gestations [119-121], Recent 
study has shown that treatm ent with 17 alpha- 
hydroxyprogesterone treatment did not reduce the 
preterm birth rate in women with twin gestations 
(122).

ANTENATAL CORTICOSTEROIDS 
AND TRIPLET GESTATIONS

Because the median age of delivery in triplet ges
tations is 33 weeks, some obstetricians prefer to 
give antenatal corticosteroids routinely to women 
carrying triplets. There are currently no recom
mendations for this approach., however. Blickstein 
and coworkers analyzed the incidence of respiratory

distress syndrome (RDS) from a cohort of 8,120 
VLBW infants and found that antenatal corticos
teroids reduced the incidence of RDS in all plural
ity groups compared with that in the partial or no 
treatm ent group [123]. In addition, antenatal corti
costeroids reduced the incidence of grades III and IV 
intraventricular hemorrhage (IVH) in triplets in the 
complete and partial treatm ent group against that 
in the no-treatment group [124],

MANAGEMENT OF PRETERM LABOR

Preterm labor is managed with tocolytic agents, as in 
singleton pregnancies. In the past, for acute tocoly
sis, magnesium sulfate was commonly used. Beta- 
sympathomimetic drugs like ritodrine have fallen 
out of favor because of cardiovascular complications 
in the mother. Indomethacin and calcium channel 
blockers can also be used. Terbutaline is occasionally 
administered for acute tocolysis. In multiple gesta
tions, there is a significant risk for the development 
of pulmonary edema from tocolytic therapy. Pul
monary edema mainly occurs from volume overload 
rather than from tocolytic drugs. Patients receiving 
tocolytic therapy should be closely monitored, and 
pulmonary edema should be aggressively treated 
with diuretics and oxygen. After acute treatment, 
some clinicians have advocated maintenance tocol
ysis. Chronic treatm ent with beta-adrenergic drugs 
has been associated with a decrease in the number 
of uterine contractions, bu t not of preterm labor 
or delivery [125]. Elliott and colleagues reported 
very few side effects with continuous subcutaneous 
terbutaline infusions [126].

Antenatal corticosteroids should be given if 
preterm labor is diagnosed between 24 and 34 weeks 
of gestation. Repeat doses of steroids are not recom
mended [127].

Preterm Rupture of Membranes
Management of preterm rupture of membranes 
(PROM) should be expectant, with prophylactic 
antibiotics and corticosteroids used to enhance lung 
maturity. Delivery should be considered at 34 to 35 
weeks’ gestation. Retrospective studies have shown 
that the latency period in twin gestations, espe
cially after 30 weeks, was significantly shorter in 
twins compared with that in singletons. Perinatal 
and neonatal outcomes were similar [128,129].
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Fiming of Delivery
The median gestational age at delivery in twins is 
around 35.2 weeks [1]. The perinatal mortality of 
twins reaches its lowest point at 37 to 38 weeks’ 
gestation and increases slightly after that [ 130,131], 
After 38 weeks, the perinatal mortality and cerebral 
palsy rates climb higher in twin gestations [7,132], 
W hether in the absence of maternal and fetal com
plications, twin gestations should be electively deliv
ered at 38 weeks is debatable, but delivery should be 
considered in the presence of maternal discomfort 
such as worsening dyspnea, difficulty in sleeping, 
painful varicose veins, and severe edema [133], 

Assessment of fetal lung maturity is sometimes 
necessary if the gestational age is uncertain or if 
elective delivery is planned. Amniotic fluid assess
ment of lecithin/sphingomyelin (L/S) ratio or TDx 
fetal lung maturity assay (fluorescence polarization 
immunoassay) is commonly performed. Loveno and 
coworkers reported that an L/S ratio of 2:0 is 
reached earlier in twins (32 weeks vs. 36 weeks in 
singletons) [134], McElrath and coworkers reported 
a higher TDx lung maturity values in twin gestations 
from 31 weeks onward compared with those of sin
gletons [135], Discordance in the amniotic value 
L/S ratio has also been reported [136]. It is reason
able to sample both gestational sacs unless access is 
difficult.

INTRAPARTUM MANAGEMENT

Fetal presentations and weight, placental location, 
and the availability of experienced personnel influ
ence the decision on the mode of delivery. In a study 
of 362 twin deliveries, Chevernak and cowork
ers found that vertex-vertex presentation occurs 
in 42.5%, vertex-nonvertex presentation occurs in 
34.8%, and nonvertex-other presentation occurs in 
19.1% of cases [137],

VERTEX-VERTEX PRESENTATIONS

Successful vaginal delivery can be predicted in 
vertex-vertex deliveries, but counseling should take 
into account the possibility of cesarean section for 
the delivery of the second twin. Lack of adequate 
planning before vaginal delivery foretells disaster 
in some cases. An explanation about the number

of personnel involved in the delivery and care of 
the newborns can help to allay the fears of over
wrought parents during labor. The pediatric team 
should include at least two experienced members 
well trained in the resuscitative efforts of the new
born. An anesthesiologist should be not only avail
able but also present in the delivery suite. Deliv
ery is usually undertaken in the operating suite 
so that a cesarean can be performed immediately 
if necessary. Ultrasound scan can help to moni
tor the presentations and fetal heart activity of the 
fetuses. Patients should have an intravenous line, and 
blood should be available for transfusion at short 
notice.

After the delivery of the first twin, the lie of the 
second fetus should be checked by ultrasound scan. 
Continuous fetal monitoring ensures fetal well- 
being. Vaginal examination is performed to confirm 
the engagement of head. Oxytocin infusion can be 
used if uterine contractions are not adequate, and 
the membranes are ruptured when the head is well 
engaged. If there are any maternal or fetal concerns, 
expedited delivery should occur.

INTERVAL BETWEEN DELIVERIES

Traditional teaching stated that the second twin 
should be delivered within 15 minutes of the birth 
of the first twin. This is not supported by several 
studies, however. Rayburn and colleagues did not 
find any difference in the Apgar scores of second 
twins delivered later than 15 minutes after the first 
twin [138]. They noted an increase in the cesarean 
delivery associated with delay of more than 15 min
utes, however. The umbilical cord gas values are 
not affected by route of delivery or by time inter
val [ 139]. Rydhstrom and Ingemarsson analyzed the 
data of 7,533 second twins from the Swedish Med
ical Birth Registry and found that the interdeliv
ery interval did not influence the perinatal mortal
ity of second twins [140], Recently, in their study 
of 118 twin gestations over 34 weeks, Leung and 
coworkers reported a correlation with lower arterial 
pH values with increasing delivery intervals | 1 111. 
In summary with continuous assessment of the 
fetal heart by electronic monitors and by ultrasound 
examination, the delivery interval delay seems to 
have little impact on the outcome of the second 
twin.
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FIGURE 13.10.
Delivery o f  second nonvertex twin fetus; external version.

Ultrasound Transducer 
Technique

Manual Technique

VERTEX-NONVERTEX PRESENTATIONS

In vertex-nonvertex presentations, after delivery of 
the first twin, the presentation of the second twin 
should be checked by ultrasound scan. Options for 
delivery then include 1) external cephalic version 
(ECV), 2) assisted breech delivery, and 3) breech 
extraction. Several studies have not found any differ
ence in the neonatal outcomes of twins delivered by 
cesarean or vaginally [137,142], Operator experi
ence, and local practice patterns parental wish influ
ence the decision concering delivery mode.

ECV (Figure 13.10) can be accomplished easily 
in many instances, and vaginal delivery is success
ful most of these cases. Chervenak and coworkers 
reported a successful ECV in 73% of the cases and a 
successful vaginal delivery in 90% of the cases that 
had undergone ECV [143]. The safety of breech 
extraction of a second twin has been addressed, and 
infants weighing less than 1,500 g have a better 
neonatal outcome when delivered by a cesarean. 
Allowing for a 20% error in the estimation of fetal 
weight by ultrasound scan, one might wish to coun
sel vaginal delivery of the second twin (nonver
tex) if the fetal weight is estimated at >2000 g 
[143]. After the delivery of the first twin, ultra
sound scan should be performed to confirm the lie. 
Delivery should be expedited by breech extraction if 
footling breech presentation or transverse lie is seen. 
Breech extraction can be performed with or with
out ultrasound guidance and should be undertaken 
only by experienced operators.

Assisted vaginal deliveiy is also possible, but with 
a longer interval the cervix can reconstitute and pose

FIGURE 13.11. 
Interlocking tivins.

challenges. Once the presenting part of the second 
twin is engaged, amniotomy followed by assisted 
breech delivery is performed. After delivery, the 
placenta should be examined for completeness, and 
the chorionicity should b<e* confirmed by histologic 
examination.

NONVERTEX-ANY PRESENTATION

If the first twin is not in a vertex presentation, it 
is customary to deliver by a cesarean. When twin 
A is in breech presentation and twin B in cephalic 
presentation, there is a possibility of interlocking of 
twins (Figure 13.11). This uncommon but poten
tially disastrous situation results from the entrap
ment of the aftercoming head of twin A below 
the chin of twin B, making it impossible to deliver 
twin A. The frequency of interlocking twins is
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ilar to those in twin pregnancies but are increased 
manifold. HOMs also impose psychological stress, 
and parental counseling before fertility therapy is 
begun should be given. Preterm labor occurs in 
about 76% of triplets and in over 90% of quadru
plet pregnancies [147],

FIGURE 13.12.
Ultrasound scan showing early triplet gestation.

FIGURE 13.13.
Ultrasound scan showing quadruplet gestation.

approximately one per 1,000 twin deliveries and 
carries a fetal mortality rate of 31% [144],

High-order Multiple Gestation
Triplets or more constitute high-order multiple 
(HOM) gestations (Figures 13.12 and 13.13). As 
multiple births from ART continue, higher-order 
births are more frequently encountered. Multiple 
embryos are transferred in one cycle to improve the 
pregnancy rates, and the increase in HOMs is a nat
ural outcome of such aggressive practice. In recent 
years, thanks to the guidelines issued by the Society 
for Assisted Reproductive Technology and Ameri
can Society for Reproductive Medicine, there has 
been a declining trend in triplets or higher-order 
births [145,146], Maternal complications are sim

SELECTIVE REDUCTION

Although the survival rates of preterm infants have 
improved with the excellent neonatal care now 
available, the risk of delivering an extremely low- 
birthweight (ELBW; <1,000 g) infant is still very 
high, and this increases the long-term neurologic 
morbidity of these infants.

Multifetal pregnancy reduction (MFPR) 
decreases the fetal numbers with an aim to 
reduce the spontaneous losses and premature 
deliveries; this option is available to parents faced 
with HOM  gestations. Typically performed in 
the first trimester, this procedure involves fetal 
intrathoracic injection of potassium chloride under 
ultrasound guidance.

Ideally counseling should begin in the precon
ception period, and parents should be informed of 
the possible HOM  births, the MFPR procedure, and 
its benefits and risks.

Prior to reduction, abnormal fetuses are identified 
and selectively reduced. Increased use of NT screen
ing test helps to identify possible abnormal fetuses 
early in the first trimester. Alternatively CVS can be 
performed, and karyotype of the fetus can be deter
mined by fluorescent in situ hybridization (FISH) 
or by complete karyotype (results available in 1-2 
weeks). Overall, experienced centers reported lower 
fetal loss rates with this procedure. Transvaginal and 
transcervical procedures are associated with greater 
fetal loss rates than are transabdominal procedures 
[148],

Although quadruplets are more usually reduced 
to twins, the reduction of triplets to twins or sin
gletons is controversial. With improvements in the 
survival rates in triplet pregnancies, some practition
ers are reluctant to perform reduction of triplets 
to twins. As the medical indications for reductions 
decrease, the burden of choice increasingly falls on 
the couple. The fetal loss rates (before 24 weeks) 
and the prematurity rates (delivery between 25 
and 28 weeks) increased with higher starting and 
finishing numbers. In one multicenter study, 20%
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fetal losses before 24 weeks were reported when 
sextuplets were reduced and a 6% loss rate when 
triplets were reduced to twins [148]. Spontaneous 
loss rates (before 24 weeks) were higher in unre
duced triplets against those of triplets reduced to 
twins (25% vs. 6.3%, p = 0.07) [149]. Boulot and 
coworkers reported comparable loss rates in both 
unreduced and reduced triplets (6% vs. 5.4%), but 
the rates of prematurity and low-birthweight infants 
in unreduced triplets were much higher. In HOM 
gestations, monochorionic twins are usually reduced 
to prevent complications.

In 2003, more than 50% of ART cycles using 
fresh nondonor embryos or eggs were performed on 
women over 35 years of age [151]. More women 
over 40 years of age are now seeking reduction to 
singletons from twins [152], Reduction of natural 
twins to singletons poses ethical problems, and some 
have questioned its justifications [153]. Evans and 
others compared the outcome of reductions of 52 
twins to singletons with the twin gestations from the 
national registries and reported 1.9% fetal loss rates 
from reductions and much higher rates of losses in 
the on-going twin gestations [153],

PSYCHOSOCIAL ASPECTS 
IN MULTIPLE GESTATIONS

It is seldom that the prospective parents undergo
ing fertility treatment are fully aware of the prob
lems of multiple gestations. After prolonged infer
tility pregnancy transports them into a blissful state. 
Even after extensive preconception counseling, the 
couples are only marginally aware of the full impli
cations of multiple births. Studies find that 20% 
to 40% of women undergoing IVF treatm ent actu
ally consider multiple births as a preferred outcome 
[154,155], A diagnosis of an HOM gestation poses 
fresh challenges when couples are confronted with 
the possibility of multifetal pregnancy reduction 
(MFPR).

Although mourning for the lost fetus was pre
dominant in women undergoing MFPR, many were 
able to overcome their grief in 1 month. Frequent 
use of ultrasound monitoring was directly related 
to the emotional reactions to the procedure [156]. 
Detection of anomalies in one fetus, undergoing 
invasive procedures, and possible selective fetocide 
or pregnancy termination are all anxiety-provoking 
instances in women with multiple gestations. The

fetal death of one twin and its consequences on 
the surviving twin in a monochorionic pregnancy 
can be devastating. The grief is sometimes delayed 
by several days after birth. Preterm deliveries are 
much higher in multiple gestations, and the conse
quences of prematurity, particularly cerebral palsy, 
can be devastating. The emotional and financial bur
den in raising these children can strain the couple’s 
relationship and has led to divorce in some cases. 
Couples undergoing fertility treatm ent should have 
adequate counseling by experienced providers so 
that they are better prepared to face any complica
tions that might occur. Special problems of multiple 
pregnancies should be highlighted, and information 
should be provided about the support groups in the 
community.

MEDICOLEGAL ISSUES 
IN MULTIPLE GESTATIONS

In the wake of ART and other fertility treatments, 
counseling begins in the preconception period. 
Even treatm ent with ovulation-inducing drugs like 
clomiphene is associated with multiple gestations, 
and failure to counsel the patient leads to liability. 
Physicians must be able to foresee these possible 
outcomes and counsel prospective parents accord
ingly.

Diagnosis of multiple gestations, establishing 
chorionicity, identifying anomalies, foreseeing pos
sible maternal and fetal complications, prevention 
and treatm ent of preterm labor, and management 
of growth restriction are some of the areas of medi
colegal concerns in multiple gestations. HOM ges
tations entail counseling and appropriate referral to 
experts for pregnancy reduction. Although many 
of these complications might not be prevented, 
explicit counseling helps couples to choose among 
the available options.

For example, if a discordant anomaly is detected, 
the couple should be informed of the available 
options, including selective fetocide. Appropriate 
prenatal screening tests should be offered, and if 
NT screening is available, its significance should be 
explained with reference to twin gestations. Appro
priate invasive testing and sampling of both amniotic 
sacs without contamination are essential to prevent 
liability.

Monochorionic twins are more likely to have 
complications, and they should be monitored more
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closely. They should be referred to maternal-fetal 
medicine specialists for frequent ultrasound mon
itoring and managed if any complications such as 
TTTS arises.

Another area of concern is preterm delivery. 
Although it cannot be prevented in most cases, 
screening tests like transvaginal ultrasonography for 
cervical length and fetal fibronectin are recom
mended in symptomatic patients. Although routine 
use of antenatal corticosteroids is not recommended 
in twin gestations, antenatal corticosteroids can be 
considered in triplet gestations since the available 
evidence supports its role in the prevention of res
piratory distress syndrome and grade II1/IV IVH in 
newborns.

Timing and mode of delivery of twins are other 
areas of concern. Most twin gestations deliver by 
36. to 37 weeks. Recent reports indicate an increase 
in the cerebral palsy rates in twins born after 
38 weeks (or for twins weighing over 2,500 g). 
Although induction is not routinely recommended 
at 38 weeks, the parents should be counseled appro
priately about it. Anginal delivery of twins in vertex- 
vertex presentations is recommended, but the 
couple should be aware of the possible surgical deliv
ery of the second twin, with appropriate consent 
taken. In vertex-nonvertex presentations, counsel
ing on assisted breech delivery or breech extraction 
should be done before delivery and, if the provider 
is not experienced and if the couple wishes a vaginal 
delivery, the assistance of an experienced obstetri
cian should be obtained.
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Chapter 14 SHOULDER DYSTOCIA
;_________________________________________________

James J. Nocon

To find a fault is easy; to do better may be 
difficult.

Plutarch (4 6 -1 2 0  CE)

Essays and Miscellanous (Moralia) 

eBooks@Adelide, 2004.

Shoulder dystocia is a well-known and much-feared 
obstetric emergency. It is not hard to imagine the 
thoughts in the doctor’s mind when a baby’s head 
delivers and the shoulder remains impacted. No 
matter what is done thereafter, at least some new
borns have an observable injury which can include 
a brachial plexus injury fractures of the clavicle or 
humerus, neonatal asphyxia, and even death. For
tunately, most such neonatal injuries are transitory. 
Maternal consequences can involve vaginal or cervi
cal lacerations, uterine atony, and postpartum hem
orrhage. Thus, every clinician who provides obstet
ric care is expected to be able to manage a shoulder 
dystocia.

A brief review of the approach to shoulder dysto
cia reveals that the onus of responsibility for the out
come has been placed squarely on the shoulders of 
the doctor (pun intended]. Researchers have iden
tified several “risk factors” associated with shoulder 
dystocia. One theory asserts that if doctors were 
able to identify the patient “at risk,” then they could 
take some action or intervention to prevent the risk 
from occurring. Clinicians have also devised maneu
vers to "safely” dislodge the stuck shoulder, even 
asserting that some of these maneuvers are supe
rior to others or that such maneuvers should be 
attempted in a specific sequence to be successful. 
Finally the theory of the mechanism of the most 
common injury, a brachial plexus injury, postulates 
that excessive downward traction on the baby’s head 
and neck stretches the brachial plexus and thereby 
causes injury.

The best evidence of the last 25 years regarding 
this traditional approach to shoulder dystocia, and 
especially brachial plexus injury, indicates that most 
if not all of the former presumptions are incorrect, 
inconsistent, and incomplete. In 1987, Gross and 
coworkers reported that even if a risk factor were of 
statistical significance, it had little to no predictive 
value [1], Nocon and coworkers confirmed that the 
traditional risk factors for shoulder dystocia had no 
predictive value and also that no single maneuver or 
sequence of maneuvers was superior to any other 
in preventing brachial plexus injury [2], Finally, 
researchers have demonstrated that when shoulder
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dystocia occurred with two different 4,700-g babies 
and traction exerted on each baby's head was four 
times greater than in a normal delivery there was no 
permanent injury [3]. This study and others indicate 
that excessive downward traction cannot be the only 
cause of brachial plexus injury.

Certain findings are clear. Shoulder dystocia 
remains an unpredictable event. Regardless of the 
approach used to dislodge the shoulder, up to 32% 
of all such babies will have some observable injury 
[4], Fortunately over 90% of those injured are tran
sitory and thereby not permanent. This creates a 
problem in physician accountability; that is, if the 
occurrence is not predictable and the choice of man
agement yields similar rates of poor outcome, then 
there is little basis to subject the physician to a 
fault-based system of liability. This chapter reviews 
and examines the best evidence available about the 
nature and scope of shoulder dystocia, including rea
sonable management options and the challenging 
ethical and legal aspects surrounding this common 
obstetric emergency.

The author performed an extensive analysis of the 
occurrence of shoulder dystocia and neonatal injury 
from the records of 14,297 parturients with 12,532 
vaginal and 1,765 cesarean deliveries (12.4%] at 
theW ishard Memorial Hospital, from January 1986 
through June 1990 [2]. Briefly Wishard Memorial 
Hospital is the county hospital for Indianapolis and 
a major teaching center for the Indiana University 
Medical School, Resident physicians under direct 
faculty supervision render all care. Between 1986 
and 1990, the hospital had the following patient 
characteristics: 55% African American, 45% Cau
casian, and 95% on Medicaid. The author refers 
to the Wishard Memorial Hospital (Wishard] study 
in subsequent sections for comparison and contrast 
with other reported data.

CLINICAL ISSUES 

Prevalence of Shoulder Dystocia
The definition of shoulder dystocia categorically 
affects its prevalence, bu t a functional definition 
includes any difficulty in extracting the shoulders 
after delivery of the head [5], This view might be 
overly broad and might lead to a higher incidence 
of reported cases with a lower rate of complications. 
A more specific definition indicates that “true” dys

tocia requires maneuvers to deliver the shoulders, 
combined with gentle downward traction and epi
siotomy [6]. This view might be too narrow in scope 
and skew the incidence downward, however.

Although the actual prevalence is unclear, shoul
der dystocia does appear to be increasing, presum
ably because of increasing birthweight [7], Other 
reasons for this rise include increasing maternal age, 
obesity improved prenatal care, and fewer factors 
leading to preterm delivery. Most important, there 
is an increase in the reporting of shoulder dystocia 
as the need for greater documentation of obstetric 
care has been emphasized.

The reported incidence of shoulder dystocia 
varies from 0.6% to 1.4% of all vaginal deliver
ies [8], Some authors report only the frequency 
among vaginal deliveries, whereas others include 
frequency for all births, including cesarean deliver
ies. Some include all birthweights, whereas others 
exclude those newborns less than 2,500 g. Some 
exclude deliveries that require only mild traction 
and no special maneuvers. Finally, the degree of doc
umentation can vary from institution to institution, 
and even year to year within the same institution as 
importance of the diagnosis is emphasized.

Morbidity and Mortality
It is well documented that perinatal morbidity and 
mortality rates are increased in shoulder dystocia. 
Boyd and coworkers noted severe asphyxia in 143 
per 1,000 births associated with shoulder dystocia in 
contrast to 14 per 1,000 births in the general pop
ulation [9], Although some neonatal morbidity is 
readily apparent in about 20% of newborns with 
shoulder dystocia, most infants with shoulder dys
tocia experience no significant injury. Investigators 
at Parkland Hospital in Dallas, Texas, report brachial 
plexus injuriesin 4 of 737 infants delivered vaginally 
weighing 4,000 g to 4,500 g and in 4 of 118 infants 
weighing more than 4,500 g [ 10]. O f note, the Park
land group reports that 99.5% of infants weighing
4,000 g to 4,500 g had a safe vaginal delivery.

Neonatal Injury
The range of injuries to the newborn following a 
shoulder dystocia typically include trauma to the 
brachial plexus or phrenic nerve, fractures of the 
clavicle or humerus, neonatal asphyxia, and even
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death. Clavicular fractures are commonly associated 
with shoulder dystocia but also occur frequently in 
infants weighing less than 4,000 g. They are transi
tory, unavoidable, and not considered an indicator 
for quality improvement [11].

The classic injury is a brachial plexus palsy (BPP). 
In 1872, Duchenne ascribed the injury to traumatic 
delivery and in 1874, Erb described the most com
mon form of trauma involving the fifth and sixth 
cervical nerves [12].

The Anatomy of the Brachial Plexus: The source 
of the brachial plexus is the anterior primary rami 
of spinal segments C5, C6, C l , C8, and T l. These 
rami form the three trunks of the plexus, which 
in turn form anterior and posterior divisions. The 
upper trunk contains fibers from C5 and C6, the 
middle trunk is derived from the undivided fibers 
from C7, and the lower trunk comes primarily from 
the fibers from C8 and T l . The divisions form three 
cords: the lateral, posterior, and medial. Figure 14.1 
illustrates the anatomic relationships of the brachial 
plexus.

Classification of Brachial Plexus Injuries: The 
upper trunk injury (C5-C7), Erb's palsy, is the most 
common form of brachial plexus injury. The infant 
appears to have the humerus adducted and inter
nally rotated, and the elbow is extended. Paralysis 
usually affects the muscles of the upper arm, and

FIGURE 14.1.
The complex branching o f  the brachial plexus from its 
origin from  cranial roots C5-T1 to the eventual 
peripheral nerves depicted.

winging of the scapula is common. The supinator 
muscles and the. extensors (C6) of the wrist can be 
affected. Sensory deficit is usually limited to the dis
tribution of the musculocutaneous nerve.

The lower trunk lesion (C8 and T l), called 
Klumpke palsy, generally affects the forearm and 
wrist. The elbow is flexed with the forearm 
supinated, and a characteristic clawlike deformity 
of the hand is observed. Sensation in the palm can 
be depressed. Horner’s syndrome is often present in 
the affected side owing to the involvement of the 
sympathetic fibers that traverse T l .

Rarely, a severe BPP involves the entire plexus 
and causes complete paralysis of the arm. The physi
cian should be alerted to an associated spinal cord 
injury in such circumstances. There can be blood in 
the spinal cord because of avulsion of the roots of 
the plexus. Another rare injury, involving the fourth 
cervical root, might not be associated with a brachial 
plexus injury. This injury involves trauma to the 
phrenic nerve, and the infant presents with features 
of respiratory distress {Weigert palsy).

Most infants having an observable BBP at birth 
have transitory symptoms and recover with no per
manent injury. Studies indicate the occurrence rate 
of BPP varies from 0.05% to 0.26% of all deliver
ies, and full return of function occurs in 70% to 
95% [13], An early study by Eng found that 30% 
of those with brachial plexus injury recovered by 6 
months and 55% recovered by 1 year. Eventually, 
of those injured, approximately 15% demonstrated 
some residual handicap [14], More recent studies 
from Johns Hopkins Hospital indicate that 116 of 
127 (91.3%) brachial plexus injuries were tem po
rary, and these resolved by 2 years [15],

In the Wishard study of 185 patient records coded 
for shoulder dystocia, there were 28 brachial plexus 
injuries (15.1%) and 14 fractured clavicles (7.5%; 
(able 14.1). All of the brachial plexus injuries 

were Erb’s palsies, and those injured were followed 
for up to 5 years. O f interest, Brett found that 
brachial plexus injuries occur more often on the 
right, ostensibly because the predominant left occip
itoanterior position leaves the right shoulder against 
the pubic arch for longer than other presentations 

[l$]'
At Wishard, six of ten such injuries involved the 

left shoulder. All but one brachial plexus injury 
resolved, and that child (3,864 g birthweight) had
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TABLE 14.1 Wishard Study*

Sustained Injuries

Weight (g) No. Not Injured Clavicle Fracture Brachial Plexus Injury

Group A: Coded Shoulder Dystocia, Birthweight, and Injury1
>4500 23 16 1 1  (26%)
40 0 0 -4449 83 65 7 11 (13.2% )
3 5 0 0 -3 9 9 9 59 45 5 i  (15.2% )
3 0 0 0 -3499 19 16 1 2 (10.9% )
< 3000 1 1 0 0
Total 185 143 14 28 (15.1% )
Group B: Not Coded for Shoulder Dystocia; Injury Occurred
2 0 0 0 -2 9 9 9 3 2 1
3 0 0 0 -3 9 9 9 12 9 3
>4000 4 3 1
Total 19 14 5

* Croup A compared with B for birth weight, p < 0.01; Croup A compared with B for injury, p < 0.01.
^Data from 12,532 vaginal and 1,765 cesarean deliveries, Wishard Memorial Hospital, Indianapolis, IM, 
January 1986 to June 1990. See text for additional details [3],

a residual mild arm weakness. All fractures of the 
clavicle resolved without incident. In the 5 years 
preceding the author’s study, there were approxi
mately 12,000 vaginal deliveries with four perma
nent brachial plexus injuries. In the author’s expe
rience, permanent brachial plexus injury is a rare 
event that occurs in about 1 in 4,000 vaginal deliv
eries and most likely varies from 1 in 2,000 to 1 in 
4,000.

Brachial Plexus Injury without Shoulder Dystocia: 
There is substantial evidence that brachial plexus 
injury does occur without shoulder dystocia. Jennett 
found that 22 of 39 BBPs were not associated with 
shoulder dystocia [17], In addition, Gilbert found 
only 53% of BPP associated with shoulder dystocia, 
and even in macrosomic infants, there was no shoul
der dystocia associated with 26% of cases of BPP 
[13]. Likewise, Graham and coworkers also found 
only 53% of BPP associated with shoulder dystocia
mi

In the Wishard study, there was a group of 19 
patients not coded for shoulder dystocia whose 
infants sustained an injury (see Table 14.1}. There 
were 14 clavicular fractures and 5 brachial plexus 
injuries. When these infants were compared with 
the group coded for shoulder dystocia (14 fractured 
clavicles and 28 brachial plexus injuries) the nature

of injury was significantly different [p < 0.01). The 
second group had a mean birthweight of 3,528 g 
compared with 4,112 g [p < 0.01) for the rec
ognized shoulder dystocia group. There were 12 
spontaneous vaginal deliveries (3 brachial plexus 
injuries), 5 elective low forceps (1 brachial plexus 
injury, 2,892 g) deliveries, and 2 midforceps deliv
eries for fetal distress (1 brachial plexus injury, 
3,205 g).

Statistically, this cohort represents a different 
population, particularly regarding the nature of the 
predominant injury (clavicular fractures) and the 
infants’ smaller si/.e. There was also no evidence of 
prolonged labor, diabetes, or other risk factors in 
this group. Gurewitsch and coworkers noted very 
similar findings in an extensive review of BPP with 
and without shoulder dystocia [15]. In this study, 
they found 49 cases of nonshoulder-dystocia-related 
BPP, and 30% lacked all risk factors for shoulder 
dystocia.

These studies indicate that various and diverse 
mechanisms result in a shoulder dystocia. Likewise, 
there are various, diverse, and most likely, multi
ple mechanisms involved in a BPP. The following 
sections discuss the multiplicity of risk factors, pre
dictability, mechanisms of impaction, and theories 
of injury.
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Macrosomia and Related Risks
The definition of macrosomia varies with associ
ated risks [19-21]. A consistent definition holds 
that in a nondiabetic patient, macrosomia occurs at
4,500 g and in a diabetic patient, 4,000 g. Some 
observers propose that a fetal weight above the 90th 
percentile for gestational age constitutes macroso
mia [20], More recently, taking into account the 
imprecision in diagnosing macrosomia, the ACOG 
Practice Bulletin No. 40 suggests that prophylactic 
cesarean delivery may be considered in nondiabetic 
infants over 5,000 g and diabetic infants over 4,500 
g [8]. Although birthweight over 5,000 g is uncom
mon, about 5% to 7% of babies weigh more than
4,000 g, and about 1% will exceed 4,500 g [21], It 
appears that the recent trend is toward the delivery 
of larger infants.

Multiple factors contribute to macrosomia, and 
many of these are interrelated. The most significant 
factors include a large maternal habitus, male fetus, 
multiparity maternal diabetes or obesity post-term 
pregnancy, and macrosomia in a prior infant [22], 
It should be stressed, however, that most patients 
with these factors have normal-weight babies.

Maternal Weight
Maternal height, weight, and prepregnancy weight 
are associated with increased infant weight |23], 
In other words, large women have large babies. A 
corollary of this finding is that the m other’s own 
birthweight is directly related to fetal macrosomia
[24], Although maternal obesity and weight gain 
during pregnancy are directly related to the infant’s 
birthweight, the influence of these factors varies 
markedly with prepregnancy weight, age, parity, and 
level of education [25].

Unfortunately most of these risk factors for 
macrosomia have limited clinical value. For exam
ple, male infants are larger than female infants and 
are twice as likely to weigh more than 4,000 g [26]. 
This fact does not lend itself to the development of 
a decision-making protocol, however. Spellacy and 
coworkers noted a high-risk group for macrosomia 
having a triad of obesity, diabetes, and postdates, 
and recommended liberal use of cesarean delivery 
if macrosomia were found [27], The problem with 
this recommendation and all similar ones, however, 
is that it is virtually impossible to document macro

somia with any kind of reliability sufficient to justify 
routine operative delivery.

Reliability o f Ultrasonography
In macrosomia, the trunk appears to grow larger rel
ative to the head. Elliot and coworkers used ultra
sound examination to document this growth pat
tern in diabetic patients and developed an index of 
macrosomia by subtracting the biparietal diameter 
from the chest diameter [28], If the difference was 
more than 1.4 cm, then cesarean delivery was rec
ommended, ostensibly to reduce the incidence of 
traumatic morbidity. Recent evaluations of the pos
itive predictive value (PPV) of ultrasound examina
tion indicate that accurate sonographic evaluation 
of the suspected large fetus is beyond the current 
capability, however.

Although the best estimates of macrosomia 
include abdominal circumference and femur length, 
the range of error in one study was 22% [29], 
Delpapa and Mueller-Heurbach compared the out
comes in 242 women with sonographic estimates of 
macrosomia and concluded that cesarean delivery or 
elective induction to avoid continued fetal growth 
was inappropriate when based only on the sonogram 
[30]. Thus, protocols for determining the route of 
delivery based solely on estimates of fetal weight 
are too simplistic and merely result in unnecessary 
operative deliveries,

Post-term Pregnancy
The effect of length of gestation on development of 
macrosomia is well recognized [31], In the Wishard 
Study, the majority of shoulder dystocias (42.2%) 
occurred between 40 and 41 weeks of gestation. The 
incidence of shoulder dystocia decreased relative to 
the total number of deliveries thereafter, and only 
three episodes of shoulder dystocia were noted at
43 weeks, with no trauma in this group

Prior Macrosomic Infant
Patients who delivered a prior macrosomic infant 
have a higher relative risk for shoulder dystocia 
than is present wTith weight gain, height, and parity. 
Women who deliver an infant weighing more than
4,500 g are more likely to have had a prior macro
somic infant (4,000 g) [32], Although Ouzounian
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and coworkers indicate that the rate of recurrent 
shoulder dystocia is increased (3.8%) over the gen
eral population (0.6%), it is lower than previously 
estimated [33].

The Wishard study revealed that in 185 shoulder 
dystocia patients, 31 of 106 women who gave birth 
to an infant weighing more than 4,000 g had a previ
ous infant weighing more than 4,000 g, whereas only 
1 of 79 whose infants weighed less than 4,000 g had 
a prior macrosomic infant. Common sense would 
dictate that the prior delivery of a large infant might 
have clinical significance, especially if the delivery 
were difficult or associated with trauma.

Maternal Diabetes
It is universally recognized that diabetes, pregesta- 
tional and gestational, is associated with macroso
mia. An extensive study of macrosomia by Boyd and 
coworkers, however, found that only 32% of diabetic 
mothers had macrosomic infants [9]. Acker found 
that the incidence of shoulder dystocia increased 
to 31% in diabetic patients whose infants weighed 
more than 4,000 g, and the incidence in nondia
betic patients increased to 22.6% when their infants 
weighed more than 4,500 g [34]. Although this clas
sic study was often cited to justify the use of cesarean 
delivery for diabetic mothers with a fetus weighing 
more than 4,000 g and the liberal use of cesarean 
delivery for nondiabetic parturients with an esti
mated fetal weight exceeding 4,500 g, especially if 
labor is abnormal, it is not a standard of care. As pre
viously noted, the ACOG Practice Bulletin No. 40 
suggests that prophylactic cesarean delivery might 
be considered in nondiabetic infants weighing more 
than 5,000 g and diabetic infants over 4,500 g. This 
is because no birthweight category, even 2500 g, is 
entirely free of shoulder dystocia risk.

Other maternal factors associated with macroso
mia noted in Boyd’s study include

• Multiparas over age 35

• Prepregnant weight greater than 70 kilograms

• Ponderal index (weight/height3) in the upper 
tenth percentile

• Height exceeding 169 cm

• Greater than a 20-kg weight gain

• Delivery more than seven days post term.

It is clear that multiple factors contribute to 
macrosomia, and some of these are interrelated with 
diabetes; however, most patients with these risk fac
tors have normal-weight babies.

Moreover, almost one half (47.6%) of all shoul
der dystocias occur in infants weighing less than 
4,000 g [35]. Furthermore, many diabetic m oth
ers do not have macrosomic infants, the majority of 
macrosomic infants are not infants of diabetic moth
ers, and injury does not occur more often in this 
group. Moreover, macrosomia is as difficult to pre
dict in the diabetic as in the nondiabetic population. 
Benson and coworkers found that the use of stan
dard formulas for predicting macrosomia by ultra
sonography was correct in only 47% of infants [36]. 
Nonetheless, the liberal use of selective cesarean 
delivery in diabetic mothers meets little clinical 
opposition.

Intrapartum Factors 

Labor Abnormalities
Benedetti and Gabbe reported that the incidence of 
shoulder dystocia in deliveries with prolonged sec
ond stage plus midpelvic delivery was statistically 
significant compared with those without these fac
tors [37], In this review, prolonged second stage is 
defined as more than 2 hours in the nulliparous 
patient and more than 1 hour in the parous patient, 
with arrest of descent at station +3 cm or higher. 
This observation remains as one of the strongest 
subsets of complications associated with shoulder 
dystocia. The predictive value for shoulder dysto
cia in prolonged second stage and midpelvic delivery 
increases only when the fetus is actually macrosomic, 
however.

In contrast, in the Wishard study, only nine 
episodes of prolonged second-stage labor were iden
tified in the shoulder dystocia study group, and five 
of these patients had newborns weighing less than
4,000 g. Two were delivered spontaneously; the 
shoulder dystocia was resolved by suprapubic pres
sure in one (left Erb’s palsy), and the other had 
no technique listed (left clavicular fracture). There 
were three low-forceps deliveries with one right 
brachial plexus injury and no injury in the other 
two. O f the remaining four patients with a midfor
ceps rotation, there were no injuries. There were no 
permanent injuries in this group.
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Other labor patterns associated with shoulder 
dystocia appear to have little or no significance 
independent of macrosomia. For example, pro
longed latent phase is independently associated with 
increased maternal and fetal morbidity and should 
alert the physician to an increased risk for further 
problems in labor and delivery [38]. Protracted 
active phase disorders appear to carry no inherent 
threat to the fetus unless accompanied by opera
tive (especially midforceps) delivery [39], Because 
shoulder dystocia is a complication of macrosomia, 
an increased incidence of labor disorders would be 
expected.

Oxytocin and Anesthesia
It would be logical to expect an increased incidence 
of oxytocin augmentation and induction in patients 
with shoulder dystocia owing to the observed labor 
abnormalities associated with macrosomia. No stud
ies have implicated any other significance, how
ever. In the Wishard group, there was also no sta
tistical significance found with the use of oxytocin, 
either by induction or augmentation, between the 
study and reference groups. Oxytocin was used in 
78 of 185 patients with shoulder dystocia (42.1%), 
compared with 49.2% of all vaginal deliveries. 
There was also no statistical difference found in 
the use of anesthesia. Epidural anesthesia was used 
in 110 of 185 shoulder dystocia cases (57.4%) 
and in 67.9% of vaginal deliveries in a control 
population.

Episiotomy
An extensive episiotomy in the presence of shoul
der dystocia was frequently recommended, ostensi
bly to relieve any resistance from the perineal floor 
that could prevent egress of the shoulders. There 
is no statistically significant relationship betwreen 
the absence of episiotomy and subsequent neonatal 
injury, however. In the author’s study, there were 17 
shoulder dystocia patients without episiotomy and
5 neonatal injuries (29.4%): four fractured clavicles 
and one transitory brachial plexus injury. In compar
ison, in 168 patients with shoulder dystocia who had 
an episiotomy, there were 37 injuries (22%), includ
ing 10 fractured clavicles and 27 brachial plexus 
injuries.

Risk Factor Profile

The occurrence of shoulder dystocia increases in 
direct relationship to the: birthweight; this becomes 
statistically significant in infants Weighing more than
4,000 g (see Table 14.1). W hat is striking, how
ever, is the frequency with which shoulder dysto
cia occurs in newborns weighing less than 4,000 g. 
In this respect, over 90% of all vaginal deliveries 
account for slightly less than one half of all shoul
der dystocias. W hat is most important is that this 
single observation refutes the general notion that 
shoulder dystocia is always predictable and there
fore preventable.

Apparently, none of the frequently noted risk 
factors are reliable in predicting the occurrence of 
shoulder dystocia without macrosomia. Even the 
strong association of a prior macrosomic infant did 
not result in a shoulder dystocia in more than 70% 
of women. Conditions such as diabetes or midfor
ceps delivery, after a prolonged second stage of labor, 
become significant only in the presence of a large 
fetus. Moreover, other traditional risk factors such 
as obesity, multiparity, and postdate pregnancy are 
not statistically significant or predictive of shoulder 
dystocia. Finally, there seems to be no association 
of shoulder dystocia with episiotomy, oxytocin, or 
anesthesia.

Gherman and coworkers found diabetes to be 
more common in transitory BPP. They found opera
tive delivery equally common in transitory and per
manent BPP [40]. In contrast, Gurewitsch found no 
difference in the rate of diabetes between shoulder 
dystocia and nonshoulder-dystocia-related BPP or 
between temporary and permanent BPP [15].

The limiting factor is the inability to predict 
macrosomia with the requisite degree of certainty 
on which a clinical decision should be based. Until 
the macrosomic infant can be accurately identified, 
no reasonable risk factor profile can be established.

Pathophysiology of Shoulder Impaction
After delivery of the head, restitution or external 
rotation returns the head to its normal axis to the 
spine and its perpendicular relationship to the shoul
ders. The shoulders are usually in an oblique axis 
under the pubic rami. Maternal pushing drives the 
anterior shoulder under the pubis. If the shoulder 
fails to rotate into this oblique axis and remains in
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the anteroposterior position, a large fetus can impact 
its anterior shoulder against the symphysis [41].

In 1926, J. Whitridge Williams noted that in 
most cases the anterior shoulder will deliver spon
taneously just after external rotation [42]. Occa
sionally, a delay occurs, and the physician is advised 
to seize the occiput and chin with two hands and 
apply downward traction until the anterior shoul
der is seen. In the case of prolonged delay, Williams 
states, “indeed, even when the former method of 
extraction is applied, traction should be exerted only 
in the direction of the long axis of the child, for if 
it be made obliquely, the neck will be bent upon 
the body, when excessive stretching of the brachial 
plexus on its convex side will occur, with subsequent 
paralysis" [42],

Although Williams postulates that a brachial 
plexus injury results from excessive stretching of the 
brachial plexus and not necessarily from excessive 
downward traction during delivery, this theory has 
never been substantiated. Moreover, Williams did 
not consider the role of maternal expulsion efforts, 
compression of the brachial plexus against the pubic 
symphysis, torque or twisting forces during rotation 
of the head against an impacted shoulder, or the fail
ure of the shoulders to adduct during a rapid decent 

[ 4 1 ] 'The primary difficulty with the shoulders arises 
from their relatively large size respective to the 
inlet. Although dystocia can occur in the presence of 
pelvic deformity, it can also occur when the shoul
ders fail to rotate into the anteroposterior diame
ter. Thus, some degree of fetopelvic disproportion is 
present in a shoulder dystocia. Similarly, fetopelvic 
disproportion is a relative condition and therefore 
varies in its presentation. This would account for 
the unpredictable occurrence of shoulder dystocia 
in the same patient who might have a subsequent 
large infant without dystocia as well as in newborns 
weighing less than 4,000 g.

Forces Operating in a Shoulder Impaction
As the head descends through the birth canal, 
the maternal expulsive forces impact the shoulder 
against the pubic symphysis, and to a much lesser 
degree, the sacral promontory. As early as 1936, 
Moir noted that the maternal expulsive forces, con
verted to pounds-weight, of the average uterine con
traction is about 16 pounds per square inch [44],

W ith maternal pushing, the force doubles to 32 
pounds per square inch. More recently, observers 
measured maternal expulsive forces as well as the 
forces applied to the head and found them to vary 
with the result of the load required for delivery, and 
that the largest amounts of brachial plexus stretch
ing occurred with maternal pushing [3,45],

As the shoulder approaches the symphysis, it 
either rotates into the oblique axis or remains 
impacted. The shoulder either then stays impacted 
or overrides the symphysis. As the head continues its 
outward journey but the shoulder stays impacted, 
the soft tissues of the neck and cervical spine are 
stretched. After the head delivers, it retracts against 
the perineum; this is frequently observed as the so- 
called turtle sign. Thus, before any traction is placed 
on the head, two forces have stressed the brachial 
plexus, that is, stretching forces and Compression 
forces. If the head rotates after delivery, a third 
torque or twisting force can also occur.

W hat also appears to be an important mechanism 
of shoulder dystocia is the ability of the shoulders 
to mold themselves in the pelvis. In the normal fetal 
position, the shoulders are forced anteriorly as they 
enter the inlet. This would reduce the usual bisacro
mial diameter (12 cm) and allow the shoulders to 
follow the contours of the birth canal, with the pos
terior shoulder preceding the anterior one.

As mentioned previously, before any traction is 
placed on the head, the brachial plexus has been 
stretched, compressed, and possibly twisted. Subse
quently, downward traction is placed on the head, 
often without any evidence of a shoulder impaction. 
Most often, the patient is encouraged to push with 
this traction, and additional stretching and com
pression take place. At this point, shoulder dysto
cia is recognized, and some disimpaction maneuver 
is then performed. Most commonly, the application 
of suprapubic pressure and McRoberts’ position is 
used. This combination is noted to relieve about 
80% of shoulder dystocias. If this combination fails, 
other maneuvers must be used. Eventually, the baby 
must be delivered, with a wide spectrum of out
comes ranging from no injury to complete paralysis 
of the shoulder girdle and arm, phrenic nerve injury, 
and Horner’s syndrome. Fortunately, over 90% of 
such injuries are not permanent.

Injury to the brachial plexus can occur from 
stretching, twisting, or compression of nerve trunks
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resulting in partial to complete involvement of the 
nerves. Injury can also include avulsion of cervical 
nerve roots from the spinal cord. In addition, com
pression of the Vascular supply and hypoxia, which 
often occur in such deliveries, compromise the neu
ral tissue, making the nerve trunks more suscepti
ble to injury. If the nerve is severely compressed, its 
functional ability appears as though it were torn, but 
the tear is usually not complete. The atrophy is not 
as intense, and the conduction loss is not as exten
sive [46]. Stretching of the brachial plexus appears 
to result in a similar range of injury. Most likely some 
combination of all the above forces contribute to a 
BPP.

The above pathophysiology of a shoulder impa
ction explains the entire range of observable out
comes, including

• A wide range of injuries from none to fractures of 
the clavicle and humerus and BPP

• Transitory and permanent BPP

• BPP in the absence of observable shoulder dystocia

• BPP in which no traction was applied

• BPP where appropriate maneuvers were used.

Excessive Traction and Brachial Plexus Palsy
A  review of the best obstetric literature does not 
reveal any consistent empirical evidence to support 
the conclusion that excessive traction causes BPP. At 
best, the conclusion is a limited one that does 
not consider the various forces described previ
ously that affect the head, neck, and shoulder 
during a normal delivery and an obstructed one. 
T hus this theory does not even qualify as Level III 
evidence.

In contrast, peer-reviewed and evidence-based 
studies do not support the opinion that extreme 
or excessive traction causes brachial plexus injuries. 
There are three articles in the obstetric literature 
that contain substantial data about the use of trac
tion (described as greater than normal or exces
sive] in the delivery of infants during a shoulder 
dystocia.

On the surface, an article by Gross, Shime, and 
Farine in 1987 indicates that fundal pressure, in the 
absence of other maneuvers, resulted in a 77% com
plication rate and was associated with orthopedic 
and neurologic damage [46], Within the next few

years, references to this article were cited as the rea
son to avoid fundal pressure in shoulder dystocias. 
A closer look at this article, however, clearly reveals 
that some of the conclusions are questionable, espe
cially that the use of fundal pressure causes brachial 
plexus injuries.

Gross retrospectively reviewed 10,662 vaginal 
deliveries for which 91 shoulder dystocias were 
identified. The shoulder dystocia cases were divided 
into two groups: Group 1 (n =  24) included 
true shoulder dystocia, defined as deliveries requir
ing maneuvers in addition to downward trac
tion and episiotomy, whereas Group 2 (n =  67) 
included deliveries that required increased traction. 
The authors noted that fundal pressure and traction 
were used in 13 patients in Group 1.

Morbidity in Group I consisted of six cases of 
Erb’s palsy (6/24 or 25%), five fractured clavicles, 
and one respiratory arrest. Two infants sustained 
multiple injuries. Thus, 10 of 24 newborns in Group
I had some morbidity (42%). In Group 2, however, 
when increased traction was used, there were no 
injuries. Moreover, Gross did not indicate whether 
any of the Erb's palsies were permanent. Thus, 
there is no information in this study to indicate 
that fundal pressure causes any type of permanent 
injury.

At best, only two valid conclusions can be drawn 
from the Gross study. First, there were six brachial 
plexus injuries in 24 true shoulder dystocia cases 
(incidence =  25%). The authors note that all ortho
pedic and neurologic injury was associated with a 
combination of increased traction and fundal pres
sure. There are no data to suggest that fundal pres
sure alone is associated with any damage. Second, 
and most important, there were no injuries associ
ated with 67 cases of shoulder dystocia in which only 
increased traction was applied. This latter observa
tion refutes the opinion that increased traction alone 
causes permanent neurologic injury.

In the second study Baskett documented that 
when only “strong downward traction” was used 
in 48 shoulder dystocia cases, there were only 12 
brachial plexus injuries (25%) [47], In other words, 
75% of babies delivered with strong downward trac
tion were not injured.

The third study, previously cited, is most inter
esting [3]. In this study of 29 vaginal deliveries, 
there were only two shoulder dystocias, seven deliv
eries defined as difficult, and 20 classified as routine.
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An obstetrician wore a specially designed glove that 
measured the forces applied in these deliveries. As 
expected, the peak force rates in the shoulder dys
tocia group were substantially higher than in the 
normal deliveries. The peak force rate used in the 
two shoulder dystocias was not significantly differ
ent from that used in the difficult deliveries, how
ever. There were no injuries in the latter difficult 
group. Furthermore, in the two shoulder dystocia 
cases, in which each infant sustained only one injury 
(a transitory Erb’s palsy and fractured clavicle) the 
peak forces were identical, but the rate of applica
tion and duration of the force in the “injured" infant 
differed somewhat. Both of these babies weighed 
4,790 g and 4,775 g, respectively. In summary, there 
were big babies and excessive traction; one baby 
was uninjured, and the other was not permanently 
injured.

Allen’s study showed that even when the baby 
is large for gestational age (EGA) and the force is 
greater than usually applied, there was no Correla
tion to any level of injury. In this study, there were 
nine deliveries in which the force was higher than 
usual, and there were no injuries.

From these observations from respected physi
cians, based on clinical experience, one cannot sup
port the concept that extreme or excessive traction 
causes brachial plexus injury. In fact, from a prob
ability perspective, it is more likely than not that 
extreme or excessive traction does not Cause brachial 
plexus injury.

Fundal Pressure and Brachial Plexus Palsy
Virtually every study of the injuries associated 
with shoulder dystocia distributes the injuries, both 
brachial plexus and fractures, among the entire 
population of shoulder dystocia cases. In this way, 
selective bias tends to be diminished. For example, 
Gherman’s study identified 285 cases of shoulder 
dystocia in 50,114 vaginal deliveries with 71 injuries 
(24.9%). In this study there were 48 brachial plexus 
injuries (16.9%), 28 fractured clavicles (9.5%), and 
12 humeral fractures (4.2%). No use of fundal 
pressure occurred in this study, but there were 
brachial plexus injuries and fractures. In addition, 
only four of the brachial plexus injuries were perma
nent.

Similarly, the Wishard study identified 185 shoul
der dystocias among 12,552 vaginal deliveries with

44 injuries (22.7%) [2], There were 28 brachial 
plexus injuries and 14 fractures. There was one case 
of permanent Erb’s palsy in this study, and fundal 
pressure was not used in any of the shoulder dysto
cia cases.

Likewise, Baskett found 254 shoulder dystocias 
in 40,518 vaginal deliveries for which fundal pres
sure was not used [48]. There were 46 injuries, with 
33 brachial plexus injuries and 13 fractures (18.1% 
total injuries). In this study, about 80% of infants 
with brachial plexus injuries improved by the time 
they were discharged from the nursery.

Gherman, Nocon, and Baskett reported on three 
extensive studies on shoulder dystocia and injury in 
the obstetric literature;. W hen the Gross and Allen 
studies are included for comparison, only a few valid 
conclusions can be made:

• No m ethod of delivery in a shoulder dystocia case 
is free of injury.

• Permanent brachial plexus injury is a rare event 
and is clearly not associated with the method of 
delivery.

• The evidence does not support the conclusion that 
fundal pressure causes permanent brachial plexus 
injury.

• Most important, the evidence does not support 
the conclusion that increased traction or strong 
downward traction is the only cause of brachial 
plexus injury.

Disimpaction Maneuvers
Historical surveys of obstetric procedures used to 
resolve difficult births reveal very consistent pat
terns [50], In most situations, the m other’s legs are 
drawn back to the hips and the midwives or atten
dants support the fetal head while applying some 
force to the uterus, just over the shoulder. Beer con
ducted an extensive review of the history of maneu
vers used to resolve a shoulder dystocia and found 
citations as early as 1753 involving the extraction 
of the posterior arm and what is now known as the 
McRoberts maneuver [51].

Protocols for the management of shoulder dysto
cia abound in the literature. Most interesting, the 
older texts describe techniques that are remark
ably similar to more recent descriptions of the man
agement of this emergency. In 1947, McCormick’s
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FIG U R E 14.2.
Shoulder dystocia: Hibbard/Resnick maneuver. Oblique 
suprapubic pressure is applied by the surgeon while 
gentle traction is applied to the posterior shoulder.

description of a disimpaction maneuver used at 
Indiana University was quite astute [52]. He first 
noted that shoulder dystocia frequently comes 
as a surprise and develops into an emergency. 
McCormick then described a technique used for 
"seven to eight years” of “screwing” the baby out of 
the pelvis after freeing the posterior arm. Castalio 
and Ullery's timely advice is to place the patient 
in the Walcher position and have an assistant push 
from above the symphysis to facilitate the shoul
ders coming into the inlet [53], The Walcher posi
tion involves hyperflexion of the thighs against the 
abdomen.

Simple Maneuvers
Perhaps the easiest and quickest of the disimpaction 
maneuvers is the application of suprapubic pressure 
recommended by Hibbard in 1969 [54] and reit
erated by Resnick in 1980 [6]. An assistant applies 
suprapubic pressure, and gentle downward traction 
is applied by the physician (Figure 14.2).

Gonik and collaborators named a maneuver after 
William A. McRoberts, Jr.; this maneuver involves 
hyperflexion of the thighs [55]. Figure 14.3 illus
trates this technique, which is used on the patient 
to straighten the sacrum relative to the lumbar spine.
' I his rotates the symphysis cephalad, with a resulting 
decrease in the angle of inclination from 25° to 10°. 
Although this maneuver does not actually increase

FIG U R E 14.3.
The McRoberts maneuver. Hyperflexion o f  the patient’s 
thighs changes the relationship o f  the peltns to the lumbar 
spine, facilitating delivery o f  the fetal shoulders. (From 
Beckmann CR, Ling FW, Barzensky BM, et al, [eds]: 
Obstetrics and Gynecology for Medical Students. 
Baltimore: Williams & Wilkins, 1992; with permission.

the dimensions of the birth canal, it appears to allow 
easier disimpaction of the anterior shoulder.

In a laboratory model, Gonik tested the physical 
forces involved in this maneuver and noted that it 
did reduce fetal extraction forces, brachial plexus 
stretching, and the likelihood of clavicular fracture 
[56]. The McRoberts maneuver appears to be one 
of the most popular techniques, and many opera
tors use it prophylactically when they suspect a large 
fetus or when the second stage is prolonged. Poggi 
and coworkers found that the use of this maneuver 
provides no reduction in the forces used in multi
paras, however, and questions the use of this maneu
ver prophylactically [57], In addition, Beall, Spong, 
and Ross found that prophylactic use of McRoberts’ 
maneuver and suprapubic pressure did not differ sig
nificantly from maneuvers used after delivery of the 
head with respect to delivery times, admissions to 
the special care nursery, or birth injuries [58].

Rotation Maneuvers
The most classic and one of the earliest descrip
tions of the management of shoulder dystocia 
is by Woods, who likened the shoulders to the
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nique, the obstetrician rocks the shoulders from 
side to side by applying lateral suprapubic force. 
Thereafter, the most accessible shoulder is pushed 
toward the anterior surface of the fetal chest, result
ing in abduction of the shoulders and a subse
quently smaller bisacromial diameter. Gurewitsch 
and coworkers noted that Rubin’s maneuver pro
vides less tractional force than McRoberts’ and 
thereby requires the least amount of brachial plexus 
tension [61].

FIGURE 14.4.
Shoulder dystocia: Woods corkscrew maneuver. The 
posterior fetal shoulder is rotated anteriorly, freeing the 
obstruction.

longitudinal section of a screw, and determined that 
the fetus should be rotated through the birth canal, 
because traction on the neck is mechanically incor
rect [59]. In the Woods corkscrew maneuver, the 
physician exerts downward thrust on the uterine 
fundus with one hand while inserting two fingers of 
the other hand on the anterior aspect of the poste
rior shoulder and gently rotating clockwise (Figure 
14.4). This delivers the posterior shoulder. Then, 
with synchronized downward pressure, the two fin
gers make gentle counterclockwise pressure upward 
around the circumference of the arc to and beyond 
12 o’clock. This “unscrews" and delivers the remain
ing shoulder.

Note that fundal pressure is appropriate in a dis- 
impaction maneuver. Likewise, fundal pressure is 
appropriate once the anterior shoulder rotates into 
the oblique angle of the inlet; this minimizes the 
forces exerted to deliver the baby when applied with 
downward traction.

A variation on the theme of rotation is the rock
ing maneuver suggested by Rubin [60]. In this tech-

Delivery o f the Posterior Arm
Schwartz and Dixon concluded that extraction of the 
posterior arm was safe and simple [62]. Figure 14.5 
illustrates the extraction of the posterior arm and 
delivery of the fetus. The hand is gently inserted 
along the curvature of the sacrum and the fingers fol
low along the humerus to the antecubital fossa (see 
Figure 14.5, A and B). W ith pressure, the forefinger 
flexes the forearm across the chest (Figure 14.5C). 
As the arm flexes, the infant's forearm is grabbed 
with the index finger and swept across the chest 
and face of the fetus and out of the vagina (Figure 
14. 5D). Often, the anterior shoulder will slide under 
the Symphysis after the posterior arm is removed.

Sometimes it is necessary to rotate the baby to 
complete the delivery. Carefully supporting the pos
terior arm with one hand, the operator places the 
other on the back of the head or up to the back of 
the anterior shoulder, and the baby is then rotated 
much as in the corkscrew maneuver (Figure 14.5, 
E and F). Fracture of the humerus is a recognized 
complication of this technique. This is one situation 
for which deep anesthesia is ideal, but extraction 
of the posterior arm can be safely performed with
out any anesthesia. Poggi, Spong, and Allen report 
that using extraction of the posterior arm reduces 
the obstruction by more than a factor of two, rela
tive to the McRoberts’ maneuver, and recommend 
its earlier use [63].

A wide episiotomy can be helpful in allowing the 
hand to reach the posterior shoulder when one per
forms a rotation maneuver or removes the poste
rior arm. There is no evidence to suggest that a lack 
of an episiotomy impedes such a technique, how
ever. Moreover, Gurewitsch and coworkers found 
that if the delivery can be performed without an 
episiotomy, perineal trauma is minimized and an 
episiotomy offered no benefit in avoiding BPP [64],
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FIG U R E 14.5.
Shoulder dystocia: Schwartz-Dixon maneuver. Delivery 
o f  the posterior arm is followed by fetal rotation.

FIG U R E 14.6.
Shoulder dystocia: Zavanelli maneuver. Following 
tocolysis, the fetal head is rotated to the occipitoanterior 
or posterior position, flexed, and returned to the birth 
canal; cesarean delivery follows.

The Zavanelli maneuver has been described as re
placing the head in the vagina so that a cesarean 
delivery can be performed [65]. In this procedure, 
the head is returned to the occipitoanterior or occip- 
itoposterior position, and it is then flexed and slowly 
pushed back into the birth canal (see Figure 14.6). A 
cesarean delivery is then performed. Although the 
procedure appears straightforward, many observers 
have found it to be difficult [66].

Although virtually every text describes deliber
ate fracture of the claincle as a method to reduce the 
shoulder width and thereby disimpact the anterior 
shoulder, this procedure might actually be much 
easier to describe than to accomplish. The author 
has found it to be extremely difficult. O ther recog
nized but rarely performed procedures include clei- 
dotomy (i.e., cutting of the clavicle with a scissors) 
and symphysiotomy. (Symphysiotomy is discussed 
in Chapter 18, Cesarean Delivery and Surgical Ster
ilization.)

Other Techniques

Prediction and Prevention

Each of these aforementioned procedures has its 
proponents. O ’Leary and Leonetti suggest a proto
col to grade shoulder dystocia from mild to severe 
and recommend a treatm ent plan consistent with 
the grade, described as mild, moderate, or severe 
[67], In addition, they also hold that many cases are 
preventable by the proper identification of historical 
and antepartum risk factors.

In contrast, Gross and coworkers have empha
sized that even if a factor is statistically significant, 
it might not be useful as a predictor of shoulder dys
tocia [1], For example, the combination that would 
best predict shoulder dystocia is birthweight, pro
longed deceleration phase, and length of the sec
ond stage. This combination predicts only 16% of 
patients with shoulder dystocia and trauma, how
ever.

The Wishard study is in complete agreement with 
the observations of Gross and others. It indicates 
that most of the traditional risk factors for shoulder 
dystocia have limited or no predictive value, that 
shoulder dystocia itself is an unpredictable event, 
and that infants at risk for permanent injury are vir
tually impossible to predict.
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TABLE 14.2 W ish ard  S tu d y : M a n a g e m e n t o f  S h o u ld e r  D y sto c ia  an d  N e o n a ta l Injury*

Maneuver Performed No. Not Injured

Injuries 

Clavicle Fracture

Sustained 

Brachial Plexus Injury

McRoberts 74 63 (85.1%) 4 7
Rotations 42 36 (85.7%) 0 6
Posterior arm 29 18 (62.1%) 1 10)
Suprapubic pressure 20 16 (SO' ,.) 1 3
Traction 3 2 (66.7%) 1 0
None listed 17 8 (47.5%) 7 2
Not coded* 19 0 14 5
Totals 204 143 (70.1%) 28 (13.7%) 33 (16.2%)

*Data from 12,532 vaginal and 1,765 cesarean deliveries, W ishard Memorial Hospital, Indianapolis, IN, January 
1986 to June 1990. See text for additional details [3].
^One right brachial plexus injury and left hum erus fracture in same patient.
J Injuries noted in newborns where no shoulder dystocia was found in record.

Management and Injury Profile
In the Wishard study, there were 17 different tech
niques identified in 168 patients in the study group; 
no maneuver was noted or described in the remain
ing 17 patients. The McRoberts maneuver was, by 
far, the most common initial approach taken in 
94 patients (50.8%). The various techniques were 
grouped into six major treatment categories and 
related to the frequency and nature of the trauma 
that occurred (Table 14.2).

None of the major categories revealed a statis
tically significant difference when compared writh 
each for incidence of brachial plexus injury. Within 
the McRoberts category, 74 primary attempts suc
cessfully disimpacted the anterior shoulder, and 
20 attempts failed. One McRoberts' maneuver 
failed as a secondary procedure. Failed McRoberts’ 
maneuvers obviously were followed by some other 
approach. Both the successful and the failed 
McRoberts groups had the same number of injuries: 
seven brachial plexus injuries and one fractured 
clavicle.

Although no disimpaction maneuver was sig
nificantly superior to any other with respect to 
injury, there was a tendency to less injury with 
rotation maneuvers. Likewise, other studies indi
cate that the anterior Rubin maneuver was associ
ated with less tractional force than the McRoberts 
[61], There appears to be no rationale for choosing 
one technique over another. No significant reason

was found to suggest that the subjective degree; of 
shoulder dystocia (i.e., mild, moderate, or severe) 
should be managed by any particular approach, 
and thus, no protocol should substitute for clinical 
judgment.

Despite the fact that the removal of the poste
rior arm resulted in a slightly higher incidence of 
brachial plexus injury, the clinical importance of this, 
approach should be emphasized. Namely, it was the 
only procedure that resolved the impaction when 
other maneuvers failed. For this reason, all physi
cians who deliver babies should be competent in its
use.

Routine Cesarean Delivery for Macrosomia
The Wishard study provides substantial follow-up 
information identifying the severity and persistence 
of injuries associated with shoulder dystocia. This 
allows physicians to balance maternal and fetal risks 
when they consider the routine use of cesarean 
delivery in cases of macrosomia. In this respect, two 
facts become clear. First, the risk of permanent fetal 
injury is very small (about 1 in 2,000 to 4,000 vagi
nal deliveries). Second, protocols for determining the 
route of delivery based solely on estimates offetal weight 
result in a substantial number of unnecessary opera
tive deliveries. For these reasons, the routine use of 
cesarean delivery in suspected macrosomia cannot 
be justified.
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The Wishard study illustrates this point well. If 
the newborns weighing more than 4,000 g could 
have been accurately predicted, routine cesarean 
deliveries would have prevented 106 shoulder dys
tocias but not one permanent injury. The caveat here 
is that the obvious relationship between shoulder 
dystocia and progressive fetal birth weight cannot be 
denied. Thus, one cannot fault the logic of clinical 
judgment in the selective use of cesarean delivery 
when there is objective evidence that the fetus is 
macrosomic.

SPECIAL ISSUES

Shoulder Dystocia: An Obstetric Emergency
Shoulder dystocia is an obstetric emergency, and 
although one might suspect it, one cannot predict it 
with any degree of reliability. Any delay in its res
olution therefore cannot be tolerated. It makes lit
tle difference which approach is used to resolve the 
impact of the anterior shoulder. The key to its res
olution is to execute a reasonable plan of manage
ment. Although the author’s approach is similar to 
others proposed in the literature, it is offered with 
the recognition that any reasonable approach is just 
as effective, and thus the failure to follow this man
agement plan in no way constitutes a deviation from 
a standard of care.

Anticipate a Shoulder Dystocia
W hat distinguishes the professional from the ama
teur is an attention to detail that the amateur does 
not even consider. Is there a reason to suspect a large 
infant? Although no single risk factor or set of risk 
factors is predictive of macrosomia, important risk 
factors for macrosomia include diabetes, a previous 
large infant, and the patient’s weight at her birth. As 
previously stated, large women tend to have large 
babies. Clinical suspicion of a large fetus should rise 
when

• The estimated fetal weight is greater than the 
90th percentile on routine screening ultrasound 
scan.

• The fundal height is persistently greater than 
expected.

• The fundal height is greater than 41 cm at term.

• The estimated fetal weight by Leopold maneuvers 
exceeds 4,000 g.

• Maternal perception suggests a baby larger than a 
prior infant.

• A single ultrasound scan at term has the widest 
margin of error.

Determine the Optimal Route for Delivery
Consider early delivery of the suspected macro
somic infant; induction at term is reasonable when 
the cervix is favorable for a good outcome. The rou
tine use of cesarean delivery in suspected macroso
mia cannot be justified in the general population; 
however, liberal use of cesarean delivery is osten
sibly more justifiable in the diabetic population 
with evidence suggestive of macrosomia. Abnormal 
labor has been well documented to portend a poor 
outcome. Studies indicate that labor abnormalities 
might not serve as clinical predictors of shoulder 
dystocia, however, and no characteristic of second- 
stage labor predicts BPP [68,69], Nonetheless, one 
should avoid a vacuum or forceps on a fetus at a 
+2/5 station in a prolonged second stage. Shoulder 
dystocia confirms the adage that to be forewarned is 
to be forearmed.

Call for Help, Take a Deep Breath, 
and Stop Pushing
Virtually all disimpaction maneuvers require an 
assistant. Even anesthesiologists and pediatricians 
can apply suprapubic pressure and other lifesav- 
ing procedures. It is just as important to have the 
patient’s confidence and cooperation as it is to have 
nurses assist in the delivery. Most important, resist 
the urge to tell the patient to push. Keeping the 
patient from pushing decreases the pressure of 
the shoulder against the pubic bone and can assist 
the shoulder in moving to the oblique angle of the 
inlet either by suprapubic pressure or a rotation 
maneuver. This also greatly assists in the removal 
of the posterior arm.

Episiotomy
If the perineum is “tight” or room is needed to insert 
the hand, make a large episiotomy. Although there is 
no evidence that it does anything other than allows
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one to insert one's hand in the vagina, it indicates 
that the operator is functioning logically and system
atically. Again, not performing an episiotomy has 
not been shown to contribute to any injury.

• McRobert's position and suprapubic pressure will 
disimpact most tight shoulders. These maneuvers 
are easy to perform, and the McRoberts position 
can also enhance the ability to perform a rotation 
maneuver or remove the posterior arm success
fully.

• Avoid excessive traction or even the appearance of 
excessive traction on the neck. Observers in the 
birthing room have often been asked to testify 
in malpractice claims involving a brachial plexus 
injury. To the uninitiated, even gentle downward 
traction can appear excessive.

• Perform a rotation maneuver.

• Extract the posterior arm.

• Know when and when not to use fundal pressure.

W hen the anterior shoulder moves to the oblique 
angle of the inlet, either after suprapubic pressure 
or after a rotation maneuver, fundal pressure is 
indicated. Gentle but firm pressure decreases the 
amount of force applied to the head. Likewise, after 
the posterior arm is removed, fundal pressure will 
also enhance the delivery without requiring exces
sive traction to the head. Fundal pressure should not 
be used as the sole means to disimpact a shoulder 
unless all other maneuvers fail and tim e is of the 
essence to save the baby’s life.

• Replace the head and perform a cesarean delivery.

• Most important, write a clear and contemporaneous 
delivery note that describes the elements of the obstet
ric intervention. In addition, it is wise to dictate the. 
note.

The Medical Record
The medical record should reflect what happened in 
such a way that no one would question the veracity 
of the note. Acker has developed a shoulder dystocia 
intervention form that encourages the physician to 
be clear and concise in the documentation of an inci
dent that is highly probable to result in a legal action 
[70]. Included in this note is the delivery time, epi
siotomy, anesthesia, suction, initial traction, maneu

vers, force, maneuvers and their duration, personnel 
present, estimated fetal weight, and actual birth
weight. The author offers a medicolegal caveat: the 
note should not appear blatantly self-serving. Many 
dictated delivery summaries appear to be read word 
for word from a textbook. Moreover, do not for
get to include which shoulder was anterior. In an 
evaluation of resident’s notes, most did include the 
correct order of maneuvers used, but most failed to 
document which shoulder was anterior [71].

The infant’s chart should include a physical 
examination that documents the presence or 
absence of any injury and whether there was any 
improvement. Most injuries are not permanent. 
Especially important is documenting that adequate 
referral and follow-up were offered.

The medical record is the single most important 
instrument that can prove a doctor was not negligent 
in a malpractice claim. If the physician can articulate 
a reasonable basis for the clinical judgment, and that 
information is documented in the medical record, 
then it is extremely difficult for the plaintiff patient 
to prevail in the action. This is because the plain
tiff patient cannot show, through the testimony of a 
physician expert witness, that the defendant doctor 
deviated from the standard of medical care in the 
first instance.

MEDICOLEGAL ISSUES

The standard of care on which the physician is 
legally judged is based on reasonableness, not scien
tific certainty. Reasonable conduct is that degree of 
care expected of the average competent physician, 
in the same or similar area of expertise, under like 
or similar circumstances, based on the state of the 
art at the time. The standard is not based on optimal 
care. In this respect, the law is much more forgiving 
than medical peer review.

One practical application of this reasonable stan
dard of care is that the courts are compelled to rec
ognize areas in which even experts disagree [72]. 
For example, physicians agree that most episodes 
of shoulder dystocia are unpredictable and rarely 
result in permanent injury. Thus, the routine use 
of cesarean delivery for the prevention of dystocia 
and related injuries is difficult to justify; however, 
some physicians recommend liberal use of cesarean 
delivery for those fetuses that one can reasonably 
believe to weigh more than 4,500 g. In a case in
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which there wras a large infant, failure to perform a 
cesarean delivery does not automatically constitute 
negligence.

It is well recognized that a brachial plexus injury 
will trigger a claim of medical malpractice. Typi
cally, the plaintiff alleges that some risk factor, sign, 
or screening procedure associated with a large baby 
was not recognized or performed by the doctor. The 
usual scenario involves the failure to perform a glu
cose screen. A physician expert testifies that this 
was a deviation from the standard of care and, if 
performed, it would have been abnormal, ostensi
bly because the baby was macrosomic, Hindsight 
can be very accurate. Knowing that the patient was 
at risk for macrosomia, it is argued, a “reasonable” 
physician would have either treated the patient 
for diabetes to prevent macrosomia or performed 
a cesarean delivery, thereby avoiding the trauma 
encountered by the vaginal route,.

The problems with this scenario are obvious. 
There might be no association between a positive 
glucose screen and macrosomia, or between treat
ment of diabetes and macrosomia, especially in this 
specific case. Moreover, there is no reasonable way to 
predict macrosomia with any degree of accuracy to 
justify a cesarean delivery. Nonetheless, the defen
dant doctor is at great risk for self-incrimination dur
ing a deposition, because the associations in question 
are well documented in the obstetric literature. The 
problem lies in the extrapolation of general informa
tion to a specific ease. The caveat here is this: lawyers 
are trained to make such inferences, whereas physi
cians are not.

Another common allegation made in a shoulder 
dystocia case is that the doctor applied excessive 
traction on the baby’s neck. The plaintiff will point 
to the medical record, which often lacks specifics 
about the method of delivery, and claim that no 
appropriate maneuver was performed to disimpact 
the shoulder. The only reasonable conclusion that 
can be drawn from the events, therefore, is that there 
was excessive traction on the neck, which caused the 
brachial plexus injury. With a sparse medical record, 
a wise lawyer can lead the defendant doctor down 
the path of self-incrimination based on the inference 
that a “good” physician documents the procedures 
performed, especially when there is a poor outcome.

Rarely does a legal case discuss a standard of care, 
but there is such a case applicable to shoulder dys

tocia [73], In this case, the court’s characteriza
tion of the defendant doctor’s testimony resulted 
in his acquittal. The doctor testified that on dis
covering that the baby had shoulder dystocia, he 
enlarged the episiotomy, placed his hands behind 
the baby’s armpits, and attempted to rotate the 
child. The court noted that this was an indisputably 
non-negligent act. Note that the doctor did not suc
ceed in preventing an injury; the important fact was 
that he did what was expected of the average com
petent physician under the circumstances.

From a medicolegal perspective, any reasonable 
m ethod to resolve the impacted anterior shoulder 
conforms to the level of care expected of the average 
competent physician. If the physician can articulate 
a reasonable basis for the clinical judgment, and that 
information is documented in the medical record, 
then the physician has the best defense against a 
medicolegal entanglement.

Both obstetricians and attorneys agree that shoul
der dystocia and its complications are fertile ground 
for medicolegal arguments. The many reported 
appellate decisions concerning cases of shoulder 
dystocia emphasize the potential monetary risks 
of permanent injury. In one case, a jury awarded 
$50,000 for a child’s pain and suffering from a 
total brachial plexus palsy encompassing both an 
Erb and Klumpke palsy; the appellate court held 
the award was too small and ordered the defen
dant to pay $300,000 in pain and suffering or retry 
the case. The defendant chose to retry the case, 
with the unsurprising result of a $700,000 ver
dict for the child’s pain and suffering [74]. The 
statistics concerning the outcome of shoulder dysto
cia litigation are deceiving. Whereas most reported 
appellate decisions involving shoulder dystocia cases 
resulted in jury verdicts and ultimate decisions 
for the defendant medical practitioners, numerous 
other cases settle every year. The number of cases 
tried with defense verdicts is skewed by the out-of- 
court settlement of other cases. Obstetricians there
fore should not necessarily take solace in the fact 
that most reported decisions are favorable for the 
defendants.

Standards of Care
A review of decisions involving shoulder dystocia 
indicates a series of factors that lead to successful
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lawsuits against physicians. These, fall into two 
general categories: 1) failure to take appropriate 
steps, which could have led to diagnosis of proba
ble dystocia prior to an attempt at vaginal delwery; 
and 2) failure to adhere to a proper and safe 
protocol in actually managing a shoulder dystocia 
delwery.

Several risk factors for shoulder dystocia are dis
cussed in the literature. As mentioned previously 
among the best established and most problematic 
is fetal macrosomia, or a large infant. Although the 
author indicates that there are few absolute indica
tors to guide the  obstetrician in determining when 
cesarean delivery should be performed (if ever) to 
prevent problems with fetopelvic disproportion, it 
is also fair to state that this position is highly contro
versial. The problem for the clinician is to determine 
the fetal weight in advance of delivery accurately, 
and to judge the fetopelvic relationship just as accu
rately.

Several reported appellate court cases involving 
shoulder dystocia recite expert witness testimony 
outlining stepwise plans for dealing with shoulder 
dystocia as the standard of care [5,75,76]. Much 
of the liability testimony in the reported appel
late shoulder dystocia cases w'orks backward from 
the injury; that is, it hypothesizes that the trauma 
would not have occurred in the absence of excessive 
traction or incorrect maneuvers. Invariably cases 
with jury verdicts for the plaintiff include testimony 
that the defendants applied excessive or improperly 
directed traction to release the shoulders, thus injur
ing the baby [77,78], Based on expert testimony 
that brachial plexus palsies do not occur in shoul
der dystocia cases except for the negligence of the 
physician involved, several courts have considered 
whether the legal doctrine of res ipsa loquitur (“it 
speaks for itself’) applies in shoulder dystocia cases. 
This is an important issue that gently calls into ques
tion the conclusion of the author of this chapter, 
based on 19 uncoded patients in the Wishard study, 
that a brachial plexus injury can and does occur 
spontaneously.

The doctrine of res ipsa loquitur permits a jury to 
infer negligence based on circumstantial evidence 
from the mere occurrence of an event in which the 
injury is of a character that would not ordinarily 
occur in the absence of negligence. At least two 
appellate courts in different states have held that the

doctrine of res ipsa loquitur is applicable to shoul
der dystocia cases involving brachial plexus injuries. 
This is based on expert testimony that brachial 
plexus palsies do not occur without someone’s neg
ligence. A third appellate court in still another 
state held that, although the. plaintiff’s expert in 
the case testified that the infant’s injury could not 
have occurred w ithout the physician's negligence, 
the expert witness for the physician presented cred
ible testimony that the injury resulted because the 
forces of labor placed a strain on the infant’s shoul
der. The conclusion was that res ipsa, loquitur did 
not apply because the appraisal of the circumstances 
attendant upon the injury-causing event was within 
the confidence of the ordinary lay jury, as supple
mented by the testimony of expert witnesses [79],

Prevention Strategies
How does the prudent practitioner avert a poten
tial medical negligence lawsuit for shoulder dystocia 
and a resulting nerve injury? The reported appel
late decisions in the shoulder dystocia cases illus
trate that the prudent physician should undertake 
fetal and pelvic evaluations in any case for which 
there is reason to believe that there is a reasonable 
possibility of a macrosomic infant. The best answer 
is thorough evaluation of pelvic size and fetal lie, 
presentation, position, and weight, using both clin
ical means and the best available modern technol
ogy. With the universal availability of ultrasonogra
phy, physicians who do not use ultrasonic imaging 
w'hen there is suspicion of disproportion or macroso
mia are probably inviting a medical negligence law
suit. Such a lawsuit will probably end favorably for 
the plaintiff if after delivery the child is found to 
haye sustained a permanent injury. The importance 
of the m other’s obstetric and medical history needs 
emphasis. Prior difficult deliveries, shoulder dysto
cia, or macrosomic infants should alert the clinician 
to possible trouble. A detailed discussion with the 
mother/family before a trial of vaginal delivery in a 
suspect case, with careful notation of the specifics 
of the discussion in the medical record, is especially 
important.

Acute management of dystocia remains a major 
problem. Some practitioners, on encountering a 
shoulder dystocia, fail to approach the problem sys
tematically and sometimes panic. Those who do
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so often end up the losers in subsequent medical 
negligence cases. In the event that shoulder dysto
cia cannot be suspected in advance and avoided, the 
physician who encounters a dystocia must have an 
organized and practical plan of approach, involving 
a practical series of actions performed without panic 
that avoid excessive traction.

Injuries from Shoulder Dystocia:
A No-fault System?
In most shoulder dystocia cases, the prenatal care 
met the standards expected of the reasonably 
competent physician. The shoulder dystocia was 
unpredictable; there was no indication for a cesarean 
delivery; there was no fetal distress or an obstructed 
labor; the second stage was normal, and the head 
delivered easily without episiotomy; the shoulder 
impacted, and appropriate maneuvers were used 
without any evidence of excessive traction. If there 
was a BPP, the physician will be held at fault. Even 
though the burden of proof is on the plaintiff, for all 
practical purposes the doctor must defend his/her 
own innocence. Offering payment, either by settle
ment or judgment, means the physician is deemed 
negligent when in fact no such negligence occurred. 
This situation is ideal for the development of a no
fault compensation system, which spreads the risk 
among physicians, hospital insurers, and patients 
(taxpayers) [80]. Such a system entails enacting leg
islation for it to become viable.

The most practical application of such a system 
would be to use a panel process based on the Indi
ana system, whereby a panel of three physicians 
reviews all of the records in the case to determine 
whether malpractice occurred. If so, then the case 
proceeds according to traditional tort litigation. If 
no malpractice is found, then a patient’s compensa
tion panel is left to determine compensation based 
on an appropriate amount of funds to cover medi
cal expenses to treat the problem, including ongoing 
physical therapy and surgery, if needed. In addition, 
a reasonable award for net economic loss should be 
offered.

This system would ensure that the child receives 
the proper care. The physician does not suffer the 
consequences of an adverse determination of neg
ligence, and the cost of litigation would be sub
stantially reduced. A patient’s Compensation fund 
would be set up, derived from mandatory contribu

tions from physicians, hospitals, insurers, attorneys, 
and the taxpayers. In this system, the majority of the 
money necessary to compensate the injury would be 
directed to the child. This system also has an impact 
on liability premiums and encourages physicians to 
join and continue in the specialty of obstetrics and 
gynecology.

REFEREN CES

1. Gross TL, Sokol RJ, Williams T, Thompson T : Shoul
der dystocia: A fetal-physician risk. Am J Obstet 
Gynecol 1987;156:1408-1418.

2. Nocon JJ, McKenzie DK, Thomas LJ, Hansell RS: 
Shoulder dystocia: An analysis of risks and obstetrical 
maneuvers. Am J Obstet Gynecol 1993; 168:1732— 
1739.

3. Allen R, Sorab J, Gonik B: Risk factors for shoulder 
dystocia: An engineering study of clinician-applied 
forces. Obstet Gynecol 1991;77:352-355.

4. Christoffersson M, Kannisto P, Ryhdstroem H, Stale 
H, Walles B: Shoulder dystocia and brachial plexus 
injury: A case-controlled study. Acta Obstet Gynecol 
Scand 2003;82:147-151.

5. Dignam WJ: Difficulties in delivery, including shoul
der dystocia and malpresentations of the fetus. Clin 
Obstet Gynecol 1976;19:577-585.

6. Resnik R: Management of shoulder girdle dystocia. 
Clin Obstet Gynecol 1980;23:559-564.

7. Hopwood HG Jr: Shoulder dystocia: Fifteen years’ 
experience in a community hospital. Am J Obstet 
Gynecol 1982;144:162-166.

8. American College of Obstetricians and Gyneco
logists: Shoulder dystocia. Practice Bulletin No. 40, 
November 2002. Washington, DC: American Col
lege of Obstetricians and Gynecologists.

9. Boyd ME, Usher RH, McLean FH: Fetal
macrosomia—prediction, risks and proposed
management. Obstet Gynecol 1983;61:715-722.

10. Cunningham GF, MacDonald PC, Gant NF, Leveno 
KJ, Gillstrap LC III: Williams Obstetrics, 19th ed. 
Norwalk, CT: Appleton & Lange, 1993; pp. 509- 
514.

11. Chez R, Carlan S, Greenberg S, Spellacy W: Frac
tured clavicle is an unavoidable event. Am J Obstet 
Gynecol 1994; 171:797-798.

12. Swaiman KF, Wright FS: The Practice of Pediatric 
Neurology, 2nd ed. St. Louis: CV Mosby, 1982; pp. 
1178-1179.

ak
us

he
r-li

b.r
u



Shoulder Dystocia 367

13. Gilbert WM, Nesbitt TS, Danielsen B: Associated 
factors in 1611 cases ofbrachial plexus injury. Obstet 
Gynecol 1999;93:536-540.

14. Eng GD: Brachial plexus palsy in newborn infants. 
Pediatrics 1971;41:713-719,

15. Gurewitsch ED, Johnson E, Hamzehzadeh S, Allen 
RH: Risk factors for brachial plexus injury with and 
without shoulder dystocia. Am I  Obstet Gynecol 
2006;194:486-92.

16. Brett EM: Pediatric Neurology. New York: Churchill 
Livingstone;,. 1983.

17. Jennett RJ, Tarby T f  Kreinick CJ: Brachial plexus 
palsy: An old problem revisited. Am J Obstet 
Gynecol 1992:166:1673-1676.

18. Graham EM, Forouzan I, Morgan MA: A retrospect 
tive analysis of Erb’s palsy cases and their relation to 
birth weight and trauma at delivery. J. Matern Fetal 
Med 1997;6:1-5.

19. American College of Obstetricians and Gyneco* 
logists: Fetal macrosomia. Technical Bulletin No. 
159. Washington, DC: American College of Obste
tricians and Gynecologists, 1991.

20. Tamura RK, Sabbagha RE, Depp R, Dooley SL, 
Socl ML: Diabetic macrosomia: Accuracy of third- 
trimester ultrasound. Obstet Gynecol 1986;67:828- 
832.

21. Miller JM Jr: Identification and delivery of the 
macrosomic infant. In: Plauche WC, Morrison JC, 
O ’Sullivan MJ (eds): Surgical Obstetrics. Philade
lphia: WB Saunders, 1992; pp. 313-323.

22. Modanlou HD, Dorchester WL, Thorosian A, Free* 
man RK: Macrosomia: Maternal, fetal, and neona
tal implications. Obstet Gynecol 1980;55:420- 
424.

23. Anderson GD, Blinder IN, MacClermont S, Sinclair 
JC: Determinant of size at birth in a Canadian pop
ulation. Am J Obstet Gynecol 1980;150:236-244.

24. Klebanoff MA, Mills JL, Berendes HW: M other’s 
birth weight as a predictor of macrosomia. Am J 
Obstet Gynecol 1985;153:253-257,

25. Seidman DS, Ever-Hadani P, Gale R: The effect of 
maternal weight gain in pregnancy on birth weight. 
Obstet Gynecol 1989;74:240-246.

26. Klebanoff MA, Yip R: Influence of maternal birth 
weight on rate of growth and duration of gestation. J 
Pediatr 1987;111:287-293.

27. Spellacy WN, Miller S, Winegar A, Peterson PQ: 
Macrosomia -  maternal characteristics and infant 
complications. Obstet Gynecol 1985;66:158-160.
2 2 .

28. Elliot JP, Garite TJ, Freeman RK, McQuown DD, 
Patel JM: Ultrasonic prediction of fetal macrosomia 
in diabetic patients. Obstet Gynecol 1982;60:159- 
162.

29. Hirata GI, Medearis AL, Horenstein J, Bear MB, 
Platt LD: Ultrasonographic estimation of fetal weight 
in the clinically macrosomic fetus. Am J Obstet 
Gynecol 1990;162:238-242.

30. Delpapa EH, Mueller-Heurbach E: Pregnancy out
come following ultrasound diagnosis of macrosomia. 
Obstet Gynecol 1991;78:340-343.

31. Eden RD, Seifert LS, Winegar A, Spellacy WN: Peri
natal characteristics of uncomplicated postdate preg
nancies. Obstet Gynecol 1987'69:296-299.

32. Lazer S, Biale Y, Mazor M, Lewenthal H, insler V: 
Complications associated with the macrosomic fetus. 
J Reprod Med 1986;31:501-504.

33. Ouzounian J, Naylor CS, Gherman R, Kamath M, 
Johnson M, DeLeon J, Anguiano H: Recurrent shoul
der dystocia: How high is the risk? Am J Obstet 
Gynecol 2001 ;1856:S108.

34. Acker DB, Sachs BP, Friedman EA: Risk factors 
for shoulder dystocia. Obstet Gynecol 1985;66:762- 
768.

35. Acker DB, Sachs BP, Friedman EA: Risk factors 
for shoulder dystocia in the average-weight infant. 
O bstet Gynecol 1985;67:614-618.

36. Benson CB, Doubilet PM, Saltzman DH: Sono
graphic determination of fetal weights in diabetic 
pregnancies. Am J Obstet Gynecol 1987; 1 56:441- 
444.

37. Benedetti TJ, Gabbe SG: A complication of fetal 
macrosomia and prolonged second stage of labor with 
mid-pelvic delivery. Obstet Gynecol 1978;52:526- 
529.

38. Chelmow D, Kilpatrick SJ, Laros RK: Maternal 
and neonatal outcomes after prolonged latent phase, 
Obstet Gynecol 1993;81:486-491.

39. Friedman EM: Labor: Clinical Evaluation and 
Management. New York: Appleton-Century-Crofts, 
1978.

40. Gherman RB, Ouzounian JG,: Satin AJ, Goodwin 
TM, Phelan JP: A comparison of shoulder dystocia- 
associated transient and permanent brachial plexus 
palsies. Obstet Gynecol 2003;102:544-548.

41. Swartz DP: Shoulder girdle dystocia in vertex deliv
ery-clinical study and review. Obstet Gynecol 1960; 
15:194-206.

42. Williams JW: Obstetrics, 5th ed. New York: D. 
Appleton & Co., 1926.

ak
us

he
r-li

b.r
u



368 NOGON

43. Sandmire HF, DeMott RK: Erb’s palsy: Concepts of 
causation. Obstet Gynecol 2000;95:941-942.

44. Moir JC, Myerscough PR: Munro Kerr’s Operative 
Obstetrics, 8th ed. London: Bailliere-Tindall and 
Cassell, 1971; p. 66.

45. Gonik B. Zhang N, Grimm MJ: Prediction of brachial 
plexus stretching during shoulder dystocia using a 
computer simulation model. Am J Obstet Gynecol 
2003;189:1168-1172.

46. Wechsler IS: Ch. 24 Peripheral nerve injuries. In Clin
ical Neurology, 9th ed. Philadelphia: W.B. Saunders 
Co., 1972.

47. Gross SJ, Shime J, Farine D: Shoulder dystocia: Pre
dictors and outcomes -  A five-year review. Am J 
Obstet Gynecol 1987;156:334-336.

48. Baskett TF, Allen AC: Perinatal Implications of 
Shoulder Dystocia. Obstet Gynecol 1995;86:14-
17.

49. Gherman RB, Ouzounian JG, Goodwin TM: Obstet
rical maneuvers for shoulder dystocia and associated 
fetal morbidity. Am J Obstet Gynecol 1998; 178: 
1126-1130.

50. Speert H: Iconographia Gyniatrica: A Pictorial His
tory of Gynecology and Obstetrics. Philadelphia: FA 
Davis, 197.3.

51. Beer E: History of extraction of the posterior arm 
to resolve shoulder dystocia. Obstet Gynecol Survey 
2006;61(3): 149-151.

52. McCormick CO: Pathology of Labor, the Puer
perium, and the Newborn, 2nd ed. St. Louis: CV 
Mosby, 1947.

53. Castalio MA, Ullery JC: Obstetric Mechanisms and 
Their Management. Philadelphia: FA Davis, 1957.

54. Hibbard LT: Shoulder dystocia. Obstet Gynecol 
1969;34:424-429.

55. Gonik B, Stringer CA, Held B: An alternate maneu
ver for management of shoulder dystocia. Am J 
Obstet Gynecol 1983;145:882-884.

56. Gonik B, Allen R, Sorab J: Objective evaluation of 
the shoulder dystocia phenomenon: Effect of mater
nal pelvic orientation on force reduction. Obstet 
Gynecol 1989;74:44-47.

57. Poggi SH, Allen RH, Patel CR, Ghidini A, Pezzullo 
JC, Spong CY: Randomized trial of McRoberts ver
sus lithotomy positioning to decrease force that is 
applied to the fetus during delivery. Am J Obstet 
Gynecol 2006;195:1544-1549.

58. Beall MH, Spong CY, Ross MG: A randomized con
trolled trial of prophylactic maneuvers to reduce

head-to-body delivery time in patients at risk for 
shoulder dystocia. Obstet Gynecol 2003;102:31-
35.

59. Woods CE; A principle of physics as applicable to 
shoulder delivery. Am J Obstet Gynecol 1943;45: 
796-804.

60. Rubin A: Management of shoulder dystocia. JAMA 
1964;189:835-837.

61. Gurewitsch ED, Kim EJ, Yang JH, Outland KE, 
McDonald MK, Allen RH: Comparing McRoberts’ 
and Rubin’s maneuvers for initial management of 
shoulder dystocia: An objective evaluation. Am J 
Obstet Gynecol 2005; 192:153-60,

62. Schwartz BC, Dixon DM: Shoulder dystocia. Obstet 
Gynecol 1958;11:468-471.

63. Poggi SH, Spong CY, Allen RH: Prioritizing posterior 
arm delivery during severe shoulder dystocia. Obstet 
Gynecol 2003;101:1068-1072.

64. Gurewitsch ED, Donithan M, Stallings SP, Moore 
PL, Agarwal S, Allen LM, Allen RH: Episiotomy 
versus fetal manipulation in managing severe shoul
der dystocia. Am J Obstet Gynecol 2004; 191:911 — 
916.

65. Sandberg EC: The Zavanelli maneuver extended: 
Progression of a revolutionary concept. Am J Obstet 
Gynecol 1988;158:1347-1353.

66. Graham JM, Blanco JD, Weu T, Magee KP: The 
Zavanelli maneuver: A different perspective. Obstet 
Gynecol 1992;79:883-884.

67. O'Leary JA, Leonetti HB: Shoulder dystocia: Pre
vention and treatment. Am J Obstet Gynecol 1990; 
162:5-9.

68. McFarland M, Hod M, Piper JM, Elly M-JX, I .anger 
O: Are labor abnormalities more common in shoul
der dystocia? AmJ Obstet Gynecol 1 £>95; 173; 1211 — 
1214.

69. Poggi SH, Stallings SP, Ghidini A, Spong CY, Deer- 
ing SH, Allen RH: Intrapartum risk factors for per
manent brachial plexus injury. Am J Obstet Gynecol
2003;189:725-729.

70. Acker DB: A shoulder dystocia intervention form. 
Obstet Gynecol 1991;78:150-151.

71. Deering S, Poggi S, Hodor J, Macedonia C, Satin 
AJ: Evaluation of resident's delivery notes after a 
simulated shoulder dystocia. Obstet Gynecol 2004; 
104:667-670.

72. Keeton WP, Dobbs DD, Keeton RE, Owen DG: 
Prosser and Keeton on the Law of Torts, 5th ed. St. 
Paul, MN: West Publishing, 1984.

ak
us

he
r-li

b.r
u



Shoulder Dystocia 369

73. Dunne v. Somoano, 550 So. 2d 5 (Fla. App. 3 Dist. 
1989).

74. Sutherland v. County of Nassau, 593 N.W. 2d 287 
(1993).

75. James v. Woolley, 523 So. 2d 110 (Ala 1988).
76. Smith v. Nguyen, 855 S.W, 2d 263 (Tex App Houston 

[14th Dist.] 1993, writ denied).

77. O'Grady JP: Modern Instrumental Delivery. Balti
more: Williams & Wilkins, 1988.

78. Reilly v. Straub, 282 N.W. 2d 688 (Iowa 1979).
79. Abbott v. New Rochelle Hospital Medical Center, 529 

NYS 2d 352 (1988).
80. Minkin MJ: A no-fault approach to shoulder dysto

cia. Contemporary OB/GYN 2004;49(12):48-50.

ak
us

he
r-li

b.r
u



15 INTRAPARTUM AND POSTPARTUM: 
LEGAL COMMENTARY II

Kevin Giordano

A t a time when reasoning from real facts and 
accurate observations has taken the place of 
idle theory in almost every other science, and 
has with particular advantage been applied to 
many branches of medicine, no apology seems 
necessary for trying the same method of 
reasoning on this important subject, which has 
hitherto been too much governed by arbitrary 
custom, and ignorant prejudice.

Charles W hite  (1728-1813)

A Treatise on the Managem ent o f  Pregnant and Lying-in 

Women.

London, Dilly, 1773, p. viii

Obstetricians practice in a highly litigious specialty 
In fact, the most prevalent patient condition that 
gives rise to claims of malpractice cases against 
physicians is pregnancy [ I ]. In cases involving allega
tions of birth trauma resulting in a severely impaired 
infant, jury verdicts can be remarkable. Obviously 
sympathy can be a very significant component in 
large jury verdicts. Furthermore, when the jury has 
determined liability in certain cases a large ver
dict can be intended by the jury as a message 
about a physician’s particular method of practice 
or or his/her uncaring demeanor as established by 
the evidence. The potential for substantial verdicts 
in obstetric cases are the significant driving force 
behind tort reform, particularly with respect to 
damage caps, which establish a ceiling to which the 
jury can award damages for noneconomic awards.

The impediment to developing tort reform, how
ever, is the difficulty in developing a system that 
is fair to the litigants and to those responsible for 
paying the claims. Those who advocate against tort 
reform argue that large verdicts do not necessarily 
represent verdicts that are excessive, particularly in 
cases of the so-called brain-damaged baby. In deter
mining an award of damages, a jury is instructed 
that there are two separate types of compensatory 
damages, economic and noneconomic. Both types 
of damages are intended to compensate victims of 
negligence for their injuries; however, they do so in 
different ways. Economic damages, often referred to 
as out-of-pocket losses, include the past and future 
cost of medical and rehabilitation care, educational 
care, and other related losses (i.e., future support 
needs and the child’s loss of earning capacity). Typ
ically in such cases, evidence of the cost of future 
care is established during the trial by economists 
and life care planners about the costs of future 
care and maintenance of the child. These costs 
can be astronomical. Noneconomic losses include 
claims for pain and suffering, mental anguish, injury, 
and disfigurement, and juries are instructed that 
consideration must be given to the extent of any
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permanent neurologic injury suffered by the child 
and emotional and physical demands placed on the 
parents caring for a severely compromised child.

Although the intent of each type of damage is 
intended to be compensatory in nature, they are fun
damentally different. The determination of noneco
nomic damages is subjective, and the jury is left to 
its collective wisdom to determine the amount of 
money to award, whereas economic damages can be 
mathematically calculated, and the jury relies upon 
the evidence to determine the amount to award. 
Because of the catastrophic nature of many obstetri
cal cases, the question ultimately becomes whether 
a jury’s verdict on damages, albeit large, is truly 
excessive. Consider the following case. In Gourley v. 
Nebraska Methodist Health System, the plaintiff was 
carrying twin fetuses [2], During the 36th week of 
her pregnancy, the plaintiff noted less movement, 
so she contacted her obstetrician. The plaintiff was 
advised that a decrease in fetal movement was com
mon and that everything appeared to be normal. 
Two days later, the plaintiff again contacted her 
physician with the same, concern. In response, she 
was told to come to the office for evaluation, Exami
nation revealed a lack of amniotic fluid and that one 
of the fetuses suffered from bradycardia. The patient 
was referred to the hospital for further assessment. 
Following her clinical evaluation at the hospital by a 
specialist in maternal-fetal medicine, an immediate 
cesarean delivery was ordered. Shortly thereafter, 
both babies were delivered; one was born with brain 
damage. By the time of trial, the injured child had 
been diagnosed with cerebral palsy and significant 
physical, cognitive, and behavioral difficulties.

The mother filed suit, alleging failure to prop
erly monitor her pregnancy. At trial, the plaintiff 
presented evidence of damages that included a spe
cialist in physical medicine and rehabilitation was 
called to testify about the life care plan that had been 
developed for the child. A life care plan is a com
prehensive document that is developed to establish 
the likely expenses and costs associated with the 
needs of caring for and supporting a disabled person. 
The included costs are for reasonable value of med
ical, hospital, nursing, therapy, rehabilitation, med
ical equipment, and similar care and supplies that 
a disabled person will need over the course of his/ 
her life, as well as the cost of developmental educa
tion. In this case, the evidence showed that the child 
suffered severe brain damage and for the rest of his

life would be afflicted by cerebral palsy and exten
sive physical, cognitive, and behavioral deficiencies. 
The economic evidence presented was that the child 
would need a total of $12,461,500.22 for all of the 
items identified in the life care plan. Discounting for 
present-day value, the amount was a minimum of 
$5,943,111. Apparently because of the fact that the 
plaintiffs expert was unable to state with reasonable 
certainty that all costs identified in his plan would 
actually be necessary, the jury awarded $5 million in 
damages. Thus, the jury essentially compensated the 
plaintiff for her economic damages. Unbeknownst 
to the jury, however, tort reform capping dam
ages had been enacted, limiting damage awards to 
$1,250,000. The plaintiff appealed the case in an 
effort to avoid application of the cap because it rep
resented only 25% of the total economic damages 
awarded. The statute at issue conveyed a privilege 
to all healthcare providers whose negligence causes 
catastrophic damages, defined as damages in excess 
of $1,250,000. For damages caused that exceed that 
amount, healthcare providers are no longer liable. 
The plaintiff’s appeal was denied because the court 
determined the legislative intent at the time of 
enacting the legislation was clear. As a result of the 
legislation in effect at the time, the family would 
receive less than one fourth of child’s economic 
expenses alone. In denying the plaintiffs appeal, the 
Gourlay court noted that “ . . .  the facts of the instant 
case demonstrate the callous effect of denying recov
ery for economic damages.”

There are those who would argue that even 
when legislation capping jury awards exclude eco
nomic damages, such limitations are unjust. They 
rely on the catastrophic damages incurred by a fam
ily beyond the economic damages. For instance, con
sider the case of Wareing u United States [3]. The 
defendant obstetrician conceded that he departed 
from good practice by failing to perform a cesarean 
delivery in a timely manner. As in all tort cases 
involving the United States, the presiding Federal 
District Court judge and not a jury makes the find
ings and awards damages. In this case, after hear
ing the evidence, the judge awarded $1.5 million 
in noneconomic damages. He based his award on 
expert testimony that established that the child 
was profoundly and permanently neurologically 
impaired and that such deficits would leave him 
intellectually, socially, and functionally limited. In 
fact, the judge determined that the weight of the
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evidence suggested that, although the minor plain
tiff was a happy child who is active and attempts to 
function within a normal range in his peer group, he 
would forever be limited by the brain injury he had 
suffered. Among other things, the evidence revealed 
that the child would ultimately function at a ten- to 
twelve-year-old age level and that as the child got 
older he would become increasingly aware of his 
limitations. This awareness created concerns regard
ing the plaintiff’s ability in “dealing with sexual 
changes, sexual differences, and possible impulsivity 
and aggressiveness.” Because the plaintiff was unable 
to think abstractly, it was determined that he would 
be locked into a child’s level of concrete functioning. 
Indeed, at the age of 10 years, the plaintiff’s cogni
tive functioning in some areas had plateaued and 
would not improve. The judge concluded that there 
was evidence that the child was already experi
encing problems in Easter Seals with the friends he 
has made. They are progressing at a more rapid rate 
than he is, and so therefore they are leaving him by 
the wayside and going and playing with their other 
friends.” This would essentially always be the case. In 
connection with toiletry the plaintiff’s mother tes
tified that “[he] took a real long time to toilet train,’’ 
and, although he was taught the use of the toilet, 
he remained “really bad" at taking care of himself 
in the bathroom. The mother stated that he would 
often urinate on the floor and that “his underwear 
ha[s] a residue of stool most days” and even after 
toileting it was soiled. The father testified that he 
and his wife continually had been working with him 
to improve his personal hygiene skills, but he has 
not significantly improved over the course of many 
years.

As to his adult years, his neurologic impairments 
would restrict his employment options to a posi
tion through a charitable organization such as Good
will, which provides menial labor jobs with required 
supervision. The better weight of the evidence sug
gested that the plaintiff would require a “supported 
employment environment,” where he can be placed 
with an outside employer with a job coach and real 
supervision. The Waiving case illustrates the bur
den that negligence causing severe brain damage can 
have on a permanent basis, as well as the impact 
imposed on parents and caregivers by such medi
cal negligence. Determining a fair verdict is diffi
cult under any circumstances. With caps on noneco
nomic damages, a child born with an affliction that is

the result of medical negligence is limited in his/her 
ability to recover damages. Many states impose a cap 
of $250,000, whereas in other states it is $500,000. 
In this case, or in cases in which the child is even 
more severely harmed, the amount of noneconomic 
damages is reduced to the cap amount. Consumer 
advocacy groups argue that capping damages in 
cases like the Wareing case does not provide ade
quate compensation to the injured parties given 
the emotional demands and challenges of raising a 
severely impaired child can have upon the individ
ual parents and family.

Regardless of whether the award is justified, 
awards following jury trials represent only a frac
tion of medical malpractice payments. It has been 
reported that jury verdicts constitute approximately 
3 % of payments made by medical malpractice insur
ers. In a study of Florida malpractice cases closed 
between 1990 and 2004, investigators found that 
that there were in excess of 800 cases involving pay
ments made by an insurer of more than $1 million. 
O f those 800 cases or more, only 54 cases involved 
jury trials; and as a subset of the 54 cases cases, only
6 were obstetric cases. Furthermore, of the 800 cases 
analyzed, there were 34 cases in which an indem
nity payment of $5 million or more was made by 
an insurer. O f these 34 cases, only two involved jury 
verdicts in an obstetric case, the other 32 payments 
of $5 million or more came as a result of the insurer 
settling the case or other alternative dispute resolu
tion.

Tort reform will remain an on-going debate, 
because clearly the impact of insurance premiums 
has placed a difficult burden on the healthcare sys
tem. This study appears to suggest that excessive 
jury verdicts by themselves are not in and of them 
selves the predominant factor having an impact on 
the increase in indemnity payouts, assuming that 
similar studies in other states would be somewhat 
consistent. The insurer's decision to take a case to 
trial or settle is largely risk dependent. That risk anal
ysis must include the evaluation of an adverse jury 
verdict and potential sympathy factors that could 
create a concern about a runaway jury verdict. Sup
port for tort reform seeks to address this aspect 
of the insurer’s risk. Risk assessment also depends 
greatly on the clinical care that was provided, doc
umentation, and the bedside manner or appearance 
of concern by the obstetrician -  all issues that are 
within the control of the obstetrician.
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Concomitant with efforts to obtain tort reform, 
obstetricians, also must focus 0 1 1 improving health
care and outcomes and on better documentation of 
the clinical thought process and events surround
ing care. Ultimately the best way to reduce liabil
ity claims is for obstetricians to avoid the avoidable 
injury. In a study analyzing 90 closed claim files 
involving obstetrics and gynecology, the investiga
tors concluded that 78% of the cases that were eval
uated appeared to have at least one potentially pre
ventable cause [4]. The authors of this study do not 
suggest that in all the cases malpractice was present. 
Instead, the suggestion is that adverse outcomes 
could have been prevented and the potential for 
a lawsuit thereby averted. Events most commonly 
associated with an adverse obstetric outcome were 
inpatient monitoring and treatment of complica
tions of pregnancy, including preeclampsia, preterm 
labor, premature rupture of membranes, vaginal 
birth after cesarean (VBAC), and abruption. Diag
nosis and treatment-related errors were common in 
49% of all cases. Notably communication failures 
were identified in 31% of the cases; these failures, 
occurred among caregivers, in patient education, or 
in communications that upset the patient or fam
ily. Documentation errors were found in 9% of the 
cases, including two cases in which failure to docu
ment had a direct impact on care.

A common misconception is that preventable 
adverse events are the product of human error, some 
individual deficiency in failing to meet performance 
requirements, or from sheer bad luck. Even in many 
cases in which the negligence can be attributed to 
one particular individual failure, systems errors con
tribute to or permit the error to occur [5]. Addi
tionally, often other providers perceive or should 
perceive the significance of the events but fail to 
take any steps to “rescue" the situation.

Obviously one additional step toward reducing 
medical malpractice claims is for obstetricians to 
undertake efforts to improve patient communica
tion. These efforts should be aimed at educating the 
patient about the care plan and expectations, effec
tuating proper informed consent, and face-to-face 
conversations in the event of an unexpected out
come. One of the more commonly cited reasons for 
a malpractice lawsuit is the failure of the physician 
to explain the events surrounding a bad outcome. 
Plaintiffs have often indicated that they filed a law
suit to “find out" what happened to their child.

O B S T E T R IC  A N E S T H E SIA

Pregnancy, labor, and delivery are associated with 
major physiologic changes that can decrease mater
nal reserves. Consequently, various techniques of 
analgesia and anesthesia can have profound effects 
on maternal physiology. Furthermore, obstetric pain 
management and operative obstetric anesthesia are 
recognized secondary causes of neonatal respira
tory depression. The practicing obstetrician there
fore must have an understanding of the general prin
ciples and techniques for obstetric anesthesia.

This risk for serious adverse medical outcome, 
when coupled with the high risk that both obstet
rics and anesthesiology carry, creates a significant 
concern for legal action in the event of a compli
cation. It is true that maternal mortality from anes
thetic causes has fallen in the United States in recent 
decades. Currently the leading causes of mortality 
during pregnancy include hemorrhage, embolism, 
and hypertensive disorders [25], This decline in 
anesthesia-related deaths in pregnancy is mostly a 
result of the marked reduction in deaths associated 
with regional anesthesia. Improvements in the types 
of anesthetic drugs administered and implementa
tion of test-dose regimens are two significant factors 
that have led to this decline in mortality. Despite 
the dramatic reduction in maternal mortality, the 
number of deaths that occur remains a concern. 
Although there has been a significant improvement 
in maternal mortality rates from regional anesthesia, 
there has not been any significant improvement in 
the number of deaths attributable to general anes
thesia. From a risk management perspective, how
ever, whether related to regional or general anes
thesia, many anesthesia-related maternal deaths are 
preventable [25].

Serious but nonfatal events remain a concern as 
well. Claims for maternal brain death and newborn 
brain damage are among the most common claims 
made. Difficulties with airway management, includ
ing intubation and pulmonary aspiration, represent 
a significant portion of malpractice claims involv
ing obstetric anesthesia [25]. Thus, in addition to 
maternal death, maternal and fetal injury includ
ing brain damage, permanent nerve injury, and 
aspiration-related illness such as pneumonitis, are 
among the complications that have resulted in a sig
nificant number of malpractice claims. Even injuries 
of a relatively minor degree, such as postdural
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headache, pain occurring during anesthesia, and 
chronic back pain, have a greater likelihood of gen
erating a malpractice claim in obstetric patients 
when compared with the nonobstetric population
[25],

Why is anesthesia-related malpractice anything 
other than of interest to the obstetrician, given that 
a separate specialty of medicine is involved in its 
administration and management? It is true that the 
captain of the ship doctrine, which would hold an 
obstetrician-surgeon liable essentially for all malfea
sance that occurs in the operating suite, has been 
abandoned [pun intended]. Similarly the obstetri
cian does not have perse liability for all malfeasance 
that arises from an order to implement anesthetic 
analgesia. To the contrary courts have recognized 
that, given the distinct areas of medicine involved, 
an obstetrician is not in control of all care provided 
to his/her patient. As the court recognized in Lanzet 
v. Greenberg [26], during a cesarean it is the anesthe
siologist’s responsibility to maintain the vital func
tions of the patient as near normal as possible. Thus, 
the Greenberg court determined that because it was 
the anesthesiologist’s role to monitor the patient’s 
vital signs, holding the obstetrician liable for the fail
ure to resuscitate sooner would make physicians sus
ceptible to malpractice even though the negligence 
was attributable to a provider not under his/her con
trol or direction. This line of reasoning is almost uni
versally accepted.

An obstetrician cannot merely wash his/her 
hands of the situation, however; liability can arise 
if, in the eyes of the court, there is evidence that 
the obstetrician was able to control the situation. In 
fact, a Kansas Court held in Oberzan v. Smith [27] 
that a surgeon usually is liable for the negligence 
of an anesthesia resident or nurse anesthetist under 
the captain of the ship doctrine. The court premised 
its determination on the "right of control” and a 
determination that an agency relationship existed. 
In the eyes of the court, in these circumstances the 
obstetrician-surgeon has control of both the care 
provided by the non-anesthesiologist and the man
ner in which it is performed. Ultimately, this is not 
a significant divergence from most jurisdiction. The 
Kansas Court would appear to agree that if that right 
of control did not exist, even though the obstetri
cian might be considered to be supervising, that role 
does not convey automatic liability for the actions 
of the nurse anesthetist or anesthesia resident. The

liability in each case rises and falls on its own specific 
facts.

There are certain acts or omissions that tradition
ally have given rise to medical negligence actions, 
including claims against the obstetric team. The 
most common allegations of malfeasance include 1) 
failure to properly train and supervise the staff and 
medical personnel attending patients, employees or 
agents of the hospital, including but not limited to 
the labor and delivery nursing staff; 2) negligently 
failing to provide an adequate and accurate record of 
the anesthetic drugs administered and the patient’s 
responses to those anesthetic drugs; 3) failure to 
properly inform the patient and obtain her consent 
before administering obstetric anesthesia; 4} failure 
to follow established anesthesia procedures or pro
tocols or the failure to have such procedures and 
protocols established.

Considerable disparity among hospitals remains 
about both the availability and implementation of 
obstetric anesthesia services. Efforts at standardiza
tion of management of obstetric analgesia and anes
thesia through American Society of Anesthesiolo
gists’ (ASA] guidelines and hospital policies and 
protocols has been effective at reducing complica
tions, as well as supporting that the provider’s com
pliance has been consistent with the standard of care 
when an adverse outcome does occur. Practice often 
does not mirror the guidelines or policies, and rather 
than shielding against liability they are used to cre
ate it. For instance, the ASA guidelines state that an 
anesthesiologist should initiate regional anesthetic, 
whereas a CRNA may monitor its effect. After the 
ASA promulgated this guideline, many hospitals’ 
policies adopted very similar language. Meanwhile, 
in the clinical setting, as these policies were being 
created, CRNAs routinely provided all aspects of 
anesthesia services to obstetric patients [28]. When 
a complication in this setting became the substance 
of a malpractice case, plaintiffs could then cite this 
violation of the hospital’s own anesthesia policy as 
the evidence for a deviation from the standard of 
care. This disparity became the issue in the case of 
Denton v.: LaCroix [29], The Denton case involved 
a woman who during a cesarean delivery suffered 
a hypoxic brain injury after the onset of a seizure 
that prevented intubation by the CRNA. When the 
patient arrived at the hospital in labor, the hospital 
required her to sign an anesthesia consent form. The 
consent form authorized that any physician in the
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anesthesia group could provide care and specifically 
identified each anesthesiologist by name. None of 
the anesthesiology attending physicians knew that 
the hospital was obtaining the anesthesia consent for 
patients in this manner, nor were they aware of the 
specific form that was being used. Prior to signing 
the consent form, the patient had never received a 
preanesthetic evaluation by an anesthesiologist, nor 
had any anesthesiologist ever explained the anesthe
sia consent to her. Ultimately, the patient needed a 
cesarean delivery because of a nonreassuring fetal 
heart rate tracing and slow progress in her labor. 
The cesarean was considered by the obstetrician to 
be an emergency in that it was unscheduled; how
ever, it was not an urgent situation nor considered 
be a true emergency in the obstetric sense of need
ing to be performed immediately. While the patient 
was being prepped for delivery, she developed a 
seizure. The CRNA could not establish an airway 
because the patient’s teeth were clenched shut. The 
obstetrician had already commenced the abdominal 
incision when the seizure occurred, and he contin
ued to deliver the baby. By the time of delivery, the 
mother became apneic and had to be resuscitated. 
The CRNA was finally able to establish an airway. 
To do so, however, she had to paralyze the patient 
with succinylcholine and administer sodium pen- 
tothal. It was only then that the CRNA was able to 
intubates

Unfortunately, it was determined that an 
esophageal and not a tracheal intubation had 
occurred. The obstetrician, who was still working 
inside the m other’s abdomen, pointed this out to the 
CRNA. The CRNA removed the tube, and a suc
cessful intubation was subsequently accomplished. 
Unfortunately, marked hypoxia had developed, and, 
as a consequence of these events, the parturient suf
fered an irreversible brain injury. She was comatose 
for 3 days and hospitalized for a total of 13 days, 
after which she was then transferred to a rehabilita
tion hospital. Her subsequent intellectual function 
was seriously impaired, and she was totally and per
manently disabled. At trial, the jury found for the 
plaintiff.

It is possible to criticize the outcome in Denton, in 
that there was considerable evidence that the out
come would not have been different had an anes
thesiologist been present from the outset. The ver
dict favoring the plaintiff is presumed largely to be 
based on the uncontested violation of hospital pol

icy, which stated that regional anesthetics were to be 
administered by an anesthesiologist. Also of signifi
cance was that the patient’s consent, perhaps with
out her even being cognizant of the fact, authorized 
only the identified anesthesiologists to administer 
regional anesthesia. These factors were both under 
the control of the hospital and/or the anesthesia 
department. Although the practice at the institu
tion was to have CRN As administer regional anes- 
thesia and monitor the patient afterward, they had 
instituted a policy contradictory to that approach. 
In the high-stakes setting of obstetrics and obstet
ric anesthesia, policies and protocols are important. 
These policies and protocols play an important role 
in legal actions should there be a departure from the 
substance that is contained within.

Medication errors in any Setting are a constant 
theme in malpractice lawsuits. Extreme care must 
be taken to monitor for the effects of analgesics 
or sedatives that are administered to a laboring 
patient. Failure to position the patient properly dur
ing the administration of such medications can lead 
to supine hypotension, the obstruction of blood flow 
from the legs and pelvis of the patient back to the 
patient’s heart. Failure to recognize an adverse drug 
reaction, prescribing or administering too much 
drug at one time, or administering an excessive 
amount over a period of time, and the choice of 
route (i.e., intravenous instead of intramuscular) 
have all been identified as leading to malpractice 
litigation, not just against the anesthesia or nurs
ing staff, but against the obstetrician as well. Vig
ilance by all members of the obstetrical team will 
help reduce the avoidable bad outcomes, thereby 
decreasing the potential of a lawsuit. It is always 
valuable to develop a good working relationship 
with the anesthesiology staff, who might be called 
upon to provide care in an emergency situation. 
Obtaining adequate informed consent is also an 
important feature in reducing bad outcomes. As 
with any treatm ent option, the material risks and 
benefits of anesthesia or analgesia must be con
veyed to the patient as well as the alternatives to 
the proposed treatm ent and consequences that may 
occur of not proceeding with the discussed treat
ment option.

The obstetrician should consider the following:

• Obstetric analgesia and anesthesia modify or sus
pend a variety of normal functions, can affect
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labor, and involve the risk of complications to 
the parturient as well as the baby. Therapeu
tic strategies must be developed to circumvent 
these effects. These strategies must contem
plate interaction with the compounding influ
ences of obstetric agents as well as possible illicit 
drugs.

• In all areas of anesthesia, patients must have real
istic expectations and a full understanding of the 
potential major and minor complications associ
ated with their procedure. The consequences of 
inappropriate expectations, even about pain man
agement, can lead to patient dissatisfaction and a 
greater potential for a malpractice case in the event 
of an adverse outcome, even if that outcome is a 
relatively minor injury.

• A team approach from obstetricians, anesthesi
ologists, and nurses*. with good communication 
overall, improves the patient’s confidence and can 
make a claim less likely for an unexpected out
come.

• Obstetric anesthesia for purposes of operative 
intervention requires attention to the health of 
both the mother and the baby. Appropriate anes
thetic selection and administration, with proper 
monitoring, can reduce the inherent maternal and 
fetal risks. Administration and management must 
comply with the guidelines and standards of anes
thesia care, however.

• Although general anesthesia is still recommended 
in certain circumstances (e.g., prolapsed cord or 
massive hemorrhage], ACOG advocates greater 
use of regional anesthesia for emergency cesarean 
delivery. Antepartum risk assessment minimizes 
potential complications if and when emer
gency anesthesia and intervention are neces
sary.

• Hospital policies and protocols governing obstet
ric analgesia and anesthesia must be reviewed 
regularly to ensure that they comply with the cur
rent standards of care. In addition, clinical practice 
should be consistent with these policies and pro
tocols.

• Obstetric and anesthesia teams should continu
ally work together to improve procedures and 
communication. Drills rehearsing emergency situ
ations that might be encountered should be imple

mented to ensure that competent care is delivered 
when time is of the essence.

LABOR

Improper management of labor is the common 
claim in obstetrical malpractice, cases. Malpresen- 
tation and/or dystocia are some of the most fertile 
areas for medical negligence lawsuits. The delivery 
of an infant requires balancing risks to the mother 
against those to the infant. In this respect the advent 
of modern technology has given the physician the 
tools to assist in this balancing act; however, suc
cessful lawsuits abound in which the practitioner 
fails to use or delays usage of available diagnostic 
techniques, such as real-time ultrasonography, clin
ical pelvimetry, or electronic fetal monitoring. The 
physician might also be held liable when there is 
an unjustified delay in performing a cesarean deliv
ery. In addition, the practitioner can be liable for 
the negligent administration of or failure to monitor 
oxytocin during induction or augmentation of labor. 
In this brief critique, these and several related issues 
are considered.

Unfortunately, there is no available diagnostic 
technique except labor that can establish which 
fetus will or will not successfully negotiate the 
maternal pelvis. All experienced clinicians have 
had the experience of confidently predicting dys
tocia only to witness a rapid, uncomplicated labor. 
Despite the inability to predict an abnormal labor 
short of a trial of labor (TOL], juries have held physi
cians liable for failure to use pelvimetry, ultrasound 
scanning, and/or other types of fetal evaluation such 
as biophysical profile monitoring in assessing mater
nal prenatal status or abnormal labor [30], In addi
tion, a jury might also hold a physician liable where 
electronic fetal monitoring is readily available but 
is not used. The legal peril facing the experienced 
accoucheur who fails to use ultrasound, pelvime
try, or electronic fetal monitoring is demonstrated 
by this typical instruction given, in this instance, to 
a jury by the court in a Rhode Island obstetric neg
ligence case;

Now, further, members of the jury, in con
sidering this question [medical negligence], I 
instruct you: If a physician, as an aid to treat
ment or diagnosis, does not avail himself of all 
of the scientific means and facilities available
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to him so that he can obtain the best factual 
data upon which he can make a diagnosis and 
treatment of the patient, such an omission can 
be considered as evidence of negligence [31].

Even when a jury fails to find the physician liable 
for not using available equipment, some appellate 
courts have reversed the jury’s finding and held the 
physician liable as matter of law. An older case that 
serves as an example is in the instance in w'hich an 
Illinois Court of Appeals found that the failure of 
the defendant doctor to have available or use Piper 
forceps during delivery of a baby in breech presenta
tion required an entry of judgment against the doc
tor, notwithstanding the jury verdict [32].

Real-time ultrasound scanning is a new and 
important tool in assessing fetal positioning and sta
tion. Transperineal or transvaginal ultrasound scans 
can identify specific landmarks, including the mater
nal symphysis and the fetal calvarium, the fetal 
orbits, and early signs of edema. An experienced 
sonographer can rapidly determine the position of 
the fetal head and if it is engaged. Although radio- 
graphic pelvimetry in evaluating dystocia in cephalic 
presentations is of limited value, the situation is 
more complex for breech presentations. Based upon 
expert testimony given at trial, at least one appellate 
court has found the failure to have x-ray pelvimetry 
or ultrasound a basis for sustaining a jury verdict in 
favor of the plaintiffs in a breech presentation/head 
dystocia case [33], Similarly the fact finder often 
considers expert testimony as to whether the physi
cian ordered or performed either x-ray pelvimetry 
or ultrasound studies to determine whether either 
cephalopelvic disproportion or a macrosomic fetus 
is likely to be present [34].

In addition, there are numerous cases every year 
involving the failure to use x-ray pelvimetry or ultra
sound in fetopelvic evaluation that are settled and 
do not reach the appellate system, particularly in 
light of the legal community’s increasing reliance on 
alternative dispute resolution. For example, in one 
case a $900,000 settlement resulted from a defen
dant’s failure to order either a sonogram or an x-ray 
pelvimetry to determine fetal size and/or estimate 
the fetopelvic relationship [35],

Pelvimetry, both clinical and radiographic, is alive 
and well in the expert testimony of negligence cases 
when the fact finder is evaluating the procedures and 
equipment used by the defendant/doctor to judge

the fetopelvic relationship. This is especially true 
in cases of failure to progress. In breech presenta
tion, delay in ordering and procuring x-ray pelvime
try to determine fetopelvic relationship, fetal posi
tion, and/or fetal presentation can lead to a finding 
of negligence. Further, plaintiff’s experts and attor
neys can cite literature in which similar recommen
dations have been made. For instance, one source 
states:

In cases of breech presentation, x-ray pelvime
try or a combination of pelvimetry and ultra
sound measurements of the fetus, when com
bined within standard management protocols, 
significantly reduce rates of cesarean delivery.
A combination of pelvimetry and ultrasound 
also appears to be useful in the management 
of macrosomia and failure to progress [36].

There is no available technique that provides suf
ficient accuracy to absolutely establish which fetus 
will or will not successfully navigate the maternal 
pelvis except a TOL. To rely on a TOL alone as the 
sole measure of possible disproportion is unwise. In 
uncertain cases, the medical record must reflect rea
sonable efforts to evaluate both fetal size and mater
nal pelvic capacity. Juries have found that the prac
tice of simply allowing a patient to proceed in labor 
to determine whether there was true cephalopelvic 
disproportion was negligent when there were other 
data indicating that this course was inappropri
ate [37], In one reported case, the physician had 
obtained an x-ray pelvimetry that suggested dispro
portion; however, despite being faced with a mother 
at high risk, the court noted that the physician did 
not use sonographic data or information from a 
glucose tolerance test or electronic fetal monitor
ing. In fact, the doctor stated that it was his prac
tice to let patients labor, even in cases of possi
ble .cephalopelvic disproportion, in order to check 
progress. In this case, the jury found the death of 
the fetus was due to the physician’s negligence, in 
that he did not make use of available methods of 
evaluation [37].

Juries consistently evaluate the actions taken by 
doctors to determine the well-being of both the 
fetus and the mother. Fetal heart rate should be 
monitored before and during labor either by elec
tronic means or intermittent auscultation following 
the protocol of the institution. Although ACOG
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states that all laboring women need some form of 
fetal monitoring, it does not recommend one type 
of monitoring over another in normal cases [38]. 
Despite the fact that the ACOG guidelines are the 
minimal recommendations for the specialty, as men
tioned previously, the guidelines do not necessarily 
form the standard of care to which a practitioner will 
ultimately be judged. It should also be noted that 
the ACOG guidelines indicate that if auscultation 
is the means for evaluation, a one-to-one nurse-to- 
patient ratio should exist. Thus, the physician must 
be acutely aware of staff availability and capability 
when relying on this method of evaluation. Further
more, historically juries have not looked favorably 
on obstetric practitioners when continuous elec
tronic fetal monitoring is available but is used inap
propriately.

Oxytocin increases labor contractions and has the 
potential to overstimulate the uterus and result in 
distress to the baby or maternal injury. Experts on 
both sides of the courtroom agree that excessive 
uterine activity can cause compression of the umbil
ical cord and thus has the potential to impede blood 
and oxygen flow. Not long ago, the risks of oxytocin 
were considered to be significantly graver that at 
present. One treatise described the risk as follows:

Oxytocin is a powerful drug, and it has killed 
or maimed mothers through uterine rupture 
and even more babies through hypoxia from 
markedly hypertonic uterine contractions . . .  
Failure to treat uterine dysfunction exposes 
the mother to increased hazards from mater
nal exhaustion, intrapartum infection, and 
traumatic operatvie delivery. At the same time, 
failure to treat uterine dysfunction may expose 
the fetus to an appreciably higher risk of 
death, whereas the risk from intravenous oxy
tocin should be negligible when used appro
priately . . .  It should be used for no longer 
than a few hours; if, by then, the cervix has 
not changed appreciably and if a predictably 
easy vaginal delivery is not imminent, cesarean 
delivery should be performed [39].

With the advancement of intravenous administra
tion of oxytocin, previously described disasters are 
uncommon today [40]. Administration of oxytocin 
where true cephalopelvic disproportion is suspected 
has led to physician culpability [41], Further, liabil

ity has been found where the plaintiffs have claimed 
that augmentation was not indicated since labor was 
progressing adequately. Physician liability has also 
resulted from the administration of oxytocin when 
fetal distress is present or when labor induction is 
attempted prior to engagement of the fetal head.

More commonly today than in the past, claims 
of improper monitoring and failure to intercede 
are coupled with claims alleging improper adminis
tration and/or management of oxytocin. Clinicians 
must recognize that fetal monitoring and constant 
medical supervision are mandatory during adminis
tration of uterine stimulants. Failure to closely moni
tor both m other and baby are frequent charges and 
may well result in a successful negligence claim. The 
setting for the use of oxytocin is another impor
tant issue. Both the medical literature and the legal 
case law indicate that a physician capable of per
forming a cesarean delivery must be readily avail
able when labor is induced or augmented. Rarely, 
maternal death from uterine rupture has resulted 
from the negligent administration and monitoring 
of oxytocin. However, more routinely plaintiffs are 
alleging that a baby’s neurologic impairment is the 
result of the cumulative effect of hyperstimulation 
and draining the fetus’s reserves resulting in hypoxic 
ischemic encephalopathy.

The obstetrician should consider the following:

• The management of labor dystocia depends on 
the type of specific abnormality, the maternal-fetal 
condition, and the results of the evaluation of the 
fetopelvic relationship. Abnormalities of the latent 
phase should be treated with either therapeutic 
rest (with or without sedation) or amniorrhexis 
and oxytocin infusion.

• The most useful tool for immediate evaluation 
of fetal anatomy is real-time ultrasonography. 
Although it cannot evaluate the anatomy of the 
maternal pelvis, real-time ultrasound scan does 
have the ability to easily document the lie, pre
sentation, and position of the fetus, to estimate 
gestational age, to evaluate fetal anatomy, and, 
with a limited degree of reliability, to estimate fetal 
weight.

• For active-phase labor abnormalities when 
progress is poor, the presentation is cephalic, and 
absolute disproportion and malpresentation have 
been excluded by the suggested examinations, the
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best measure of pelvic adequacy is a trial of oxy
tocin labor stimulation under close maternal-fetal 
observation.

• In second-stage arrests in patients with epidural 
anesthesia, augmentation with oxytocin should be 
considered. When second-stage progress is tardy 
patient repositioning, use of epidural analgesia as 
opposed to anesthesia, simply prolonging the sec
ond stage, and patient encouragement are often 
successful in achieving vaginal delivery or, mini
mally in advancing the; fetal head to a lower sta
tion to avoid a complex or rotational instrumental 
delivery.

• Trials of labor augmentation require especially 
close attention to possible maternal and fetal 
stress. The pattern of uterine activity is com
monly documented by continuous monitoring 
using an intrauterine pressure catheter or trans
ducer (IUPC), while the FHR is recorded electron
ically. Such invasive monitoring is not required in 
all cases, but at least in nulliparous patients.

• Induction of labor is now second only to cesarean 
delivery as the most common obstetric procedure. 
Induction of labor is indicated when the maternal 
or fetal benefits of induction outweigh the risks of 
continuing the pregnancy

• Physicians should discuss with their patients the 
indications, methods, and the increased possibility 
of cesarean delivery prior to proceeding with a trial 
of induction. The gestational age, an estimate of 
fetal size, notation of presentation, a clinical state
ment concerning pelvic adequacy, and a cervical 
examination should be included in the hospital 
admission documents. ACOG has specific guide
lines to assist in choosing a date for induction.

THE THIRD STAGE OF LABOR
After delivery, close and critical review of obstetric 
practice is never more intense than when a neu- 
rologically damaged or “bad baby" results from a 
delivery. Such cases are often complex, difficult to 
defend legally, and can prove remarkably expen
sive. Evidence supports that a complete histologic 
examination of the placenta can provide important 
data concerning the etiology of an infant’s injury 
[42,43]. Placental findings of nucleated red blood 
cells, chronic ischemia, intimal cushions, intervil

lous fibrin, and acute and chronic meconium stain
ing, among others, can help to determine whether 
acute or chronic neonatal asphyxia was a factor in 
the etiology of a child’s observed deficits. At, present, 
many institutions follow the recommendations of 
the College of American Pathologists’ consensus 
committee in determining which placentas to study 
[43]. Some institutions have implemented various 
programs for routine gross placental examination, 
with preparation and permanent storage of micro
scopic blocks should subsequent histologic exami
nation be required, even years later. All chiefs of 
service should carefully review the handling of pla
centas within their institutions. Arguably, the suc
cessful avoidance of even just one legal judgment 
on a “bad baby” could justify a program of placental 
block storage/gross examinations.

As to maternal care at this stage, many of the 
themes of safe practice in the third stage of deliv
ery are no different from those in other stages of 
pregnancy. The third stage is more likely to trap 
the unwary, however,, because of the relaxation that 
occurs after the stressful delivery of the baby has 
been completed. The obstetrician should be fully 
alert and cognizant of the substantial risks involved 
in the third stage of labor, while not overreacting to 
those possibilities. The clinician must be fully aware 
of the general predisposing factors to complications 
in the third stage of labor. Complete history and cur
rent evaluation of the patient, as well as anticipatory 
monitoring and evaluation, are necessary to be pre
pared to handle possible complications. The obste
trician should always take postoperative complaints 
seriously. The case of Gabaldoni v. Bd. of Physicians 
[44] is an example of what can go wrong when a 
physician does not sufficiently consider the clinical 
situation or does not fully comprehend the serious
ness of a patient’s condition, despite the findings. 
The case also highlights difficulties that are created 
from poor documentation. In Gabaldoni, the com
plaint was brought by the physician’s state licensing 
board and was not a medical malpractice case. The 
underlying facts are as follows: On July 8, 1995, at 
5:11 p.m., the patient delivered a healthy baby boy. 
After delivery, she began to hemorrhage because of 
uterine atony and retained placental fragments; esti
mated blood loss exceeded 600 ml. At /:35 p.m., 
the patient expelled a large blood clot. Her blood 
pressure then fell to 67/42. At 8:30 p.m., the 
obstetrician was called at home and ordered a CBC

ak
us

he
r-li

b.r
u



380 GIORDANO

to be performed the following morning. The stan
dard preprinted orders, which were already in the 
chart, also called for a CBC in the morning.

On July 9th, at 8:30 a.m., the nurse caring for 
the patient phoned the physician at home and 
told him that the hospital laboratory had reported 
the patient’s CBC results showed that she had 
hemoglobin levels of 5.4 and a hematocrit of 14.8. 
The obstetrician ordered that a repeat CBC be per
formed at noon that day. He also ordered the blood 
specimen be typed and cross-matched, and that the 
patient's blood pressure be checked regularly. The 
patient’s repeat hematocrit was 14.0.

The physician made rounds on the afternoon of 
July 9th and again on the afternoon of July 10th. 
W hat he told his patient during these two visits 
and whether there were any other visits are issues 
that the parties vigorously disputed. The physician 
testified during the hearing that he discussed the 
possibility of a transfusion and the patient vehe
mently refused. The patient denied that any discus
sion about a transfusion transpired. At 4:30 p.m. 
on July 10th, the patient experienced slight nau
sea, shortness of breath, and blurred vision. Less 
than three hours later, at 7:10 p.m., her condi
tion worsened; it was noted that her blood pres
sure was very high (162/104], as was her pulse rate 
(124 beats/min], and she needed to lean forward to 
breathe. The nursing staff also observed that she was 
“shaky” and short of breath. There were crackles in 
her lungs, indicating a buildup of moisture in the 
lungs.

The RN who was caring for the patient spoke 
with the obstetrician at 7:30 p.m., advising him of 
the patient’s, condition. A repeat CBC was ordered 
and arterial blood gases (ABGs) were done imme
diately. The test results showed that the hemat
ocrit was 13.5 and the hemoglobin was 4.7 g. The 
patient’s arterial oxygen content of blood was 56. 
When these results were reported to the. obstetri
cian at 8:20 p.m., the doctor instructed nurse to 
tell the patient that she should “strongly reconsider” 
accepting blood. At 8:30 p.m., the  RN offered the 
patient a blood transfusion, explaining to her and 
her husband the risks and benefits of the procedure. 
The plaintiff did not refuse the procedure; however, 
she did not authorize consent until 9:20 p.m. At the 
time the blood transfusion started, the patient was 
in severe respiratory distress. At 3:55 a.m. on July
11 th, the RN again called the physician at home to

report to him that there had been no improvement 
in the patient’s condition. At 4:05 a.m., the nurse 
once more called the obstetrician, reporting that the 
patient's condition was worsening, that she now had 
crackles in both lungs, front and back, all the way up.

The patient’s condition continued to deteriorate. 
At approximately 4:45 a.m., the nurse advised the 
physician that his patient was ashen in color, unre
sponsive, and sweating. She also told the physician 
that it was urgent that he come to the hospital. He 
arrived at the hospital at 4:55 a.m., at which point 
his patient went into respiratory arrest. She died on 
July 13th. The cause of death was determined to 
be a cardiac arrhythmia complicating postpartum 
hemorrhage and severe anemia.

The Board based its decision to discipline the 
obstetrician on his failure to respond appropriately 
to the clinical situation. The Board determined that 
at the very least, the obstetrician should have acted 
at once, when the second hematocrit reading of 14.0 
was recorded at 12:00 noon on July 9th. His patient 
was at this point not oxygenating her organs, and any 
competent physician should have recognized the 
crucial need for a blood transfusion. The physician 
did not order a blood transfusion and did not even 
order further hemoglobin and hematocrit (H&H] 
testing until 7:30 p.m. on the following day. During 
this period, she frequently displayed many of the 
symptoms of severe anemia, including tachycardia, 
shortness of breath, vomiting, and dizziness.

The Board also determined that the obstetrician 
did not request any nurse to offer the patient a blood 
transfusion until after 8:20 p.m. on July 10th, after 
cardiac decompensation had begun and she was in 
respiratory distress. Although the physician had con
versations indicating that she would need a blood 
transfusion before being discharged, the obstetrician 
had no conversations with the patient or her family 
in which he informed her of the potential adverse 
consequences that could occur if she failed to have a 
blood transfusion. Another criticism from the board 
was the doctor’s failure to be present in the hospital 
at any point between early evening on July 10th and 
when the patient went into cardiac arrest.

The Board also found that the physician breached 
the obligation to create an accurate medical record. 
Two days after the patient died, he added nota
tions to the records in such a way that it would 
not be clear to a reader of the progress note that 
additions had been made. The entries were

ak
us

he
r-li

b.r
u



Intrapartum and Postpartum: Legal Commentary II 381

inaccurate in that, among other things, they 
recorded an incorrect hematocrit level; the time 
("a.m.”) was inaccurately recorded for a July 10th 
entry; he added the words “feels much better ' 
between the phrases "no dizziness now” and “refuses 
transfusion,” and also added the words “consider 
transfusion at later date” at the end of the entry. 
The record for both dates incorrectly reported that 
continued H&H testing had been ordered, and the 
record of July 9th incorrectly stated that the patient 
refused a transfusion. Not only did the physician 
fail to note that the additions were added later, but 
he also used two different pens, a blue pen that 
matched the blue ink on the original note concern
ing July 9th and a black pen that matched the black 
ink used on the original note concerning July 10th. 
In addition, for July 10th, the additions were inter
spersed throughout the note from beginning to end, 
in such a way that it would be natural to mistake the 
record as one that had been written all at one time. 
This type of record keeping violates both the let
ter and the spirit of the standard of care enunciated 
previously. W hat was very important in the Board’s 
determination on this issue was that the changes 
were of critical significance.

In cases when there is a poor outcome owing to 
omissions of treatment, a retrospective evaluation 
can make the omissions seem very obvious. Per
haps many obstetricians, even without the benefit 
of hindsight, would have reacted differently to the 
clinical situation in Gabaldoni; certainly most would 
not have amended the records in similar fashion. 
As is well recognized from the standpoint of being 
involved in a clinical setting without the benefit of 
hindsight, however, those obvious clinical features 
are not always so evident. The Gabaldoni case estab
lishes the importance of contemporaneous docu
mentation, especially in the context of a patient 
who refuses recommended care. O f note in Gabal- 
doni is that the Administrative Law Judge who heard 
the evidence during the hearing concluded that the 
obstetrician had appropriately advised the patient 
of the need for a blood transfusion on the morn
ing of July 9, 1995. In fact, based on the evidence 
and evaluation of the demeanor of the witnesses, 
the judge agreed with the physician and determined 
that the patient had refused to have a transfusion 
until 9:20 p.m. on July 10th. The judge also con
cluded that, after the July 9th morning visit, the 
physician repeatedly advised his patient to have a

transfusion, but the advice was consistently rejected 
up until 9:20 p.m. on July 10th.

Regarding the amendments that were made to 
the records, the Administrative Law Judge con
cluded that although the Board did establish the 
physician’s failure to make additions to his progress 
notes properly, and that the notes did not accurately 
reflect the severity of the patient’s condition, she did 
not believe the nature of the amendments amounted 
to falsification. In such settings, the findings of the 
Administrative Judge are considered to be recom
mendations. The Board of Physicians had the right to 
adopt or refuse them, and in this case failed to accept 
the findings, thus determining that the obstetrician’s 
conduct amounted to misconduct. The physician 
appealed, however, and the Board’s decision was 
upheld on appeal. It is clear from the ruling that 
many of the details that ultimately became deter
minant were interwoven in the documentation. If, 
in fact, the physician had advised the patient on 
repeated occasions to have a blood transfusion as 
he stated, then the difficulty in defending the case 
arose primarily from his poor documentation and 
subsequent modification of the records.

Although most women experience a healthy 
postpartum course, serious complications can and 
do occur. The obstetrician should be prepared for 
catastrophic emergencies, specifically hemorrhage/ 
hypovolemia. Postpartum hemorrhage (PPH) is a 
common complication of pregnancy and is the sin
gle most important cause of maternal death. The 
incidence of PPH is estimated to range from >5% to 
10% of all deliveries, depending on definition. Only 
5% of vaginal births are associated with a 1,000 ml 
or greater blood loss, however [45].

In addition to hemorrhage, eclampsia and 
preeclampsia are also serious causes of maternal 
mortality worldwide. Complications of hyperten
sion are the third leading cause of pregnancy- 
related deaths, superseded only by hemorrhage 
and embolism [46]. Preeclampsia/eclampsia can 
develop before, during, or after delivery. Up to 40% 
of eclamptic seizures occur before delivery; how
ever, approximately 16% occur more than 48 hours 
after delivery [47].

Other common postpartum complications 
include urinary tract problems, such as infections, 
urine retention, or incontinence. Many women 
also experience pain in the perineum and vulva for 
several weeks, especially if tissue damage occurred
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or an episiotomy was performed during the second 
stage of labor. The perineum should be regularly 
inspected to make sure that it is not infected. 
Psychological problems in the postpartum period 
are also not uncommon. These problems can be 
lessened by adequate social support and support 
from trained caregivers during pregnancy, labor, 
and the postpartum period.

Although data are not collected nationally the 
percentage of women readmitted to the hospital 
in the postpartum period is estimated at 1.2% to 
3% [48]. After cesarean birth or assisted vaginal 
birth, women have an increased risk for rehospital
ization from PPH, uterine infection, obstetric sur
gical wound complications, cardiopulmonary and 
thromboembolic conditions, gallbladder disease, 
genitourinary tract conditions, pelvic injury, and 
appendicitis, compared with patients who have had 
spontaneous vaginal birth [49], Although readmis
sion to the hospital occurs relatively infrequently, 
the women who are admitted are very ill. The seque
lae of their illness affects not only their postpartum 
recovery but also the physical and mental health of 
their infants and families.

When hemorrhage occurs, the goals of manage
ment are directed toward rapid control of blood loss, 
prevention of maternal cardiovascular collapse, and 
close patient monitoring. Active management of the 
third stage with routine administration of parenteral 
uterotonics can avoid many but not all cases of PPH.

Early PPH, defined as events of hemorrhage 
occurring within the first 24 hours after delivery 
are mostly due to uterine atony or retained products 
of conception [50], Nearly nine out of ten of these 
deaths take place within 4 hours of delivery, because 
a woman who is suffering the physiological effects 
of labor and delivery is usually less able to cope with 
blood loss than a woman who is well nourished. Late 
PPHs occur more than 24 hours after delivery but 
usually prior to 6 weeks after parturition. Delayed 
bleeding results largely from placental site subinvo
lution, a condition that is usually combined with 
chronic infection and retained products or placen
tal polyps. Because of the difficulties in the clinical 
estimation of the volume of hemorrhage and the 
wide range of values for normal, clinical suspicion 
must rest on the observations of maternal signs and 
symptoms and estimated blood lost.

Although every postpartum patient has some 
potential for puerperal hemorrhage, high-risk cases 
are identified based on events of labor and deliv

ery, prior history, or preexisting medical condition. 
Among women undergoing cesarean delivery, gen
eral anesthesia, amnionitis, preeclampsia, and pro
tracted active phase or second-stage arrest disorders 
increase the risk for bleeding. In vaginal deliver
ies, multiparity, amnionitis, and overdistension of 
the uterus from multiple gestation,, hydramnios, 
or placental abnormalities can also increase the 
risk.

There are other, rarer causes of PPH. Fortunately, 
most of these medical conditions are recognized 
prior to parturition and are managed prospectively. 
Beyond such special cases, the most common obstet
ric cause for an acquired postpartum coagulopathy 
is simply severe bleeding, with severe loss of clotting 
factors (i.e., loss coagulopathy).

• No matter how experienced and qualified the 
obstetrician is, he/she should insist on qualified 
personnel to be supplied by the hospital. Misfor
tune can occur in the third stage of labor because 
the “eyes and ears” of the obstetrician, the nursing 
staff, are not sufficiently attentive to the patient 
or did not know what to look for in anticipating 
complications before they became serious. How
ever in same circumstances the obstetrician’s “eyes 
and ears’’ may function very appropriately, but the 
physician’s delay in the clinical recognition of a 
complication can be due to his failure to process 
the information he receives or she appropriately.

• The obstetrician should be fully aware of the activ
ities of the anesthesiologist at all times. In particu
lar, the obstetrician must know all of the medica
tions administered. The claim that the obstetrician 
left all of these matters entirely up to the anesthe
siologist is not persuasive in a courtroom. There 
is no question that the obstetrician should be 
fully aware of the consequences, indications, and 
risks of the major anesthetic techniques, including 
epidural and spinal anesthesia and a wide variety 
of medications that might modify the normal third 
stage of labor and either increase or decrease the 
likelihood of a PPH or have an adverse effect on 
its subsequent therapy. An example is the admin
istration of an inhalation agent that increases the 
risk for uterine atony during a cesarean deliv
ery for failure to progress involving a macrosomic 
infant.

• Because many things done in the third stage of 
labor involve judgment, an important factor is
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candor with the patient. Rather than making a 
decision without discussing it with the patient, 
the physician should advise the patient fully about 
what is occurring, and the discussion should be 
documented. Many bad results do not offend or 
upset a patient if a reasonable discussion preceded 
the event.

• Informed consent is as important in the third 
stage of labor as it is elsewhere in the prac
tice of medicine. Numerous lawsuits have been 
filed about episiotomies, alleging improper perfor
mance or follow-up. These are difficult cases for 
the patient to pursue; nonetheless, it is imperative 
to have discussed the choice to perform (or not 
perform] an episiotomy and the risks and compli
cations of the alternatives.

• With the proper anticipation, most of these situa
tions can be managed preemptively without seri
ous complications. Waiting until the catastrophe 
has occurred to take action means losing vital min
utes or even seconds, which can turn a correctable 
temporary problem into a serious disaster with 
permanent consequences.

• The initial maternal response to hemorrhage varies 
and can be confusing to the clinician. Com
mon indicators of circulatory function, including 
arterial pressure and pulse rate, are often nor
mal in pregnant women despite substantial blood 
loss. Unfortunately, the usual orthostatic measure
ments and tests for orthostatic hypotension are 
inconsistent signs.

• Most deaths from maternal hemorrhage occur 
within 4 hours of delivery. A woman who is suffer
ing the physiological effects of labor and delivery 
in the immediate postpartum period typically has 
less reserve to combat blood loss than a woman 
who is well nourished. During the first hours after 
the birth, the obstetrician must establish that the 
uterus remains well contracted and that there is 
not significant blood loss.

• Vaginal bleeding is the most common sign of hem 
orrhage. In cases of active hemorrhage, blood loss 
is almost always underestimated. If the bleeding 
is particularly severe, blood transfusion might be 
the only way of saving a woman’s life.

• In selected high-risk patients with strong his
tories of prior atony, or those in whom heavy 
blood loss is anticipated owing to coagulation or

placental abnormalities, discussion of autogenous 
blood donation for potential delayed transfusion 
is appropriate.

• Current obstetric treatm ent in the United States 
has resulted in a shift of eclampsia toward the post
partum period, with most cases being seen late 
postpartum. To reduce the rate of late postpar
tum  eclampsia, efforts should be directed to the 
education of the healthcare providers and patients 
about the importance of prompt reporting and 
evaluation of symptoms of preeclampsia during 
the postpartum period.

BREECH PRESENTATION

Until 1959, vaginal delivery for breech presenta
tion was the norm; it was then that cesarean sec
tion began to be considered the m ethod of choice 
for delivery. W ith the liberalization of indications 
for cesarean section, the proportion of breech pre
sentations delivered by cesarean rose from approxi
mately 14% in 1970 to 60.1% in 1978. Thus, by the 
late 1970s, the standard of care strongly suggested, 
if not mandated, that breech babies be delivered 
by a cesarean unless there was a strong contraindi
cation. As scientific advancements were made that 
reduced the risks associated with abdominal deliv
ery and anesthesiology the cesarean section rate rose 
to 86% by 1986. In 2001, ACOG issued an opinion 
that “patients with persistent breech presentation 
at term in a singleton gestation should undergo a 
planned cesarean section’’ [51].

Obstetricians have long recognized the excessive 
perinatal morbidity and mortality associated with 
the breech-presenting fetus [52,53]. Even when a 
cesarean is the presumed mode of delivery, a breech 
infant can be a difficult challenge to the obstetri
cian. Breech presentation complicates 3% to 4% of 
all pregnancies and is associated with an increase 
in both morbidity and mortality compared with 
cephalic presentation, regardless of whether the 
m ethod for delivery is vaginal or cesarean [54]. Mul
tiple factors are responsible for the increase in poor 
outcomes, including congenital malformations, pre
maturity, and traumatic birth injury [55,56]

Despite the potential advantage of cesarean deliv
ery to ensure an acceptably low complication rate 
for the newborn infant in certain breech presen
tations, a cesarean is not always necessary and a 
role still remains for the vaginal delivery. Because
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cesarean delivery carries with it a four- to fivefold 
increased risk of significant maternal mortality and 
a substantially greater risk of significant morbidity 
and prolonged recovery in comparison to vaginal 
delivery, there has been a careful reassessment of 
routine cesarean delivery for breech presentations. 
The potential risks of the cesarean operation and 
its limited maternal/fetal benefits from surgery in 
certain breech presentations are the issue. Further
more, vaginal breech delivery is still a m ethod to 
be employed in certain circumstances: patients pre
senting in advanced labor, patients who have had 
multiple prior cesareans, or patients who anticipate 
a larger family. Thus, clinicians will still be called on 
to conduct vaginal breech procedures. The necessity 
is to establish how these deliveries can be conducted 
safely.

The most important, elements for the safe con
duct of breech delivery are 1) preselection of candi
dates for vaginal delivery, 2) continuous fetal mon
itoring, and 3) a policy of noninterference until 
spontaneous delivery of the breech to the umbili
cus has occurred. Preselection limits vaginal breech 
delivery to average-sized fetuses (under 3,500 g) in 
frank breech presentation with an adequate mater
nal pelvis. Early in the course of labor, appro
priate preparation should be made for immediate 
cesarean section should that prove necessary. Anes
thesia should be available, the operating suite should 
be ready, and appropriate informed consent must be 
obtained. Two obstetricians should be in attendance, 
as well as a pediatric team. Premature or overag- 
gressive assistance can adversely affect the breech 
birth, and cervical dilation must be maximized and 
complete dilatation sustained for sufficient duration 
to ensure retraction of the cervix and avert entrap
ment.

As a result of the increased risk of morbidity and 
mortality ir; a breech presentation, regardless of the 
method of delivery, informed consent is an impor
tant aspect of care. In cases in which there is a serious 
impairment, it is very significant to the jury that the 
outcome was an understood and recognized com
plication of the clinical presentation. If there were 
any opportunity to have altered the outcome by a 
different approach, the issue then becomes was the 
injury avoidable, and if so, was the m other given the 
opportunity to do so?

Open and frank discussion with the patient of 
the risks and options that are presented her and 
appropriate documentation are of utmost impor

tance. This approach can avoid a bad medical event, 
but in the event of an adverse outcome, it pro
vides strong evidence in the defense of a malpractice 
claim. Failure to provide informed consent is a claim 
that an injured child can pursue, even though there 
is no argument that he/she as the injured person ever 
had the opportunity of making an informed choice.
Consider Draper v. Jasionowski, in which, at the 

time of delivery, the injured plaintiff, the fetus at the 
time of the events, presented in frank breech posi
tion with a large cranial vault while in his m other’s 
womb [57], The delivering physician was aware of 
his presentation prior to the onset of labor. The 
patient signed consent forms for both vaginal and 
cesarean deliveries. She gave birth to the plaintiff by 
vaginal breech delivery, which was complicated by 
a torn umbilical cord. The plaintiff’s board-certified 
obstetric expert opined that the plaintiff suffered 
from anemia, hypoxia, and neurologic damage, indi
cating a tremendous loss of blood secondary to the 
torn umbilical cord. The plaintiff was also born with 
bilateral Erb’s palsy. The plaintiff’s claim was that 
the defendant neither informed his mother of the 
option to do a cesarean rather than a vaginal deliv
ery nor left the decision of his manner of delivery to 
the m other’s choice.

The plaintiff initiated suit in 2002, 20 years after 
his birth. The defendant’s contention was that the 
obligation to disclose the risks of and alternatives to 
obstetric care is solely to the mother and not the 
child. In setting forth the argument, the defendant 
contended that plaintiff’s informed consent claim is 
strictly derivative of the mother, and consequently 
the case was barred because of the expiration of the 
statute of limitations, which gave a 2-year period 
to commence a lawsuit. It was determined that a 
doctor who fails in the duty of securing informed 
consent violates a duty owed to both the mother 
and the child. Furthermore, the plaintiff’s injuries 
are independent of any injury to the mother, and 
thus, even though any claim that the mother might 
have had was barred by the statute, the child's claim 
was proper because the statute provided for a minor 
who was allegedly injured as a result of negligence 
to bring suit at any time prior to 2 years after his/her 
eighteenth birthday.

Although academic interest continues in the effi
cacy of breech vaginal delivery to reduce the num 
ber of cesareans, vaginal delivery of the breech 
infant has been modestly used in the clinical set
ting. To the extent that there is variance, there is
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evidence to support that hospital factors are associ
ated with vaginal breech delivery. Public hospitals 
had the most vaginal breech deliveries, and private 
non-teaching hospitals were least likely to use this 
procedure [58], The study concludes that regardless 
of the reason, there is considerable variation in the 
practice of vaginal breech delivery. Given this vari
ance, the Draper case underscores the need for edu
cational counseling to the patient, particularly in the 
event that vaginal breech delivery is attempted. Ulti
mately, the consequences of the decision are borne 
by the child, the mother, and the family. In the event 
of bad outcomes, patients often reconsider their 
decisions. The aftermath is not the time for them 
to learn of the particular risks associated with the 
decision or that there were alternative approaches. 
Certainly, frank discussions should always transpire 
when there is an unfortunate result; however, the 
ideal time to offer the patient the opportunity to 
clear up any misconceptions on wrhich the decision 
was based has passed.

The other issue that becomes underscored in any 
debate about the efficacy of breech vaginal deliv
ery to reduce the number of cesareans and maternal 
risk is the decline of physician operative skill. Unfor
tunately, the level of physician skill, training, and 
experience in performing many traditional obstet
ric procedures, including assisted breech delivery 
and/or extraction, has steadily declined over the past 
three decades [59]. The relative infrequency of vagi
nal breech presentation and the difficulty acquiring 
experience will result in poorly trained and inexperi
enced obstetricians who will be called on to perform 
a vaginal breech presentation, yet the standard of 
care will require the obstetrician to perform the pro
cedure using reasonable skill and care and the obste
trician will be subject to valid criticism for injuries 
caused by his/her lack of competence.

The obstetrician should consider the following:

• Breech presentation during labor is a high-risk sit
uation and requires liberal use of cesarean delivery. 
By using a selective approach, however a TOL and 
vaginal delivery may in certain circumstances be 
reasonable. Implementing a selective approach, a 
physician can balance maternal surgical risk and 
fetal delivery risk.

• External cephalic version (ECV] should be offered 
to most women who are of at least 36 weeks’ 
gestation. There are contraindications for this 
maneuver, however. Multiple gestations with a

breech-presenting fetus, nonreassuring fetal heart 
rate tracing, and mothers in whom vaginal deliv
ery is contraindicated are not candidates for 
ECV.

• Before attempting an ECV, the obstetrician 
should evaluate for any fetal anomalies or other 
conditions that are associated with malpresenta- 
tion.

• The risks associated with an ECV procedure must 
be described to the mother, as well as the pos
sibility that the attem pt could fail. Risks of ECV 
include rupture of membranes, onset of labor, pla
cental abruption, and creating problems with the 
baby’s heart rate. Before proceeding, therefore, the 
obstetrician should discuss the benefits, the poten
tial for failure, and the accompanying risks.

• For most patients with breech presentation, 
cesarean delivery is the best option; however, this 
might not be possible for patients who present in 
advanced labor or w'ho have had multiple gesta
tions. Furthermore, a cesarean delivery does not 
avoid all difficulties associated with breech presen
tation. Thus, the risks attendant to vaginal deliv
ery and a cesarean for a breech infant must be 
discussed with the m other during the informed 
consent process. The maternal risk associated with 
cesarean delivery must be included in the counsel
ing for the decision to be truly informed.

• Although a cesarean is performed for most women 
with a breech fetus, selective TOL in women with 
known breech presentation in labor can be a rea
sonable approach to delivery. If ECV is contraindi
cated or simply refused by the patient, then a next 
step to consider is a TOL.

• Because all breech births have inherent risks 
that are often uncertain and unpredictable, this 
information should be shared with the family 
whenever possible as part of the decision-making 
process.

• If one is going to attem pt a vaginal breech delivery 
a qualified anesthesiologist or nurse anesthetist 
must be in attendance, one who can give agents 
to relax the uterus when and if use of such is indi
cated.

• Although documenting the counseling session is 
very important, the counseling session itself is 
most important.

ak
us

he
r-li

b.r
u



386 GIORDANO

• It is incumbent on the obstetrician who knows or 
suspects that due to limited training and experi
ence he or she might not be qualified to undertake 
a vaginal breech delivery to obtain the assistance: 
or intervention of a practitioner who is capable of 
managing the delivery properly.

MULTIPLE GESTATIONS

There are several main areas of medicolegal con
cern in multiple gestations: diagnosis, management 
of preterm labor, anomaly surveillance, counseling, 
evaluation of gestational age, and delivery manage
ment. The most obvious and probably the most cru
cial area of liability is the failure to diagnose the 
presence of a multifetal gestation. Although many 
of the complications surrounding these pregnancies 
(i.e.., preterm labor or growth, or congenital anoma
lies) cannot be totally avoided in any gestation, the 
knowledge that they are much more common in 
these pregnancies can enable an earlier diagnosis and 
promote more efficient management.

In terms of general obstetric management, once 
the diagnosis has been made, it is the physician’s 
responsibility to perform suitable and timely assess
ment of fetal and maternal status. Complications 
of multiple gestations are common and well doc
umented in the literature. Failure to recognize 
or appropriately treat evolving problems is fertile 
ground for legal entanglements, particularly related 
to issues of disordered growth, malpresentation, and 
preterm labor. Weekly office visits after 20 weeks 
of gestation and liberal use of sonography and non
stress testing to evaluate fetal well-being are strongly 
encouraged. Early detection of growth problems 
can give the physician sufficient time to develop 
a well-reasoned plan of care, obtain consultations, 
and arrange for management of labor and delivery 
at a tertiary care center if necessary. When fetuses 
are at 24 to 26 weeks of gestation, errors of gesta
tional age calculation are critical. If a physician has 
determined that the fetal age is less than 24 weeks, 
he/she might believe that the fetuses are potentially 
not viable and treat accordingly If in fact the gesta
tional age is 26 weeks and the fetuses are potentially 
viable* catastrophic consequences can result from a 
treatment plan that assumes otherwise.

W ith many obstetric practices today, the deliver
ing physician might have examined the patient only 
once, twice, or not at all during the antenatal period.

Ultrasound examinations done, early in pregnancy 
for dating purposes are particularly useful, as are 
follow-up scans to evaluate fetal growth and well
being. Critical mistakes in the calculation of gesta
tional ages are possible, and care is needed. Even in 
cases of pregnancies induced by fertility drugs, when 
the date of conception is known, physicians have 
incorrectly calculated the gestational ages, some
times with catastrophic results. Before finalizing a 
plan of intrapartum management, sonography is 
mandatory to ascertain fetal position and obtain esti
mated fetal weights.

Given the high-risk nature of the labor and deliv
ery, the physician must take the necessary steps to 
ensure that all relevant data about fetal well-being 
are obtained. The failure to do so in the face of a 
poor outcome will create issues in defending any 
medical negligence case. This failure was the issue 
in the case of Mundell u La Pata [60], During the 
patient's 28th week of a twin pregnancy, she sought 
medical attention because of decreased fetal move
ments and contractions. Over the course of 2 days, 
the defendant, doctors attended to the patient and 
her twin fetuses, primarily by monitoring the twin 
fetuses’ heart rates, conducting ultrasound exam
inations, and reducing maternal contractions. On 
the second day, an ultrasound examination revealed 
that one of the twins had died in utero. The ultra
sound test and a Doppler study indicated that the 
other twin had "no major anomalies." Later that day, 
however, the other twin died in utero, as confirmed 
by a second ultrasound examination. The patient 
then underwent a cesarean for delivery of the dead 
fetuses. The preliminary postoperative diagnosis of 
the cause of death was twin-to-twin transfusion syn
drome. The alleged negligence forming the basis 
of this action arose out of the direct patient care 
provided to the patient during her pregnancy, and 
the management, treatment, and delivery decisions 
that were made when she sought medical attention 
because of decreased fetal movements and contrac
tions. She alleged that the defendant doctors were 
negligent by failing to provide proper medical treat
ment, primarily testing, and by failing to intervene 
surgically to save the life of the remaining twin after 
one had died in utero. Her expert witnesses testified 
that the defendant doctors breached the standard 
of care by failing to perform certain tests to deter
mine not just whether the twins were alive but also 
whether they were in distress. The expert witnesses
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further opined that the standard of care required 
that a recommendation be made to the parents to 
proceed with delivery, especially after one of the 
twins had died in utero. The burden was then placed 
on the physicians to establish that the requisite test
ing had been performed, and despite, evidence of 
the opportunity to rescue, that there was no clinical 
indication to do so.

Multiple gestations often pose intrapartum man
agement problems. This is especially true if the ges
tation is complicated by preterm labor or disordered 
or discrepant growth.

The debate continues to rage over whether par
ticular presentations should be delivered vaginally 
or operatively. From the medicolegal standpoint, 
the simplest course is to perform cesarean deliv
ery when either twin A or twin B is in a nonver
tex presentation. Some studies have concluded that 
vaginal delivery of nonvertex-presenting twin B does 
not increase perinatal mortality. No study, however, 
has concluded that twin B suffers a greater morbid
ity or mortality when undergoing cesarean delivery. 
It is inevitable that the physician who delivers the 
vertex-presenting twin A and nonvertex-preSenting 
twin B vaginally will always be second guessed if 
unavoidable crises develop during labor and delivery 
and one of the twins is born impaired. The physi
cian who has delivered the twins by timely cesarean 
delivery eliminates that medicolegal risk but might 
not have made the best obstetric decision.

W hen faced with a vertex-nonvertex-presenting 
delivery, a vaginal TOL is prudent only if 1) the 
patient meets all of the criteria for vaginal deliveries; 
2) there is a double set-up present in the delivery 
suite; 2) anesthesia is present; 4) the physician is 
experienced in delivering nonvertex fetuses; and 5) 
continuous electronic fetal monitoring and real-time 
ultrasound scanning are available. If all of the above 
criteria cannot be met, cesarean delivery is best.

Multiple gestations place the patient at increased 
risk for preterm labor. Problems resulting from 
prematurity are thought to be responsible for the 
increased incidence of morbidity and mortality in 
multiple gestations. The physician must consider, in 
cases of preterm labor, the possible use of tocolytic 
drugs and other modalities to prolong the pregnancy. 
Routine antepartum use of oral tocolytics and home 
uterine monitoring have not been shown to prevent 
preterm delivery. Thus, these treatments should be 
used sparingly if at all in otherwise uncomplicated

cases, with their limited goals clearly understood by 
the clinician and family.

The use of tocolytic agents after documented 
preterm contractions or labor is another matter. 
Prolonging some pregnancies by as few as 2 or 
more weeks can significantly improve the chances 
of fetal survival and reduce morbidity. Before using 
tocolytic agents, however, the physician must, to the 
extent reasonable, confirm the absence of chorioam- 
nionitis or other contraindications to such therapy. 
The standard of care requires that the doctor man
aging a multiple gestation make reasonable efforts 
to prolong pregnancy to at least 32 weeks of gesta
tion or beyond, with due regard to maternal well
being.

Some states recognize a patient’s right to recover 
damages if a patient is not advised of the possibil
ity of congenital abnormalities or deformities in the 
fetus and of the ability of modern fetal surveillance 
techniques to identify these problems in time to 
terminate the pregnancy safely. Multiple gestations 
produce a higher incidence of congenital anoma
lies than do single pregnancies. The risks and bene
fits of maternal serum a-fetoprotein (MSAFP) val
ues, chorionic villous sampling, amniocentesis, and 
early ultrasound examination must be thoroughly 
discussed with each patient, in addition to the risk 
of congenital anomalies.

The obstetrician should consider the following:

• Multiple gestations are high-risk situations for 
all concerned: the patient, the fetuses, and the 
physician. The physician managing the patient 
with multiple gestations must be ever vigilant 
for any sign or symptom suggesting a complica
tion. Knowledge of the full range of complications 
involving multiple gestations and the appropriate 
procedures for handling each potential complica
tion is mandatory.

• The failure to perform ultrasound evaluation in 
the presence of clinical evidence suggesting a 
multiple gestation (e.g., increased fundal height, 
elevated MSAFP levels, early or unanticipated 
maternal carbohydrate intolerance, or exagger
ated gestational hypertension), can be considered 
below the standard of care,

• The physician must carefully review the patient’s 
chart and be certain that the estimated date of 
confinement (EDC) has been properly calculated
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from ultrasonic and menstrual data, and that an 
accurate gestational age is known. If the precise 
gestational age is not known because it has been 
calculated by reference to an uncertain last men
strual period (LMP] or sonogram done late in preg
nancy the physician should err on the side of cau
tion and assume the more advanced gestational age 
in cases of borderline viability. Any other approach 
means taking unnecessary and unwise risks.

• Frequent cervical examinations in patients pre
senting with unusual signs or symptoms are useful 
in detecting early changes in the cervix that could 
alert the physician to the possibility of preterm 
labor and other potential problems.

• The appropriate method of delivery depends on 
close attention to clinical detail and full evaluation 
of maternal and fetal data. Diligent monitoring of 
maternal and fetal status and prom pt intervention 
in instances of presumed fetal jeopardy can aid 
in achieving optimal maternal and fetal outcomes. 
As always, detailed notation in the medical record 
about the choices made and the consent process 
is prudent.

• Patients must be instructed on the signs and symp
toms of potential complications of multiple gesta
tions, particularly those of preterm labor. Preterm 
labor can be painless, and its symptoms often 
confused with minor abdominal discomforts. The 
physician must be particularly alert for symptoms 
that the patient describes as “cramping" and “pres
sure,” especially in those patients with abnormal
ities of the cervix.

• Giving patients a short instructional sheet or pam
phlet explaining the warning signs and symp
toms of preterm labor and other complications 
of multiple gestations helps to reduce confusion 
and misunderstanding in the event that problems 
are encountered later in the pregnancy. If such 
sheets or pamphlets are used, documentation in 
the patient’s medical record of her receipt of this 
information costs nothing and is strongly recom
mended.

SHOULDER DYSTOCIA

Shoulder dystocia has been a controversial and
contentious subject medically and legally. A clas
sic description of shoulder dystocia made by Mor

ris almost 50 years ago illustrates the physician’s 
dilemma in management of an unanticipated shoul
der dystocia [61 J:

After delivery of the head, fat cheeks, and dou
ble chin, perhaps with a little difficulty, time 
passes. The child’s face becomes suffused. It 
endeavors unsuccessfully to breathe. Abdomi
nal efforts by the mother or by her attendants 
produced no advance. Gentle head traction 
is equally unavailing. Usually equanimity for
sakes the attendants. They push, they pull; 
alarm increases. Eventually by greater strength 
of muscle or some infernal juggle, the shoul
ders of a goodly child are delivered. The pal
lor of its body contrasts with the plum-colored 
cyanosis of the face and the small quantity 
of freshly expelled meconium about the but
tocks. It dawns on the attendants that their 
anxiety was not ill-founded. The baby lies limp 
and voiceless and only too often remains so 
despite all efforts at resuscitation.

Until more recently there was little consensus 
about the ability to anticipate shoulder dystocia 
and the role of cesarean delivery in avoiding the 
problems of shoulder dystocia. Different maneuvers 
were advocated to release the shoulder when dysto
cia was diagnosed; however, there was debate over 
whether any particular maneuver or combination of 
maneuvers was superior. Given the low incidence 
of the presentation, the individual provider typi
cally had less than ample opportunity to become 
an expert in these delivery techniques. Mean
while, the mechanism for injury remained poorly 
understood; the only consensus was that exces
sive lateral traction during delivery was thought 
to damage the nerves structures of the brachial 
plexus. The ability to argue that the only identifiable 
cause of the injury is the force used by the obste
trician, together with the controversy surround
ing management, is the reason that lawsuits began 
to focus on shoulder dystocia, and in essence this 
injury became the “flavor of the day” for plaintiffs’ 
attorneys.

Because of the body of literature suggesting the 
existence of risk factors that were predictors for 
shoulder dystocia, and the poorly understood mech
anism for a brachial plexus injury, it was common for 
plaintiff’s expert witnesses to work backward from
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the injury, hypothesizing how it could have been 
avoided, and the cause of the injury itself. Typically 
allegations of medical malpractice in shoulder dys
tocia cases involved either or both of the following: 
1) the failure to perform a cesarean delivery section 
in the presence of maternal risk factors, or 2) failure 
to adhere to a proper and safe protocol in manag
ing a shoulder dystocia delivery. Relying on risk fac
tors that permeated the literature, plaintiffs’ experts 
would suggest that a prophylactic cesarean should 
have been undertaken to avoid the risk entirely. Fre
quently the risk factors relied on were macrosomia, 
gestational diabetes, maternal obesity, postdatism, 
and prior history of deliveries being complicated 
with shoulder dystocia. A prolonged second stage 
would provide further fodder, because the plaintiff’s 
expert could testify that any misguided decision to 
attempt a TOL should have been aborted.

Invariably, the plaintiff’s argument would ques
tion the manner in which the delivery was per
formed, alleging that the defendant's use of exces
sive or improperly directed traction to release the 
shoulders caused the resulting harm. Expert tes
timony based its premise on the belief that that 
brachial plexus palsies do not occur in shoulder dys
tocia cases except when there is excessive down
ward traction. The plaintiff’s attorneys and experts 
painted a portrait of an unanticipated presentation 
resulting in chaotic response to the emergent situ
ation. They argued that the only recognized indis
putable cause of brachial plexus injury in this setting 
is “the hands of the obstetrician. Given the inabil
ity to provide a contrary explanation for the injury, 
plaintiffs were emboldened, with some success, to 
argue that courts should recognize the res ipsa doc
trine and instruct juries that they could draw' an 
inference that a defendant acted negligently in cases 
of brachial plexus injury, thus putting the burden 
on the defendant to prove otherwise. In upholding 
a jury’s verdict in favor of the plaintiff who argued 
res ipsa to establish liability, the court in Stennis v. 
Rekkas gave this explanation: The record shows that 
evidence was admitted from which a jury could con
clude that [the child] suffers from Klumpke’s palsy; 
the injury was received while the delivery of the 
shoulder dystocia was under the defendant’s con
trol and management, and in the normal course of 
events, the injury would not have occurred if the 
defendant had used ordinary care during the deliv
ery of the shoulder dystocia [62], Given this record,

the jury could have based its verdict for plaintiff on 
the res ipsa loquitur theory.

In courts that were persuaded to allow a plain
tiff to use the res ipsa argument, the expert would 
merely be called on to testify in some manner similar 
to the following [62]:

Q: Do you have an opinion, based on a
reasonable degree of medical certainty, 
whether a brachial plexus injury 
ordinarily occurs in a vertex or headfirst 
delivery in the absence of negligence or 
in the absence of a departure from the 
standard of care by the delivering 
physician?

A: That would be extremely rare.
Q: In your opinion, does that injury then not 

ordinarily occur in the absence of 
negligence?

A: Right.

In this context, the jury then could make a pre
sumption that the injury was the result of negligence 
without having to establish the particular act of the 
obstetrician that departed from the standard of care. 
If the jury determined to make this presumption, 
then it becomes incumbent on the defense to estab
lish proof of the converse. In essence then, the burden 
of proof in such a case rests on the defendant obstetri
cian to prove lack of negligence, and not the plaintiff's 
obligation to establish departure from the standard of 
care. (See Appendix 1 for a more detailed discussion 
of burden of proof.)

In response to the explosion of litigation, the 
obstetric community has been able to amass a 
strong rebuttal and consequently has significantly 
increased the defensibility of these cases. Evidence- 
based medicine, improved training techniques, and 
better documentation techniques have provided a 
strong rebuttal in defense of the care provided. 
Evidence-based medicine has established that shoul
der dystocia is an unpredictable event and that iden
tifying pregnancies in which the fetus is at risk lor 
permanent injury is impossible. Research supported 
the proposition that even risk factors that are sta
tistically significant for shoulder dystocia have no 
usefulness as predictors and that fetal size estima
tions are routinely inaccurate. This body of litera
ture provided considerable support to the proposi
tion that routine use of cesarean delivery for the pre
vention of dystocia and related injuries is difficult to
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justify. O f utmost importance is the body of litera
ture that has developed to refute the contention that 
brachial plexus injuries occur only when excessive 
force is used during the manuevers employed to dis
engage the shoulder.

In addition to attacking the medical proposi
tions offered by plaintiffs, however, the obstetric 
held placed education and training aimed at train
ing physicians how to effectively respond when con
fronted with shoulder dytocia in the forefront, along 
with proper documentation techniques. Emphasiz
ing the shoulder dystocia was a true obstetric emer
gency, and greater emphasis was placed on team 
approach, including neonatal resuscitation. Shoul
der dystocia drills were successfully implemented 
so that providers would have preplanned the indi
vidual manner in which they would respond if con
fronted with an impacted shoulder. Training mod
els were developed to allow the maneuvers to be 
practiced, including the use of traction, to give 
additional hands-on experience for a condition that 
occurs infrequently. Last, significant emphasis has 
been placed on the importance of documentation, 
which has provided direct evidence at trial of the 
prenatal course, informed consent counseling, and 
labor and delivery issues, including the implementa
tion of a well-thought-out plan when shoulder dys
tocia was first identified.

The totality of the response mounted by physi
cians practicing in obstetrics has more than leveled 
the playing field. The ability to respond to alle
gations of malpractice by producing evidence that 
neurologic shoulder injuries occur even in the best 
of hands, when due care has been used, has con
tributed to a significant decline in the number of 
adverse verdicts in cases involving shoulder dysto
cia. More often, insurers are making the decision 
to defend through trial shoulder dystocia cases with 
good results.

The obstetrician should consider the following:

• Obstetricians should undertake fetal and pelvic 
evaluations in any case in which there is a reason
able possibility of a macrosomic infant. The best 
answer is thorough evaluation of pelvic size and 
fetal lie, presentation, position, and weight, using 
both clinical means and the best available modern 
technology,

• With the universal availability of ultrasonogra
phy, physicians who do not use ultrasonic imag

ing when there is suspicion of disproportion or 
macrosomia are likely inviting a medical neg
ligence lawsuit. Such a suit will probably end 
favorably for the plaintiff if it is discovered after 
delivery that the child sustained a permanent 
injury.

• The importance of the m other’s obstetric and 
medical history needs emphasis. Prior diffi
cult deliveries, shoulder dystocia, or macrosomic 
infants should alert the clinician to possible trou
ble. A detailed discussion with the mother and 
family prior to a trial of vaginal delivery in a sus
pect case, with careful notation of the specifics of 
the discussion in the medical record, is especially 
important. W'hen the events of a previous delivery 
are unclear, consider obtaining the records from 
that delivery.

• Acute management of dystocia remains a major 
problem. The physician who encounters a dys
tocia must have an organized and practical plan 
of approach, involving a practical series of actions 
performed without panic and avoiding excessive 
cranial traction.

® Arguably, it has become a standard of practice, 
as reflected in the literature, to perform cesarean 
delivery when there is an estimated fetal weight 
of 4,500 g or more. When the mother has dia
betes, the weight limit for a vaginal trial is com
monly 4,000 g. The problem for the clinician is to 
determine the fetal weight accurately in advance 
of delivery and to judge the fetopelvic relationship 
just as accurately. W hen these issues are in play, 
informed consent is very significant should there 
be a bad outcome.

• Virtually all disimpaction maneuvers require assis
tance. Even anesthesiologists and pediatricians are 
capable of applying suprapubic pressure, in addi
tion to other life-saving procedures.

• It is as important to have the patient’s confidence 
and cooperation as it is for nurses to assist in the 
delivery. Once shoulder dystocia has been identi
fied, the provider must ensure that there is ade
quate support. The maneuvers should be imple
mented deliberately, without haste, reflecting a 
consistent and logical plan of management.

• Make a large episiotomy. Although there is no evi
dence that it does anything other than enhances
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the ability to insert one’s hand in the vagina, the 
performance of an episiotomy indicates that the 
operator is functioning logically and systemati
cally. The failure to perform an episiotomy has not 
been shown to contribute to any injury however.

• Use McRobert’s position and suprapubic pressure 
to disimpact most tight shoulders. These maneu
vers are easy to perform, and the McRoberts posi
tion can also enhance the ability to successfully 
perform a rotation maneuver or remove the pos
terior arm. In all cases, avoid excessive traction.

The medical record can play an important role 
in establishing that the doctor was not negligent 
in a malpractice claim. If the physician can artic
ulate a reasonable basis for the clinical judgment 
and that information is documented in the medical 
record, then it is extremely difficult for the plaintiff 
patient to prevail in the action. Effective documen
tation regarding prenatal workup, informed consent, 
and events during labor and delivery are impor
tant aspects of this response.. Through the totality 
of these efforts, the likelihood of defending shoul
der dystocia cases successfully has increased signifi
cantly.
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SURGICAL PROCEDURES

a * *  16 SURGERY IN PREGNAN

Reinaldo Figueroa 
J. Gerald Quirk

The Chirurgeon must have a goode eyes and a 
stedfast hande (for chirurgy taketh its name of 
this). He must have goode witte and memory 
and goode judgement.
Chirurgeons ought to be u>yse and gentil, sober 
and circumspect.
They muste be learned and not drunken.
Nor must they promise more than they can 
perform with God’s helpe.

Andrew Boorde (1490-1549)

The Brevyary o f Health ( 1547?)

Most conditions requiring surgery during pregnancy 
are due to complications unique to gestation, such 
as obstetric hemorrhage from abnormal placenta- 
tion, or result from problems encountered during 
vaginal or cesarean delivery. Pregnant women also 
can suffer from acute abdominal conditions such as 
acute cholecystitis, appendicitis, trauma, and vari
ous neoplastic diseases of the genital tract, how
ever. To treat these patients, the obstetric surgeon 
must know the unique physiologic changes asso
ciated with pregnancy, the limitations imposed by 
uterine size, and the peculiarities of the clinical pre
sentation modified by the pregnancy changes. This 
chapter considers selected aspects of surgical tech
nique, complications, and the management of some 
surgical problems that develop in association with 
pregnancy.

ESTABLISHING THE DIAGNOSIS 

History and Physical Examination
Most surgical conditions that occur outside of preg
nancy also occur in pregnant women. Prompt diag
nosis and judicious timing of procedures are imper
ative during pregnancy because unnecessary delays 
result in increased morbidity and mortality to both 
mother and fetus. It is potentially dangerous to 
attribute all reports of abdominal pain in pregnant 
women to obstetric conditions such as labor, placen
tal abruption, degenerating uterine leiomyoma, or 
the round ligament syndrome. The diagnostic eval
uation should include a carefully taken history, a 
complete physical examination, and the appropriate 
use of laboratory studies. The signs and symptoms 
of various surgical conditions are modified by the 
anatomic and physiologic changes that accompany 
pregnancy, paradoxically often resulting in their 
exacerbation, an apparent reduction in intensity, or a 
change in the location of the expected physical signs. 
For example, failure to consider normal gestational
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changes in the digestive tract can delay the diag
nosis of cholecystitis. Nausea and vomiting during 
the first trimester might be attributed to hypereme- 
sis gravidarum and not be recognized as symptoms 
of cholecystitis, appendicitis, or bowel obstruction 
[1,2]. Gastroesophageal reflux and pyrosis, from 
physiologic reduction of lower esophageal tone and 
increased gastric pressure, can incorrectly suggest 
peptic ulcer disease. Intestinal obstruction might 
not be promptly recognized because constipation is 
deemed physiologic owing to elevated progesterone 
levels or from mechanical compression by the gravid 
uterus. Conversely, constipation during pregnancy 
can be severe enough to cause a pseudo-obstruction, 
inciting clinical concern but requiring conservative 
treatment rather than surgery [3].

During pregnancy, the location and progression 
of pain from various surgical conditions change 
over time, mostly from anatomic displacement by 
the enlarging uterus. Best known is the progressive 
upward and counterclockwise displacement of the 
appendix as the uterus grows out of the true pelvis 
during the second trimester (Figure 16.1). In appen
dicitis, the point of maximal tenderness in the third 
trimester rises into the right upper quadrant, and an 
erroneous diagnosis of cholecystitis or pyelonephri
tis is sometimes considered [4], The pain and ten
derness can be less well localized and more diffuse 
as the omentum is displaced by the uterus and is less 
effective at walling off the inflammatory process.

Women of childbearing age are increasingly vic
tims of trauma, a trend that does not spare preg
nant women [5], Trauma is the leading cause of 
nonobstetric maternal death in the United States 
[6,/1. Injuries range in severity from a minor fall, 
which the pregnant woman might not remember 
but that could result in a ruptured spleen, to motor 
vehicle accidents, stab and gunshot wounds, crim
inal assaults, or battering [8], In cases of obvious 
trauma, the physical examination must focus first 
on airway patency, ensuring adequate breathing, and 
maintaining vital signs, keeping in mind the physio
logic tachycardia, mild second-trimester reduction 
in arterial pressure, and expanded blood volume 
normal in pregnancy. Shock can be aggravated in 
the third trimester by uterine compression of the 
inferior vena cava [9], Ultrasonography or com
puted tomography (CT) can confirm free intraperi- 
toneal fluid, suggesting a hemoperitoneum, or can 
otherwise indicate the site of injury. If these stud-

FIGURE 16.1.
Location o f  the appendix at varying stages ofpregnancy. 
(From Baer JL, Reis RA, Arens RA: Appendicitis in 
pregnancy with changes in positions in areas o f  normal 
appendix in pregnancy. JAMA 1932;98:1Z59-1Z64; with 
permission.)

ies are inconclusive and hemoperitoneum is sus
pected, paracentesis with peritoneal lavage can be 
performed safely at any gestational age, with care 
taken to avoid direct uterine puncture. Some inves
tigators have recommended that pregnant women 
with suspected abdominal trauma should undergo 
electronic fetal monitoring (EFM) for a minimum 
of 4 hours of monitoring [10,11], If uterine activity 
is not present, the risk of placental separation is low, 
and the patient can be safely discharged. If there is 
uterine irritability or tenderness, vaginal bleeding, or 
a nonreassuring fetal heart rate pattern, the patient 
should receive at least 24 hours of continuing fetal 
heart rate monitoring because of the risk of delayed 
placental separation [11].
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Laboratory data add to the information gathered 
from the clinical signs and symptoms in establishing 
a diagnosis. The interpretation of laboratory results 
must take into account the physiologic changes of 
pregnancy which alter normal values. For exam
ple, a moderate leukocytosis is normal in pregnancy 
but a white blood count of 20,000 or more, or a 
marked decrease, should not be ignored. The hyper
volemia of pregnancy accounts for a mild decrease 
in hemoglobin concentration, but hemoglobin lev
els below 10.0 g/dl in a patient with tachycardia or 
hypotension suggests blood loss. Apart from labor, 
red blood cells in the urine imply urinary tract 
pathology such as a calculus, infection, or tumor.

Radiographs should be kept to the minimal num 
ber necessary. Clinically indicated imaging stud
ies should be neither avoided nor delayed because 
of pregnancy, regardless of the period of gesta
tion, however. Plain abdominal radiographs suggest 
a diagnosis of bowel obstruction if intestinal disten
sion and air fluid levels are present. Free air under 
the diaphragm indicates a perforated viscus, unless 
the film closely follows abdominal surgery. Depend
ing on its location, a radiopaque calculus docu
ments cholelithiasis or nephrolithiasis in the pres
ence of suggestive clinical findings. Contrast studies 
might be indicated to identify the level of occlusion 
when there is a strong suspicion of bowel or ureteral 
obstruction. Avoidance of multiple exposures and 
prolonged fluoroscopy, or a limited intravenous 
pyelogram and modified techniques to minimize 
exposure to the fetus, usually provide sufficient 
information to arrive at a diagnosis. The risk of 
inducing a congenital anomaly or later development 
of a malignancy or leukemia is miniscule. Most diag
nostic radiographic procedures result in an exposure 
to the fetus of between 0.02 centiGray (cGy) and 
5 cGy, well below the estimated minimal dose of 
20 cGy to produce growth restriction, possible m en
tal retardation, or gross anatomic malformation. 
Based on controversial data, the risk for a childhood 
carcinogenic effect for a calculated 1 cGy fetal expo
sure is very low, with estimates varying from 3.4 in
10,000 to 5 in 1,000,000 [12]. In contrast, ultra
sonography can be used liberally for a wide num 
ber of applications because no fetal ill effects are 
documented. Recently magnetic resonance imaging 
(MRI) has been used more frequently in the diagno

Laboratory and O ther Tests
sis of various surgical conditions during pregnancy 
[13,14].

SURGICAL TECHNIQUE 

Operative Incisions
The choice of the surgical incision in a gravid woman 
depends on the disease process for which surgery 
is indicated, gestational age and fetal presentation, 
experience of the surgeon, and the urgency of inter
vention required. The advantage of a vertical inci
sion is rapid easy access in a relatively bloodless 
plane, with potential for extension, if required. A 
vertical incision is also useful when the diagnosis 
is uncertain. The transverse incision has the advan
tages of superior cosmetic results and decreased 
pain, resulting in less pulmonary depression; its dis
advantages include increased operative time, more 
bleeding, and creation of multiple potential spaces. 
In the first trimester of pregnancy, operations on 
the pelvic organs are performed through a Pfannen- 
stiel, Cherney, or Maylard incision, unless a neo
plasm such as carcinoma of the ovary is suspected, 
for which a midline incision is recommended. The 
uterus grows outside of the pelvis by the twelfth 
to fourteenth week of gestation. If a laparotomy is 
needed after this time, a midline incision, extended 
cephalad as necessitated by the size of the gravid 
uterus, provides better exposure. Properly closed 
midline incisions, as compared to transverse inci
sions, are not associated with an increased rate of 
dehiscence [15-17], For suspected appendicitis, a 
muscle-splitting incision is made over the point of 
maximal tenderness. The appendix is usually dis
placed upward and outward toward the right upper 
quadrant as pregnancy advances, and the progres
sively enlarging fundus elevates the cecum [4]. 
In positioning the patient for surgery during the 
third trimester, a left lateral decubitus position is 
preferable to avoid supine hypotension from uterine 
compression of the inferior vena cava [9]. During 
abdominal procedures, manipulation of the preg
nant uterus is minimized to avoid uterine irritability.

An incision perpendicular to the skin, which 
avoids tangential cutting or a jagged, erratic line, 
yields the best cosmetic results. In incising the tis
sues, countertraction, applied to the skin and under
lying tissues by the assistant or the surgeon's non
dominant hand, fixes the area to be entered and

Surgery in Pregnancy 395
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guides the incision through natural anatomic planes, 
minimizing tissue disruption and bleeding. The skin 
and subcutaneous tissues: are incised with one sweep 
of the scalpel to the desired depth, restricting tissue 
damage [18]. The common practice of using a sec
ond knife for the subcutaneous tissues after incision 
of the skin does not reduce the risk of infection and is 
unnecessary because the knife blade is not a vehicle 
for bacterial contamination [19-21], Skin incisions 
made with an electrosurgical unit result in less blood 
loss and are accompanied by a rate of wound infec
tion similar to that of incisions made by a scalpel 
[22-24],

Skin Preparation, Hemostasis, and Wound Closure
Hemostasis by obliteration of bleeding vessels 
reduces the incidence of wound hematoma and 
infection and restricts blood loss. Pinpoint elec
trocoagulation below the dermis, using the lowest 
effective energy delivered to isolated bleeding ves
sels, minimizes thermal tissue injury. Ligature with 
fine polyglycolic acid suture material is also accept
able. For oozing and minor bleeding, gentle contin
uous pressure applied to the bleeding surface with 
a saline-moistened sponge is often effective and has 
the advantage of not devitalizing surrounding tissues 
or leaving foreign material in the wound [25].

Hair removal as a preparation for surgery has been 
a traditional practice based on two rationales: hair 
harbors bacteria, which can be a source of contam
ination, and hair can interfere with skin closure. 
Shaving hair from the operative site the evening 
before surgery however, increases the rate of wound 
infection by creating microcuts and microabscesses 
in the skin. No shaving at all is associated with the 
lowest risk of infection. If hair removal is required, 
it is best done immediately before the surgery by 
clipping the hair instead of shaving it [26,27].

A strong and dependable closure of the wound 
is most important during pregnancy because of the 
increased intraabdominal pressure. Clinical observa
tions and experimental data provide valuable infor
mation concerning wound closure. The parietal 
peritoneum need not be routinely closed. Its clo
sure does not strengthen the wound, and peritoneal 
closure leads to focal ischemic areas, favoring the for
mation of adhesions [28-30]. The peritoneal defect 
rapidly fills with an inflammatory exudate, which 
is replaced within 72 hours by fibroblasts and the

development of new mesothelium. The edges of the 
fascia should be closely, but not tightly approxi
mated. Excessively tight sutures cause strangulation 
of tissue and ischemic necrosis, increasing the poten
tial for dehiscence. The tensile strength of closely 
approximated wounds is far stronger that those in 
which a “tight" closure has been attempted [31,32], 
A continuous suture incorporating a “1.5 cm wide, 
1 cm apart” bite of fascia has the advantage of a bet
ter distribution of tension along the entire length 
of the incision, compared with interrupted sutures 
[33], Such running closures have greater wound- 
bursting pressure than figure-of-eight or Smead- 
Jones sutures. They save significant operative and 
anesthesia time, with a significant decrease in the 
rate of incisional hernias and no difference in wound 
infection or dehiscence rate [34-36]. In a continu
ous suture, however, the integrity of the entire clo
sure rests on a single suture and knot. Thus, close 
attention to detail to avoid damage to the suture 
and to the technique of knot tying is important. In 
particular, the suture should not be crushed with the 
needle holder, weakening the material.

Dead space within the wound favors the col
lection of blood and serum, providing a good cul
ture medium, and interferes with the local immune 
response. Attempts to obliterate dead space by 
suturing the subcutaneous tissues are inappropri
ate, however; Suture material in the subcutaneous 
plane acts as a foreign body, resulting in local areas 
of ischemia and tissue necrosis. Closure of the sub
cutaneous tissues does not add tensile strength to 
the wound and is best avoided [37], In a particu
larly wet case, a closed suction drain (Jackson-Pratt 
type] removes fluid and obliterates the dead space 
but can also increase the risk for wound infection. 
(Drains are discussed in greater detail later in this 
chapter.) A pressure dressing can reduce dead space 
formation in the wound, but as usually applied, such 
dressings are largely ineffective.

Suture Materials

The role of the suture material is to restore normal 
anatomic relationships while awaiting the patient’s 
own repair mechanisms to restore tissue integrity. 
If a perfect suture material were available, it would 
be easy to handle, have low tissue drag, maintain 
good knot security, and have lasting tensile strength. 
It would also be nonallergenic, provoke minimal
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inflammation, retain holding power in the presence 
of infection, and eventually resorh in a predictable 
fashion. Although this theoretically perfect material 
does not exist, several new materials do approach 
the ideal. Suture materials are divided based on their 
origin (natural or synthetic), absorbability within 
tissues, and whether they have a monofilament or 
braided structure. Each suture material has specific 
handling characteristics, advantages, and disadvan
tages. Silk is a natural, nonabsorbable suture m ate
rial, which has poor knot security in body fluids 
and loses its tensile strength within 14 days as it 
is degraded by hydrolysis, proteolysis, and phago
cytosis [38], Classic surgical gut has a tendency to 
fray easily with knot tying and causes an intense 
tissue reaction. In modern surgery, silk and gut 
have been replaced by synthetic materials. Both 
polyglycolic acid (Dexon) and polyglactin (Vicryl) 
are absorbable, multifilament, braided sutures that 
maintain tensile strength for 14 to 21 days and are 
completely resorbed in 28 to 70 days. Polydioxanone 
(PDS) and polyglyconate (Maxon) are synthetic, 
delayed, absorbable, monofilament sutures; they 
maintain 50% of their tensile strength at 4 weeks 
and are completely absorbed at 180 days. They 
are therefore excellent choices for fascial closure 
in abdominal incisions. Polypropylene (Prolene) is a 
nonabsorbable, or permanent, monofilament suture, 
which can be an advantage in infected wounds. In 
some thin patients the knots from polypropylene 
are palpable through the skin and are a source of 
discomfort or chronic sinus formation [39], Bury
ing the knot below the fascia largely prevents this 
problem. As a group, monofilament sutures are the
oretically less likely to be colonized with bacteria 
than the multifilament sutures, because they con
tain no interstices in which bacteria can hide.

The tying characteristics and knot security of sur
gical sutures depend on the configuration of the knot 
and number of throws. Two throws on a square 
knot or surgeon’s knot or three throws on a sliding 
knot have a high rate of knot failure, and these tech
niques are therefore not recommended. The loop- 
holding capacity of surgeon’s knots and square knots 
are comparable; the only benefit of a surgeon’s knot 
is that the double-loop first throw does not slip eas
ily. With thicker-gauge sutures, such as 0, square 
knots are clearly superior to sliding knots; with 
smaller diameter sutures, such as 3-0, the strength 
of the square knots and sliding knots with an extra

throw are identical. When the loop-holding capaci
ties of five-throw and three-throw sliding knots are 
compared, the additional two throws result in signif
icantly less knot failure for monofilament as opposed 
to multifilament synthetic sutures [40,41],

Skin Closure
Skin edges are approximated with stainless steel sta
ples, fine nylon sutures, adhesive strips (Steri-Strips) 
or tissue adhesive (cyanoacrylate). For an incision 
with minimal tension, closure with an adhesive strip 
or tissue adhesive provides the best cosmetic result 
and the lowest rate of infection [42,43], In terms 
of infection risks, skin staples have been considered 
superior to the least reactive nonabsorbable suture^, 
monofilament nylon [44], Recent reports suggest 
that a running subcuticular closure with polydiox
anone or polyglactin, even though it takes longer to 
place, results in less postoperative discomfort and 
better appearance than staples [45,46], Silk is not 
a good choice for skin closure because it is among 
the most reactive suture materials, and its braided 
multifilaments allow organisms to gain access to the 
wound more easily.

Drains
Drains are sometimes indicated in pregnant women 
undergoing surgery. The principal role of a drain 
is to prevent the accumulation of blood or other 
body fluids within the wound or other body cavity. 
Drains are also used to remove a purulent collec
tion, as with an appendiceal or pericolic abscess. A 
sump or vented drain that uses constant suction is 
less prone to blockage by fibrin or tissue and is more 
effective for evacuating abscesses than is any pas
sive drain. Drains are left in place long enough for 
a sinus tract to form and prevent premature heal
ing of the skin over an abscess cavity. Drains can 
also be used prophylactically to prevent the forma
tion of a hematoma or a seroma in the pelvis or in 
the subcutaneous tissues in obese or other high-risk 
patients. Even a sterile collection within the wound 
impairs healing, but the combination of a hematoma 
with bacterial contamination is an excellent nidus 
for wound infection. Based on these observations, 
the authors recommend a closed suction drainage 
system that emerges through a separate stab wound 
at cesarean hysterectomy or other major surgery
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evacuates serum and blood, and collapses the poten
tial dead space within the wound. The drain is 
removed when the volume of drainage is minimal, 
usually within 24 to 48 hours. Drainage has poten
tial complications. The risk of a prophylactic drain 
is that skin contaminants can gain retrograde access 
to the wound through the drain puncture site,, espe
cially if an open passive drain such as a Penrose drain 
is used. Such nonsuctioning open drainage is best 
avoided. A drain in the wound also acts as a for
eign body, potentially further impairing the host’s 
defense mechanisms. W hen the pros and the cons 
are weighed, it is best to drain for specific indica
tion only, using closed, constant-suction drains exit
ing through a stab wound separate from the original 
incision [47-51].

WOUND COMPLICATIONS

Impaired healing and wound infections are among 
the most common complications of surgery in preg
nant as in nonpregnant patients. Wound compli
cations are often prevented by careful technique. 
Gentle handling of tissues, adequate hemostasis, 
debridement of devitalized tissue, secure but not 
excessively tight fascial approximation, appropriate 
suture material, and avoidance of dead space usu
ally lead to uneventful wound healing by primary 
intention. Most pregnant women are young, in good 
general health, and do not suffer from additional 
risk factors for delayed healing such as malnutri
tion, cancer, diabetes mellitus, or immunosuppres
sive states. Nonetheless, pregnancy provides unique 
risks to wound integrity. W hen abdominal surgery 
is performed during pregnancy, the incision is sub
jected to increasing intraabdominal pressure as the 
pregnancy advances. This additional stress tends to 
pull the edges of the wound apart, especially with 
vertical incisions. Poor wound healing can result in 
an asymptomatic incisional hernia but also can result 
in a complete disruption of all wound layers, leading 
to evisceration of abdominal contents with poten
tially high mortality rates (10%-35%) [52],

Incisional Hernia

Pressure symptoms and discomfort around the inci
sion, accompanied by palpation of a protruding mass 
through a defect in the fascia, are diagnostic of an 
incisional hernia. The defect occurs when the edges

of the fascia either fail to heal initially or separate 
after inadequate healing. The defect can be small 
or involve the entire length of the incision. At the 
site of the hernia, the attenuated tissues are lim
ited to the peritoneum, the subcutaneous tissues, 
and the skin. As long as the hernial sac contents 
are reducible into the abdominal cavity, there is 
no urgency. When the herniated tissue cannot be 
reduced, however, incarceration is possible, poten
tially leading to bowel or omental strangulation. If an 
abdominal incisional hernia develops during preg
nancy but before delivery it is best managed con
servatively, with definitive repair performed elec
tively some weeks after parturition. As pregnancy 
progresses, the enlarging uterus usually displaces the 
bowel and omentum away from the abdominal inci
sion site, reducing the likelihood of visceral hernia
tion or strangulation. An attempted repair during 
pregnancy increases the risk of premature delivery 
and has a high failure rate. Indications for immediate 
operation include signs or symptoms suggestive of 
incarceration or strangulation. During correction of 
the hernia, the principles of repair include 1) recon
stitution of the normal anatomic planes, 2] freeing 
up, opening, and excising the hernial sac, 3) restitu
tion of the herniated viscera into the abdomen, and 
4) approximation of the separated aponeurotic and 
fascial structures with a nonabsorbable, continuous 
suture such as polypropylene [53].

Wound Dehiscence and Evisceration
Wound dehiscence or complete disruption of the fas
cia usually occurs between the fifth and fifteenth 
postoperative day. A copious serosanguinous dis
charge from the wound early in the postoperative 
period is an ominous sign of impending eviscera
tion. If the skin is intact, absence of a palpable 
healing ridge at the level of the fascia confirms its 
separation. Such a wound must be explored in the 
operating suite and not at the bedside. Extrusion 
of abdominal contents with potential bacterial con
tamination of the peritoneal cavity carries a high 
rate of morbidity and potential mortality [52], If 
evisceration occurs outside of the surgical suite, the 
defect and viscera should be immediately covered 
with moist sterile saline packs, and the patient must 
be promptly returned to the operating room. Broad- 
spectrum parenteral antibiotics to cover skin flora, 
as well as genital or gastrointestinal tract organisms.
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are administered. At surgery, the edges of the fascia 
are debrided, and a mass closure is performed using 
a continuous, large, monofilament nonabsorbable 
suture such as polypropylene. This closure incorpo
rates all tissue layers at a good distance from the fas
cial edges. Some surgeons reinforce this repair with 
retention sutures of similar material placed through 
the entire abdominal wall several centimeters from 
the wound edge. These retentions are placed under 
direct vision to avoid puncture or entrapment of 
intestinal loops. Specially designed bridges are used 
below these retention sutures to distribute the pres
sure of the suture, over a wider skin surface and pre
vent ulceration or cutting at the cutaneous puncture 
sites.

Wound Infection
Wound infections usually manifest between the fifth 
and the seventh postoperative day. The definition 
of wound infection includes 1) wound pain, com
bined with fever, and marginal cellulitis with or 
without minimal purulent exudate, 2) wound cel
lulitis with a significant amount of purulent mate
rial, or 3) a positive culture from a separated wound. 
Not every stitch abscess or minimal wound ery
thema qualifies as a wound infection. An infected 
wound can lead to additional complications, includ
ing bacteremia, fascial dehiscence, or rarely, necro
tizing fasciitis or septic shock. The risk of develop
ing a wound infection is related to the size of the 
bacterial inoculum, the surgical technique, and the 
immunocompetence of the host [54], Most bacte
ria responsible for wound infection are endogenous 
and originate from the gastrointestinal or genitouri
nary tract; therefore, despite the risk of uterine irri
tability, a preoperative mechanical bowel prepara
tion with fluid diet and cathartics is indicated in 
the unusual case of elective colonic surgery dur
ing pregnancy. Exogenous skin contaminants are 
less important in the etiology of wound infection 
since their numbers are significantly reduced by the 
usual chlorhexidine or povidone-iodine surgical skin 
scrub. Surgical technique plays an important role 
in prevention, with adequate hemostasis, preserva
tion of blood supply, debridement of necrotic tissue, 
gentle handling of tissues, and wound irrigation as 
prominent features of good technique. Prophylactic 
antibiotics are indicated when the intestinal or gen
itourinary tract are likely to be entered, the host’s

immunocompetence is compromised, or contami
nation of the operative site is likely due to known or 
suspected chorioamnionitis. Adequate coverage for 
bowel surgery includes a single-dose cephalosporin 
such as cefazolin, gentamicin plus clindamycin, or 
metronidazole [54], For cesarean delivery in high- 
risk patients, the recommended prophylactic treat
m ent is 1 g or 2 g of intravenous cefazolin adminis
tered after the umbilical cord is clamped.

Despite such preventive measures, wound infec
tions still occur. Responsible pathogenic organisms 
vary considerably with the site of surgery, the oper
ation performed, and the prevalent flora in the 
hospital environment. Common pathogens include 
Staphylococcus aureus, Group A streptococcus, entero- 
cocci, Escherichia coli, Pseudomonas aeruginosa, Pro
teus mirabilis, Bacteroides fragilis, and other anaero
bic bacteria [54]. The clinical signs and symptoms of 
an infected wound include localized pain, erythema, 
edema, seropurulent discharge, and fever. Staphy
lococcal infections lead more to abscess formation 
and thick odorless pus; streptococcal infections are 
less localized, with diffuse cellulitis, lymphangitis, 
vesicular formation, and less tendency for abscess 
formation. W ith a gram-negative aerobic infection, 
the local signs are often less impressive, but the 
patient has more systemic manifestations: such as 
fever, tachycardia, hypotension, or shock [55].

The treatm ent of an infected wound consists oi 
opening the wound for drainage, debridement of 
necrotic tissue, evacuation of pus, and irrigation. 
Systemic antibiotic therapy is indicated in more 
severe infections or in immunocompromised hosts; 
the choice being guided by the suspected organ
ism, the appearance of the wound, the presence 
of systemic signs, and the local hospital antibiotic 
resistance pattern. The wound edges can be reap
proximated after a few days when clean granulation 
tissue is present, using adhesive strips or interrupted 
monofilament sutures placed with the area under 
local anesthesia. Bacterial counts within the wound 
can be estimated by culture from a biopsy, but the 
clinical appearance of the wound in most cases is as 
reliable an indicator as laboratory studies that sec
ondary closure can be attempted [56].

Necrotizing Fasciitis
Necrotizing fasciitis, also known as streptococcal gan
grene of mixed bacterial infection, is a severe type
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of wound infection that can involve an abdominal 
incision or, uncommonly, a perineal wound such as 
an episiotomy site. Tissue necrosis develops from 
the synergistic action of gram-positive cocci and 
both aerobic and anaerobic gram-negative bacilli. 
Certain debilitating systemic diseases such as can
cer or advanced diabetes, uncommon in pregnant 
women, increase the risk of necrotizing fasciitis. In 
addition to cellulitis, multiple skin ulcers are some
times observed, draining a thin reddish-brown foul
smelling exudate. On palpation, there can be crepi
tus and altered sensation, ranging from severe ten
derness to anesthesia. The clinical course of this 
unusual disorder is variable, either indolent or fulmi
nant. Gangrene of the skin sometimes occurs owing 
to thrombosis of cutaneous vessels. Clinical mani
festations range from dusky areas to areas of frank 
sloughing; pus formation is scant. Systemic signs Can 
include fever and chills, or even septic shock. Blood 
cultures are frequently but not invariably positive. 
The diagnosis is suggested when probing a wound 
demonstrates easy separation between the subcu
taneous tissues and the fascia, and interconnection 
between skin ulcers. A common finding is a thin gray 
“dishwater” wound discharge and the observation 
that wound probing fails to elicit bleeding. A biopsy 
reveals a characteristic pattern of tissue necrosis and 
bacterial invasion. Gram’s stains most often reveal a 
mixture of gram-positive and gram-negative organ
isms, unless the patient suffers from streptococcal 
or clostridial gangrene [57],

Aggressive therapy is required for necrotizing 
fasciitis because the risk of mortality is high [58], 
The most important treatment is urgent, radical 
debridement, resecting all necrotic tissue and expos
ing normal fascia. W hen a full-thickness abdominal 
wall defect is involved, a synthetic mesh graft can 
be necessary to allow closure of the defect. Post
operative irrigation of the wound removes residual 
purulent and necrotic material. Ancillary therapy 
with broad-spectrum antibiotic coverage is appro
priate, including an aminoglycoside, metronidazole 
or clindamycin, combined with high-dose ampi- 
cillin. O ther widespread antibiotic regimens can be 
appropriate, based on local pathogens and sensitiv
ities. Hyperbaric oxygen can reduce morbidity and 
mortality by improving tissue oxygenation but is 
only ancillary to surgical debridement [59]. The 
prognosis in necrotizing fasciitis is always guarded 
and depends largely on the underlying disease pro

cess, overall immunocompetence of the patient, and 
especially the delay until the initiation of definitive, 
surgical therapy.

SYSTEMIC COMPLICATIONS 

Febrile Morbidity
Fever is a common occurrence after any surgical pro
cedure. By itself, a temperature elevation is neither 
a serious complication nor necessarily an indication 
for antibiotic therapy. Postoperative fevers are so 
common that there is no consensus as to what repre
sents a normal postoperative temperature or what is 
considered febrile morbidity. In one review of the lit
erature, 32 definitions of postoperative febrile mor
bidity were referenced from 92 publications [54]! 
Diagnostic criteria were more or less stringent, rang
ing from 38.6°C in the first 24 hours after surgery, 
or more than 38.3 C thereafter, to 37.5 C on two 
or more consecutive days more than 24 hours after 
surgery.

Practically, the magnitude of a fever and the pres
ence or absence of other clinical signs, including 
tachycardia, tachypnea, hypotension, oliguria, jaun
dice, abdominal distension, wound pain, confusion, 
or drowsiness, can help to discriminate a minor com
plication from a more serious one. The differential 
diagnosis includes atelectasis, dehydration, superfi
cial phlebitis at the intravenous infusion site, drug 
fever, a mild transfusion reaction, pneumonia, uri
nary tract infection, wound infection, intraabdom
inal abscess, anastomotic leak, or central venous 
line sepsis. Potential noninfectious etiologies of fever 
include thromboembolism, myocardial infarction, 
pancreatitis, or tumor, among others [60], In the 
pregnant patient, any serious systemic infection can 
result in fetal tachycardia or potentially be associ
ated with premature labor.

A systematic approach to the differential diag
nosis is based on the site and type of surgery, and 
the time since the initial operation. In the initial 
24 to 48 hours, atelectasis is the most common 
source of fever. This is particularly true with surgery 
in the upper abdomen because the patient’s deep 
inspiratory efforts are impaired by pain. The fever 
usually associated with atelectasis is low grade, less 
than 38.5®C, but occasionally can be as high as 
40 C. Most patients with atelectasis appear well, 
w ithout other morbid clinical signs, unless excessive
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sedation is the primary cause leading to poor ven
tilation. Auscultation of the lungs usually reveals 
poor inspiratory efforts and line inspiratory crepi
tations heard at the bases. Because most pregnant 
women are neither debilitated nor immunocompro
mised, the risk of pulmonary consolidation is low. 
In most cases, a chest radiograph is not indicated. 
The surgical site should be examined even though 
wound infection is uncommon in the first 2 days 
after surgery. The patient’s hydration status and any 
intravenous sites should also be checked for signs 
and symptoms of inflammation. Urinalysis and urine 
culture should also be performed, because urinary 
tract infection is a common and serious cause of mor
bidity especially in the pregnant woman. Treatment 
of atelectasis is conservative and includes encourag
ing the patient to take deep breaths and cough, use 
incentive spirometry, and ambulate. Occasionally, 
chest physiotherapy is indicated. Analgesics can be 
increased if incisional pain is perceived to be the 
problem or reduced if the patient is oversedated. 
Ambulation and vigorous pulmonary toilet speed 
up the recovery process. If the diagnosis is correct, 
the fever will promptly disappear without additional 
treatment.

Fever that persists or begins four or more days 
after surgery is suggestive of infection, especially it 
the patient complains of unusual pain, the antici
pated postoperative leukocytosis does not resolve, 
or there is a shift to the left in the differential 
count. Pain, erythema, edema, or increased warmth 
over the wound suggests a wound infection. Chest 
examination or radiography could indicate pneumo
nia. Microscopic examination of the urine for white 
blood cells and bacteria, and urine culture and sen
sitivity is mandatory. Empirical antibiotic therapy 
for the pregnant woman with presumed pneumonia, 
urinary tract infection, or uterine infection pending 
culture results is appropriate. The choice of agent is 
based on the severity of the patient’s clinical condi
tion, any known hypersensitivity to medications, the 
hospital flora and local resistance pattern for noso
comial infection, and the stage of pregnancy. If the 
patient has either an arterial or venous indwelling 
catheter or central line and no other apparent source 
of infection is identified, it is best to remove or 
replace the catheter, perform cultures, and initiate 
broad-spectrum antibiotic coverage.

An intraabdominal abscess is suspected when 
abdominal surgery for an infectious process or a

bowel resection was performed and then an other
wise unexplained fever developed after 4 to 7 days. 
Persistent abdominal pain or localized tenderness, 
abdominal distension, and ileus suggest the same 
diagnosis. An abdominal abscess is a major compli
cation in any patient but even more so during preg
nancy. The inflammatory process can prove irritat
ing to the gravid uterus, or the infection could spread 
to the uterus and the membranes, risking amnioni
tis and preterm labor. Whenever an abscess is sus
pected in a pregnant woman, it must be promptly 
evaluated to prevent further morbidity and poten
tial mortality. Several studies are potentially useful. 
Ultrasound examination of the abdomen could iden
tify an abnormal collection. A CT or MRI is some
times indicated in a sick patient if there is a high 
index of suspicion. Localization of an abscess can 
allow safe percutaneous catheter drainage of the col
lection, obviating the need for another laparotomy. 
If the gravid uterus prevents safe access to the col
lection, and the patient remains ill despite adequate 
antibiotic therapy a second laparotomy is indicated, 
because the morbidity associated with an untreated 
abscess is unacceptable.

Most pregnant women with postoperative febrile 
morbidity or infection respond to supportive ther
apy, antibiotics, or surgical drainage. Nonetheless, 
the  surgeon must remain alert for other poten
tial complications if the original infection does not 
resolve. The patient’s condition can change rapidly 
if the organism responsible produces an endotoxin. 
Such infections can progress to septic shock, with 
multisystem effects. A cascade of events in the 
microcirculation and at the cellular level results 
in hypotension, initially increased cardiac output 
then changing to myocardial depression, arteriove
nous shunting in the lung, alveolar-capillary leakage 
or pulmonary edema, oliguria, thrombocytopenia, 
disseminated intravascular coagulation, and central 
nervous system changes. Such severely ill patients 
need intensive care and often require invasive mon
itoring to direct therapy properly. This management 
is better provided in an intensive care unit setting, 
with consultation and concurrent care by an inten
sive care specialist.

Deep Vein Thrombosis and Pulmonary Embolism
The incidence of deep vein thrombosis (DVT) in 
pregnancy is approximately five times that of
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nonpregnant women of comparable age [61], Deep 
vein thrombosis has been reported to complicate 
0.13 per 1,000 women in the antepartum period 
and 0.61 per 1,000 women in the postpartum period 
[62], Pregnancy is a hypercoagulable state. Mater
nal physiologic adaptations to gestation include 
elevations of several coagulation factors and fibri
nolytic proteins that are believed to contribute to 
the prevention of hemorrhage at the time of deliv
ery. Plasma levels of fibrinogen increase approxi
mately 50%; coagulation factors VII, VIII, X, and 
XII increase significantly, and prothrombin (factor 
II) to a lesser degree; there is some reduction in 
factors XI and XIII. Coagulation factors \ A and IX 
do not change during pregnancy. The net result is a 
shorter prothrombin time (PT) and partial throm 
boplastin time (PTT). Despite elevated maternal 
plasminogen, there is decreased fibrinolytic activity. 
Levels of Protein S are significantly decreased during 
pregnancy, whereas concentrations of the antifibri
nolytic type 1 plasminogen activator inhibitor are 
increased by up to threefold [63], Antithrombin III 
(AI -III) and Protein C levels are unchanged in nor
mal gestation. With all of this, the risk of hemor
rhage is reduced, but more important, the risk of 
thromboembolism is increased.

Surgery independently increases the risk of DVT. 
The pregnant woman who undergoes surgery is 

believed to be particularly at risk, even though the 
literature contains minimal data on perioperative 
thromboembolic complications during pregnancy. 
A previous history of DVT significantly increases 
the risk of thromboembolism. Interference with 
the congested venous system during deep pelvic 
or retroperitoneal surgery can lead to subclinical 
endothelial injury, which can initiate the coagula
tion process. Venous stasis in the lower extremi
ties increases as pregnancy advances, mostly because 
of extrinsic compression of the iliac veins by the 
enlarged uterus at the pelvic brim [64], Reduced 
ambulation after surgery further gives rise to sta
sis. Other clinical risk factors for DVT include vari
cosities with venous vascular insufficiency, increased 
parity, trauma, nephrotic syndrome, obesity, and 
increased bedrest [65]. DVT occurs more often after 
Cesarean than after vaginal delivery [66].

Pregnant women with the antiphospholipid syn
drome or the inherited thrombophilias have a fur
ther increased risk of venous thrombosis [67,68], 
The antiphospholipid antibody syndrome (APS)

is the most common acquired thrombophilia and 
accounts for 14% of venous thrombosis in preg
nancy [67,68], These antibodies are directed against 
proteins bound to negatively charged (anionic) 
phospholipids. The most commonly encountered 
antiphospholipid antibodies are isolated lupus anti
coagulant antibodies, anticardiolipin antibodies, and 
anti-p2-glycoprotein-I antibodies [62], The inher
ited forms of thrombophilia include a wide variety 
of relatively common genetic conditions that predis
pose women to DVT. They include gene mutations 
of Factor V Leiden and prothrombin G20210A, 
antithrombin III deficiency, deficiency of Protein S 
or Protein C, and hyperhomocysteinemia because of 
abnormality of the methyl-tetrahydrofolate reduc
tase gene. Inherited thrombophilias increase the risk 
of thromboembolism in pregnancy eightfold [62], 

The major impetus for the prevention and treat
ment of DVT in pregnant women is the avoidance 
of pulmonary embolism (PE). The occurrence of 
PE depends on whether treatment for DVT has 
been initiated in a timely fashion. If untreated, up 
to 25% of patients will develop PE, with a mor
tality rate of 15%. In contrast, fewer than 5% of 
treated patients will develop PE, with a less than 
1% mortality rate. Unfortunately, the medical lit
erature is of limited assistance in reaching treat
ment decisions in many cases. Most clinical trials 
evaluating various preventive measures for periop
erative thromboembolism were conducted outside 
of pregnancy; therefore, their findings and conclu
sions cannot be automatically applied to the preg
nant patient. Conversely, clinical trials of low-dose 
heparin in pregnancy generally recruited patients 
with high-risk factors, mostly previous thrombo
sis, and have not focused on otherwise uncompli
cated surgical patients. Some extrapolations from 
published data and clinical experience are reason
able, however. In nonpregnant patients undergoing 
major surgery, the incidence of fatal thromboem
bolic events is reduced by low-dose heparin ther
apy, 5,000 units S.C twice a day, started before the 
procedure and continued until the patient is ambu
latory [69], These results were not reproducible in 
a trial of low-dose heparin in patients undergoing 
major gynecologic surgery, however [70], Given the 
uncertainty and lack of data in the literature, the 
authors recommend the use of low-dose heparin to 
reduce the risk of thromboembolic complications 
if major elective surgery is performed on a pregnant
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woman when prolonged anesthesia of extensive dis
section, especially around major vessels, is expected, 
or who might have malignant disease. The dose 
and frequency of administration of heparin might 
need to be adjusted in pregnancy because of the 
increased distribution volume and the hypercoag- 
ulable state. In one study aimed at prophylaxis in 
women with a previous history of thrombophlebitis, 
the dose of heparin was titrated according to the 
plasma heparin concentration, as determined by the 
anti-factor Xa activity; the total dose required per 
24 hours ranged from 13,000 units to 23,000 units, 
with a mean of 16,000 units [71], The risk-benefit 
ratio and the effectiveness of prophylactic heparin 
administration in pregnant women undergoing elec
tive surgery have not been adequately evaluated 
and therefore remain controversial. Heparin is the 
preferred systemic drug for anticoagulation during 
pregnancy because this agent does not cross the pla
cental barrier, leaving the fetal coagulation system 
unaffected.

Besides pharmacologic prophylaxis, mechanical 
interventions, such as intermittent pneumatic com
pression stockings, reduce the risk of thrombosis 
by promoting venous return in the lower extrem
ity. Their efficacy in nonpregnant surgical patients 
has been demonstrated, but no published series 
addresses their use in pregnant women undergoing 
surgery [72], As there is no risk associated with the 
use of these stockings, and some benefits have been 
documented, their routine use in high-risk patients 
undergoing surgery is recommended.

Postoperative DVT in the lower extremity can 
be suspected when the classic signs and symptoms 
of pain, calf or thigh tenderness, edema, erythema, 
and flow redistribution to the superficial venous sys
tem are noted. The clinical manifestations of venous 
thrombosis are often subtle or absent, making the 
clinical diagnosis of DVT in pregnancy inaccurate 
and unreliable. A high index of suspicion is nec
essary, because more than one half of the patients 
exhibiting the classic features of DVT do not have 
the condition. The clinical impression of thrombo
sis must be confirmed by objective investigations 
because of the unacceptably high false-positive and 
false-negative diagnostic rate for unaided clinical 
evaluation. Compression color Doppler ultrasonog
raphy of the lower extremities should be performed 
to confirm the diagnosis, because it has been found 
to be >98% sensitive and >96% specific in detect

ing thromboses of the deep femoral and popliteal 
veins [73]. If ultrasound findings are abnormal, DV1 
is diagnosed and treatment initiated with a follow- 
up scan within 3 days to confirm the results [62]. 
If ultrasound findings are normal but there is a 
high index of suspicion (i.e., positive history, clinical 
progression), contrast venography is indicated [62], 
Venography with an abdominal lead shield exposes 
the fetus to low levels of radiation. Contrast venog
raphy is the most accurate method of diagnosing 
DVT in pregnancy. Recently, MRI or CT has been 
used to make the diagnosis.

A patient with or without peripheral venous 
thrombosis can present with chest pain, tachypnea, 
hemoptysis, air hunger, or anxiety, strongly suggest
ing the diagnosis of PE. Often, however, the ini
tial symptoms are not this dramatic. There are often 
no physical signs of right ventricular strain. Hypox
emia and respiratory alkalosis, although suggestive, 
are not diagnostic. In establishing the correct diag
nosis, a plain chest radiograph excludes major con
solidation, atelectasis^ pneumothorax, or pulmonary 
edema. Echocardiographic findings in severe cases 
can include right ventricular dilation and hypoki- 
nesis, tricuspid regurgitation, and pulmonary artery 
dilation [62]. An electrocardiogram can reveal right 
bundle branch block, right axis shift, Q wave in leads 
III and a ventricular fibrillation (VF), S wave in leads 
I and a VL >1.5 mm, T wave inversions in leads 
III and a VF, or new-onset atrial fibrillation (AF) 
[62]. As for DVT, anticoagulation can be initiated 
before a definitive diagnosis of PE if there is a strong 
clinical suspicion. Before committing the patient to 
long-tem therapy the diagnosis must be confirmed.

The traditional initial evaluation of a woman sus
pected of having a PE has been a ventilation and 
perfusion scan (V/Q scan). The V /Q  scan can be 
normal or show a low, moderate, high, or indeter
minate probability of PE, based on the presence or 
absence of a mismatch, where a portion of the lung 
is ventilated but not perfused. No further investiga
tion is required if the V /Q  scan is normal, and hep
arin, if started, can be discontinued. The scan has a 
high specificity and patients whose studies are inter
preted as indicating a high probability of embolism 
are best treated with anticoagulants. Because of 
the relatively low sensitivity of this study and the 
serious potential risk if a case of embolism is not 
treated, however, pulmonary angiography is advised 
in patients with a low-probability scan, if the clinical
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signs and symptoms are suggestive [74]. Pulmonary 
angiography is also indicated in selected cases for 
which known pulmonary infiltrates or pneumonia 
renders the V /Q  study noninterpretable. Spiral CT 
can be used instead of angiography when a V/Q 
study is nondiagnostic [75]. At the present time, 
spiral chest CT is being used in many centers as the 
noninvasive alternative to the V/Q  scan for initial 
evaluation of PE. Radiation exposure to the fetus is 
lower than that of a V/Q  scan [76]. Spiral CT is 
highly sensitive and specific for diagnosing central 
pulmonary artery thrombi, but it is insensitive for 
diagnosing subsegmental clots. A high-risk patient 
with a positive spiral CT requires therapy, but if the 
spiral CT is negative, she should undergo pulmonary 
angiography.

The goals of therapy for DVT are to prevent 
clot extension and embolization. The primary ther
apy includes anticoagulation, analgesia, and eleva
tion of the leg until the clot becomes organized. For 
PE, heparin is given parenterally, and supplemen
tal oxygen and standard resuscitative measures are 
prescribed to maintain adequate oxygenation and 
cardiac output. Specific therapy for thromboem
bolism consists of anticoagulation until the end of 
the pregnancy and through the early postpartum 
period, until the hypercoagulable state and the risk 
of venous stasis abate.

Heparin, a large and highly polar molecule, is the 
anticoagulant of choice during pregnancy because 
it does not cross the placenta, appears to be safe 
for the fetus, and does not enter breast milk. Ear
lier concerns about heparin’s possible detrimental 
effects in pregnancy have been dispelled [77,78], 
A comprehensive review of the literature yields a 
rate of 13.3% for adverse fetal outcomes, includ
ing abortion, stillbirth, neonatal death, or congen
ital anomalies for patients receiving heparin alone. 
After excluding pregnancies with maternal comor- 
bid conditions independently associated with poor 
fetal outcome, and cases of prematurity with a nor
mal outcome, the rate of adverse fetal outcomes fell 
to 3.0% compared with 16.9% for patients receiv
ing oral anticoagulants. Based on these data, hep
arin remains the drug of choice in pregnancy if anti
coagulation is indicated for the treatm ent or the 
prevention of thromboembolic disease [77], The 
major drawback of heparin is its parenteral route of 
administration. Most pregnant women are capable 
of self-administering subcutaneous heparin twice

or three times a day with the dose adjusted to 
maintain the activated partial thromboplastin time 
(aPIT) at 1.5 to 2 times the control. The platelet 
count should be monitored periodically because of 
the risk of thrombocytopenia. Early-onset heparin- 
induced thrombocytopenia is mild, and patients 
are usually asymptomatic; delayed-onset heparin- 
induced thrombocytopenia is a more severe com
plication, which can result in thrombotic episodes, 
limb amputation, or even death [79], Osteoporotic 
vertebral fractures are also possible and can occur in 
up to 2.2% of pregnant women on prolonged hep
arin therapy [80],

Low-molecular-weight (LMW) heparin is a safe 
and effective alternative to unfractionated hep
arin because it does not cross the placenta and 
has no teratogenic effects [81], LMW heparin has 
a longer half-life and bioavailability, a more pre
dictable dose-response relationship, and decreased 
risk of thrombocytopenia and hemorrhage than 
unfractionated heparin. In pregnancy it can be used 
to treat patients with DVT, PE, or thrombophilic 
disorders. The goal of therapy is to maintain the 
anti-factor Xa activity between 0.5 units/ml and 
1.2 units/ml and the heparin level between 0.2 
units/ml and 0.4 units/ml [82], To avoid epidural 
hematoma formation after regional anesthesia while 
receiving LMW heparin, patients can be switched 
to unfractionated heparin at or near term (36-37 
weeks). Regional anesthesia should not be used 
within 24 hours of the last dose of LMW heparin. 
Consultation with an experienced anesthesiologist 
is indicated [83], (see Chapter 9, Obstetric Anes
thesia)

During a completely uneventful, spontaneous 
vaginal delivery, intrapartum bleeding is not usu
ally increased in the patient who is receiving hep
arin, because most obstetric hemostasis results from 
obliteration of the vascular bed at the implantation 
site by contraction of the myometrium. The risk 
of excessive bleeding is substantial with any oper
ative delivery, however, especially if there are epi
siotomy extensions or birth canal lacerations. Hep
arin therefore should be discontinued at the onset 
of labor or before an elective cesarean delivery, or 
the dose reduced until normal laboratory results 
are reported. The half-life of heparin is short, and 
its effects remit within 2 to 4 hours. In an emer
gency, protamine sulfate rapidly reverses the antico
agulation of heparin, although overdosing must be
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carefully avoided. Heparin can be safely resumed 
6 to 8 hours after delivery. Some clinicians prefer 
to allow the PTT to fall to normal or near normal 
with the onset of labor and then initiate mini-dose 
(1 IU/kg/hr-2 IU/kg/hr) or low-dose heparin (200 
IU/hr-600 ILJ/hr titrated to not extend the PTT), 
maintaining this dose throughout labor. If either of 
these regimens is chosen, full heparin doses should 
be resumed 6 to 8 hours postpartum.

When DVT has been diagnosed during preg
nancy the woman should receive therapeutic anti
coagulation for at least 3 months during the 
pregnancy followed by prophylactic therapy [82]. 
Kearon and colleagues have found that 6 months 
of anticoagulation treatment after a first episode, of 
idiopathic DVT reduced the recurrence rate to 1.3% 
per patient year compared with 23% for patients on 
a 3-month regimen [84]. Postpartum anticoagula
tion should be continued for 6 to 12 weeks after 
DVT and for 4 to 6 months after PE or complex 
iliofemoral DVT. Oral anticoagulant therapy can be 
initiated postpartum by titrating the warfarin dose 
to maintain the patient’s international normalized 
ratio (INR) at approximately 2.0. Heparin should 
be maintained during the initial 4 days of warfarin 
therapy or until a therapeutic INR is reached to 
avoid warfarin-induced skin necrosis and paradoxic 
thromboembolism [62].

Warfarin is a widely used anticoagulant outside of 
pregnancy because it offers ease of administration by 
the oral route and documented efficacy. The antico
agulant activity of warfarin is a result of its inhibition 
of vitamin K, which is a cofactor in the synthesis of 
factors VII, IX, X, and prothrombin (factor II). The 
risks of warfarin in pregnancy include a 33% risk 
of embryopathy wrhen exposure is between gesta
tional weeks 7 and 12, because it is loosely bound 
to albumin and crosses the placenta. The currently 
held pathophysiology for the embryopathy is that 
focal hemorrhages occur from anticoagulation in the 
embryo as the drug crosses the placenta. The anoma
lies most commonly reported are nasal hypoplasia 
and stippling of the vertebral and femoral epiphyses. 
Also observed are optic atrophy cataracts, micro
cephaly, microphthalmia, blindness, mental retarda
tion, and skeletal malformations. The risk of inges
tion of warfarin in the third trimester is increased 
bleeding: specifically, intrapartum and postpartum 
hemorrhage in the mother, and internal bleeding in 
the fetus at delivery, including intracranial hemor

rhage [77]. Vitamin K or fresh-frozen plasma can 
be used to reverse the effect of warfarin. If warfarin 
is used postpartum, the dose should be titrated to 
maintain the PT approximately 1.5 times the con
trol. Because of significant variability between lab
oratories, the INR is currently used to monitor the 
anticoagulant effect of warfarin. For patients with 
DVT or PE, the aim is to keep the INR between 
2.0 and 3.0. Pregnant women with mechanical heart 
valves might require warfarin use during the sec
ond trimester of pregnancy because current studies 
suggest an increase in thrombogenic complications 
using unfractionated heparin [85,86]. Both warfarin 
and dicumarol (bishydroxycoumarin) are classified 
by the American Academy of Pediatrics as compat
ible with breastfeeding.

The placement of a Greenfield filter in the infe
rior vena cava is sometimes required in patients with 
recurrent PE despite adequate anticoagulant ther
apy, patients with PE or iliofemoral DVT who have 
a contraindication to anticoagulation therapy, and 
patients who develop serious hemorrhagic sequelae 
with anticoagulant therapy [62],

Women with inherited thrombophilias are at 
increased risk of thromboembolism in pregnancy. 
They can exhibit unusual thrombotic episodes of 
the sagittal, mesenteric, and portal veins. Eight per
cent to fourteen percent of Caucasians m eet labora
tory criteria for a thrombophilic disorder, excluding 
hyperhomocysteinemia; however, they account for 
70% of venous thromboses diagnosed in pregnancy 
[87,88], Pregnant women with low-risk throm
bophilias (e.g., heterozygotes for the factor V Leiden 
and prothrombin G20210A mutations, Protein C 
or Protein S deficiencies, or hyperhomocysteinemia 
unresponsive to folate and vitamin Bi? therapy), and 
no personal history of DVT do not appear to require 
antepartum anticoagulation because they have a low 
incidence of DVT in pregnancy (0.2%-4%) (63). 
They should receive postpartum prophylaxis if they 
require a cesarean delivery or if they have other 
major risk factors for thrombosis (e.g., obesity prior 
prolonged bedrest, strong family history) [89,90]. A 
pregnant patient with an inherited thrombophilia of 
low thrombogenic potential and a history of throm
boembolism should be treated with prophylactic 
unfractionated or LMW heparin during pregnancy. 
Patients with highly thrombogenic thrombophil
ias (i.e., antithrombin deficiency or homozygotes 
for the Factor V Leiden or prothrombin G20210A
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mutations), regardless of personal history of venous 
thrombosis; should be treated with full therapeutic 
anticoagulation during pregnancy. They should be 
maintained on anticoagulation for at least 6 weeks 
postpartum, and, if they have had a previous venous 
thromboembolism, anticoagulation should be con
tinued for up to 3 months. Patients without an iden
tifiable thrombophilia whose previous thrombosis 
occurred during pregnancy should probably be given 
low-dose heparin as antenatal prophylaxis.

IATROGENIC INJURIES 

Avoidance
Whenever surgery is performed, there is a poten
tial for injury to viscera or other structures. In 
pregnancy, this risk is increased owing to limited 
exposure, because the uterus occupies a good deal 
of intraabdominal space in the second and third 
trimesters. Contributing risk factors for injury are 
obesity, distortion of the anatomy by the pathologic 
process or adhesions from previous surgery, inade
quate anesthesia, haste during surgical emergencies, 
inexperience of the surgeon, and failure to follow 
sound surgical technique. As with any type of med
ical injury, prevention or recognition and prompt 
treatment of the problem at the time of the original 
surgery are best. Prevention by careful case selection 
and close attention to detail avoids most surgical 
misadventures, thereby reducing immediate intra
operative and postoperative morbidity, long-term 
sequelae, and eventual medicolegal consequences. If 
an injury occurs despite careful attention to detail, 
the risk of complications is significantly lessened 
by its immediate recognition and repair. During 
abdominal surgery, iatrogenic injuries commonly 
involve the gastrointestinal and urinary tracts. Vas
cular injuries are uncommon; neurologic injuries 
occur even less frequently. Most iatrogenic lesions 
result from the inadvertent laceration, crushing, lig
ation, or transection of various structures, or by ther
mal injury from electrosurgical units.

If an inadvertent injury occurs, the surgeon must 
ensure a satisfactory repair. If the damaged viscus 
or structure is outside the area of expertise of the 
obstetrician, it is advisable to immediately consult a 
surgeon with more experience, or one from another 
specialty, for advice and help on how best to man
age the problem. In all cases, the accident must be

fully reported in the operative note, including the 
mechanism and extent of injury, and a description 
of the repair. Soon after the surgery, the patient and, 
when appropriate, her family, must be informed of 
the injury. Attempts to conceal an injury are uneth
ical and could lead to more questions, anger, and 
potential litigation. The surgeon can, when appro
priate, stress complicating factors that led to the 
injury and the expected good outcome from the 
repair. It is always best to begin with an open and 
frank approach to the patient and seek appropriate 
consultation while fully documenting all events.

Gastrointestinal Injuries
Lacerations of the intestinal tract occur during 
intraabdominal surgery with a reported incidence of 
approximately 0.8% [91], Most bowel lacerations 
occur on opening the peritoneal cavity or during 
dissection of dense adhesions in patients with pre
vious surgery. Opening through a previous incision 
is always best performed meticulously. W hen oper
ating on patients who have had previous abdominal 
surgery, the surgeon should enter the peritoneum 
away from the site of the previous scar. Grasping 
and tenting the peritoneum with fine instruments 
and palpating for intestinal loops before incision of 
the peritoneum reduce the risk of laceration. Sharp 
dissection is preferable to blunt technique in sepa
rating dense inflammatory neoplastic, or endometri- 
otic adhesions. Although uncommon in obstetric 
patients, if elective bowel surgery is planned or 
in patients expected to be at high risk for bowel 
injury, a mechanical bowel preparation and preop
erative intravenous antibiotics are indicated. A clear 
fluid diet followed by magnesium citrate, 300 ml, 
or iso-osmotic polyethylene glycol (GoLYTELY) 4 
liters PO, and enemas to clear return, are an effec
tive cathartic regimen. Intravenous gentamicin and 
metronidazole or clindamycin should be adminis
tered before the surgical incision, preferably at the 
induction of anesthesia. If such bowel treatments are 
given to pregnant women, close attention to main
tenance of a normal vascular volume and normal 
electrolyte balance is essential.

Three of four iatrogenic bowel injuries involve 
the small intestine [91]. The characteristic greenish 
small bowel content can be visible at the time of the 
injury even if the enterotomy is not readily appar
ent. Such lacerations must be located and repaired 
immediately. Seromuscular tears not involving the
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mucosa should be approximated with interrupted 
fine silk, polyglycolic acid (Dexon), or polyglactin 
(Vicryl) suture on a tapered intestinal needle. Full
thickness defects, even if in the longitudinal axis 
of the bowel, should be repaired transversely to 
avoid narrowing the intestinal lumen. The tradi
tional closure includes continuous mucosal and sub
mucosal absorbable suture such as polyglycolic acid 
or polyglactin, with interrupted silk sutures on the 
seromuscularis. A single-layer repair incorporating 
the full thickness of the bowel wall with interrupted 
nonabsorbable suture such as silk or continuous 
polypropylene (Prolene) is also adequate. A lacer
ation that is very large, involves most of the circum
ference of the bowel, or has irregular edges is better 
treated by local resection and anastomosis; the con
tinuity of the bowel can be restored by hand-sewn 
sutures as above or with automatic stapling instru
ments, which might result in a lower rate of leakage 
[92], Whichever technique is used, the principles 
of the surgery are to 1) avoid tension on the anas
tomotic line, 2) maintain adequate perfusion to the 
proximal and distal segments, 3) create an adequate 
lumen at the anastomosis, 4) prevent hematomas in 
the suture line, and 5) avoid strangulation of bow7el 
wall by excessively tight sutures. In the postopera
tive period, functional restoration of bowel conti
nuity is monitored by routine clinical and radiologic 
techniques.

The pathophysiology and repair of lacerations 
to the large bowel differ inasmuch as the lumen 
is larger and the bacterial counts are several-fold 
higher than in the small bowel. The obstetrician- 
gynecologist should request the assistance of a gen
eral surgeon or a gynecologic oncologist, if avail
able, in the unusual case that bowel repair, resec
tion, or colostomy is required. The technique of 
repair is similar to that for the small intestine, except 
that compromise of the lumen is less likely by a 
suture line. Complex lacerations require resection 
and anastomosis, at the discretion of the senior sur
geon. A low anterior anastomosis deep in the pelvis 
can be greatly facilitated by the use of the end- 
to-end automatic stapler. A temporary colostomy 
might be necessary when an optimal repair is not 
possible or with unprepared bowel. A major spill 
of bowel contents through a complex tear with
out, previous bowel preparation and with subopti- 
mal repair involves a high risk of postoperative peri
tonitis and abscess. In addition to profuse irrigation

FIG U R E  16.2.
A, Preparation  o f  colon, B, securing the colostom y, C, 
m ucocutaneous suture.

and postoperative antibiotics, the surgeon should 
consider a protective proximal colostomy. When no 
other surgeon is available, the easiest colostomy to 
perform for the gynecologist who infrequently per
forms bowel surgery is a transverse loop colostomy 
in the right upper quadrant. This is also the eas
iest one to close at a later date without the need 
for a formal laparotomy. In this procedure, the skin, 
subcutaneous tissues, and anterior rectus fascia are 
incised transversely to the right of the umbilicus, at 
the level of the transverse colon. The rectus mus
cle is transected by electrocautery, and the posterior 
rectus fascia, fascia transversalis, and peritoneum are 
incised. The transverse colon is mobilized into the 
wound after dissecting the infracolic omentum over 
that segment and creating a window through an 
avascular space in the mesocolon (Figure \6.2A). 
A glass rod or ostomy bridge is passed below the 
colon through this defect and secured to the skin 
(Figure 16.2B). The antimesenteric border of the 
colon is then incised transversely or longitudinally, 
and sutured to the dermis with 3-0 polyglycolic acid 
or polyglactin sutures, incorporating the full thick
ness of the bowel wall (Figure 16.2C). The bridge 
can be safely removed after 7 to 10 days [93].

Thermal injuries to the bowel wall are potentially 
serious. Thermal trauma sometimes goes unrecog
nized at the time of surgery, only to become appar
ent 2 to 4 days later when the patient presents with 
bowel perforation complicated by peritonitis or sep
sis. The small and large bowels are at risk during
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any abdominal surgery when the electrosurgical unit 
is used for hemostasis or to divide tissue planes. 
Thermal energy is conducted to the bowel more 
often by inadvertent direct contact with the struc
ture than when the electracautery is deliberately 
applied. Thermal energy coagulates the microcir
culation, leading to ischemic necrosis and subse
quent perforation. The operator who always uses 
the electrocautery under direct vision and takes care 
to retract the bowel away from the site of electro
coagulation prevents most thermal injuries. With 
the monopolar cautery the current exits through a 
groundplate attached to the patient’s skin; therefore, 
structures such as the bowel inadvertently included 
in that loop can be injured. The risk of thermal 
injury is reduced with bipolar cautery because the 
electrical current loop is between the two plates of 
the instrument and is less likely to exit through an 
alternative pathway. If damage occurs despite stan
dard precautions, recognition of the injury at the 
time can save the patient significant morbidity. A 
small coagulation site limited to the serosa can be 
treated conservatively with observation. A deeper 
injury (i.e., extending more than 0.5 cm in diame
ter) is best treated by resection and anastomosis with 
a 3-cm to 5-cm margin of grossly normal-appearing 
bowel on either side. This wide resection border is 
prudent because the electrical current dissipates in 
the bowel, and microscopically the thermal injury 
extends well beyond the area of immediate or visu
ally obvious burn [94],

Failure to recognize a thermal bowel injury 
when it occurs allows the inflammatory reaction to 
progress and coagulation necrosis of the intestinal 
wall to occur. The patient becomes symptomatic 
after 2 to 3 days with nonspecific abdominal pain, 
nausea, or vomiting. Objective signs of peritonitis 
progressively develop. A high index of suspicion is 
necessary not to miss this diagnosis, further delay
ing laparotomy and resection of the involved bowel 
[94], It is advisable to consult with an experienced 
bowel surgeon as soon as a bowel injury is suspected.

Urinary Tract Injuries
Urinary tract injuries during abdominal surgery pri
marily involve the ureter and the bladder. (See 
Urologic Complications, Chapter 19.) During preg
nancy, variable hydronephrosis occurs. In addition, 
the left ureter is laterally and anteriorly displaced

by dextrorotation of the uterus [95]. In the second 
and third trimesters, the enlarging uterus impairs 
exposure to the lateral pelvic walls and increases the 
risk of injury. Common sites for iatrogenic ureteral 
injury include the pelvic brim during resection of 
an adnexal mass or, rarely, during a sigmoid resec
tion, and immediately adjacent to the cervix. For 
example, the paracervical portion of the ureter can 
be injured at cesarean delivery if an extension of the 
uterine incision involves the broad ligament. Dur
ing cesarean hysterectomy especially after labor and 
cervical dilatation, injuries are possible because the 
cervix is difficult to delineate by palpation. Ureteral 
injuries include transection, ligation, or crushing, 
alone or in combination. Damage to the vascular 
supply of the ureter and bladder might not result in a 
visible injury at the time of the procedure, but subse
quent postoperative ischemia can result in stricture 
or fistula formation.

Blind clamping, cutting, or suturing proximal to 
either ureter is imprudent. To expose the ureter 
properly the uterus is mobilized medially the side
wall peritoneum is incised posterior to the broad lig
ament, and the loose areolar retroperitoneal tissue 
is dissected bluntly exposing the iliac vessels. The 
ureter crosses the bifurcation of the common iliac 
artery is loosely attached to the medial leaf of the 
peritoneum, and courses lateral to the cervix below 
the uterine artery to: enter the bladder trigone after 
turning medially.

De-ligation is sufficient therapy for inadvertent 
ureteric ligation as long as the ureter appears viable 
and the injury is recognized during the surgery. Lig
ation with visible damage to the ureter or crushing 
within a surgical clamp is treated by insertion of 
a 6 or 8 French double-J ureteral stent or a pedi
atric feeding tube by means of a suprapubic cysto
tomy. If there is an obvious injury to the ureter, or 
if a clamp is left on the ureter for longer than an 
arbitrary 30 minutes, the likelihood of more exten
sive trauma and devascularization mandates a local 
resection and repair. In most cases, the obstetrician- 
gynecologist should promptly consult with a urol
ogist or a gynecologic oncologist if a ureteral com
plication occurs requiring resection or repair [96]. 
(See Urologic Complications, Chapter 19.)

During any lower abdominal laparotomy the 
bladder dome can be inadvertently lacerated or 
punctured as the peritoneal cavity is entered. The 
risk for this complication increases as pregnancy
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advances. The bladder progressively becomes an 
abdominal rather than pelvic organ because of its 
loose areolar attachment to the lower uterine seg
ment. The most commonly performed surgical pro
cedure during pregnancy, aside from an episiotomy, 
is cesarean delivery. The bladder is at risk for injury 
during its dissection off the lower uterine segment, 
especially during repeat cesarean operations. Pre
vious pelvic surgery also can cause the bladder to 
adhere to the anterior abdominal wall, increasing the 
risk of injury at the time of peritoneal entry. A sim
ple and mandatory measure is to empty or preferably 
drain the bladder continuously during surgery with 
an indwelling urethral (Foley) catheter. Prevention 
of injury is usually easy. It is safer to open the peri
toneal cavity at the upper end of a midline incision or 
the lateral portion of a lower transverse incision. At 
cesarean delivery, bladder lacerations can be avoided 
by sharp dissection, rather than blunt avulsion, of 
the vesicouterine space, especially in a repeat oper
ative delivery. If there is difficulty with exposure, 
the procedure should probably best be abandoned 
and the myometrium simply entered vertically or 
transversely at a different level, above the bladder 
reflection. If a bladder laceration is suspected but 
not readily apparent, the bladder can be filled with 
methylene blue or indigo carmine dye diluted in 
normal saline; sterile milk has also been used for 
the same purpose but is not always available in the 
operating suite.

If there is a bladder laceration, the most impor
tant step is to establish whether it involves the 
trigone. A superficial injury not involving the 
mucosa is simply repaired with a single continuous 
layer of 2-0 or 3-0 polyglycolic acid, polyglactin, 
or chromic catgut suture. A complete tear of the 
bladder away from the trigone should be repaired 
in two layers using the same suture materials. Con
tinuous sutures that incorporate the full thickness 
of the bladder wall on the first layer can be imbri
cated by a superficial second layer that involves 
the muscular tissue. If the laceration is close to 
the trigone, it is best to open the bladder dome 
after dissecting the space of Retzius and place the 
sutures under direct vision to avoid the ureteral ori
fices. If the laceration involves the trigone, it is pru
dent for the obstetrician-gynecologist to consult a 
urologist or a gynecologist experienced with blad
der injuries, because the risk of further injury to 
the ureter is significant. For simple bladder injuries

not involving the trigone or ureters, consultation 
is not required. After bladder repair, an indwelling 
urethral or suprapubic catheter should be kept in 
place for 7 to 10 days, depending on the extent of 
injury. W hen recognized and adequately managed, 
almost all bladder injuries heal uneventfully. Even
tual follow-up by intravenous pyelogram or cys- 
togram confirms satisfactory healing without leak
age or stricture [97], Such studies are unnecessary 
in asymptomatic patients.

Neurologic Injuries
Peripheral nerves are at risk for injury during abdom
inal surgery, but the frequency of this complication 
does not appear to be increased during pregnancy. 
Mechanisms of injury include direct trauma such 
as undue pressure by a self-retaining retractor, liga
tion, electrosurgical thermal damage with attempts 
to control excessive bleeding, or accidental transec
tion. Another mechanism of injury involves exces
sive traction on a nerve with local compression by 
instruments, packs, or ligatures. The femoral, sciatic, 
and obturator nerves are primarily at risk. Although 
nerve injuries are uncommon, they can result in a 
variably severe loss of motor or sensory function. 
The patient can suffer from paresthesias, pain, or 
weakness affecting her gait in the distribution of 
the injured nerve. Most cases improve to complete 
recovery, but residual deficits are possible.

Injury to the sciatic nerve can occur with dissec
tion or suturing deep in the posterior pelvis where 
the nerve passes through the sacrosciatic notch. An 
exaggerated lithotomy position during surgery can 
overstretch the nerve over the sacrospinous liga
ment at the level of the greater sciatic notch, espe
cially if the patient’s leg is externally rotated and 
unsupported at the knee. The deficit varies with 
the specific fibers of this large nerve that are dam
aged. The lesion can result in weak leg flexion from 
denervation of the hamstring muscle with injury to 
the, main trunk, a foot drop and inversion of the 
foot from weak extensor muscles of the ankle and 
abductor muscles of the foot after perineal nerve 
damage, or poor flexion of the foot from denervated 
calf muscles with tibial nerve deficit [98]. Treatment 
is symptomatic: physiotherapy, reassurance, analge
sia, and passage of time. Electrophysiology studies 
are occasionally indicated if the return of function 
is tardy or incomplete.
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Femoral nerve inj uries can occur by pressure from 
the deep blade of a Balfour or other retractor during 
any pelvic surgery including cesarean delivery espe
cially if the transverse abdominal incision extends 
close to the pelvic sidewall. The most notable clin
ical deficit with a femoral nerve injury is weakness 
of the quadriceps muscle with poor extension of the 
leg, which affects weightbearing and walking. Pares
thesia and numbness over the anterior and medial 
portions of the thigh are also present. Femoral nerve 
complications can be mostly prevented by inserting 
the retractor blade superficial to the psoas muscle, 
and by protecting the nerve by placing a laparotomy 
pack behind the retractor. Periodic repositioning of 
the retractor during long procedures is also helpful 
in avoiding this complication. Treatment is symp
tomatic [99],

The obturator nerve is unlikely to be traumatized 
in an obstetric patient unless a radical hysterectomy 
is performed for cervical cancer. The most common 
misadventure is transection of the nerve with dener
vation of the adductor muscles of the leg and sensory 
loss over the medial thigh.

Although an uncommon procedure in pregnancy 
radical hysterectomy interrupts several parasympa
thetic fibers with the radical excision of the cardinal 
and uterosacral ligaments. This leaves the patient 
with some degree of bladder atony and obstipation. 
This potential complication must be discussed pre- 
operatively as part of the informed consent process 
[100],

Reproductive Tract and Fetal Injuries
The uterus and adnexa are occasionally injured in 
the process of operating on extragenital disease dur
ing gestation or cesarean delivery. The increased per
fusion to the gravid uterus causes marked venous 
congestion. Efforts to keep the laparotomy inci
sion small reduce postoperative discomfort, but 
exposure can be limited. Simple retraction on the 
enlarged uterus to expose other viscera could lac
erate the thin venous walls in the uteroovarian, 
infundibulopelvic, or broad ligaments and result in 
brisk bleeding. Rapid intervention is required to first 
tamponade the bleeding vessel, expose the lacer
ated segment, and then apply one or more suture- 
ligatures or hemostatic metal clips for control.

Accidental lacerations of the fetus can occur dur
ing cesarean delivery. Dessole and coworkers [101]

reported an overall rate of 3.1%, with a higher risk 
for fetal accidental lacerations when the cesarean 
delivery was emergent rather than elective. Risk fac
tors associated with an increased risk of lacerations 
in the group undergoing emergent cesarean deliv
ery were 'fetal distress” during labor with prema
ture rupture of the membranes (PROM) and PROM 
without labor [101], Others have reported an inci
dence of fetal injury of 1.5% to 1.9% [102,103], 
Strong pressure hastily applied to the scalpel on 
entering the abdominal cavity for an urgent cesarean 
delivery occasionally results in an inadvertent deep 
longitudinal cut through the myometrium; rarely, 
this can lacerate the baby. To minimize the risk of 
tetal accidental laceration at the time of cesarean 
delivery, the uterine incision should be suctioned 
meticulously, the uterus scored along the entire 
length of the incision with the scalpel, and the uter
ine cavity then entered bluntly with a finger into 
the central portion of the incision. Alternatively a 
Kelly clamp can be used to expand the uterotomy 
at the time the uterus is opened, or the uterine 
incision can be elevated from the presenting part 
of the ietus with an Allis clamp or ring forceps 
[101,103],

Most accidental fetal lacerations are of cosmetic 
importance only but occasionally can have seri
ous clinical consequences. They must be repaired 
immediately, and the situation subsequently dis
cussed with the family. Superficial nicks, if bleed
ing is minimal, are best closed with adhesive strips. 
More extensive lacerations are reapproximated with 
fine, interrupted monofilament nylon or polygly
colic suture. If the injury involves the face, it is 
prudent to control bleeding by simple compression, 
apply adhesive strips, and consult a plastic surgeon 
for definite repair.

SURGICAL COMPLICATIONS 

Gallbladder Disease 

Epidemiology
The incidence and prevalence of cholelithiasis vary 
greatly among geographic regions and ethnic groups 
[ 104,105]. The incidence of symptomatic gallstones 
in women is approximately twice that in men [105], 
It is estimated that acute cholecystitis occurs at a fre
quency of 1 to 6 per 10,000 pregnancies [106], The
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incidence of symptomatic cholelithiasis has been 
estimated to be. 0.05% during pregnancy; 40% of 
these patients require surgery [107], Asymptomatic 
cholelithiasis has been reported to occur in 3.5% of 
pregnancies [108], After appendectomy, cholecys
tectomy and surgery for bowel obstruction are the 
most common nonobstetric surgeries performed in 
pregnant women [108], Gallstone formation occurs 
frequently in pregnant women because of their 
altered metabolic state. Bile stasis, increased concen
tration of cholesterol, changes in the physiochem- 
ical nature of bile salts, and infection contribute 
to the formation and deposition of biliary calculi. 
Gallstones can remain silent or give symptoms at 
any time during pregnancy or the puerperium. Gall
stones formed during pregnancy later can partially 
or, rarely entirely resolve when the bile becomes less 
lithogenic postpartum.

Diagnosis
The symptoms and signs of biliary colic are the 
same as in the nonpregnant patient. Characteris
tically, there is pain in the epigastrium or in the 
right subcostal region with radiation around the 
rib cage to the scapular region. The onset of pain 
can be abrupt. Tenderness and varying degrees 
of muscle guarding are noted on palpation, and, 
depending on the nature and extent of the dis^ 
ease, a mass can be felt. Nausea with or without 
vomiting occurs frequently. Fleeting icterus occurs 
without concomitant abnormalities in the common 
duct in approximately 20% of patients with iso
lated gallbladder disease; nonetheless, if icterus is 
noted, the possibility of stones within the com
mon duct must be considered. Fever and a moder
ate leukocytosis are common. Differentiation from 
acute appendicitis is sometimes difficult because the 
appendix, elevated by the enlarged uterus, often 
resides in the right upper quadrant (see Fig. 16.1). 
The differential diagnosis includes gastric or duo
denal ulcer, esophageal hiatal hernia, pneumonia, 
hepatitis, myocardial infarct, herpes zoster infec
tion, pyelonephritis or renal iithiasis, appendicitis, 
adnexal torsion, or severe preeclampsia.

The documentation of cholelithiasis by ultra
sonography confirms the diagnosis. Ultrasonography 
is the diagnostic test of choice, with a diagnostic 
accuracy of 97% for cholelithiasis [109,110], If non
diagnostic, an oral or intravenous cholecystogram

can be necessary. Endoscopic retrograde cholan
giopancreatography (ERCP) is sometimes necessary 
to detect choledocholithiasis [111]. With modi
fication of the technique, shielding of the lower 
abdomen, and limiting fluoroscopic time, ERCP 
with endoscopic sphincterotomy stone extraction, 
or stent insertion can be performed safely [112].

Management
The initial treatm ent of acute cholecystitis has been 
conservative: hospitalize for observation, no oral 
intake, intravenous hydration, and adequate pain 
relief. If vomiting is repetitive, the stomach is kept 
empty with nasogastric suction. In more than 90% of 
cases, acute symptoms subside within 48 hours. Sur
gical intervention is necessary in about 10% to 20%) 
of cases. Indications for surgical intervention gener
ally include repeat attacks of biliary colic, failure to 
respond to medical therapy suspected perforation 
with peritonitis, severe toxicity, obstructive jaun
dice, and cases in wdiich a surgical condition such 
as appendicitis cannot be excluded. Recently some 
authors favor a more aggressive surgical approach 
because pregnancy outcomes have been better when 
compared with those patients receiving conservative 
management [113-116].

W hen surgery is indicated, the type of operation 
depends on the findings and the condition of the 
patient. Jaundice with proved or suspected common 
duct stones mandates an exploration of the common 
duct unless technical difficulties or the condition 
of the patient are such that the simplest operation, 
cholecystotomy alone, is indicated. Mortality from 
surgery for uncomplicated cholecystitis is appar
ently not increased in pregnancy. The fetal loss rate 
is reported to be less than 5% with open cholecys
tectomy [117]. Both maternal mortality and fetal 
loss are increased when pancreatitis is present, how
ever. Pancreatitis has been associated with mater
nal and fetal morbidity and mortality rates of 20% 
[118]. The traditional approach has been cholecys
tectomy by laparotomy, a technique with excellent 
results and mortality rate of less than 1% [119]. The 
potential morbidity associated with a large laparo
tomy incision remains, however, resulting in signifi
cant postoperative pain and immobility, respiratory 
splinting, delay in return to normal gastrointestinal 
function, and lengthy hospital stay. The pregnant 
patient can be at increased risk for postoperative
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complications, especially thrombophlebitis and em
bolic events related to the hypercoagulable state.

Laparoscopic cholecystectomy has become the 
procedure of choice for most patients who require 
cholecystectomy [106,120], Morbidity and mortal
ity compare favorably with open cholecystectomy 
in the hands of skilled laparoscopists [120,121], 
The benefits include a reduced hospital stay, signif
icantly less postoperative pain, decreased length of 
disability, and improved cosmesis [119,122-125], 
The risk of thromboembolic disease can be dimin
ished by a reduction in postoperative atelectasis and 
immobility [106], The laparoscopic approach has 
been found to be successful in all three trimesters 
[120,126], These procedures are not for the inex
perienced surgeon, however.

The following precautions are recommended 
when laparoscopic cholecystectomy is performed 
on a pregnant patient. The use of pneumatic com
pression stockings is recommended, because they 
improve venous return and reduce the risk of DVT. 
They should be on the patient’s legs at the induc
tion of anesthesia, and their use should be continued 
until normal ambulation is resumed. Furthermore, 
the operating table should he placed in lateral tilt 
to displace the uterus from the inferior vena cava 
so that venous return is unimpaired. Because stasis 
of blood in the lower extremities is common during 
pregnancy, the risk of thromboembolic disease dur
ing pregnancy is notably increased. Additionally, a 
lead shield should be placed over the uterus to max
imize fetal protection from radiation, or ultrasound 
should be used instead of x-ray whenever possible. 
To avoid fetal respiratory acidosis, good maternal 
oxygenation and perfusion should be maintained, 
and end-tidal C O 2 or arterial blood gases should 
be monitored. Perioperative monitoring of the fetal 
heart rate and uterine contraction monitoring can 
be of benefit especially in the postoperative period.

Appendicitis
Removal of the appendix was recorded for the first 
time in 1735. In 1880, Lawson Trait performed the 
first known successful appendectomy for a diagno
sis of appendicitis [127], Appendicitis complicating 
pregnancy was first reported by Hancock in 1848 
[128], Ten days after a preterm delivery, an appen
diceal abscess was drained and the patient recov
ered.

Epidemiology
Acute appendicitis is the most common nonobstet- 
ric indication for abdominal surgery during preg
nancy. According to Black's 1960 literature review, 
appendicitis complicates 1 in 355 to 1 in 11,479 
pregnancies, averaging one in 1,500 deliveries [129], 
In 1977. Babaknia and cow^orkers found an inci
dence of one in 1,500 deliveries in their cumula
tive review of 503,496 deliveries [130], In a 1990 
study, Tamir and coworkers reported an incidence of 
one case of acute appendicitis in every 1,400 births
[131]. Mazze and coworkers reported an incidence 
range from 1 per 1,500 to 1 per 6,600 pregnancies
[132]. Appendicitis during pregnancy occurs at any 
age; however, 90% of patients are below the age of 
30 years, and 75% are between the ages of 20 and 
30 years. This is similar to the age groups affected in 
the nonpregnant population. Pregnant women are 
not more or less likely to suffer from appendici
tis than the nongravid, but in pregnancy, rupture 
of the appendix occurs two to three times as fre
quently. Babaknia and coworkers reported the distri
bution of cases of appendicitis according to trimester 
of pregnancy as follows: 30% occurred in the first 
trimester, 40%; in the second trimester, and 30% in 
the third trimester, labor, and puerperium [130]. 
In Black’s review of 373 cases, he found 35% to 
be in the first trimester, 34% in the second, 27% 
in the third, 1.7% occurred during labor, and 2.3% 
in the puerperium [129], Appendicitis is a poten
tially serious disorder, increasing the likelihood of 
abortion or preterm labor, especially if peritonitis 
is present. Delay in diagnosis is consistently the 
reason for a gangrenous and perforated appendix, 
with an associated increased risk of maternal mor
bidity and mortality and perinatal mortality [133]. 
In a 1977 review of 333 cases reported since 1963, 
Babaknia and coworkers found only three maternal 
deaths (1.0%), all three of which occurred among 
70 cases with a ruptured appendix; this was accom
panied by an 8.7% rate of fetal loss [130], In a 1991 
review, Mazze and Kallen reported 14 perinatal 
deaths among 778 cases of appendicitis [132], The 
risk of preterm delivery was most significant during 
the first week after surgery; 16% of women delivered 
the day of the surgery [132], In 1992, Mahmoodian 
reviewed 27 series reported between 1960 and 1992 
and noted that perinatal mortality was 4.8% among 
patients with acute inflammation only, but 19.4%
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TABLE 16.1 Comparison of Findings in Pregnant and Nonpregnant Patients with Appendicitis

Pregnant Nonpregnant

Diagnostic accuracy 
Symptoms

Physical findings

Laboratory findings 
White blood cell count 

(WBC)

Urinalysis

72%
Nausea, vomiting, increased frequency of 

urination, abdominal pain, anorexia 
Abdominal pain (100%)
First trimester: right lower quadrant (100%) 
Second trimester: right lower quadrant (8(1%) 
Third trimester: right upper quadrant (20%) 
Rebound tenderness (75%)
Guarding (60%)
Fever >100.2 F (18%)

Normal pregnancy WBC =
12,500- 16,000 per mm3 with 80% bands

Pyuria can be present if the ureter or renal 
pelvis is in contact with the inflamed 
appendix.

75%
Nausea, vomiting, increased frequency of 

urination, abdominal pain, anorexia 
Abdominal pain (100%)
Right lower quadrant (65%]
Pelvis (30%)
Flank (5%)
Present

Present
Usually >100.4 F 
Normal WBC =
3,000-10,000 per mm8
Most patients demonstrate a shift to the left.
Not all demonstrate leukocytosis.
Fewer than 4% have a normal WBC and no 

shift to the left.
Pyuria: rare

From DeVore GR: Acute abdominal pain in the pregnant patient due to  pancreatitis, acute appendicitis, cholecystitis, or peptic ulcer 
disease. Clin Perinatol 1980;7::349-3'6& with permission.

in those with a perforated appendix. In a review 
of pregnancy outcome following nonobstetric surgi
cal intervention, Cohen-Kerem and colleagues ana
lyzed the appendectomy cases during pregnancy and 
found that 8% delivered prematurely; 2.6% had a 
fetal loss associated with appendicitis, but the fetal 
loss was 10.9% when peritonitis was present [135]. 
These data emphasize the risk(s) associated with 
appendiceal rupture and resulting peritonitis.

Diagnosis
Acute appendicitis complicating pregnancy is basi
cally the same disease process as in the non
pregnant patient; however, there are several con- 
founders (Table 16.1). Nausea, vomiting, frequency 
of urination, constipation, and abdominal discom
fort are common symptoms of pregnancy. The ten
derness commonly associated with uterine contrac
tions before and after delivery can easily obscure 
appendicitis. The surgeon, not recognizing that a 
mild leukocytosis and increased sedimentation rate 
are normal in pregnancy, could place more diagnos
tic value on these findings than they deserve. Con
versely, a simple belief that these findings are only

normal physiologic variations in pregnancy could 
delay surgical intervention, with a consequently 
higher incidence of morbidity and mortality. Further 
diagnostic difficulty is related to the normal upward 
displacem ent of the appendix during pregnancy [4], 
As gestation proceeds, the appendix is rotated coun
terclockwise. As term approaches, the appendiceal 
tip overlies the right kidney (see Fig. 16.1). If the 
appendix is fixed by adhesions, however, this migra
tion does not occur. It is prudent to suspect acute 
appendicitis in any pregnant woman with right
sided pain, regardless of location. If, after several 
hours of observation, the clinical picture is still 
suggestive, exploratory laparotomy or laparoscopy 
should be performed without delay. Suspicion, and 
not the constellation of classic clinical signs, is the 
indication for surgical intervention in pregnancy. The 
removal of a normal appendix is justified to avoid the 
tragedies following expectant treatment. In 1972, 
Mahmoodian reported on 27 series of appendici
tis during pregnancy between 1960 and 1992. Of 
720 cases of appendicitis, 175 patients had a perfo
rated appendix. Among the perforated cases there 
were five maternal deaths and a 22.3% incidence of 
premature labor. The mortality rate of appendicitis
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today in the obstetric patient is essentially that asso
ciated with surgical delay.

Localization of tenderness to the right lower 
quadrant is a universal finding in the first trimester. 
The most important single sign, and often the 
only one, is persistent point tenderness at or near 
McBurney’s point. As the uterus enlarges and the 
appendix is displaced upward and laterally how
ever, the point of maximal tenderness could be at 
the level of the umbilicus and often lateral to the 
anterior superior iliac spine, or even in the right 
upper quadrant. Involuntary guarding and rebound 
tenderness can be seen, caused by periappendiceal 
inflammation or peritonitis. Involuntary guarding 
and rebound tenderness are less reliable signs of 
peritonitis in late pregnancy because of the lax
ity oi the abdominal wall. O ther commonly occur
ring conditions can be responsible for similar his
tory and physical findings. The differential diagnosis 
includes localized tenderness of the round ligament 
syndrome, a degenerating leiomyoma, and placental 
abruption. Pyelonephritis is the most common con
dition confused with appendicitis, however, espe
cially during labor. O ther conditions that are misdi
agnosed as appendicitis include salpingitis, ectopic 
pregnancy, ovarian torsion and infarction, ruptured 
corpus luteum, ovarian vein thrombosis, premature 
labor, renal colic, pneumonia, pancreatitis, peptic 
ulcer, cholecystitis, mesenteric arterial occlusion or 
venous thrombosis with bowel gangrene, mesen
teric adenitis, inflammation of a Meckel’s diverticu
lum, and regional ileitis (Crohn’s disease) [130,136- 
138], A comparison of the findings in pregnant and 
nonpregnant patients with appendicitis is presented 
in Table 16.1.

In the first trimester, ultrasonography can help 
to differentiate among ovarian cysts, ectopic preg
nancy, and appendicitis. Sonography can demon
strate appendiceal mucosal thickening and peri
appendiceal fluid, but the findings are usually 
nonspecific. Twenty-five percent of pregnant wo
men with appendicitis develop appendiceal perfora
tion. Appendiceal displacement predisposes to rapid 
development of generalized peritonitis after perfo
ration, because the omentum is not nearby to con
tain the infection. Graded compression ultrasonog- 
raphy has been shown to be accurate in the first and 
second trimesters [139], Helical CT is a newer tech
nology and can be accomplished in 15 minutes with 
an exposure of 300 mrads to the fetus [140], MRI

shows promise in the examination and diagnosis of 
acute appendicitis in pregnant women [13,14,141],

Management
At all stages of pregnancy the treatment is imme
diate appendectomy The risk to the mother and 
fetus is small in cases treated early. Significant fetal 
loss occurs only with delay. Preoperative manage
ment includes intravenous hydration and correc
tion of electrolyte abnormalities. During surgery, 
the best safeguards against subsequent abortion or 
premature labor are gentleness, avoidance of the 
uterus, unhurried maneuvers, and prevention of 
spread of infection. The type of incision is an indi
vidual choice, but because the appendix almost 
invariably lies beneath the point of maximal ten
derness, a right midtransverse incision or a McBur- 
ney muscle-splitting incision over the point of maxi
mal tenderness can be performed. Tilting the patient 
approximately 30p to the left side can assist in 
exposure.

If frank pus is present in the abdominal cavity, 
a culture is taken and appendectomy and copious 
peritoneal lavage follow. Inversion of the stump can 
be omitted if the cecal wall is edematous. A drain 
down to the appendiceal stump is recommended if 
perforation has occurred; otherwise, the peritoneal 
cavity should be closed and the wound drained. If 
there is no free pus, drainage is unnecessary. The 
question of routine postoperative antibiotic therapy 
is not settled. The authors recommend administra
tion of intravenous antibiotics only if there has been 
perforation, peritonitis, abscess formation, or a peri
appendiceal collection. Tocolytic agents should be 
considered in women in preterm labor.

Seldom if ever is cesarean delivery indicated at 
the time of appendectomy. Aside from local tender
ness, a recent abdominal incision presents no prob
lem during labor and vaginal delivery. If the patient 
is in labor at the time of the diagnosis and vaginal 
delivery can be achieved without much delay, labor 
should be allowed to continue or proceed, and the 
appendix removed immediately postpartum. Con
versely, if the patient is in early labor without an 
obstetric indication for abdominal delivery, await
ing vaginal delivery before performing a laparo
tomy is unwise. The decision to perform cesarean 
delivery at the time of appendectomy is made on 
the merits of the individual case and for obstetric
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indications. This procedure should not be per
formed routinely. Theoretically, the best procedure 
is an extraperitoneal section followed by an appen
dectomy through an incision over the appendix. In 
the presence of a nonperforated appendix, however, 
cesarean delivery carries no additional morbidity. 
If perforation with peritonitis or abscess formation 
is apparent and abdominal delivery is indicated, a 
cesarean hysterectomy deserves consideration. (See 
Chapter 11.)

Laparoscopy should be considered during the 
first two trimesters of pregnancy for nonperfo
rated appendicitis or when the diagnosis is uncer
tain. To reduce uterine injury, the open technique 
for establishment of pneumoperitoneum and care
ful introduction of additional trocars under direct 
visualization is recommended. Laparoscopic appen
dectomy is more widely accepted as safe and effec
tive and has become the standard of care at some 
institutions [126,142,143]. Some authors propose 
the 28th week as the upper limit of gestational 
age for successful laparoscopic surgical interven
tion, although there are reports of it being done 
after that [144]. The major advantages of laparo
scopic appendectomy are better visualization, lim
ited uterine manipulation, and minimal morbid
ity for a negative exploration. In addition, there 
is earlier return of gastrointestinal function, ear
lier ambulation, and lower incidence of DVT, 
decreased hospital stay and quicker return to rou
tine activities. Furthermore, there are lower rates of 
wound dehiscence, infection, and hernia. Less pain 
and decreased narcotic use leads to a decrease in 
maternal hypoventilation and fetal narcotic depre
ssion.

If possible, the appendix should be routinely 
inspected at the time of cesarean delivery or at tubal 
ligation in the postpartum period. The complica
tion of acute appendicitis in the first several weeks 
after cesarean delivery or pelvic laparotomy is rare 
but could have serious consequences because of the 
difficulty of interpreting physical signs and labora
tory data in the postoperative patient. Larsson was 
one of the first to advocate incidental appendec
tomy at the time of cesarean delivery [145]. Since 
then there have been other proponents of this proce
dure. Sweeney compared 230 cesarean patients on 
whom appendectomy was performed with a con
trol group of 230 cesarean patients without appen
dectomy [146]. Except for a 16-minute increase in

operative time for those with appendectomy there 
were no significant differences between the groups. 
There was no increase in operative risk, no dif
ference in postoperative febrile morbidity, and no 
increase in the duration of hospitalization among 
the patients in the appendectomy group. Douglas 
and Stromme reported no significant complications 
in more than 500 selected cases of cesarean deliv
ery when incidental appendectomy was performed 
[14?]. Wilson and associates found no increase in 
morbidity when appendectomy was combined with 
cesarean delivery cesarean tubal ligation, cesarean 
hysterectomy, postpartum tubal ligation, or post
partum hysterectomy [148], It has been suggested 
that incidental appendectomy should be performed 
with caution when cesarean delivery is done for a 
prolonged labor, prolonged rupture of the mem
branes, or amnionitis, and is most acceptable in 
patients who are having an elective cesarean opera
tion. In 1986, Parsons and coworkers reported good 
results from performance of an incidental appen
dectomy at the time of elective cesarean delivery 
[149]. These authors also pointed out that a signifi
cant decrease in appendiceal disease in women could 
result from removal of the appendix during this 
procedure, since 20% to 25% of all deliveries were 
done by cesarean. Performing an incidental appen
dectomy at the time of cesarean delivery has been 
questioned by some and currently is not routinely 
done [150], even though there is ample evidence 
that, provided good judgment is used, no increase 
in morbidity or mortality occurs when incidental 
appendectomy is performed at the time of routine 
abdominal hysterectomy salpingectomy, tubal liga
tion, or cesarean delivery. Appendectomy should be 
performed only when significant pathology of the 
appendix is found (e.g., inflammation, tumor, mass, 
or nonreducible stone).

NEOPLASTIC DISEASES UNIQUE 
TO PREGNANCY

This section discusses a series of neoplastic disor
ders encountered at varying degrees of frequency 
during pregnancy, and outlines their clinical man
agement. These diseases frequently require surgical 
treatment either during pregnancy or in the early 
postpartum period. Some are potentially life threat
ening to the mother, raising serious management
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questions because appropriate therapy could well 
threaten the survival of the pregnancy.

Gestational Trophoblastic Disease
Gestational trophoblastic disease was recognized by 
Hippocrates, who described the hydatidiform mole as 
dropsy of the uterus and attributed it to unhealthy 
water [151,152]. In 1700, the terms hydatid and 
mole were first used by William Smeilie. In 1895, 
Marchand demonstrated that choriocarcinoma was 
preceded by the hydatidiform mole, and less com
monly by a normal pregnancy or abortion [1 52], By 
the: early 1900s, several investigators had demon
strated that women with hydatidiform mole had an 
excess of chorionic gonadotropic hormone in the 
urine [152],

Gestational trophoblastic disease (also called ges
tational trophoblastic neoplasia or gestational tro
phoblastic tumor) is the term commonly applied 
to the spectrum of diseases that show abnormal 
proliferation of trophoblastic tissue. This general 
term encompasses the following histologically dis
tinct conditions: complete and hydatidiform mole, 
invasive mole, choriocarcinoma, and placental site 
trophoblastic tumor. During the first half of the 
twentieth century, the morbidity and mortality from 
gestational trophoblastic disease, particularly chori
ocarcinoma, was substantial. In the late 1940s, 
Hertz demonstrated that fetal tissues required a 
large amount of folic acid and would be inhibited 
by the antifolic compound methotrexate [152], In 
1956, Li and coinvestigators reported the successful 
treatment of metastatic choriocarcinoma by using 
methotrexate [152,153], Gestational trophoblastic 
disease is recognized as the most curable gyneco
logic malignancy as the knowledge and experience 
in its management has accumulated.

Epidemiology
In the: United States, hydatidiform moles are found 
irt approximately 1 in 600 therapeutic abortions and 
in 1 of 1,500 pregnancies [152,154], Earlier reports 
suggest a higher incidence of hydatidiform mole 
in Asia, possibly related to socioeconomic status, 
nutritional factors, and genetic predisposition [152], 
Hydatidiform moles have been found to occur more 
often in older women (age >40 years) and women 
15 years or younger, and are seen infrequently in 
women aged 20 to 29 years [152], Parity does not

seem to be a risk factor. Age and parity do not appear 
to affect the clinical outcome of a woman with a 
hydatidiform mole [152], Spontaneous remission 
occurs in 80% to 85% of all patients with a hyda
tidiform mole. Twenty percent of women develop 
malignancy that requires, chemotherapy after evac
uation of a mole [155,156], Gestational age at the 
time of diagnosis does not appear to influence subse
quent sequelae [152], It is possible that nutritional 
factors, such as a deficiency of animal fat and fat- 
soluble vitamin carotene, have an effect on the inci
dence of hydatidiform mole [157],

Women with hydatidiform moles have an 
increased risk of trophoblastic disease in future preg
nancies. In the United States, the reported incidence 
is 1% to 2% [158]. Sand and coworkers reported 
that after two episodes of gestational trophoblastic 
disease, the risk of molar disease in a later concep
tion is 28% [159]. Although women with consecu
tive molar pregnancies Can have subsequent normal 
pregnancies, they have an increased risk of persistent 
disease [158],

Gestational choriocarcinoma occurs in approxi
mately 1 in 40,000 pregnancies and can follow any 
type of pregnancy [152], O f these, 25% of chorio
carcinomas follow hydatidiform moles, 25% follow 
an abortion or a tubal pregnancy, and 50% are asso
ciated with a term gestation [160],

Pathology
An invasive mole is a trophoblastic tumor charac
terized by myometrial invasion by direct extension 
or through venous channels. Metastasis to distant 
sites, most commonly to the lungs and vagina, occurs 
in approximately 14% of cases. Histologically, it is 
characterized by swollen avascular placental villi and 
dysplastic and hyperplastic trophoblasts. Invasion or 
persistence is seen in approximately 10% to 17% of 
hydatidiform moles. The diagnosis is usually based 
on the detection of rising or persistently elevated 
human chorionic gonadotropin (hCG) levels after 
the evacuation of a hydatidiform mole.

Gestational choriocarcinoma is characterized by 
trophoblastic hyperplasia and anaplasia, absence of 
chorionic villi, hemorrhage and necrosis, direct uter
ine invasion, and vascular spread to the myometrium 
and distant sites. The most common sites for 
metastases are the vagina, lung, liver, and brain. 
It can also affect the pelvis, spleen, intestines, and 
kidneys.
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The placentaisite trophoblastic tumor, the rarest 
form of gestational trophoblastic disease, arises 
from the placental implantation site and resembles 
syncytial endomyometritis. Pathologically tumor 
cells infiltrate the myometrium, growing between 
smooth muscle cells, but unlike syncytial endomy
ometritis, there is vascular invasion. A placental- 
site tumor differs from choriocarcinoma primarily 
by the absence of an alternating pattern of cytotro- 
phoblast and syncytiotrophoblast; rather, there is a 
decrease in syncytiotrophoblasts. Hemorrhage and 
necrosis are less prominent. Human placental lacto
gen is present in tumor cells, whereas immunoper- 
oxidase staining for hCG is positive only in scat
tered cells [152], Serum hCG levels are relatively 
low in this disease, compared with choriocarci
noma. Although most of these tumors have a benign 
Course, there is a 15% to 20% mortality rate from 
metastatic disease.

Diagnosis
Gestational trophoblastic tumors are most often 
diagnosed following evacuation of a molar preg
nancy or following passage of tissue resembling Vesi
cles. The diagnosis of hydatidiform mole is sug
gested by an abnormally high hCG level, an enlarged 
uterus greater than expected for gestational age, and 
vaginal bleeding. Ultrasonography has replaced all 
other means (e.g., amniography, uterine arteriogra
phy) of diagnosing a hydatidiform mole. Usually, 
sonography will reveal an enlarged uterus with a 
diffuse mixed echogenic pattern replacing the pla
centa ("snowflake” pattern), formed by the interface 
between the molar villi and the surrounding tissue. 
Normally a gestational sac or fetus is absent. In rare 
instances, a fetus coexists with a mole. In 15% to 
25% of women with a complete mole, the ovaries 
are enlarged, with multiple cystic spaces identified 
(theca lutein cysts).

Techniques used in the past to evacuate a molar 
pregnancy have included dilatation and curettage 
(suction and sharp), hysterotomy hysterectomy, 
and various induction techniques. Suction curettage 
is now the method of choice for evacuation of a mole 
regardless of the size of the uterus. The role of hys
terotomy is extremely limited. It is recommended 
that all patients with molar pregnancy have evacua
tion by suction dilatation and curettage. The gyne
cologic surgeon should be prepared to perform a 
laparotomy, if necessary, in cases in which there is

major hemorrhage. After a moderate amount of tis
sue has been removed, administration of high-dose 
intravenous oxytocin is begun. When the suction 
curettage has been completed and involution has 
begun, a sharp curettage is usually performed, and 
this tissue should be submitted separately for sub
sequent histologic examination.

A primary hysterectomy with preservation of the 
adnexa can be selected as the method for evacua
tion if the patient does not wish to preserve child
bearing. If theca lutein cysts are encountered at the 
time of hysterectomy the ovaries should be left 
in place, because these will regress to normal as 
the hCG diminishes to normal. Even if a hysterec
tomy is performed, the risk of postmolar gestational 
trophoblastic disease is approximately 3% to 5% 
[156,160]; therefore patients must be followed in 
the same manner as when other evacuation tech
niques are used.

The patient who has had a mole evacuated must 
be followed closely by serial determinations of the 
hCG titer, because hCG is produced by molar preg
nancies and is a sensitive marker of trophoblas
tic cells present in the body. A sensitive quantita
tive (i-hCG bioassay or radioimmunoassay capable 
of detecting (3-hCG to values less than 5 mIU/ml 
should be used.

After evacuation, the patient should have a quan
titative serum (3-hCG level within 48 hours of evac
uation, followed by serial (3-hCG determinations 
at 1- to 2-week intervals while elevated and until 
there are three normal determinations. This would 
indicate a spontaneous remission and should occur 
in approximately 80% of patients with complete 
moles. Clinical residual disease following a partial 
mole, is rare and unpredictable [161,162]. The hCG 
titer should be repeated monthly for 6 months, then 
every other month to complete 1 year. The patient 
must use some type of contraception during the 
monitoring period, because a subsequent normal 
pregnancy cannot be differentiated from gestational 
trophoblastic disease by the hCG determination. 
Unless otherwise contraindicated, oral contracep
tives should be used because they do not increase 
the incidence of postmolar gestational trophoblas
tic disease or alter the pattern of regression of 
hCG values [156,163]. Regular pelvic examinations 
should be done at 2-week intervals until the hCG 
titers return to normal levels to monitor the invo
lution of pelvic structures and to aid in identifi
cation of vaginal metastasis. During the first year,
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pelvic examination should be done at 3-month inter
vals. Some investigators now think that a normal 
titer for 6 months is sufficient and permit subse
quent pregnancies to occur after that time. Subse- 
quent pregnancy outcomes following a molar preg
nancy are very similar to those of women with 
normal pregnancies. No significant differences have 
been found between the two groups when com
pared for term live births, first- and second-trimester 
abortions, congenital anomalies, stillbirths, prema
turity and primary cesarean delivery rate. Subse
quent pregnancy outcomes appear similar regardless 
of whether the mole is complete or partial [158]. 
Curry and coworkers [156] and Lurain and cowork
ers [164] suggest that the indications for treatment 
following evacuation of a hydatidiform mole include

• Plateauing hCG levels for 3 consecutive weeks

• Rising hCG levels for 2 consecutive weeks

• Persistently elevated hCG levels 6 months after 
evacuation

• Detection of metastases

• Histopathologic diagnosis of choriocarcinoma

Recently, the International Federation of Gyne
cologists and Obstetricians (FIGO) standardized 
hCG criteria for the diagnosis of postmolar gesta
tional trophoblastic disease [165], The following 
criteria were proposed:

• An hCG level plateau of 4 values plus or minus 
10% recorded over a 3-week duration (days 1, 7,
14, and 21}

• An hCG level increase of more than 10% of 3 
values recorded over a 2-week duration (days 1, 
7, and 14}

• Persistence of detectable hCG for more than 
6 months after molar evacuation

O f women with molar pregnancies, 85% have 
nonmetastatic disease, and only 20% of patients 
need treatment for trophoblastic tumor after evacu
ation [164], Usually, a diagnosis of choriocarcinoma 
is made by a persistent hCG elevation, frequently in 
conjunction with demonstration of metastases. Tis
sue for pathologic examination is obtained by uter
ine curettage, from biopsy of a metastatic lesion, or 
through examination of a hysterectomy specimen 
or placenta.

The symptom most suggestive of trophoblastic dis
ease is continued uterine bleeding after hydatidi
form mole evacuation or after any pregnancy. Bleed
ing from uterine perforation or from a metastatic 
lesion can present as abdominal pain, hemoptysis, 
melena; or as headaches, seizures, or hemiplegia, 
as evidence of intracerebral hemorrhage. Patients 
also report respiratory symptoms, such as dyspnea, 
cough, and chest pain secondary to extensive lung 
metastases.

Signs suggestive of postmolar trophoblastic dis
ease are an enlarged, irregular uterus and persis
tent bilateral ovarian enlargement from theca lutein 
cysts. Occasionally a metastatic lesion is noted on 
clinical examination, most frequently in the vagina.

Classification and Staging
Once the diagnosis of gestational trophoblastic dis
ease is made, its extent is evaluated by a thorough 
history and physical examination, and by laboratory 
and radiologic studies. Laboratory studies include 
complete blood and platelet counts, renal and liver 
function tests, clotting function tests, blood type 
and antibody screen, and a quantitative serum hCG. 
Radiographic studies include a chest radiograph or 
CT scan, pelvic ultrasonography, MRI or CT scan 
of the brain (if the patient has lung metastases}, 
and abdominal and pelvic CT scans with contrast 
or MRI [165], After these initial studies, staging is 
based on the extent of anatomic disease and the 
likelihood of response to various chemotherapeutic 
protocols.

Several classification and scoring systems are in 
use. Most major trophoblastic disease centers in 
the United States use a clinical classification sys
tem based on prognostic factors originally described 
by Hammond and coworkers in 1973 (Table 16.2) 
[166]. In this system, patients are divided into 
three disease groups: 1) nonmetastatic, 2) low-risk 
metastatic, and 3) high-risk metastatic. High-risk 
metastatic refers to patients whose disease is not 
likely to be cured by single-agent chemotherapy and 
therefore are at the highest risk of treatment failure. 
In 1983, the World Health Organization (WHO) 
adopted a modified prognostic scoring system pro
posed by Bagshawe based on nine factors (Table 
16.3) [167,168], An anatomic staging system con
forming to other gynecologic cancers and based on 
data presented by Song and coworkers [169] was

ak
us

he
r-li

b.r
u



Surgery in Pregnancy 419

TABLE 16.2 Clinical Classification of Gestational 
Trophoblastic Tumors

Nonmetastatie disease: No evidence of disease outside the 
uterus
Metastatic disease: Any disease outside the uterus 
Low risk: Good prognosis metastatic disease 
Low pretreatment, hCG titer (hCG <100,000 IU/24 hr 
urine or <40,000 mIU/ml serum)
Short duration (symptoms present for <4 months)
No brain or liver metastases 
No prior chemotherapy
Pregnancy event is a hydatidiform mole, ectopic 
pregnancy, or a spontaneous abortion 
High risk: hCG titer >100,000 IU/24~hr urine or >40,000 
mIU/ml serum
Symptoms present for >4 months 
Brain or liver metastases 
Prior chemotherapeutic failure 
Antecedent term pregnancy

From Ham mond CR, Borchest LC, Tyrey L, et al: Treatment of 
m etastatic trophoblastic disease: good and poor prognosis. Am J 
Obstet Gynecol 1973;! 15:451—457; with permission

adopted by the FIGO Cancer Committee in 1982 
(Table 16.4). The FIGO staging system was revised 
in 2000 because the original did not include hCG 
level, duration of disease, or type of previous preg
nancy. The revised FIGO staging system includes a

TABLE 16.4 FIGO Clinical Staging of Gestational 
Trophoblastic Tumors

Stage Tumor Site

I Strictly contained to uterine corpus
II Extending to adnexae, outside: uterus, but limited

to genital structures
III Extending to lungs with or without genital tract 

involvement
IV Metastatic to any other site(s)

From FIGO: Annual report on the remits of treatm ent in 
.gynecological, cancer. J Epidemiol Biostat 2001 ;6:i^xiii, 1-184; 
with permission.

modification of the W HO prognostic index score for 
risk assessment [165].

Management: Nonmetastatie Gestational 
Trophoblastic Disease and Low-risk 
Metastatic Disease
Single-agent chemotherapy with methotrexate or 
dactinomycin is the treatm ent of choice for patients 
with nonmetastatie or low-risk metastatic disease 
who wish to preserve fertility [170-173], Sev
eral chemotherapy protocols have yielded excel
lent and comparable results (Table 16.5). The treat
m ent of choice in terms of efficiency and cost- 
effectiveness traditionally has been methotrexate

TABLE 16.3 Prognostic Factor-based Scoring for Gestational Trophoblastic Tumors

Prognostic Factors

Score*

0 1 2 4

Age (yr) <39 >39 _ —

Antecedent pregnancy HM ; Abortion Term
Interval (mo)l <4 4-6 7-12 >12
hCG (mIU/ml) <103 IQ 3- ,]# * 104-10s > 10 s
Largest tumor, including uterine tumor 3-4 cm 5 cm
Metastatic sites Lung, vagina Spleen, kidney GI tract Brain, liver
No. of metastases identified 0 1-4 4-8 >8
Prior chemotherapy - - 1 drug >2 drugs

* Total patient score is obtained by adding individual scores for each prognostic factor.
Total score: 0 -6  =  low risk; >7 =  high risk.
^HM =  hydatidiform mole.
* Interval betw een end of antecedent pregnancy and start o f chemotherapy.
From Kohorn El: The new FIGO 2000 staging and risk factor scoring system for gestational trophoblastic disease: 
Description and clinical assessment. Int J Gynecol Cancer 2001;11:73-77; with permission.
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TABLE 16.5 Chemotherapy for Nonmetastatic and 
Low-risk Metastatic Gestational Trophoblastic Tumors

Methotrexate 0.4 mg/kg PO, IV or IM qd U 5 days, 
repeated every 12-14 days (7- to 9-day 
window]
1 mg/kg IM days 1, 3, 5, 7 plus 0.1 
mg/kg IM folinic acid days 2, 4, 6 , 8. 
Repeated every 15-18 days (7- to 10-day 
window]

Dactinomycin 10-13 |xg/kg IV qd x 5 days, repeated 
every 12-14 days (7- to 9-day window] 
1.25 mg/m2 IV every 2 weeks

From Osathanondh R, Goldstein DP, Pastorfide GB: Actinomycin 
D as the  primary agent for gestational trophoblastic disease. 
Cancer 1975;36:863-866; Berkowitz RS, Goldstein DP, Bernstein 
MR: Ten years’ experience with m ethotrexate and folinic acid as 
primary therapy for gestational trophoblastic disease. Gynecol 
Oncol 1985;23:111 1 1 8 ; Smith EB, W eed JC Jr, Tyrey L. e t al: 
Treatm ent o f nonmetastatic gestational trophoblastic disease: 
Results o f m ethotrexate alone, versus m ethotrexate-folinic acid. 
Am J O bstet Gynecol 1982;144:88-92; Baxter JF, Soong SJ, 
Hatch KD, et al: Treatment of nonm etastatic igestational 
trophoblastic disease with oral m ethotrexate. Am J O bstet 
Gynecol 1987;15_7:1166-1168; Goldstein DP: Prevention of 
gestational trophoblastic disease by the use o f actinomycin D in 
molar pregnancies. J O bstet Gynecol 1974;43:475^47§; Petrilli 
ES, Twiggs LB, Blessing JA, et ah Single-dose actinomycin 
treatm ent for nonm etastatic gestational trophoblastic; disease. 
Cancer 1987;60:2173-2176; Schlaerth JB, Morros CP, Nalick 
RH, et al: Single-dose actinomycin D in the treatm ent of 
postmolar trophoblastic disease. Gynecol Oricol 1984;19:53-56.

0.4 mg/kg (maximum 30 mg IV or IM) daily for
5 days per treatm ent course. An alternative regi
men uses higher doses of methotrexate: 1.0 mg/kg 
to 1.5 mg/kg IM every other day for four doses, 
plus 0.1 mg/kg to 0.15 mg/kg IM folinic acid 24 
hours after each dose of methotrexate. The advan
tage of this protocol -  decreased toxicity especially 
stomatitis -  is offset by disadvantages of increased 
cost, patient inconvenience) and increased need for a 
change in chemotherapy to achieve remission [ 174]. 
In both of these protocols, methotrexate courses 
are repeated as often as toxicity permits, usually 
every 2 weeks. Alternatively in nonmetastatic post
molar trophoblastic disease, methotrexate produced 
remission rates of almost 75% in single weekly intra
muscular doses of 30 mg/m2 to 50 mg/m2 and more 
than 85% when administered orally at standard 
doses for 5 days every 2 weeks [175,176]. Homesley 
and colleagues have shown a 70% to 80% primary 
remission rate for patients with nonmetastatic ges
tational trophoblastic disease treated with weekly 
intramuscular methotrexate at a dose of 30 mg/m2 
to 50 mg/m2 with no apparent benefit of increas

ing the dose to 50 mg/m2 [176,177], W hen effi
cacy, toxicity, and cost were taken into considera
tion, this weekly methotrexate schedule was pre
ferred over the others [176,177], Dactinomycin (10 
(xg/kg-13 }xg/kg IV daily for 5 days every 2 weeks) is 
appropriate for patients with liver or renal disease, or 
effusions contraindicating methotrexate [178-180]. 
Dactinomycin can be given as a single dose of 1.25 
mg/m2 IV every 2 weeks (180).

An alternative agent should be chosen if hCG 
levels plateau or toxicity precludes adequate dosing 
or frequency of treatment. Multiagent chemother
apy is initiated if patients demonstrate resistance 
to single-agent chemotherapy, or if they develop 
metastases involving organs such as the brain or 
liver. Treatment is continued until three consecu
tive weekly normal hCG levels, and one or two 
courses of chemotherapy should be continued after 
the first normal hCG titer. After initial chemother
apy, 85% of patients are cured. With additional 
chemotherapy, most refractory patients are in per
manent remission. With this protocol, fewer than 
5% of patients require hysterectomy for resistant 
disease, thus preserving reproductive function in 
most patients [181],

Women with nonmetastatic trophoblastic tumors 
who no longer wish to preserve fertility should be 
offered a hysterectomy which is also the treatment 
of choice for placental-site trophoblastic tumors, 
which are usually chemotherapy resistant [ 182— 
185], Several series demonstrate the benefits of 
hysterectomy to treat nonmetastatic disease, fol
lowed by a reduced number of courses and dura
tion of chemotherapy [181,186], Hysterectomy is 
most often performed for 1) control of hemor
rhage, 2) infection unresponsive to antibiotic ther
apy, and 3) localized disease in the uterus resistant 
to chemotherapy. Adjuvant single-agent chemother
apy at the time of operation can eradicate occult 
metastases and reduce the likelihood of tumor dis
semination [187], Hysterectomy is generally per
formed during the first cycle of chemotherapy. 
Chemotherapy is continued and administered for 
two cycles after a negative hCG value has been 
obtained [188]. No increase in postoperative mor
bidity has been reported with this sequence.

It is important to monitor patients carefully for 
evidence of drug resistance (i.e., plateau or rising 
hCG level or development of new metastases) so 
that chemotherapy can be changed promptly. To
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TABLE 16.6 EMA-CO Regimen for High-risk Gestational Trophoblastic Tumors

Day 1 Etoposide 100 mg/m2 IV infusion in 25 ml normal saline over 30 min
Dactinomycin 0.5 mg IV push
Methotrexate 100 mg/m2 IV push stat

200 mg/m2 IV infusion in 1000 ml D5W over 12 hr
Day 2 Etoposide 100 mg/m2 IV infusion in 250 ml normal saline over 30 min

Dactinomycin 0.5 mg IV push
Folinic acid 15 mg PO or IM every 12 hr for 4 doses, beginning 24 hr after methotrexate start

Day 8 Vincristine 1 mg/m2 IV push
Cyclophosphamide 600 mg/m2 IV infusion in 250 ml normal saline over 30 min 

Repeat cycle on days 15, 16, and 22 (every 2 weeks)

From Bagshawe KD: Treatm ent of high-risk choriocarcinoma. J Reprod Med 1984;29:813-820; with permission.

achieve complete remission, 10% to 15% of patients 
treated with sequential single-agent chemotherapy 
require combination chemotherapy with or without 
surgery [ 156,171,189].

Management: High-risk Metastatic Tumors
Aggressive multimodality therapy with appropriate 
combination chemotherapy, adjuvant radiation ther
apy, and surgery, as performed at trophoblastic dis
ease centers, has resulted in cure rates of 80% to 90% 
in patients with metastatic high-risk gestational tro
phoblastic tumors [190-196]. The most important 
prognostic factors are a clinicopathologic diagnosis 
of choriocarcinoma, metastases to sites other than 
the lung or vagina, the number of metastases, and 
failure of previous chemotherapy. O ther traditional 
high-risk factors, such as hCG level, disease dura
tion, and antecedent pregnancy, have additional but 
more moderate impact on response.

Metastatic sites have a profound effect on sur
vival. Lurain and coworkers noted that when 
metastatic disease was confined to the lung or 
vagina, survival was 91%, compared with 52% when 
other metastatic disease was present at initiation 
of treatment [197]. In their series, approximately 
one half the patients with brain metastases and 
two thirds with liver or intraperitoneal metastases 
died. Furthermore, survival decreased from 96% for 
patients with one to four metastases to 84% with five 
to eight, and to 47% with nine or more metastases.

Patients with high-risk metastatic gestational tro
phoblastic tumors are treated more aggressively 
with initial combination chemotherapy, with or 
without adjuvant radiotherapy or surgery. The regi
men of etoposide, high-dose methotrexate infusion

with folinic acid rescue, dactinomycin, cyclophos
phamide, vincristine (EMA-CO) formulated by 
Bagshawe (Table 16.6) or some variation of it is the 
treatm ent of choice for patients with high-risk dis
ease [190]. Newlands and coworkers reported an 
83% success rate with this regimen [190], Since 
then it has generally replaced the methotrexate, 
dactinomycin, and cyclophosphamide or chloram
bucil (MAC) and cyclophosphamide, hydroxyurea, 
dactinomycin, methotrexate, vincristine, and dox
orubicin (CHAMOCA) regimens for high-risk dis
ease because of greater efficacy and a lower risk of 
toxicity [198,199], Schink and coworkers in 1992 
reported 10 of 12 patients with high-risk disease 
(83%) had complete responses to EMA-CO [200], 
The previously used MAC chemotherapy regimen 
[ 156,192,200,201 ] and the modified Bagshawe pro
tocol [202], CHAMOCA, are no longer recom
mended as first-line therapy.

Other agents of proven activity in trophoblastic 
tumors, cisplatin and bleomycin, have been used in 
combination with etoposide or vinblastine to pro
duce cures in some patients who fail initial therapy 
[203-206], W hen either is used in primary ther
apy however, significant cumulative toxicity before 
complete response often compromises the ability 
to deliver adequate salvage chemotherapy. Success
ful treatm ent for refractory trophoblastic disease 
with high-dose etoposide also has been reported, but 
side effects include nausea, bone marrow suppres
sion, alopecia, amenorrhea, and ovarian dysfunction 
[207], Colony-stimulating factors possibly play an 
important role in the future management of these 
patients.

Wrhen central nervous system (CNS) metastases 
are present, whole-brain irradiation is prescribed
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simultaneously with initiation of combination 
chemotherapy. Whole-brain radiation therapy in 
combination with systemic chemotherapy has 
resulted in a 50% survival rate of patients pre
senting with brain involvement in the series of 75 
cases collected by Jones [208], This is virtually 
identical to the results of intrathecal m ethotrex
ate; plus systemic chemotherapy reported from 
the United Kingdom [195], Rustin and coworkers 
reported that 72% of 25 patients presenting with 
CNS metastases were cured with EMA-CO plus 
intrathecal methotrexate [209], Evans and cowork
ers have shown that brain irradiation in combination 
with systemic chemotherapy in patients with brain 
metastases has a cure rate up to 75% [210]; there
fore, the latest therapy for GTN with CNS metas
tasis remains controversial, but either intrathecal 
methotrexate or whole-brain radiation therapy is 
needed in addition to systemic chemotherapy. Brain 
metastases that appear during therapy are curable in 
only 5% to 25% of cases.

Adjuvant surgical procedures, especially hys
terectomy and thoracotomy can be used for iso
lated foci of chemotherapy-resistant disease [211], 
Surgery also plays a significant role in control
ling tumor hemorrhage, relieving bowel or urinary 
obstruction, treating infection, or dealing with other 
life-threatening complications [181], Craniotomy 
with resection of metastases is performed for acute 
decompression in the presence of CNS hemorrhage 
[212],

Management: Follow-up
After completion of chemotherapy, serial quantita
tive hCG levels are obtained at 2-week intervals for 
the first 3 months of remission and then at 1 -month 
intervals until monitoring has shown 1 year of nor
mal hCG levels [188], The risk of recurrence after 
1 year of remission is <1% [213], Physical exami
nations should be done at 6- to 12-month intervals 
and other examinations (chest radiographs and CT 
scans) performed as indicated.

Contraception should be practiced during treat
ment and for 1 year after completion of chemother
apy. Pregnancies occurring after 6 months are prob
ably safe. Barrier methods and oral contraceptives 
are acceptable^ the latter are preferable because one 
half as many intercurrent pregnancies occur using

oral contraceptives as with the use of barrier m eth
ods [158].

Successful treatment of gestational trophoblas
tic disease with chemotherapy has resulted in the 
retention of reproductive capacity in an increas
ing number of women, despite exposure to drugs 
potentially toxic to the oocytes. A large number of 
successful pregnancies following treatm ent for ges
tational trophoblastic disease have been reported. 
There is no increased incidence of abortions, still
births, congenital anomalies, prematurity, or obstet
ric complications in these pregnancies [158]. They 
are, however, at greater risk for the development of 
a second gestational trophoblastic tumor in a subse
quent pregnancy (f%-2%), although there is no evi
dence that gestation reactivates the original disease
I l 5 9 |.

An early ultrasound examination is therefore rec
ommended to confirm normal gestation in subse
quent pregnancies. The products of conception from 
spontaneous abortion or termination of pregnancies 
require careful histopathologic examination, but the 
routine evaluation of term placentas is no longer rec
ommended [214], A nhC G  level should be obtained 
6 weeks after any pregnancy.

OTHER NEOPLASMS 

Vulvar Malignancy 

Epidemiology
The incidence of vulvar malignancy associated with 

pregnancy is unknown, but the disease is certainly 
rare since vulvar cancer constitutes 3% to 5% of all 
gynecologic malignancies [215-219]. Vulvar can
cer is predominantly a disease of postmenopausal 
women, although 15% of vulvar cancer occurs in 
women younger than 40 years of age [219], Fewer 
than 50 cases of invasive vulvar canCer associated 
with pregnancy have been reported [215,217-220], 
and recurrences are rare [221],

Pathology
The most common vulvar tumors reported in asso
ciation with pregnancy are invasive squamous cell 
carcinomas, followed by melanomas, sarcomas, and 
adenoid cystic adenocarcinomas [219], Preinvasive

ak
us

he
r-li

b.r
u



Surgery in Pregnancy 423

vulvar disease coexisting with pregnancy is occasion
ally encountered, because it has become more com
mon in young women. Therapy for simple vulvar 
intraepithelial neoplasia is best delayed until post
partum.

Diagnosis
Adequate biopsies of pruritic, pigmented, bleeding, 
eroded, or confluent hyperkeratotic vulvar lesions 
are essential to rule out invasive disease. The pres
ence of intraepithelial neoplasia does not prohibit 
vaginal delivery. Histologic criteria for diagnosis are 
the same for pregnant as for nonpregnant women 
[222],

Classification and Staging
Vulvar disease during pregnancy is staged and graded 
with the same criteria used in nonpregnant women. 
Staging of vulvar disease is surgical rather than 
clinical. Readers should refer to standard reference 
works [223].

Management
Surgery is the treatment of choice and should 
be individualized. Invasive vulvar malignancy diag
nosed during the first and second trimesters is 
treated by radical vulvectomy with bilateral groin 
dissection, preferably during the. second trimester 
[218,219]. When the diagnosis is made in the third 
trimester, a wide local excision is recommended, 
with definitive surgery postponed until the post
partum period. Definitive therapy should be started 
within 1 week after delivery. Monaghan and col
leagues have suggested definitive treatm ent until 
36 wreeks [224], Many of the cases are diagnosed 
at the time of delivery or later because vulvar can
cer occurs more frequently in poor women with no 
prenatal care. Pregnancy has not been found to alter 
the course of vulvar cancer. Women having carci- 
noman of the vulva who were treated with radical 
vulvectomy and bilateral inguinofemoral lym- 
phadenectomy have subsequently become preg
nant and delivered normally [219,225]. The deci
sion whether the patient should deliver vaginally or 
undergo a cesarean delivery rests with the obstetri
cian but is heavily influenced by how well the vulva

has healed. A cesarean delivery should be the pre
ferred route of delivery if there is fibrosis or vaginal 
stenosis [226].

Vaginal Malignancy 

Epidemiology
Cancer of the vagina accounts for less than 1% 
of all gynecologic malignancies. It is a disease that 
occurs primarily in women older than 50 years of age 
[225,227-229]. Despite the cluster of clear cell ade
nocarcinomas of the vagina associated with diethyl
stilbestrol (DES)-exposed offspring [230], vaginal 
can.cer is uncommon during pregnancy [231], The 
cancer risk to DES-exposed women is reported to 
be of the order of 1 in 1,000 to 1,400 [230]. fortu
nately, the incidence in pregnancy is low since very 
few women have been pregnant at the time of diag
nosis [230],

Pathology
Primary tumors occurring in the vagina are rare; 
most have been squamous cell cancers [217,232], A 
few reports of sarcoma botryoides of the cervix and 
vagina in pregnancy have been recorded [233], Sec
ondary cancers comprise approximately 80% to 90% 
of all vaginal tumors. Most cases of vaginal cancer 
during pregnancy have been clear cell adenocarcino
mas. Pregnancy is not known to adversely affect the 
outcome of clear cell adenocarcinoma of the vagina 
and cervix.

Primary squamous cell carcinoma of the vagina 
during pregnancy is exceptionally uncommon [217, 
225,231,232], Fujiat and colleagues have reviewed 
the reported cases of squamous cell carcinoma of 
the vagina complicating pregnancy and have noted 
the poor prognosis [231],

Diagnosis
Vaginal bleeding or foul watery discharge is the 
presenting symptom at diagnosis in about 50% of 
patients. These tumors are diagnosed usually by 
direct observation, occasionally by cytology, and by 
palpation of a nodule by bimanual examination. A 
biopsy is needed for histologic diagnosis.
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Classification and Staging
Vaginal cancer during pregnancy is staged and 
graded using the same criteria as in nonpregnant 
women. Staging for vaginal cancer is by clinical 
examination. Readers are referred to standard ref
erence works [223],

Management
Standard therapy for sarcoma occurring in the upper 
half of the vagina, with or without cervical involve
ment, includes radical hysterectomy upper vaginec
tomy, and bilateral pelvic lymphadenectomy or 
exenteration, followed by postoperative adjuvant 
chemotherapy. Ortega has shown that survival with 
preliminary or complete treatment with chemother
apy is at least equal to radical surgical treatment, 
without the accompanying morbidity and mutila
tion [234], Ortega and others used vincristine, acti- 
nomycin D, and cyclophosphamide (VAC) initially 
and later added doxorubicin to the regimen [234],

Surgical treatment of an early upper vaginal lesion 
and clear cell adenocarcinoma of the cervix and 
upper vagina is similar. Radical surgery alone is 
appropriate only for the Stage I lesions involving the 
upper vagina and/or cervix. In both instances, the 
pregnancy is disregarded if the patient is in the first 
or early second trimester. Should the pregnancy be 
further advanced, the appropriate timing for inter
vention depends on weighing the risks of prem atu
rity against those of delayed therapy. The decision 
is based on the preferences of the parents and the 
judgment of the physician.

Superficial lesions can be treated with a wide local 
excision, with adjunctive radiation therapy after 
delivery [235]. Early-stage disease can be treated 
with surgery or radiation therapy [235,236], When 
there is extensive involvement of the vagina by 
any malignant lesion, evacuation of the uterus by 
hysterotomy or cesarean delivery and initiation of 
appropriate radiation therapy should be seriously 
considered.

Prognosis

Prognosis for vaginal neoplasia is unaffected by preg
nancy. Survival statistics depend on tum or histology 
and the extent of spread at the time of initial diag
nosis. For example, the actuarial 5- and 10-year sur

vival rates for the 24 pregnant patients with clear cell 
carcinoma of the cervix and vagina (86% and 68%) 
were comparable to those of the 293 patients who 
had never been pregnant (87% and 79%) [230],

Cervical Disorders

Cervical Intraepithelial Neoplasia
A Papanicolaou smear of the cervix is an essen
tial component of the initial prenatal visit. Cenncal 
intraepithelial neoplasia (CIN) has a peak incidence 
during the reproductive years; the frequency of dys
plasia in pregnancy varies with the patient popula
tion, with a reported prevalence ranging from 0.1% 
to 3% [237], Risk factors for CIN include young 
age at first coitus, multiple sexual partners, cigarette 
smoking, a history of sexually transmitted diseases 
especially human papillomavirus (HPV), young age 
at first delivery, low socioeconomic status, and a 
high-risk sexual partner. The natural history of CIN 
is not affected by pregnancy, and conversely, in most 
cases CIN does not have an impact on the obstetric 
management.

The cytopathology laboratory should report cer
vical smears based on the Bethesda classification. 
Pregnant women with epithelial cell abnormali
ties including low-grade and high-grade squamous 
intraepithelial lesions (LGSIL, HGSIL), malignant 
cells, atypical glandular cells, and atypical squa
mous cells of undetermined significance (ASCUS) 
lavoring dysplasia are referred for colposcopic eval
uation of the Cervix. Only an experienced colpo- 
scopist, who can appreciate the physiologic gesta
tional changes of the cervix and recognize early 
signs of invasion, and who is also familiar with 
the decision-making process for the management of 
CIN during pregnancy, should perform this proce
dure.

Colposcopy of the cervix is a safe and noninva- 
sive technique in pregnancy. In early pregnancy the 
physiologic eversion of the external os facilitates 
the visualization of the squamocolumnar junction 
and the entire transformation zone where dysplasia 
originates, reducing the rate of unsatisfactory col
poscopy. Late in the third trimester, the redundant 
vaginal walls can prevent complete visualization of 
the cervix, especially in obese women; abundant 
mucus can also impair visualization. The markedly 
increased uterine perfusion accentuates the vascular
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findings, mimicking a mosaic pattern and suggesting 
a higher grade of dysplasia.

When the colposcopic findings suggest CIN, 
except for the most expert colposcopist, biopsies 
should be obtained from aceto-white lesions with 
or without abnormal vascular pattern, to corre
late the results of the Pap smear, colposcopy, and 
histopathology. A lesion suspicious for invasive can
cer must always be biopsied, regardless of the cytol
ogy. The number and depth of the biopsies should be 
controlled to avoid excessive bleeding; silver nitrate 
and Monsel’s solution are used liberally for hemosta
sis. An endocervical curettage (ECC) is not done 
because of the risk of bleeding and rupture of the 
membranes.

When there is adequate correlation between the 
most severe abnormality on cytology, biopsy, and a 
satisfactory colposcopy for low-grade or high-grade 
CIN (including carcinoma in situ), treatm ent can 
be safely delayed until 6 to 8 weeks postpartum. 
The median interval for the progression from dys
plasia to invasive cancer is 10 years, and the risk of 
developing an invasive cancer before delivery is min
imal, as long as the patient is followed with periodic 
repeat colposcopy. Laser vaporization of the trans
formation zone would result in excessive bleeding, 
and its morbidity is not justified; the same applies to 
the loop electrosurgical excision procedure (LEEP). 
Cryotherapy might be less morbid given the super
ficial depth of freezing; however, given the natural 
history of CIN in pregnancy and the absence of data 
supporting the safety of cryotherapy in pregnancy, 
observation is appropriate.

Cervical conization in pregnancy is fraught with a 
high complication rate, including hemorrhage, spon
taneous abortion, or preterm labor. The only indica
tions for conization in pregnancy are when the Pap 
smear or colposcopy suggest invasive cancer that is 
not confirmed on biopsy; if the punch biopsy is inter
preted as microinvasive carcinoma (i.e., invasion to 
less than 3 mm below the basement membrane), 
occult adjacent deeper invasion must be ruled out. 
A wedge resection limited to the suspicious area of 
the cervix is diagnostic and less morbid than a for
mal conization. Patients with microinvasive or Stage 
IA disease are allowed to continue their pregnancy 
to term, and the route of delivery should be guided 
by obstetric indications, regardless of the cervical 
neoplasia; definitive therapy after delivery ranges 
from simple hysterectomy to observation if the sur

gical margins of the cone biopsy wTere negative and 
the patient wishes to maintain her fertility.

Cervical Malignancy 

Epidemiology
Carcinoma of the cenrix coexisting with pregnancy 
is relatively uncommon, but it is the most com
mon gynecologic cancer encountered in pregnancy. 
Hacker and coworkers report an average incidence 
of carcinoma in situ in 1 of 770 pregnancies [238], 
For invasive carcinoma, the average incidence is 1 in 
2,200 pregnancies. They also noted that the average 
age of patients with carcinoma in situ of the cervix 
during pregnancy is 29.9 years and the average par
ity is 4.0. For invasive carcinoma, the average age is 
33.8 years, and the average parity is 4.5.

Various studies have identified several associa
tions between cervical cancer and the woman’s his
tory or laboratory findings. As an example, Orr and 
colleagues reported that abnormal vitamin levels 
were more common in patients with cervical can
cer [239], When compared with controls, levels of 
plasma folate, betacarotene, and vitamin C were 
significantly lower in patients with cervical can
cer. There is a strong association between cigarette 
smoking or exposure to passive cigarette smoke and 
an increased risk of squamous cell carcinoma of the 
cervix [240]. Some studies have suggested that can
cer of the cervix is more common among oral con
traceptive users; however, these studies could have 
been influenced by confounding factors known to 
affect cancer risk, such as early onset of sexual activ
ity, multiple sexual partners, and a previous history 
of sexually transmitted diseases. Compelling evi
dence now associates specific HPVs with cervical 
cancer. Although 70 different types of HPV have 
been described, HPV types 16, 18, 31, 33, 35, 39, 
45, 51, 52, and 56 are found in cases of moderate and 
severe dysplasia, carcinoma in situ, and invasive cer
vical carcinoma and therefore constitute so-called 
high-risk types [241].

Diagnosis
Although carcinoma in situ is generally asymp
tomatic, invasive cervical carcinoma often presents 
with abnormal vaginal bleeding, vaginal discharge, 
postcoital bleeding, and pelvic pain, similar to the
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symptoms noted in nonpregnant women. Painless 
vaginal bleeding, the most common symptom, can 
readily be attributed to conditions such as threat
ened abortion or a low-lying placenta. Not surpris
ingly, the diagnosis is often delayed even though 
the patients are under regular medical survei
llance.

Methods of diagnosis are generally the same as in 
nonpregnant patients. In most instances, screening 
cervical cytology and punch biopsy of a gross cervi
cal lesion lead to the correct diagnosis. The preg
nant cervix lends itself to colposcopic evaluation 
because the columnar eversion that occurs during 
pregnancy facilitates adequate visualization of the 
transformation zone. Pregnancy tends to exaggerate 
the colposcopic features of CIN, so that overdiag
nosis is more likely than the reverse [242], Cervi
cal biopsies can be safely performed under colpo
scopic direction, but endocervical curettage should 
not be performed during pregnancy because of the 
risk of membrane rupture. W hen a visible lesion is 
present on the cervix, biopsy is indicated regard
less of the cytology. Even if the biopsy is small, the 
increased vascularity of pregnancy can lead to exces
sive bleeding [242-244], As a result, vaginal pack
ing or placement of a suture is sometimes necessary. 
Some measures can be taken to prevent, reduce, or 
control bleeding: pressure by a cotton-tip applica
tor, application of ferric subsulfate (Monsel’s solu
tion), use of silver nitrate, or localized injection 
of vasopressin (Pitressin). Conization of the cervix, 
although it provides optimal diagnostic accuracy, 
is a relatively morbid procedure during pregnancy 
and should be avoided unless necessary for com
plete patient evaluation [242-244]. Averette and 
coworkers reported abortion as a complication in 11 
of 33 patients who had conization during the first 
trimester [243]. Wedge resection or conization in 
pregnancy is indicated only if there is a real possibil
ity of invasive cancer. Preterm labor is an additional 
serious complication. If required, conization is best 
performed during the second trimester to reduce 
risk of abortion and severe hemorrhage. W hen inva
sive cancer is suggested by cytology or colposcopy 
but has not been confirmed by directed biopsy, or 
if the transformation zone is not fully visualized, it 
is possible to do a wedge resection of the cervix, 
removing only the suspicious lesion or those areas 
incompletely visualized on colposcopy rather than 
performing a complete conization.

Tumors of Epithelium
Squamous cell carcinoma 
Large cell nonkeratinizing 
Large cell keratinizing 
Small cell
Verrucous carcinoma 
Adenocarcinoma 
Common pattern
Adenoma malignum (minimal deviation 

adenocarcinoma)
Mucinous 
Papillary 
Endometroid 
Clear cell 
Adenoid cystic 
Adenosquamous carcinoma 
Stem cell carcinoma (glassy cell carcinoma) 

Tumors of Mesenchymal Tissue 
Endocervical stromal sarcoma 
Carcinosarcoma 
Adenocarcinoma 
Embryonal rhabdomyosarcoma 
Tumor of Gartner duct (true mesonephroma) 

Others 
Metastatic tumors 
Lymphoma 
Melanoma 
Carcinoid

1ABLE 16.7 Malignant Tumors of the Cervix

Pathology
In most large series, 85% to 90% of malignant lesions 
of the cervix are squamous cell carcinomas, but 
other lesions are possible (Table 16.7). Most infor
mation about etiology and epidemiology is pertinent 
only to the more common squamous cell lesions.

Classification and Staging
The staging of cervical cancer is a clinical ap
praisal, often confirmed by an examination under 
anesthesia; the stage cannot be changed later if sur
gical findings or subsequent therapies reveal more 
advanced disease. Today, cervical cancers are staged 
almost exclusively according to the FIGO classifica
tion (fable 16.8) [245], Palpation, biopsy, coniza
tion, colposcopy, hysteroscopy, cystoscopy, proc
tosigmoidoscopy, intravenous pyelography, barium
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Stage 0 Carcinoma in situ, intraepithelial
carcinoma

Stage 1 Thg carcinoma is strictly confined to the
cervix (extension to the corpus should be 
disregarded).

Stage IA Preclinical carcinoma of the cervix (i.e.,
those only diagnosed by microscopy)

Stage 1A1 Measured stromal invasion of no more than
3 mm in depth and extension of no more 
than 7 mm

Stage IA2 Measured stromal invasion of more than
3 mm and no more than 5 mm in depth, 
with an extension of no more than 7 mm. 
Larger lesions should be staged as IB.

Stage IB Lesions of greater dimensions than Stage
IA2, whether seen clinically or not 

Stage IB1 Clinically visible lesion no larger than 4 cm
Stage IB2 Clinically visible lesion larger than 4 cm
Stage II The carcinoma extends beyond the cervix

but has not extended onto the pelvic wall. 
The carcinoma involves the vagina but not 
as far as the lower third.

Stage IIA Involvement of the vagina but no evidence
of parametrial involvement 

Stage IIB Infiltration of the parametria but not out to
the sidewall

Stage ill Involvement of the lower third of the
vagina or extension to the pelvic sidewall 

Stage III A Involvement of the lower third of the
vagina but not out to the pelvic sidewall 

Stage IIIB Extension onto the pelvic sidewall or
hydronephrosis or nonfunctioning kidney 

Stage IV The carcinoma has extended outside the
reproductive tract.

Stage IVA Involvement of the mucosa of the bladder 
or rectum

Stage IVB Distant metastasis or disease outside the
true pelvis

TABLE 16.8 FIGO Classification of Cancer of the Cervix

enema, and radiologic studies of the lung and 
skeleton can be used to stage a patient’s disease. 
Specialized techniques such as lymphangiography, 
arteriography, venography, CT scan, MRI examina
tion, and laparoscopy are not recommended for stag
ing, because they are not uniformly available from 
institution to institution. Staging is a means of com
munication between institutions. More important, 
staging is a means of planning treatment. For these 
reasons, the method of staging should remain fairly 
constant. Staging does not limit the treatm ent plan,

and therapy can be tailored to the architecture of 
the malignancy in each patient. Findings uncovered 
by CT scan or MRI examination can be used in the 
planning of therapy but should not influence the 
initial clinical staging of the lesion. Unfortunately, 
clinical staging is only of rough value in prognosis, 
because widely variable lesions are often included 
under one subheading.

Management
Carcinoma in situ diagnosed during pregnancy 
should be managed conservatively, with the preg
nancy allowed to proceed to term. Vaginal delivery 
is anticipated, and appropriate therapy is carried out
6 to 8 weeks postpartum. Microinvasivecarcinoma of 
the cervix diagnosed by conization during pregnancy 
can also be managed conservatively, with the preg
nancy being allowed to continue to term with col- 
poscopic surveillance every 6 weeks. At term, either 
cesarean hysterectomy or vaginal delivery, followed 
by postpartum extrafascial hysterectomy, is appro
priate. Conization can be sufficient therapy if the 
surgical margins are negative and the patient wishes 
to maintain her fertility.

The decision to treat or delay treatm ent of cer
vical carcinoma during pregnancy is not difficult if 
the pregnancy is unwanted and the gestation less 
than 22 weeks. Similarly if the cancer is diagnosed 
when fetal maturity has been attained, or if the can
cer is far advanced and a delay will not change the 
maternal prognosis, there is little problem. Difficult 
decisions arise when the pregnancy is desired and 
the immature fetus approaches the period of viabil
ity [246-249],

In deciding on therapy, the physician must con
sider both the stage of disease and the gestational 
age. For Stage IB and IIA lesions, radical hysterec
tomy with bilateral pelvic lymphadenectomy with 
the pregnancy in situ, or radical hysterectomy with 
cesarean delivery, depending on the stage of preg
nancy, is acceptable. The complications of radical 
surgery for cervical carcinoma in pregnant patients 
do not exceed those for nonpregnant patients when 
normal surgical principles are scrupulously fol
lowed. Patients in the first and second trimester 
are usually advised to undergo definitive therapy 
immediately; thus, interruption of the pregnancy 
usually is advised. Normal-appearing ovaries at the 
time of primary radical surgery in patients with
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invasive carcinoma of the cervix can be preserved. 
Conservation of ovarian function does not adversely 
affect the cure rate [250].

At 24 or more weeks of gestation, one must 
balance potential fetal viability and maternal inter
ests. Any decision to delay therapy should be made 
only after thorough discussion with the patient 
and her family. Highly complex ethical issues, reli
gious beliefs, and emotional considerations for the 
patient and family are superimposed on this med
ical problem; the parents need to participate in 
the decision-making process. Optimal management 
includes consultation with a gynecologic oncologist, 
a radiation oncologist, a perinatologist, and a neona- 
tologist. Delays longer than 6 to 8 weeks are difficult 
to justify, but with the expert neonatal care avail
able in large centers, excellent fetal salvage should be 
expected after 28 weeks of gestation. Five-year sur
vival rates reported by physicians advocating imme
diate treatment are not significantly different from 
those of physicians advocating delays in therapy of 
up to 8 weeks [246]. If it is decided to await fetal via
bility, it is important to evaluate the fetus by ultra
sonography to rule out major congenital anomalies, 
and to administer at least 48 hours of steroid therapy 
before delivery.

Preoperative radiologic investigation should be 
performed only if radical surgery is contemplated 
and should be limited to chest radiographs with 
abdominal shielding and a limited intravenous pyel- 
ogram. Because of the increased risk of hemorrhage 
and infection with delivery through a cervix contain
ing gross cancer, classic cesarean delivery is preferred 
to avoid the lower uterine segment. For patients 
in whom inadvertent vaginal delivery has occurred, 
however, there is no evidence to suggest that prog
nosis is worsened [248,251,252],

Radiation therapy is the treatm ent of choice for 
poor surgical candidates, bulky early-stage lesions, 
and advanced tumors (Stage IIB and beyond) 
[251,252], During the first trimester, external 
whole-pelvis radiation therapy is usually a reliable 
abortifacient [253], Spontaneous abortion usually 
occurs after 4,000 cGY, on average 35 days and 45 
days following the onset of radiation therapy in the 
first and second trimesters, respectively. Abortion 
can be delayed 60 to 70 days in some patients treated 
during the second trimester [252,253], Where radi
ation fails to induce abortion, dilatation and curet
tage (or evacuation) is performed before intra

cavitary radium or cesium insertion. In a second- 
trimestef pregnancy complicated by advanced Cer
vical carcinoma, delivery of the products of con
ception is more complicated: at midtrimester, fetal 
tissues are more resistant to radiation therapy, and 
the abortifacient effects of treatment are less pre
dictable. The resulting failure of abortion, despite 
radiation therapy, has led to reports of severely dam
aged yet viable neonates. The variable fetal effects 
following radiation therapy are accompanied by an 
adverse psychologic impact on the pregnant woman 
[254,255],

Hysterotomy is a useful alternative to radiation 
therapy-induced abortion, but this procedure car
ries its own risks (e.g., hematopyometria as a result 
of obstruction of the cervical canal by infected 
malignant tissue). Additional risks of laparotomy, 
including adhesions of bowel to the uterine scar, 
can place such tissues at risk of radiation therapy- 
induced damage. Scandinavian authors have sug
gested the Porro operation, a supracervical hysterec
tomy after hysterotomy [256], This removes the 
nidus for hematopyometria formation, but resultant 
raw areas again could promote bowel adhesions and 
radiation therapy-induced damage. This procedure 
has not been widely accepted.

Prognosis
The overall prognosis for all stages of cervical can
cer in pregnancy is similar to that of nonpregnant 
women. Hacker and coworkers [238] noted an over
all 5-year survival rate for pregnant women with 
invasive Cervical cancer of 49.2%, similar to the 
51% rate quoted for nonpregnant patients. Clin
ical stage is the most important determinant of 
prognosis (Tables 16.9 and 16.10). Age, parity, and 
gestational age at diagnosis have no effect on sur
vival within a given stage. Similarly, the mode of 
delivery has no effect on maternal or fetal survival. 
Although patients diagnosed in the third trimester 
and postpartum do significantly worse than those 
diagnosed early in pregnancy, this is the result of 
more advanced disease. Bleeding in the late stages of 
pregnancy is often assumed to be of obstetric origin, 
and careful assessment of the cervix can be forgot
ten. The popular misconception that cervical cancer 
during pregnancy spreads more rapidly and aggres
sively than in the nongravid state is unfounded. 
Small cell carcinomas and glassy cell carcinomas
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TABLE 16.9 Carcinoma of the Cervix: Five-year Survival 
by Clinical Stage

Stage Treated Survival %

IB 474 348 74.5
II 449 214 47,8
1MV 326 53 16.2
Total 1249 615 49.2

From Hacker Nr,, et al: Carcinoma of the cervis associated with
pregnancy. Obstet Gynecol 1982;59:735-746; with permission.

TABLE 16.10 Carcinoma of the Cervix: Five-year
Survival by Period of Gestation

Trimester Treated Survived %

First 137 94 68.6
Second 51 32 62.7
Third 87 45 51.7
Postpartum 621 289 46,3
Total 896 460 51.3

From Hacker N il e t ah Carcinoma of the tgrvix associated with 
pregnancy. O bstet Gynecol 1982;5S:735-746; with permission.

are fortunately uncommon and are associated with a 
poor outcome regardless of the treatm ent modality.

Uterine Disorders 

Leiomyomata

Epidemiology
Uterine leiomyomas are the most common pelvic 
tumors in women [257-260]. Traditionally 
described as present in 20% of women over age 
35; their appearance in 50% of postmortem exam
inations performed on women suggests a higher 
prevalence. Their reported incidence ranges from 
0.3 to 2.6 per 100 births, depending on the age 
and race of the population studied. They usually 
have a minor impact on conception but can exhibit 
a profound effect on pregnancy maintenance. 
Leiomyomas are more common among African 
American than among Caucasian women. The 
growth of uterine leiomyomas is clearly related 
to circulating estrogens. These tumors are most 
prominent and demonstrate their maximal growth

during a woman’s reproductive life, when ovarian 
estrogen secretion is maximal. With the onset of 
menopause, leiomyomas characteristically regress. 
Classic teaching has been that leiomyomas grow 
during pregnancy reflecting their dependence on 
estrogen. Recent data suggest that this might not 
be true, however (see later discussion) [258,259],

Pathology
These neoplasms are variously referred to as leiomy
omas, fibromyomas, myomas, leiomyohbromas, 
fibroleiomyomas, and fibroids. The most accurate 
term is leiomyoma, which best describes their ori
gin and predominant cellular composition. Despite 
a general belief to the contrary, the best evidence is 
that pregnancy does not necessarily accelerate the 
growth of these tumors [259]. If growth occurs 
during pregnancy, the tumor can exceed its blood 
supply, leading to necrosis. Compromised tumors 
become dark and hemorrhagic, characteristic of the 
red or carneous degeneration classically described in 
pregnancy. O ther secondary changes within leiomy
omas include hyaline degeneration, cyst formation, 
calcification, fatty degeneration, and infection. Sup
purative changes most commonly occur when a 
submucous myoma protrudes through the cervix 
into the vagina, ulcerates, becomes edematous,; and 
is secondarily infected. Infection of a submucous 
leiomyoma can accompany puerperal endometri
tis and advance to endomyometritis with or with
out abscess formation. Necrosis and cystic changes 
are also common with torsion of a pedunculated 
leiomyoma. Malignant transformation of benign 
leiomyomas is extremely rare, occurring in less than
0.13% of uterine myomas [261], Very few data exist 
regarding the incidence of malignant transformation 
of leiomyomas during gestation.

Unless strict criteria for determination of malig
nancy are used, cellular leiomyomas can be erro
neously classified as leiomyosarcomas [261,262], 
The microscopic diagnosis relies on the mitotic 
activity and degree of cellular atypia (i.e., nuclear 
hyperchromatismandpleomorphism). lumorswith 
fewer than five mitotic figures per ten high-power 
fields and little if any cytologic atypia are classified 
as Cellular leiomyomas. Tumors with more than ten 
mitotic figures per ten high-power fields are con
sidered malignant. Those tumors with five to ten 
mitotic figures per ten high-power fields and no
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cellular atypia are termed smooth-muscle tumors 
of uncertain malignant potential (STUMP]. Tumors 
with this level of mitotic activity and cellular atypia 
are: usually classified as leiomyosarcomas. The prog
nosis is poor when tumors have a high mitotic count 
combined with cytologic atypia. Mitotically active 
smooth-muscle tumors of the uterus, with five to 
nine mitoses per ten high-power fields and no cel
lular atypia have a metastatic rate too low to be 
regarded as sarcomas. Hysterectomy need not auto
matically follow myomectomy in STUMP cases, 
because close clinical observation is a viable alter
native if the patient is young and wishes to maintain 
fertility.

Diagnosis

Most patients with uterine leiomyomas are symp
tom free. When symptoms occur, they are often 
related to the location of the leiomyomas, their size, 
or concomitant degenerative changes. Patients with 
a pedunculated leiomyoma often experience pain 
as the pedicle undergoes torsion, but pain can also 
occur with carneous degeneration. The discomfort is 
often acute and requires immediate attention. More 
commonly pressure and increased abdominal girth 
develop insidiously and usually elicit vague com
plaints. Pressure on the bladder can provoke uri
nary frequency, especially when the leiomyoma is 
located in the subvesical region or when a large 
myomatous uterus fills the entire pelvis. Ureteral 
obstruction, usually silent, is one of the most serious 
complications resulting from pressure of the 
myomatous uterus on the ureter at the pelvic brim. 
Unless the kidney has suffered parenchymal dam
age, these anatomic changes are reversible once the 
pressure is alleviated. Rectal pressure is rare unless 
the myomatous uterus is incarcerated in the cul-de- 
sac or contains a solitary, large posterior wall leiomy
oma. Constipation or tenesmus also is sometimes 
associated with a posterior leiomyoma, owing to 
pressure of the tumor on the rectosigmoid.

Uterine evaluation by ultrasound scan has 
increased understanding of the behavior of leiomy
omas during gestation [258], Before the use of 
sonography, only large leiomyomas were detectable 
in pregnancy, primarily by clinical examination. 
Aharoni and coworkers [259] serially followed 29 
patients with 32 leiomyomas, using ultrasonogra
phy; an increase in size was apparent in only 7

(22%), whereas 6 (19%) myomas actually decreased 
in volume, and 19 (59%) changed in size by less than 
10% of their initial volume. Thus, 78% of the uter
ine leiomyomas followed sonographically failed to 
increase in size during pregnancy. Although these 
data are reassuring, certain disturbances in repro
ductive performance, including infertility, sponta
neous abortion, and premature delivery increase 
with uterine leiomyomas. Associated complications 
include preterm PROM, malpresentation, dysfunc
tional labor, increased rate of abdominal deliv
ery retained placenta, postpartum hemorrhage, and 
puerperal uterine infections. In the series reported 
by Katz and coworkers, 2% of pregnant women had 
uterine leiomyomas diagnosed during gestation, and 
10% of these women had complications attributable 
to the tumors [257],

Management
Careful observation by serial follow-up examina
tions is suitable management for most leiomyomas. 
Most leiomyomas produce no symptoms and should 
not be confused with other pathologic conditions. 
These tumors are seldom malignant, especially in 
the absence of rapid enlargement.

Prognosis

The use of progestational compounds or gona
dotropin-releasing hormone agonists in an attempt 
to shrink leiomyomas is contraindicated during 
pregnancy. The best management scheme is early 
diagnosis and observation. If the tumors are large 
(>4 cm-5 cm) or symptomatic, serial ultrasonic 
studies are indicated to evaluate growth. Pain or 
other abdominal distress is best managed by bedrest, 
analgesia, and reassurance. Close observation during 
labor is prudent. Cesarean delivery is restricted to 
the usual obstetric indications. At cesarean deliv
ery, the leiomyoma is avoided, if possible, as the 
uterus is entered. Myomectomy is generally to be 
avoided unless a pedunculated or otherwise easily 
removed tumor is encountered. In selected women 
and in experienced hands, myomectomy at the time 
of cesarean delivery can be a safe and effective pro
cedure [264],

In the first trimester, the main problem is sponta
neous abortion; in the second trimester the prin
cipal difficulty is red or carneous degeneration,
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characterized by localized tenderness, leukocytosis, 
moderate fever, and signs of local peritoneal irrita
tion. In most cases, bedrest, analgesics, sedation, and 
close observation are sufficient. After 4 to 7 days, 
the symptoms gradually subside and the pregnancy 
usually proceeds normally. More than one episode 
can occur, but as long as they are controlled by 
conservative treatment, the prognosis remains good. 
Myomectomy during pregnancy greatly increases 
the risk of abortion or premature delivery and is 
rarely indicated [257j. There are other opinions. 
Burton and coworkers in 1989 reported six women 
with leiomyomatas ranging in size from 2 cm to 5 cm 
in diameter who underwent myomectomy without 
fetal loss [263], They claimed that this operation can 
be performed safely in carefully selected patients. 
Although elective myomectomy at cesarean deliv
ery might prove both safe and feasible; in selected 
patients (e.g., when the mass is pedunculated), 
because of the potential complications this should 
not be a routine procedure.

During the third trimester, most leiomyomas are 
asymptomatic. The main problems occur during 
labor [257], Although most patients with even large 
leiomyomata deliver normally a Cesarean rate of 
25% to 30% is usual when there is significant uter
ine involvement. Problems arise from 1) obstruc
tion from low cervical leiomyomas or prolapse of 
a large pedunculated tumor into the cul-de-sac; 
2) uterine inertia with incomplete dilation requir
ing cesarean delivery; 3) abnormal placental sepa
ration, primarily from implantation over a leiomy
oma interfering with development of a plane of 
cleavage necessary for placental delivery (the pla
centa sometimes adheres to a leiomyoma [partial or 
complete placenta accreta] and a hysterectomy is 
necessary); 4) postpartum uterine atony and hem 
orrhage owing to the inability of the myometrium 
to contract properly and compress the distended 
vessels; and 5) inadvertent or ill-advised extrac
tion of a pedunculated submucous tumor on post
partum uterine exploration, because infection and 
hemorrhage almost always occur. Traction on a sub- 
mucous tumor can lead to acute uterine inver
sion. In the puerperium, leiomyomas are usually 
asymptomatic, and if enlarged after 6 to 8 weeks, 
recede to their prepregnant size. Subsequent hys- 
teroscopic resection of a submucous leiomyoma sev
eral months postpartum is much less risky than 
peripartum surgery. Postpartum use of leuprolide

acetate (Lupron), a luteinizing hormone-releasing 
hormone (LH-RH) agonist, results in an initial 
gonadotropin stimulation, but chronic administra
tion results in decreased levels of LH and follicle- 
stimulating hormone (FSH), suppression of ovarian 
steroidogenesis, decreased estrogens, and shrinkage 
of leiomyomas and of the tumors of leiomyomato
sis peritonealis disseminata [265], Pregnancy must 
be rigorously excluded before this treatment is ini
tiated, because spontaneous abortion might occur if 
this drug is administered during gestation.

Uterine Malignancy 

Epidemiology
Endometrial carcinoma associated with pregnancy is 
extremely rare, with fewer than 30 cases reported 
[265-273]. More than one half of these cases wrere 
diagnosed at the time of dilatation and curettage 
for a spontaneous abortion or termination of preg
nancy. Endometrial cancer after childbirth and term 
pregnancy is rare; Itoh and colleagues reviewed 
two cases at cesarean and ten cases after delivery 
[270],

Pathology
W hen endometrial carcinoma does occur with preg
nancy, it is usually focal, well differentiated, and 
minimally invasive or noninvasive. Leiomyosarcoma 
and carcinosarcoma have also been reported dur
ing pregnancy [274-276]. These tumors are usually 
found incidentally in surgical pathology specimens. 
Decidual transformation of the cervical stroma can 
resemble sarcoma and should not be confused 
with the more serious condition [277-279]. Benign 
metastasizing leiomyomata of the uterus has also 
been reported to complicate pregnancy [280]. The 
metastasis is usually solitary and composed of bland 
cells, but can be multiple; usually there is a history 
of prior myomectomy.

Management
The recommended treatment for older patients 
with endometrial cancer is total hysterectomy 
with bilateral salpingo-oophorectomy and adju
vant radiation therapy for deeply invasive or high- 
grade tumors. In younger patients with noninvasive
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adenocarcinoma, it is not necessary to remove 
normal-appearing adnexae [266-269]. Because 
these cases are so rare, the management must be 
individualized. In the face of a confirmed diag
nosis of invasive, high-grade tumor, full operative 
extirpation of the genital organs and adjuvant radi
ation therapy is recommended, regardless of the 
patient’s age. In less aggressive tumors in young 
women, adnexal sparing is a consideration after 
careful patient counseling. Conservative manage
ment with uterine preservation has been reported 
[281-282], Young women desiring pregnancy and 
the need to preserve their reproductive organs can 
undergo progesterone treatment. Because the tumor 
can progress rapidly after a successful pregnancy 
careful selection of patients and follow-up care are 
mandatory [283,284],

Prognosis
The prognosis of endometrial cancer in pregnant 
women is presumed to be the same as that occurring 
for the same stage and grade among nonpregnant 
women. Readers are referred to standard reference 
works for these data [285,286],

Ovarian Tumors 

Epidemiology
Ovarian tumors are a relative uncommon occur
rence during pregnancy, with a reported incidence 
of 1 in 10,000 to 1 in 50,000 [287], The diagnosis 
and management of ovarian tumors can be prob
lematic because of the risk of malignancy and pre
maturity. Malignancy is very uncommon in ovarian 
tumors diagnosed during pregnancy, with an inci
dence of 2% to 5%. This disease is most common 
after age 50. Eastman and Heilman [288] quoted 
an incidence of ovarian cysts in pregnancy of 1 in 81 
patients, and Grimes and coworkers [289] stated 
that in 1 of 328 pregnancies a cyst large enough to 
be potentially hazardous is present. The incidence 
of ovarian cysts in pregnancy by ultrasound scan is 
between 1 in 50 and 1 in 200 [290]. Beral has sug
gested that pregnancy could actually protect against 
the development of ovarian cancer, since this cancer 
is rare in populations that do not practice birth con
trol [291], Several studies have documented that 
the use of oral contraceptives diminishes the inci-

TABLE 16.11 Histologic Classification of Ovarian 
Tumors during Pregnancy

Histologic Classification Number %

Benign cystic teratoma (dermoid cyst) 25 36.0
Serous cystadenoma 17 25.0
Paraovarian cyst 9 13.0
Mucinous cystadenoma 8 12.0
Corpus luteum cyst 4 5.5
Malignant tumor'*' 3 4.0
Endometriotic cyst 1 1.5
Follicular cyst 1 1.5
Other 1 1.5

*Sce text for details. Not otherwise specified.
From Struyk AP. TVeffers PE: Ovarian tumors in pregnancy, Acta 
O bstet Gynecol Scand 1984;63:421-424; with permission.

dence of ovarian cancer, presumably by suppressing 
ovulation [292-296],

Pathology
Beischer reported a series of 164 ovarian lesions 
diagnosed during pregnancy at the Royal Women’s 
Hospital in Melbourne [297], More than 50% 
were either mature cystic teratomas or muci
nous cystadenomas, and only four (2.4%) were 
malignant.

Struyk described 90 pregnancies complicated by 
ovarian tumors (Table 16.11) [298], O f the 69 
tumors that progressed to surgery no functional cyst 
was found in patients undergoing surgery after the 
18th week of gestation. In eight patients, ovarian 
tum or enlargement was noted during a period of 
observation; two were malignant, one was a serous 
cystadenoma, and five were mature teratomas.

Thornton reviewed 131 ovarian enlargements in 
pregnancy; 81 (including one carcinoma and six bor
derline lesions) were removed [299]. Thirty-nine 
were larger than 5 cm in diameter and had simple 
internal echo patterns and smooth walls; three of 
these were borderline malignancies.

More recent studies of ovarian tumors dur
ing pregnancy diagnosed by ultrasonography have 
reported dermoid cysts as the most common diag
nosis (36%), followed by serous cystoadenoma 
(15.5%), functional cysts (7.2%), low malignant 
tumors (2.4%), and adenocarcinoma (1.4%) [300— 
303],
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The initial detection and the appropriate diagno
sis are the most pressing problems with ovarian 
tumors in pregnancy [298]. The differential diag
nosis includes a retroverted pregnant uterus, a nor
mal corpus luteum of pregnancy a pedunculated 
uterine myoma, carcinoma of the rectosigmoid, a 
pelvic kidney or a congenital uterine anomaly. In 
the series by Struyk, 54% of the tumors were diag
nosed in the first trimester [298]. Pain occurred in 
26%, torsion in 12%, obstruction of labor in 17%, 
and rupture in 9% of the patients. Thirty-seven per
cent of the patients had no complications. Perina
tal mortality was high (3 fetal demises, 7 neonatal 
deaths).

The diagnosis is difficult during the first trimester, 
because an asymptomatic adnexal mass is frequently 
detected on pelvic examination at the initial pre
natal visit. Most of these ovarian masses are func
tional, follicular, or corpus luteum cysts, usually less 
than 6 cm and rarely up to 10 cm in diameter. More 
than 90% of functional cysts resolve spontaneously 
and are undetectable by the 14th week of gesta
tion. The most common presentation for an ovarian 
tumor in pregnancy is as an incidental finding on 
an ultrasound examination. Tumors not diagnosed 
by the second trimester are likely to escape detec
tion until labor and delivery, when they can result in 
obstructed labor or are detected as incidental find
ings at cesarean delivery.

In the second half of pregnancy ovarian tumors 
are particularly difficult to diagnose; they ascend 
into the abdominal cavity beyond the reach of vagi
nal examination, and abdominal palpation becomes 
the chief method of clinical diagnosis. As in the 
nonpregnant patient, the most common symptoms 
of ovarian neoplasms in pregnancy are abdomi
nal pain and swelling [304-308]. The pain is usu
ally intermittent, vague, and can be associated with 
disturbances in gastrointestinal function, a com
mon complaint during normal pregnancy. W hether 
these symptoms develop sooner because of uter
ine growth is not known. The pain can be acute as 
a result of tumor rupture, torsion, or hemorrhage. 
Torsion occurs more frequently during pregnancy 
owing to rapid growth of the uterus after the mid
trimester, elevating the tumor out of the pelvis and 
presumably permitting greater latitude for twisting 
on its narrow pedicle. W ith advanced malignancy,

Diagnosis
adhesions tend to fix the mass in the pelvis despite 
uterine growth and prevent torsion. Rupture occurs 
in 2% to 3% o f ovarian tumors in general, but 14% 
rupture during pregnancy [306,307]. Rupture and 
hemorrhage are most common during labor and 
delivery probably as a result of uterine contraction 
and descent of the presenting part.

Ultrasonography is particularly helpful in diagno
sis. Initially, an asymptomatic mass detected in early 
pregnancy is assessed clinically for features sugges
tive of neoplasia. A cystic, unilateral, mobile ovarian 
enlargement less than 6 cm in diameter represents 
either a functional ovarian cyst or a benign cystic 
teratoma (dermoid) in more than 88% of cases. If 
there is doubt as to the nature of mass, an MRI, care* 
ful real-time review of anatomy as noted on ultra
sonography, and CT scanning are helpful in estab
lishing the correct diagnosis. Should the mass persist 
beyond 14 weeks of gestation or if at initial detec
tion the mass is solid, bilateral, greater than 6 cm to 
8 cm in diameter, or contains septal or surface irreg
ularities, surgical intervention should be undertaken 
without delay. Metastatic disease to the ovaries must 
be considered in the differential diagnosis, as well 
as theca lutein cysts if there is a bilateral symmet
ric enlargement of the ovaries on pelvic examina
tion. Carcinoma of the breast and colon are the 
most common malignancies to metastasize to the 
ovaries.

In the nonpregnant woman, an intravenous pyel- 
ogram and a barium enema are commonly ordered 
after ultrasound scan, if an ovarian tumor is sus
pected. Although not absolutely contraindicated in 
pregnancy, these studies must be used only after 
critical assessment of the perceived benefits versus 
the potential risks. Because laparotomy is ultimately 
required for a definitive diagnosis, the results of such 
radiologic investigations rarely alter the initial man
agement.

Sonography and, in selected cases, serum tumor 
markers and color flow Doppler studies, are helpful 
in the evaluation. During the past decade, several 
investigators have confirmed that in patients writh 
advanced ovarian cancer, cancer antigen-125 (CA- 
125) is useful in monitoring response to therapy 
and in detecting occult tumor recurrence [309,310]. 
Using the upper limit of normal for CA-125, only 
1% of normal, healthy blood donors have an eleva
tion of CA-125. Approximately 6% of women in the 
first trimester of pregnancy or with nonmalignant
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disease, including active cirrhosis, pericarditis, uter
ine fibroids, and endometriosis, have an elevated 
CA-125 level, however. Elevated levels of CA-125 
are also present in a variety of gynecologic and non- 
gynecologic malignancies -  including pancreatic, 
colorectal, lung, endometrial, and breast carcino
mas. Elevated CA-125 levels occur in most serous 
epithelial ovarian carcinomas but in only a few muci
nous tumors.

Carcinoembryonic antigen (CEA) is a useful 
tumor marker in mucinous epithelial malignancies 
of the ovary. CEA is primarily used in the evalua
tion and management of patients with colon can
cer, although it can be elevated in patients with car
cinomas arising in the breast, endocervix, or pan
creas. Choriocarcinoma and some dysgerminomas 
and embryonal cell tumors produce hCG, whereas 
endodermal sinus tumors produce a-fetoprotein 
(AFP). Both of these markers are normally present 
during pregnancy, potentially confusing the diag
nosis. Preoperatively drawing a tube of blood to 
be held for possible tumor marker assays following 
histopathologic identification of the ovarian tumor 
is likely the best approach, except when gestational 
trophoblastic disease is suspected. In this case, lev
els of serum hCG are essential to establishing the 
correct diagnosis.

Classification and Staging
The simplest and most clinically oriented clas
sification merely divides ovarian neoplasms into 
benign or malignant. This classification is clearly 
unsatisfactory because of the wide variation in the 
malignant behavior of ovarian neoplasms, even 
among tumors of the same general histologic type. In 
addition, there are critical differences in the spread 
pattern and response to treatment among the malig
nant tumors. Even the benign tumors have impor
tant clinical differences such as the variable fre
quency of bilateralism, the differences in endocrine 
activity, and the association of certain tumors with 
genetic disorders. The shortcomings of the benign- 
malignant division of ovarian tumors are even more 
apparent if the neoplastic-like ovarian enlargements 
are to be incorporated into the classification of ovar
ian tumors. Although the designation of benign or 
malignant is useful and important, it is not enough. 
A listing of benign ovarian tumors is seen in Table 
16.12.

Non-neoplastic tumors
Germinal inclusion cyst 
Follicle cyst 
Corpus luteum cyst 
Pregnancy luteoma 
Theca lutein cysts 
Sclerocystic ovaries 

Neoplastic tumors derived from celomic epithelium 
Cystic tumors 
Serous cystoma 
Endometrioma 
Muci nous cystom a 
Mixed forms 

Tumors with stromal overgrowth 
Fibroma, adenofibroma 
Brenner tumor
Tumors derived from germ cells 
Dermoid (mature cystic teratoma)

TABLE 16.12 Benign Ovarian Tumors

TABLE 16.13 FIGO Histologic Classification of the
Common Primary Kpithelial Tumors of the Ovary

1. Benign cystadenomas
2. Cystadenomas with proliferative activity of the 

epithelial cells and nuclear abnormalities but with no 
infiltrative destructive growth (borderline cases, low 
potential malignancy)

3. Cystadenocareinomas

For many years, the existence of a group of epithe
lial ovarian tumors that have histologic and bio
logic features occupying a position between those 
of the clearly benign and frankly malignant ovar
ian epithelial neoplasms has been recognized (Table 
16.13). Clinically, these tumors are characterized by 
a predominantly early stage at diagnosis, infrequent 
and late recurrence, and long survival rate with 
residual or recurrent malignancy. FIGO accorded 
these tumors official status in its 1971 classifica
tion of epithelial ovarian tumors, and designated 
them as cystadenomas of low potential malignancy. 
These borderline malignancies, which account for 
approximately 15% of all epithelial ovarian can
cers, are also referred to as proliferative cystadeno
mas. Nearly three-fourths of borderline tumors are 
Stage I at the time of diagnosis. The average age
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TABLE 16.14 World Health Organization Classification of Ovarian Tumors

I. Common Epithelial Tumors 
Serous
Mucinous
Endometrioid (benign, borderline, or 
malignant]
C lea r cell 
B renner
Mixed epithelial 
LIndifferentiated
Carcinosarcoma and mixed mesodermal 
Unclassified

II. Sex cord-stromal tumors 
Granulosa cell tumor 
Adult type
Juvenile type
Thecoma
Fibroma
Cellular fibroma
Sclerosing stromal tumors
Arrhenoblastoma
Sertoli tumor
Hilus or Leydig cell tumor
Gynandroblastoma
Sex cord tumor with annular tubules
Lipid cell tumor
Unclassified

III. Germ cell tumors 
Dysgerminoma 
Endodermal sinus tumor 
Embryonal carcinoma 
Polyembryoma 
Choriocarcinoma 
Mixed germ cell tumor

Teratomas
Immature
Mature (dermoid cyst or solid)
Cystic with malignant transformation 
Monodermal (struma ovarii, carcinoid, 

strumal carcinoid)
Gonadoblastoma

IV. Tumor from nonspecific mesenchyme 
Hemangioma
Leiomyoma
Lipoma
Lymphoma
Sarcoma

V. Tumors metastatic to the ovary 
Gastrointestinal tract (Krukenberg)
Breast
Endometrium
Lymphoma

VI. Tumor-like conditions 
Pregnancy luteoma 
Hyperplasia of ovarian stroma 
Stromal hyperthecosis 
Massive edema
Solitary follicle cyst 
Corpus luteum cyst
Multiple follicle cysts (polycystic ovaries) 
Multiple luteinized follicle cysts and/or 

corporalutea (hyperreactio luteinalis) 
Surface epithelial inclusion cysts (germinal 

inclusion cysts)
Simple cysts 
Inflammatory lesions 
Paraovarian cysts

of women with the borderline tumors is between 
that of women with frankly malignant ovarian car
cinoma and benign cystomas. The histologic criteria 
characterizing the borderline tumors can be summa
rized as follows: stratification of the epithelial lin
ing of the papillae, formation of microscopic pap
illary projections or tufts arising from the epithe
lial lining of the papillae, epithelial pleomorphism, 
atypicality mitotic activity and no stromal invasion 
present.

There is now general agreement that the most 
useful classification of ovarian tumors is based on 
the presumed cell of origin; therefore, the best con
temporary classifications are histogenetic. In this 
schema there are three major categories: 1) tumors 
arising from the coelomic epithelium or mesothelium 
covering the ovary (also termed germinal, surface, 
paramesonephric, and mullerian epithelium); 2)

tumors arising from the specialized gonadal stroma 
(sex cord-stromal tumors); and 3) tumors arising 
from the germ cells. The classification is completed 
by tumors that are derived from nonspecific mes
enchyme and by tumors that involve the ovary but 
arise from other organs (Table 16.14),

The extent of the tumor at the time of diagnosis 
is the most important variable influencing the prog
nosis in ovarian carcinoma. For purposes of compar
ing treatm ent results among different institutions, 
the extent of the disease is usually expressed in 
terms of stages. The surgicopathologic staging sys
tem adopted by FIGO in 1985 is seen inTable 16.15.

Management
In the presence of a fixed and solid pelvic mass 
or cul-de-sac deposits on clinical examination, or 
a complex multicystic mass with thick septae
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TABLE 16.15 FIGO Staging for Carcinoma of the Ovary

Stage I Growth limited to the ovaries.
Stage IA Growth limited to one: ovary; no ascites present containing malignant cells. No tumor on the external

surface; capsule intact.
Stage IB Growth limited to both ovaries; no ascites present containing malignant cells. No tumor on the external 

surfaces, capsules intact
Stage IC® Tumor classified as either Stage 1A or IB but with tumor on the surface of one or both ovaries, or with

ruptured capsule(s), Or with ascites containing malignant cells present or with positive peritoneal washings 
Stage II Growth involving one or both ovaries, with pelvic extension
Stage IIA Extension and/or metastases to the uterus or tubes
Stage IIB Extension to other pelvic tissues
Stage IlCf Tumor either Stage IIA or IIB but with tumor on the surface of one or both ovaries, or with capsulefs)

ruptured, or with ascites containing malignant cells present or with positive peritoneal washings 
Stage III Tumor involving one or both ovaries with peritoneal implants outside the pelvis or positive retroperitoneal

or inguinal nodes. Superficial liver metastasis equals Stage III. Tumor is limited to the true pelvis but with 
histologically proven malignant extension to small bowel or omentum.

Stage IIIA Tumors grossly limited to the true pelvis with negative nodes but with histologically confirmed microscopic
seeding; nodes are negative.

Stage IIIB Tumor of one or both ovaries with histologically confirmed implants on abdominal peritoneal surfaces, none
exceeding 2 cm in diameter; nodes are negative.

Stage IIIC Abdominal implants greater than 2 cm in diameter or positive retroperitoneal or inguinal nodes
Stage IV Growth involving one or both ovaries, with distant metastases. If pleural effusion is present, there must be

positive cytologic findings to classify a case as Stage IV. Parenchymal liver metastasis equals Stage IV.

* Notes about the staging: To evaluate the impact on prognosis o f the  different criteria for classifying cases as Stage IC or IIC, it Would be of 
value to know whether the rupture o f the  capsule was. Spontaneous or caused by the surgeon and if the source of malignant cells detected 
was peritoneal washing or ascites.

From the International Federation of Gynecology and Obstetrics: Annual report on the results o f treatm ent in gynecological cancer. Int J 
Gynecol O bstet 1989;28:189-190; w ith permission.

and solid components on ultrasound scan, surgical 
exploration is mandatory. With suspected ovarian 
cancer, there are few treatm ent alternatives in early 
pregnancy. During the latter half of pregnancy, delay 
of surgery until fetal maturity must be considered, 
accepting the potential compromise in the maternal 
prognosis. It is recommended that surgery not be 
delayed, however. The possibility of preterm deliv
ery should be anticipated; appropriate management 
involves consultation with a perinatologist and a 
neonatologist, and preoperative referral to a center 
where a neonatal intensive care unit and a gyneco
logic oncologist are available. The management of 
the pregnancy should be discussed preoperatively 
based on gestational age. This is particularly diffi
cult when the diagnosis and the extent of surgery 
can be determined only intraoperatively. Pregnancy 
loss following a surgical procedure is lowest during 
the second trimester.

The use of laparoscopy in the management of 
adnexal masses during pregnancy has increased in

the past few years. Diagnostic laparoscopy has been 
used in the first trimester of pregnancy for the diag
nosis and management of ectopic pregnancies and 
the evaluation of adnexal masses. Laparoscopy in 
the management of adnexal masses in pregnancy has 
been found to be efficacious and safe [311-313], If 
laparoscopy is considered in a pregnant woman with 
an adnexal mass, the surgeon must be experienced 
and the surgery should be performed preferably in 
the second trimester. In addition, the mass should 
be mobile, accessible, and have the characteristics 
of a benign lesion.

Approximately 16 to 18 weeks of gestation is a 
judicious period for laparotomy both in terms of 
safety and elimination of functional ovarian cysts. 
This timing also permits sonographic evaluation to 
exclude major fetal anomalies. The outcome is influ
enced by the events leading up to the laparotomy; 
for example, acute ovarian accidents such as torsion 
or hemorrhage can affect the pregnancy adversely. 
Laparotomy for ovarian carcinoma is associated with
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PLATE 3.
A, Mobius retractor results in good exposure without use o f  additional retractors. B, 
Subsequent fetal extraction is depicted.
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PLATE 4.
A, In all open fetal surgery cases, a maternal hysterotomy is performed, using a 
specially designed uterine stapler device containing lactomer staples. B, Proper exposure 
o f  the fetal thorax in preparation for a left fetal thoractomy and lobectomy. A  
transcutaneous pulse oximeter is a useful adjunct for intraoperative fetal monitoring.
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PLATE 5.
Fetoscopy after a maternal laparotomy.

PLATE 6.
Percutaneous procedure under ultrasound guidance.
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PLATE 7.
A tracheostomy during the EXIT procedure, performed for massive airway obstruction.

PLATE 8.
Fetal lobectomy for a cystic adenomatoid malformation.
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PLATE 9.
Sacrococcygeal teratoma prior to fetal resection.

PLATE 10.
A simulated delivery used for medical student education.
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PLATE 11.
A simulated perianal laceration is 
created with a beef tongue and turkey 
leg tendons. The tendons are inverted 
into the tongue to simulate the anal 
sphincter.

PLATE 12.
The goal o f  this shoulder dystocia 
simulator is to teach residents to 
deliver the posterior arm.

PLATE 13.
An inflatable uterus used to simulate 
uterine atony.
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PLATE 14.
Forceps or vacuum delivery can be 
simulated.

PLATE 15.
A simulated vaginal breech delivery.

PLATE 16.
A simulation for cerclage placement.
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a significant risk of abortion in the first trimester, or 
premature labor during the third trimester.

Operative technique is similar to that used in the 
nonpregnant patient. Once a diagnosis of ovarian 
cancer is made, a full staging laparotomy is manda
tory. A generous longitudinal incision is performed. 
All peritoneal surfaces are carefully inspected, and 
any rough areas or adhesions are excised. Ascitic 
fluid is collected for cytology; if no ascites is present, 
washings should be obtained for cytology. Multiple 
biopsies should be taken from the pelvic peritoneum 
and lateral gutters; the entire large and small bowel 
and their mesenteries are inspected. The stomach, 
pancreas, liver, and surface of the liver are palpated. 
Biopsies should be taken from the undersurface of 
the diaphragm. The appendix and the omentum are 
removed. These last three areas are of particular 
importance. The incidence of diaphragmatic metas
tases in apparent Stage I and Stage II disease has 
been reported at 11.4% and 23%, respectively, and 
the incidence of omental disease is 7% in combined 
Stage I and Stage II epithelial cancer of the ovary 
[314], Studies by Sonnendecker [315], Malfetano 
[316], and Powell and coworkers [317] showed that 
83%, 70%, and 63%, respectively, of Stage III and 
Stage IV patients with epithelial ovarian cancer had 
evidence of appendiceal metastasis.

Retroperitoneal lymphadenectomy should be 
included in the staging procedure to eliminate the 
possibility of more advanced disease. The incidence 
of positive pelvic and periaortic lymph nodes is 
approximately 8% and 10%, respectively, for Stage 
I and Stage II epithelial disease [318]. Evidence of 
disease in any of these areas represents Stage III dis
ease, and treatm ent should be adjusted accordingly. 
Such complete assessment is imperative during the 
reproductive years, because conservation of a preg
nancy and fertility can usually be considered only in 
Stage IA disease.

The traditional requirements for conserva
tive management of Stage IA ovarian carcinoma 
are listed in Table 16.16. Unilateral salpingo- 
oophorectomy is the definitive treatm ent for young 
women of low parity found to have a well- 
differentiated serous, mucinous, endometroid, or 
clear cell carcinoma of the ovary. The tumor must be 
unilateral, well encapsulated, free of adhesions, and 
not associated with ascites or extragonadal spread. 
Peritoneal washings for cytology should be taken 
from the pelvis and upper abdomen, and the oppo-

TABLE 16.16 Requirements for Conservative 
Management of Epithelial Ovarian Cancer

1. Stage IA
2. Well-differentiated tum or
3. A young woman of low parity
4. Otherwise normal pelvis
5. Encapsulated tumor, free of adhesions
6. No invasion of capsule, lymphatics or mesovarium
7. Peritoneal washings negative
8. Opposite ovary normal and omental biopsy negative
9. Close follow-up possible

10. Excision of residual ovary after completion of 
childbearing

Modified from DiSaia PJ, Townsend PE, Morris CP: The rationale 
for less: than radical treatm ent for gynecologic malignancy in early 
reproductive years. O bste t Gynecol Surv 1974;29:581-593.

site ovary should be inspected and biopsied if sus
picious in appearance. Munnell and others have cal
culated the incidence of microscopic metastasis in 
the opposite ovary to be approximately 12% [319], 
The periaortic and pelvic wall lymph nodes must 
be carefully palpated and an adequate sample of the 
omentum taken for a biopsy. With the finding of car
cinoma in any of these areas, conservative surgery is 
usually abandoned.

In the past, most authors recommended aggres
sive surgical treatm ent with sacrifice of the preg
nancy; however, the definite surgical treatment for 
epithelial ovarian carcinoma must be individualized 
on the basis of surgical findings, gestational age, and 
the elective or emergent nature of the procedure. 
The patient’s wishes in regard to continuation of the 
pregnancy should also be considered. As an exam
ple, two cases of Stage IIIC epithelial ovarian cancer 
have been reported in which conservative surgery 
consisting of ovarian cystectomy or oophorectomy 
plus partial omentectomy and peritoneal cytology 
at 15.5 and 16 weeks of gestation were followed by 
cyclophosphamide and cisplatinum chemotherapy, 
and resulted in successful outcomes for mother and 
fetus [320,321]. The mothers underwent defini
tive surgery 4 and 6 weeks postpartum with resid
ual papillary serous adenocarcinoma found in the 
remaining ovaries. Both infants developed nor
mally w ithout evidence of physical or mental 
impairment.

Routine palpation and direct examination of 
the adnexa at cesarean delivery are important.
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Suspicious lesions found then can be biopsied or 
excised for histologic examination. W ithout histo
logic confirmation of malignancy and full reviews 
with the oncologist and the family extensive surgery 
should not be performed at the time of delivery. It 
is best to review the clinical and histologic findings, 
consult with an oncologist, and plan a full staging 
laparotomy in the postpartum period.

Prognosis
The prognosis for ovarian cancer is determined by 
the stage, the cell type, grade of the tumor, and 
the volume of residual tumor [322]. W hether other 
variables specific to pregnancy have an impact on 
the prognosis remains speculative. Increased blood 
flow to the pelvis, stimulation of gonadal stromal 
tumors by hCG, and the ‘ immunosuppressed state 
of pregnancy” have been suggested but lack inherent 
supporting data.

The prognosis for borderline epithelial tumors 
is excellent, with 5- and 10-year survival rates of 
90% to 100% with early-stage disease and 70% for 
advanced stages [323], Invasive cancers have a less 
favorable prognosis, with a 5-year survival rate of 
90% for adequately surgically evaluated Stage IA 
and IB, 65% for IC, 40% for Stage II, and less 
than 10% for Stages III and IV. Although the cur
rent approach of cytoreductive surgery combined 
with platinum-based chemotherapeutic regimens 
has improved survival rates at 2 years, the 5-year 
survival statistics have not improved significantly.

Management: Epithelial Cell Tumors
Epithelial cell tumors represent the most com
mon ovarian malignancies associated with preg
nancy [323]. Most are tumors of low malignant 
potential or are Stage I. Conservative surgery is 
appropriate when conservation of fertility and preg
nancy is desired, provided the tum or has been prop
erly staged as IA, is well differentiated, and well 
encapsulated. Although there is debate over the 
need to biopsy the contralateral ovary, the high inci
dence of bilaterality in the serous morphologic type 
(20%-24%) compared with the mucinous type (3%) 
argues in favor of a biopsy of the opposite ovary 
in cases of serous tumors. The importance of ade
quate staging is again stressed even for patients with

tumors of low malignant potential, because 15% 
to 20% of these patients are found to have disease 
spread beyond the ovaries.

If the disease is greater than Stage IA or is 
histologically poorly differentiated, total hysterec
tomy with bilateral salpingo-oophorectomy, omen- 
tectomy, and tumor debulking are indicated, along 
with postoperative adjuvant therapy. In selected 
cases, hysterectomy can be deferred to allow com
pletion of pregnancy. Patients who are treated con
servatively need close follow-up, with the uterus and 
other adnexa removed when childbearing is com
pleted.

Management: Benign Cystic Teratomas and  
Germ Cell Tumors

Benign cystic teratomas (dermoid cysts), definitively 
the most common neoplastic cysts in pregnancy, are 
easily managed by simple cystectomy. The germ cell 
tumors -  dysgerminoma, endodermal sinus tumor, 
immature teratoma, choriocarcinoma, embryonal 
carcinomas, and mixed types -  occur predominantly 
in the second and third decade of life and there
fore are common ovarian malignancies to coexist 
with pregnancy. Patients with these tumors often 
present with acute abdominal pain owing to rapid 
growth and a propensity for torsion. As a group, 
they are characteristically unilateral at diagnosis and 
usually can be managed with a unilateral salpingo- 
oophorectomy; they are usually Stage IA and the 
prognosis is not improved with more radical pelvic 
surgery [324],

Management: Dysgerminoma
Dysgerminomas account for 30% of ovarian malig
nancies accompanying pregnancy and are unilat
eral in 85% of the cases. Obstetric complications 
and emergency surgical intervention are common in 
patients with dysgerminomas. Karlen and cowork
ers reviewed 27 cases of dysgerminoma associated 
with pregnancy [325]. Torsion and incarceration 
were common in these patients, who had rapidly 
enlarging neoplasms averaging 25 cm in diameter. 
Obstetric complications occurred in nearly one half 
of the patients and fetal demise in one of four of the 
reviewed cases. Unilateral salpingo-oophorectomy is 
adequate as long as the tumor is encapsulated and
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the contralateral ovary is grossly normal and tumor 
free on biopsy. Ipsilateral pelvic lymphadenectomy 
and periaortic lymphadenectomy are especially 
important with this tumor owing to its propensity 
for lymphatic spread. Patients having Stage IC or 
higher disease should be treated with chemother
apy during or after completion of the pregnancy. 
Irradiation is an alternative for patients who have 
completed childbearing. Patients should be followed 
closely particularly for the first 2 to 3 years, which 
is when 90% of recurrences present. DePalo and 
coworkers reviewed dysgerminomas and reported 
the 5-year relapse-free survival rate to be 91% for 
Stage I, 74% for Stage III disease by virtue of posi
tive lymph nodes, and 24% for Stage III peritoneal 
disease [326].

Management: Endodermal Sinus Tumors
Endodermal sinus tumor is a more aggressive malig
nancy than dysgerminoma and fortunately is rare 
during pregnancy with only 15 cases reported in 
the literature up to 1991 [327-337], Although this 
tumor grows rapidly and 50% of patients have symp
toms for less than 1 week’s duration, 50% to 70% 
are still Stage I at the time of presentation. Unilat
eral salpingo-oophorectomy is therefore adequate 
in many patients. In contrast to dysgerminoma, 
involvement of the contralateral ovary is not seen 
in the absence of widespread disease; hence, biopsy 
of the contralateral ovary is not indicated. Surgery 
alone, even in Stage I disease, is associated with sig
nificant recurrence rate and poor survival. Unlike 
dysgerminoma, these tumors are not radiation sen
sitive. Combination chemotherapy, including VAC, 
or vinblastine, bleomycin, and cis-platinum (VBP), 
or bleomycin, etoposide, and cisplatinum (BEP), has 
greatly improved the prognosis. Whereas the disease 
was previously fatal, and 95% of the patients were 
dead within 2 years, the 2-year survival rate now 
approaches 100% for Stages I and II, and 50% for 
Stages III and IV disease [336-338], Because of the 
rapid growth of this tumor, chemotherapy should 
be started within 2 weeks of surgery.

If the diagnosis of endodermal sinus tumor is 
made during the first or second trimester, the patient 
must decide whether to 1) permit the pregnancy 
to continue to viability before instituting adjuvant 
chemotherapy 2) start chemotherapy with the fetus

in utero, or 3) terminate the pregnancy and start 
chemotherapy after the procedure. The patient with 
an endodermal sinus tumor, or the biologically sim
ilar embryonal carcinoma and immature teratoma, 
is faced with a choice for which little information is 
available.

Some case reports have described patients with 
endodermal sinus tumors who underwent conserva
tive surgery between 13 and 20 weeks of pregnancy 
followed by two to six cycles of chemotherapy with 
the VAC regimen during pregnancy [329-331]. All 
babies and two of the three mothers had a good 
outcome; the third m other died of cancer 1 week 
postpartum.

Therapeutic decisions for patients with advanced 
stages of these highly malignant tumors are difficult 
and controversial. Many such patients are cured by 
early adjuvant chemotherapy after surgery and thus 
delays in withholding chemotherapy are not war
ranted. As in earlier stages, the uterus and opposite 
ovary can be preserved if free of metastatic tumor. 
Some clinics are preserving the uterus and opposite 
ovary under all conditions in the hope that post
operative chemotherapy will sterilize those organs 
as well. No long-term follow-up of this approach is 
available. In many cases, patients request pregnancy 
termination for fear of potential teratogenic effects 
of chemotherapy.

Management: Rare Tumors
There are few reports of ovarian immature ter
atomas, embryonal carcinomas, choriocarcinomas, 
or mixed germ cell tumors diagnosed during preg
nancy. These tumors are frequently unilateral, and 
conservative surgery is appropriate. They are not 
radiation sensitive, and patients should be treated 
with postoperative chemotherapy, except for low- 
grade immature teratoma. The VAC regimen or a 
combination of etoposide and cisplatin is currently 
recommended [338-342].

Management: Gonadal Stromal Tumors
Malignant gonadal stromal tumors are extremely 
rare during pregnancy. Granulosa cell tumors 
account for 3%, and Sertoli-Leydig cell tumors for 
less than 1 % of reported cases of ovarian malignancy 
during pregnancy. These tumors are often initially
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misdiagnosed in pregnancy. Young and cowork
ers identified four reasons for misdiagnosis: 1) the 
young age of the patients, 2) an alteration in the his
tologic appearance of the tumors during pregnancy 
owing to intracellular edema, 3) a decreased fre
quency of associated endocrine manifestations, and 
4) pregnancy-induced changes in the ovary that sim
ulate sex cord-stromal tumors morphologically and 
hormonally [343]. O f 36 cases in this series, 6 were 
unclassifiable sex cord-stromal tumors as a result of 
pregnancy-related changes. The actual incidence of 
these tumors during pregnancy is therefore uncer
tain.

These tumors frequently rupture during preg
nancy. O f 36 cases reported by Young and cowork- 
ers, 10 (28%) ruptured before surgery, most com
monly during or just after labor [343].

Because most gonadal stromal tumors are uni
lateral, conservation of the contralateral ovary and 
uterus is possible in patients desirous of preserving 
fertility after proper staging. Contralateral ovarian 
involvement is uncommon, and wedge biopsy is not 
recommended if the ovary appears grossly normal. 
Postpartum chemotherapy should be strongly con
sidered in those patients with tumor rupture treated 
conservatively.

The prognosis for granulosa cell tumors is good 
for Stage I disease, but late recurrences are pos
sible. The 10-year survival rate ranges from 86% 
to 96% for Stage I versus 26% to 49% for higher- 
stage tumors [343,344], Rupture adversely affects 
prognosis, with an 86% 25-year survival rate for 
unruptured tumors versus 60% for ruptured Stage I 
tumors [345].

The prognosis in Sertoli-Leydig tumors is 
also difficult to determine [343,344,346], Well- 
differentiated tumors generally behave benignly. 
Even those with poor or intermediate differentiation 
appear to have a good prognosis. It is recommended 
that they be managed conservatively in young non
pregnant patients, because these are neoplasms of 
low malignant potential.

Fallopian Tube Disease 

Incidence
Fallopian tube cancer is the rarest of all gynecologic 
cancers, with an incidence of less than 1 %. The mean 
age of women with cancer of the fallopian tube is 55

to 60 years and reports in pregnancy are extremely 
rare [347-349],

Pathology
Fallopian tube cancer associated with pregnancy is 
usually unilateral and most often an adenocarci
noma [350]. Torsion of the fallopian tube usually 
occurs in a tube that is the site of the disease, such as 
tum or or pyosalpinx, but this can occur in a normal 
organ. Torsion is very uncommon during pregnancy 
[351,352]. O f 201 cases of fallopian tube torsion 
reported by Blum and Sayre [353], 12% occurred 
during pregnancy.

Diagnosis

The clinical presentation of carcinoma of the fal
lopian tube is variable and nonspecific. The classic 
watery, blood-tinged vaginal discharge is not seen 
in pregnancy because at 12 weeks of gestation the 
communication between the uterine cavity and the 
fallopian tube is obliterated. In most instances, the 
diagnosis is established at incidental laparotomy. 
In instances of tubal torsion, acute lower abdom
inal pain with a palpable tender mass lateral to 
the uterus suggests this condition. Tubal torsion is 
almost always misdiagnosed as ovarian torsion.

Staging

Staging of fallopian tube cancer is surgical. Fallopian 
tube cancer during pregnancy is staged using the 
same criteria as in nonpregnant women. Readers are 
referred to standard reference works [223].

Management
The treatm ent for fallopian cancer is total 
abdominal hysterectomy with bilateral salpingo- 
oophorectomy, pelvic node and paraaortic node 
dissection, multiple peritoneal biopsies, and infra
colic omentectomy [347,348], The operative find
ings and the residual disease after surgery deter
mine the use of postoperative radiation therapy 
or chemotherapy. Carcinoma in situ of the fal
lopian tube has been found in the portions of 
the tube submitted after postpartum tubal liga
tion [350]. In these unique cases, a total abdominal
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hysterectomy with bilateral salpingo-oophorectomy 
is recommended; however, simple removal of the 
fallopian tubes can be a reasonable alternative.

For simple torsion of the fallopian tube, treat
ment is operative removal of the tube. The ovary 
should be preserved unless necrosis develops. Delay 
in diagnosis, inability to distinguish strangulation 
from necrosis, and fear of embolization have made 
adnexectomy the accepted method of management 
of adnexal torsion.

New techniques could assist in adnexal sal
vage, however. McHutchinson and coworkers [354] 
described the use of 5 ml of 10% fluorescein injected 
intravenously in cases of torsion. They observed the 
involved untwisted adnexa under ultraviolet light 
to determine tissue viability; 72% of their patients 
had preservation through the use of this technique. 
Detorsion of the tube might be attempted if there 
are no signs of infarction in cases of early diagnosis 
and intervention or with incomplete torsion. The 
pregnancy should be left undisturbed, and continu
ation to term is likely.

DiSaia and coworkers have also urged less than 
radical treatment for selected gynecologic malignan
cies among patients in the early reproductive years 
[355],

LEGAL COMMENTARY

Medicolegal vulnerability for surgical complications 
is based on three basic theories. First, if the deci
sion to do a procedure is improper, then the deci
sion maker is responsible for all injuries and damages 
resulting from a surgical complication. Such liabil
ity arises regardless of whether the surgery itself was 
performed appropriately. Second, when the deci
sion to perform surgery is appropriate, but sub
standard surgical technique causes a complication, 
liability is attached. Finally, when a complication 
arises in the absence of culpable conduct, liability 
nonetheless arises when further injury results from 
delayed or improper management of the complica
tion. See also Chapter 21, Legal Commentary III 
and Appendix I, Appendix of Legal Principles.

Improper Surgical Recommendation
A physician has the responsibility to exercise rea
sonable care in recommending a surgical procedure, 
meaning that there must be a reasonable basis in the

history, physical, or laboratory findings to warrant 
the recommendation. As in all medical considera
tions, the recommendation of surgery necessitates a 
risk-benefit analysis. The surgeon must write a note 
in the medical record documenting the decision
making process. Liability rarely attaches when the 
surgical recommendation requires the weighing of 
competing patient interests.

The decision to recommend a procedure is often 
complicated by pregnancy. In a patient with sus
pected carcinoma of the cervix, endocervical curet
tage that results in ruptured membranes can have 
medicolegal implications. The same is true with 
conization of the cervix. Although this procedure 
provides optimal diagnostic accuracy, its recommen
dation during pregnancy must be carefully consid
ered.

An ancillary aspect of an appropriate surgical rec
ommendation is the concept of informed consent. 
A patient is entitled to make an informed decision 
whether to undergo surgery. This decision requires 
knowledge of the potential complications of the pro
cedure as well as the reasonable alternatives, includ
ing no surgery at all.

Surgical Technique
The rare frequency of a complication leads to the 
argument of preventability with appropriate surgi
cal technique. The occurrence of a surgical com
plication does not automatically translate into legal 
liability, however. The patient must prove that the 
complication occurred because of the failure of rea
sonable surgical care. Such proof usually focuses on 
the failure of the surgeon to take some recognized 
precautionary measure -  a measure intended to min
imize the risk of the complication.

In areas of developing surgical techniques, the 
most significant area of legal exposure falls in the 
lag between actual practice and the establishment 
of accepted safeguards. During the infancy of a new 
procedure, more than one school of thought often 
exist about how to minimize the risk of a proce
dure. Under these circumstances, it is difficult to 
attach fault for allegiance to one school or another. 
As time passes, however, and more experiences are 
evaluated, the number of approaches dwindles, leav
ing what is considered the accepted standard of care. 
The failure to use what has evolved into the stan
dard approach can result in liability. In the field of
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developing surgical techniques, therefore, it is 
incumbent on the surgeon to keep abreast of jour
nals and manufacturer’s publications, as well as what 
is reported at local and national meetings.

Improper Treatment of Complications
Finally, when a totally blameless complication arises 
but additional injury results from the failure to man
age the complication in a timely and proper manner, 
a liability issue will arise. The surgeon must begin 
his or her vigilance while in the operating suite and 
before closing the surgical wound. Close observation 
should continue during the postoperative period, 
with appropriate examinations, tests, and instruc
tion to the nursing and house staffs, all of which is 
documented.

The surgeon’s duty, however, does not end at the 
threshold of the operating suite or even at the point 
of discharge from the hospital. The surgeon has a 
duty to instruct the patient appropriately on the 
necessary safeguards to avoid postoperative compli
cations after discharge. From a medicolegal stand
point, failing to provide instructions to a patient who 
subsequently develops a postoperative infection will 
probably result in legal liability. The instructions 
should be provided to the patient in writing, not 
only to promote compliance but also to document 
the content of the instruction provided. At the time 
of discharge, there should be a notation on the 
record to evidence that the written instructions were 
provided.

Many surgeons choose to have a physician assis
tant, resident, or even a member of the nurs
ing staff provide home-going instructions. Such 
delegation might not insulate the physician from 
ultimate responsibility for improperly given instruc
tions, however. The person providing the instruc
tions is considered an agent of the physician, or 
the responsibility of providing instruction is deemed 
a ‘nondelegatable” duty of the operating surgeon. 
Either conclusion pulls the operating surgeon back 
into the chain of culpability.
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Chapn-r 17 INSTRUMENTAL DELIVERY

John P. O ’Grady

. . .  the Forceps.. .A s it is not sharper than the 
Hand, it may be introduced with all 
imaginable Safety,. . .  I can, from my own 
Experience, affirm it to be a most excellent 
Instrument, and so far from Hurting or 
Destroying, that it frequently saves the Mother’s 
Life, and That of the Child, as will appear in 
the Course of this Treatise.

Edmund Chapman (1680?-1756)

Treatise on the Improvement o f  M idwifery

Third Edition, London 1759, John Brindley: pp. xxv ii- iii

ROLE OF INSTRUMENTAL DELIVERY

Since its inception in the seventeenth century, 
instrumental delivery has been controversial [1-5]. 
Although most practitioners employ methods of 
assisted delivery on occasion, there are substantial 
international and local variations, and the accept
ability of certain techniques has changed rapidly in 
recent decades [6,7]. Although both forceps and 
the vacuum extractor continue in everyday use, 
vacuum extraction continues to gain in popular
ity [8-10], In the United States, the prevalence 
of operative vaginal delivery is estimated at 10% 
to 15% [11]. Despite changes in practice and in 
the popularity of forceps versus vacuum extractor 
over recent decades, the important questions about 
assisted delivery remain the same: when to conduct 
operative deliveries, which instrument is best for 
specific indications, and what the associated short- 
and long-term risks are.

Previous generations of obstetricians were taught 
that the principal indications for instrumental deliv
ery were two: prevention and rescue. Prevention 
involved saving both the baby and the mother from 
the potentially serious complications of prolonged 
second-stage labor, whereas rescue involved rapid 
fetal extractions in situations of presumed jeop
ardy. There was also the common use of what was 
termed prophylactic forceps. These were operations 
performed to shorten the second stage for the stated 
purpose of protecting the m other from injury to her 
pelvic support tissues while also reducing the risk of 
infant intracranial damage by cradling the infant’s 
head. In experienced hands, both the forceps and the 
vacuum extractor are still well suited for at least the 
first two of these listed tasks. The issue of instrumen
tal deliveries as a method of maternal or fetal protec
tion is much more complex than originally thought. 
Support for the presumed benefits of these proce
dures has essentially disappeared after critical anal
ysis of obstetric practices.

W hat is the best practice now? Obstetrics is cer
tainly not the same as when Bolivar DeLee pro
moted protective elective forceps use in 1920 [12] 
and is profoundly different from that experienced
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by the original developers of forceps in the eigh
teenth century. Management of labor and deliv
ery has also substantially changed from what was 
practiced a decade or more ago. The introduction 
of fetal monitoring, increasing medicolegal con
cerns about maternal or fetal injuries, new data 
suggesting long-term maternal morbidity from 
childbearing, improvements in anesthesia, the avail
ability of potent tocolytics and uterotonics, broad- 
spectrum antibiotics, and the increasing application 
of evidence-based medicine to critically evaluate 
traditional management protocols have collectively, 
profoundly, and permanently altered obstetric prac
tice.

The safe alternatives for labor management and 
new concerns about potential long-term complica
tions of vaginal birth have led to a progressively more 
selective and critical view of the role of instrumenta
tion. Whereas in prior years an instrumental delivery 
would have been performed immediately once the 
second stage had reached an arbitrarily established 
period of time, alternatives in labor and delivery 
management are now routinely considered. In addi
tion, some practitioners have chosen to restrict their 
practice to use only vacuum extraction, employ only 
outlet forceps, or to abandon assisted delivery pro
cedures entirely.

This chapter discusses instrument design, tech
nique of application, and the risks and benefits of 
assisted delivery. The principal controversies con
cerning instrumental delivery by both forceps and 
the vacuum extractor are reviewed, and recommen
dations are made about the use of these instruments. 
The focus of this presentation remains the desirabil
ity and safety of instrumental delivery and a critical 
analysis of what constitutes the best modern prac
tice.

Finding unbiased and evidence-based data on 
which to base decisions about instrumental deliv
ery is difficult. Many basic forceps and vacuum 
extraction techniques have not been subjected to 
systematic study. Much of the voluminous litera
ture concerning instrumental delivery is anecdotal, 
uncontrolled, involves small samples, or is retrospec
tive. As a result of the evolving nature of obstetric 
science, the author’s guides in recommending best 
practice include information derived from the rel
atively small number of properly conducted, ran
domized prospective trials, outcome data from var
ious prospective and retrospective clinical studies,

and, to a lesser degree, the collective experience and 
opinion of prior practitioners as reflected in text
books, traditional practices, and various reviews.

OVERVIEW: INSTRUMENTAL DELIVERY

An instrumental delivery is a major intervention, 
similar to other surgical operations. Both an appro
priate indication and the consent of the mother are 
mandatory prerequisites. When labor process falters 
or ceases, the clinician must not simply resort to 
instrumentation or, for that matter, a cesarean but 
consider the alternatives appropriate for the specific 
obstetric setting and formulate a management plan. 
If assisted delivery is chosen, the basic requirements 
for the operation include careful choice of cases, 
patient consent, adequate operator training and 
experience, acceptable anesthesia, meticulous tech
nique, and the willingness to abandon the attempt 
if it does not proceed easily [9,13-15].

INDICATIONS FOR INTERVENTION

The indications for operative vaginal delivery are 
either fetal or maternal. These indications include 
a prolonged second stage of labor, shortening of the 
second stage for maternal benefit, and suspicion of 
immediate or potential fetal compromise.

Station, as used in this chapter, follows the Amer
ican College of Obstetricians and Gynecologists 
(ACOG) guidelines and is reported in centime
ters (+ 5 /-5 ) [9], Station is defined as the clinical 
estimate of the distance between the bony pre
senting part and the plane of the maternal ischial 
spines. W here station is discussed, two numbers are 
recorded (e.g., +2/5 cm). The first number is the 
estimated station, whereas the second number doc
uments the reporting system used. In the exam
ple provided, the 5-cm scale for reporting station 
is the one intended and the station is +2. It should 
be noted that clinical stations reported in this 5- 
point scale do not entirely correspond to the stations 
recorded in the 3-point scale traditionally taught to 
practitioners (Table 17.1). Unfortunately, the deter
mination of the station is subjective, and the corre
lation between examiners when serial examinations 
are performed or when ultrasound scanning is used 
to verify fetal positioning is not reassuring (see The 
Problem of Digital Examination).
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TABLE 17.1 Estimation of Station* of the Presenting 
Part: Comparison between Methods

Classic Three 
Station Scale

ACOG
Centimeter Scale Cranial Position

-3 -5 Pelvic inlet
-2 -4
-1 -3

-2
0 0 Ischial spines 

(engagement)
+ 1 + 1

+2
+2 +3
+3 +5 O n the perineum

‘Defined as the estimate o f the distance from the bony presenting 
part to the plane of the ischial spines. See text for details.
Modified from Rosen MG: Management of labor. New York: 
Elsevier; 1990, with permission.

Prolonged Second Stage
Arrested descent or prolongation of the second stage 
of labor is a common indication for assisted delivery. 
Severely prolonged or neglected labors, although 
now rare in Western practice, still occur with some 
frequency in less-developed parts of the world. Such 
cases predispose to fetal injury and in extreme cases 
to maternal pelvic tissue necrosis, leading to poten
tially serious complications such as vesicovaginal or 
rectovaginal fistulas [17]. By traditional definition, 
second-stage labor of more than 2 hours without 
a regional or epidural anesthetic, or 3 hours with 
such an anesthetic are considered prolonged for nul
liparous women. For parous women, the acceptable 
intervals are 2 and 1 hours, respectively [15]. Clin
ical associations for a delayed second stage are mul
tiple. These include, among others, nulliparity, fetal 
malpositioning, inadequate uterine activity, limited 
pelvic size, epidural anesthesia, a large m other or 
fetus, high station at complete dilation, advanced 
gestational age, hypertensive disorders, maternal 
diabetes, and a prolonged active phase [15,18-20], 

Second-stage dystocia is an important clinical 
finding, suggesting the possibility of fetal malpresen- 
tation or malpositioning, inadequate uterine activ
ity, or, less commonly, true disproportion. W hen 
second-stage progress is tardy, intervention might 
be required. Despite prior belief, there are now 
good data to indicate that the second stage can 
safely be extended beyond the classically established

limits as long as the maternal/fetal status remains 
good and progress continues. Although with mod
ern monitoring fetal morbidity does not change 
with a longer second stage, maternal morbidity and 
rates of operative delivery clearly do increase when 
four hours or more of second stage have elapsed 
[15,21,22],

The established limits for the second stage are 
intended as markers or reminders that labor is pro
longed, that maternal/fetal evaluation is needed, and 
that some action should be considered to expedite 
delivery. This action could be oxytocin stimulation, 
cesarean delivery, a forceps or vacuum extraction 
delivery, maternal encouragement, or some other 
action. How to proceed depends on the clinical 
examination, an evaluation of the maternal and fetal 
status, the skill and experience of the clinician, and 
the general clinical setting [6,23].

Shortening of Second Stage
Elective shortening of the second stage is a potential 
indication for an instrumental delivery. Examples 
include the rare woman wrhose medical condition 
makes voluntary expulsive efforts either contraindi
cated or impossible. These situations include poor 
second-stage expulsive efforts from limited ability to 
cooperate, maternal exhaustion, excessive analgesia, 
or debility owing to a prior maternal injury or a mus- 
culoneurologic condition that limits the m other’s 
strength. W hen epidural anesthesia is dense, mater
nal expulsive efforts can also falter in the second 
stage. (See Chapter 9, Obstetric Anesthesia.] In this 
setting, encouragement, repositioning, oxytocin ad
ministration, prolonging the labor, and instrumental 
delivery or a cesarean are possible treatments.

Previously if an outlet procedure was possible 
and there was no evidence of disproportion, an 
elective instrumental delivery was frequently the 
choice. Such prophylactic instrumentation was part 
of standard American practice for many years but 
is now generally considered passe except in certain 
circumstances. Nonetheless, outlet procedures are 
safe. W hen studied in randomized trial, maternal 
or infant outcomes do not differ between elective 
low forceps and spontaneous deliveries [24-26]. 
W ith any instrumental delivery, however, the risk for 
maternal perineal injury does increase. The appro
priateness of the use of prophylactic forceps in the 
delivery of premature infants remains unsettled.
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Suspicion of Fetal Compromise
The term suspicion of immediate or potential fetal com
promise is now used for situations in which fetal well
being is uncertain and prompt delivery is required. 
Other terms frequently used in the past with simi
lar clinical implications include presumed fetal jeop
ardy, fetal distress, nonreassuring fetal heart rate trac
ing (assuming that an electronic monitor is in use), 
and nonreassuring fetal heart rate status (based on 
auscultatory findings). Clinical examples include 
cases complicated by sudden maternal hemorrhage 
or cord prolapse, accompanied by an unremitting 
fetal bradycardia, or severe and recurrent late decel
erations with poor return to the baseline. Examples 
of evidence in the medical record to substantiate the 
diagnosis of potential compromise include a combi
nation of fetal heart rate-tracing data; a report of 
sudden maternal hemorrhage with an accompany
ing fetal bradycardia, determined by a hand-held 
external Doppler device or by direct auscultation; 
the observation of meconium passage; abnormal 
scalp or cord pH values; notation of abnormal tran- 
scutaneous O 2 data; or other similar data.

The limitation of standard electronic fetal mon
itoring (EFM) in the accurate diagnosis of fetal 
compromise/acidosis has been recognized for many 
years. Two major difficulties with EFM are a high 
incidence of tracings incorrectly interpreted as sus
picious or abnormal and the relatively poor repro
ducibility of interpretations between various clin
icians [27]. Recently, monitoring that combines 
conventional EFM tracings with new electronics for 
ST-segment analysis suggests that it could be possi
ble to reduce the high false-positive rate for pre
sumed jeopardy [28]. W hether these new tech
niques will prove clinically useful remains moot. 
Unfortunately, the history of fetal monitoring is 
notable for the enthusiastic introduction of various 
new methods of evaluation that ultimately failed to 
achieve their stated goal or proved no better than 
existing techniques. A good example is fetal pulse 
oximetry [29].

W hen continuous EFM is performed, late second- 
stage recurrent bradycardias are common, especially 
with maternal bearing-down efforts. These heart 
rate changes are usually of trivial clinical conse
quence as long as variability persists, the heart rate 
returns to baseline between contractions, and the 
decelerating patterns do not persist beyond approx

imately 30 minutes. The technique employed for 
pushing is often a factor. Less athletic bearing down, 
efforts at intermittent pushing, or other techniques 
usually achieve equal progress while minimizing 
bothersome EFM patterns and maternal exhaustion. 
(See Chapter 22, Fetal Assessment.)

In contrast to what heretofore has been com
mon practice, a recent randomized trial involving 
320 nulliparous parturients concluded that the tra
ditional method of coached second-stage expulsive 
efforts was not beneficial [30], In this study, with
holding coaching was also not harmful. Coached 
labors did have the advantage of a slight shorten
ing of the second stage by a mean of approximately 
13 minutes, but coached pushing was also associ
ated with a significant higher incidence of meco
nium passage. Heroic pushing has other potential 
problems as well. In all likelihood, enforced bearing 
down increases the risk for injury to maternal pelvic 
support structures, but definitive data on this point 
are lacking.

Fixed bradycardias with prolonged loss of beat- 
to-beat variability or bradycardias accompanying a 
pattern of recurrent late decelerations are classic 
indications for an expedited delivery. In a previ
ously normal infant with recurrent serious umbilical 
cord compression, the fetal pH falls approximately
0.02 pH units/minute, establishing a limit of several 
minutes before serious acidosis develops [31], This 
should permit sufficient time for clinical examina
tions and a prompt review of options. If the pelvis is 
adequate, the baby well positioned and deep in the 
pelvis, and the surgeon skillful, prompt operative 
vaginal delivery by either forceps or vacuum extrac
tion is often possible, avoiding a cesarean. Alter
natively, having the m other stop extreme bearing- 
down efforts, placing her in left lateral recumbency, 
stopping any oxytocin infusion, administering oxy
gen and fluids, or other actions might permit the 
fetal heart rate to recover and, in some cases, a spon
taneous delivery subsequently to occur.

Bradycardias at high station (< +1/5 cm) because 
of cord prolapse, suspected abruptio placentae, dif
ficult extraction of a second twin, or other prob
lems are best managed by cesarean delivery. In cer
tain settings, when the parturient is at full dilation 
and if the baby is small, the pelvis adequate, and 
the patient multiparous and both willing and capa
ble of prompt bearing down, an assisted or at times 
even a spontaneous delivery is possible. The conduct
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of such an attempted vaginal delivery requires an 
experienced surgeon who can act expeditiously and 
effectively command the efforts of both the mother 
and the other birth assistants. Because the outcome 
is uncertain, the mother should be moved to a site 
where a cesarean can be performed. The primary 
clinician remains at the perineum, helping to time 
the bearing-down efforts, encouraging the m other’s 
progress, and perhaps applying an instrument while 
other personnel make simultaneous preparations for 
cesarean delivery. A vaginal delivery can occur if the 
presenting part descends rapidly and sufficiently far 
enough that an instrumental assist is possible. If for 
any reason an application is not possible, progress 
is slow, or the presenting part remains high, the 
obstetrician should perform a cesarean when the 
surgical preparations are complete. In these fluid 
situations, rapid clinical evaluation, recruitment of 
maternal assistance, experience, and sangfroid are 
the necessary components of successful manage
ment. Although operative heroics have no place in 
obstetric management, a role still remains for emer
gent instrumental vaginal delivery with either for
ceps or the vacuum extractor in carefully selected 
cases, managed by experienced accoucheurs. Specif
ically in this setting, if second-stage descent is not 
immediate and the instrumental delivery easy, a 
cesarean is best (see Trials and Failed Operations).

EQUIPMENT

Delivery instruments are conveniently classified into 
eight types: five of forceps, two of vacuum extrac
tors, and one for miscellaneous instruments [32- 
36],

1. Classic outlet forceps: The prototypes for this 
group are Elliot’s and Simpson’s cross-bladed, 
English lock designs, dating from the mid
nineteenth century (Figure 17.1) [3,14,32], 
These instruments incorporate a pelvic and 
cephalic curve and are often used for outlet and 
low forceps operations including rotations. In 
experienced hands, these blades can perform vir
tually all forceps operations. In theory, the over
lapping shanks and more pronounced cephalic 
curve of the Elliot instrument makes it a better 
choice than the Simpson design for use on rela
tively unmolded fetal heads.

FIGURE 17.1.
Classic outlet type forceps. Elliot forceps (ca. 1858) are
depicted above and Simpson forceps (ca. 1849) below.

2. Modified classic forceps: Included in this group 
are a heterogeneous collection of forceps that 
are modifications of the Elliot or Simpson clas
sic design [3,32], These include instruments with 
overlapping, extended, or shortened shanks, vary
ing cephalic and pelvic curves, and solid, fenes
trated, or pseudofenestrated blades. Such instru
ments employ a variety of locks. The forceps of 
Tucker-McLane and Luikart-Simpson are exam
ples. These forceps are usually applied as rotat
ing instruments in low to midpelvic applica
tions.

3. Parallel or divergent blade forceps: This desig
nation includes types developed by Shute [37], 
Laufe [38], and others [14], Their design avoids 
the cross-shank articulation of other forceps 
types, reducing fetal cranial compression. These 
instruments are designed for low or outlet appli
cations, not specifically for rotations. Shute also 
proposed the use of his parallel blade instrument 
in shoulder dystocia cases as a method of rotat
ing the fetal trunk and relieving the entrapment 
[39]. This unique forceps delivery technique has 
found few adherents, however.

4. Axis-traction forceps: Popular in the past, axis 
instruments are infrequently used today. Axis 
traction is incorporated in the DeWees, Hawks- 
Dennen, and Hays forceps designs, among others.
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FIGURE 17.2.
A, Bird’s rigid metal vacuum extractor cup. Note the eccentrically located vacuum port and the separate, 
permanently affixed traction chain. The regular model is illustrated. B, O 'Neil rigid-cup design. Note the 
rotating central cuff and the arching traction bar. The occiput posterior model o f  this cup is illustrated. The 
laterally located vacuum port facilitates application to posteriorly positioned heads. Tor the O ’Neil cup, a 
separate traction handle and cord (not depicted) are attached before the cup is applied.

French or German lock designs are common in 
this group. In the now uncommon situation when 
axis traction is desired, it is easiest to attach a trac
tion handle (i.e., Bill’s) to a standard forceps.

5. Specialized forceps: This category includes a series 
of designs modified for specific obstetric prob
lems. Examples include Kielland forceps for mid- 
pelvic rotation, especially where correction of 
asynclitism is necessary; Barton forceps for trans
verse arrests in a platypelloid pelvis; and Piper for
ceps for control of the aftercoming head in breech 
presentations.

6. Vacuum extractors -  rigid cup: This category 
includes the classic Malmstrom stainless steel 
rigid vacuum cup (Figure 17.2) as well as the var
ious metal and newer hard plastic modifications 
of this basic design [40-41 ]. These cups vary in 
minor details of design, specifically in the arrange
m ent of the traction attachment or vacuum port.

7. Vacuum extractors -  soft cup: Soft-cup instru
ments include various disposable polyethy
lene or combined polyethylene-silicone rubber 
elastomer cup designs from several manufac
turers (Figure 17.3). The newly introduced,

vacuum gauge FIGURE 17.3.
A prototype soft-cup vacuum 
extractor. A  hand vacuum pump, 
connecting tubing, and vacuum 
trap with an attached standard 
extractor cup are depicted. The 
combination o f  cup, tubing, trap, 
vacuum source, and pressure 
gauge is common to all 
extractors. Details vary by 
model. See text for discussion.ak

us
he

r-li
b.r

u



Instrumental Delivery 461

FIGURE 17.4. 
Murless vectis blade.

modified Malmstrom-design plastic extractors 
have hard cups. Because they function in essen
tially the same fashion as the original stainless 
steel extractors, they are included in the rigid-cup 
category.

8. Other delivery instruments: In this category are 
a variety of devices that are for the most part 
uncommonly available and rarely used. Included 
are vectis blades and a heterogeneous collection 
of other obstetric instruments, such as the bon
net of Elliot, or Thierry’s spatulas, none of which 
gained popularity [42,43]. The most familiar of 
these specialized instruments, and the one most 
likely to be used by clinicians, is the Murless vec
tis blade, designed for cranial extraction during 
cesarean delivery (Figure 17.4) [44].

9. Special features unique to vacuum extraction 
instruments: All vacuum extractors, regardless of 
cup composition or design, incorporate several 
features. These include

• A rigid or a flexible vacuum cup of varying com
position (e.g., polyethylene, Silastic, or stainless 
steel)

• A mushroom-shaped cup with a fixed internal 
vacuum grid or guard

• A combined vacuum pump/handle or a vacuum 
port to permit a vacuum hose attachment

• A handle, wire, or chain for traction

• A gauge for the measurement of the generated 
vacuum

The vacuum instruments most popular among 
American practitioners are the disposable plastic

extractors. Their success is primarily due to their 
usefulness in most outlet or low extraction proce
dures, their low cost, preassembly, low incidence of 
fetal scalp injury, and disposability.

Soft cups have a reduced risk of scalp injury when 
compared with rigid cups but are limited by design 
in the traction force they can apply [9]. Soft cups are 
also not suitable for certain applications, particularly 
when the fetal head is occiput posterior or markedly 
asynclytic and in the midpelvis [41,45]. Overall, 
extraction failures are more common with soft cups, 
when compared with forceps. In routine outlet 
and many low operations, the differences between 
the various vacuum instruments and the forceps 
are of trivial clinical consequence. In midpelvic 
operations and especially in posterior presenta
tions, however, such differences become much more 
important.

For a century the limitations of various vac
uum extractors in applying force due to sponta
neous cup displacement (pop-off) have been dis
cussed as a safety factor. The inherent limitation in 
traction available with extractors is a mixed bless
ing, however. Extraction failures are potentially dan
gerous. They tem pt some accoucheurs to multi
ple unsuccessful and possibly traumatic extraction 
efforts, or lead the surgeon to replace the vac
uum  extractor with forceps, to attem pt a sequen
tial extraction. This argument for pop-offs as an 
inherent safety advantage of vacuum operations 
over forceps is misleading. An unsuccessful vac
uum extraction with a number of pop-offs can actu
ally increase the risk of fetal injury if clinicians do 
not recognize the limitations of the technique and 
cannot restrict their efforts. When any properly 
applied delivery instrument fails, there is a reason. 
The appropriate response is the exercise of cau
tion, not an increased effort or a change of instru
ment in an effort to simply overcome the perceived 
difficulty.

PROCEDURE CODING  

Forceps Deliveries
Forceps instrumental delivery procedures, follow
ing American College of Obstetricians and Gyne
cologists (ACOG) recommendations are described 
as outlet, low, and midforceps operations. These des
ignations depend on a clinical examination, which 
assesses the position and station of the fetal head
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TABLE 17.2 ACOG Definitions: Forceps Operations* 

Type of Operation Description of Classification

Outlet forceps The scalp is visible at the introitus
without spreading the labia.

The fetal skull has reached the 
pelvic floor.

The sagittal suture is in the 
anterior/posterior diameter or in 
the right or left occiput anterior 
or posterior position.

The fetal head is at or on the 
perineum.

Low forceps The leading point of the skull is at
station > +2/5 cm.*

There are two subdivisions.
Rotation is 45 degrees or less.
Rotation is more than 45 degrees. 

Midforceps The application of forceps when
the fetal head is engaged but the 
leading point of the skull is above 
station +2/5 cm.

Highforceps Not included in the classification.

ACOG, American College of Obstetricians and Gynecologists
*ACOG Practice Bulletin No. 17, June 2000, Operative Vaginal 
Delivery.
'N ote: Station is defined as the distance from the bony 
presenting part to the plane of the ischial spines, recorded in 
centimeters ( ± 5  cm). See text for details.

at the commencement of the procedure [9], These 
ACOG guidelines were originally written for for
ceps procedures, but the same descriptions with 
minor modifications can be applied to vacuum 
extraction operations as well [Table 17.2],

Several retrospective analyses [46,47] and the 
prospective study of Hagadorn-Freathy and cowork- 
ers [48] indicate the utility of these recent ACOG 
coding criterion. Compared with the previous sys
tem, in which all operations that were not outlet 
procedures were coded as midforceps, this new cod
ing better defines the type of procedure performed 
and more clearly identifies procedures that carry an 
increased risk for fetal/maternal morbidity.

Vacuum Extraction Operations
As rotation occurs spontaneously with descent and 
is not imposed by the surgeon, the subclassifications 
established in the ACOG recommendations for for
ceps operations are of limited use when the vacuum 
extractor is applied. A simple distinction between 
occiput posterior and anterior positions is therefore 
proposed for vacuum extractions as a measure of 
potential difficulty (Table 17.3).

TABLE 17.3 Proposed Classification: Vacuum Extraction Operations

Type of Operation* Description of Classification

Outlet vacuum operation

Low vacuum operation

Midvacuum operation

Vacuum-assisted cesarean delivery 
Special vacuum operation

High vacuum operation

The fetal head is at or on the perineum,
The scalp is visible at the introitus without separating the labia.
The fetal skull has reached the pelvic floor.
The position/station of the fetal head does not fulfill the criteria for an outlet 

operation.
The leading edge of the fetal skull is at station > +2/5 cm.
The fetal skull has not reached the pelvic floor.
• Occiput anterior (OA, LOA, ROA)
• Occiput posterior (OP, LOP, ROP) or transverse (LOT, ROT)
Station is < +2/5 cm.
1’he fetal head is engaged, but the criteria for outlet or low operations are not fulfilled.
• Occiput anterior (OA, LOA, ROA)
• Occiput posterior (OP, LOP, ROP) or transverse (LOT, ROT)
This includes all vacuum-assisted cesarean deliveries: technique is not specified.
This includes vacuum extraction operations when technique is not specified by usual 

Criteria; full details are described in a dictated operative note.
Not included in the classification

OA, Occiput anterior; LOA, left occiput anterior; ROA, right occiput anterior; OP, occiput posterior; LOP, left occiput posterior; ROP. 
right occiput posterior; LOT, left occiput transverse; ROT, right occiput transverse.

‘The type of operation coded is determined by pelvic examination, noting the position and station of the fetal head prior to performing 
the extraction.
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Evaluation o f  Pelvic A dequacy
In normal practice, the course of labor is followed 
by serial pelvic examinations. Cervical dilation and 
descent of the presenting part over time are recorded 
graphically in a partogram to help judge the pro
cess of the labor [50,51], As suggested in the re
cent ACOG Practice Bulletin on dystocia [15], 
the most clinically useful distinctions in evaluating 
the labor course are between situations in which 
labor is slower than normal (prolongation disor
ders) and those when progress has ceased (arrest 
disorders).

Once it has been determined that progress has 
slowed or stopped, additional means of evaluation 
are needed. A simple review of the labor progress 
notes cannot diagnose the cause for dystocia or 
determine the correct treatment. It is possible that 
a complex mix of factors, including specific features 
of the passenger, passages, and powers, as well as 
prior obstetric management choices, predispose to 
poor progress. It is well to recall the past is often 
prologue to the present; that is, women tend to 
reproduce their prior reproductive performance. 
Gravidas who required assisted delivery in one par
turition are more likely to have a similar require
ment in another [52]. Fortunately, with close atten
tion to fetal and maternal condition, the length of 
the labor, despite a prolonged active phase, an arrest 
in descent, or other common abnormalities, does not 
in and of itself result in long-term neurologic injury 
to the infant. However, malpositioning of the fetal 
head at full dilatation (occiput transverse/posterior] 
increases the risk of both instrumental and cesarean 
delivery, episiotomy, severe perineal laceration, and 
maternal blood loss [53].

An important and insufficiently emphasized role 
for instrumentation using either the forceps or the 
vacuum extractor is to assist progress by correcting 
minor degrees of fetal malpositioning. The applica
tion of a traction force to the fetal head, directed 
in a specific direction, can improve cranial deflec
tion. Such small corrections in the attitude or posi
tioning of the fetal head are often associated with 
a resumption of descent and a prompt, successful 
delivery. This observation emphasizes that the prin
cipal reason for the use of any delivery instrument is 
to safely assist but not necessarily replace the natu
ral forces of labor. Furthermore, because force must 
be applied to assist delivery, instrumental delivery is

Clinical Issues appropriate only when true fetopelvic disproportion 
has been excluded.

In most instances, failure to progress in labor 
results from inadequate uterine powers. Occasion
ally it is due to fetal malpositioning, and less com
monly, to ineffectual maternal bearing-down efforts 
or maternal soft-tissue resistance. Dystocia infre
quently involves an average-sized fetus in a truly 
contracted pelvis. The more common problems 
are macrosomic babies in average-sized pelves, or 
average-sized but malpositioned infants in other
wise adequate pelves. In many cases, dystocia occurs 
when adverse effects of anesthesia and position
ing, minor degrees of malpresentation, subtle dif
ferences in pelvic architecture, and inadequate uter
ine stimulation all combine. For these reasons and 
because true pelvic deformity is rare, routine clini
cal pelvimetry is of little assistance in making clinical 
decisions, except in the rare case of absolute dispro
portion [54], Also, although popular in the previous 
generation of practitioners, radiographic pelvimetry 
has little if any role in the modern management of 
dystocia [55]. To better identify cases at enhanced 
risk for dystocia, techniques combining ultrasonic 
and radiographic measures, or employing mag
netic resonance imaging (MRI), have been reported 
[56-59], None has entered routine practice, 
however.

W hen advancement of the fetal head ceases after 
adequate uterine stimulation, prolonging the second 
stage combined with pain relief, maternal encour
agement, or repositioning have all been tried, spon
taneous vaginal delivery is no longer an option, and 
intervention is required [5,15]. The clinician must 
then decide between a m ethod of delivery -  either 
a cesarean or a vaginal instrumental delivery. The 
accoucheur must proceed methodically in the eval
uation, because poor progress is a strong marker for 
obstetric complications. If the problem is diagnosed 
as possible disproportion, a high presenting part, or 
an undeliverable position such as a brow presenta
tion, cesarean delivery is best. Otherwise, assuming 
maternal and fetal status is acceptable, the obste
trician can consider the options of an instrumental 
delivery by forceps or vacuum extraction.

Although true cephalopelvic disproportion is not 
common, it does occur. Technically disproportion 
means that the size relationship between the fetal 
head and the maternal pelvis prevents vaginal deliv
ery. As noted, the failure to achieve vaginal deliv
ery either following labor or an instrumental trial
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is often due to a combination of fetal size, mater
nal pelvic capacity, or malpresentation. Unfortu
nately by clinical methods of evaluation, these 
problems can be indistinguishable from true dispro
portion. Careful consideration is therefore required 
whenever an assisted delivery is contemplated once 
progress has ceased. Clinical evidence for dispro
portion or a poor likelihood for success in a vagi
nal delivery includes 1) protraction or arrest disor
ders in labor, 2) marked cranial deflection, 3) pro
gressive cranial molding unaccompanied by descent 
of the presenting part, 4) nonengagement of the 
presenting part despite adequate uterine activity, 
5) a fetal head that overlies the pubic symphysis, 
or 6) other extreme malpresentations, such as trans
verse lies. These cases are not for instrumenta
tion.

The first step in evaluating the appropriateness 
of an assisted delivery is an abdominal examination 
(Leopold’s maneuvers; Table 17.4). A Hillis-Muller 
maneuver can also be performed by applying fun
dal pressure during a contraction, noting descent of 
the presenting part [60]. This assists the clinician in 
judging the degree of cranial molding and fetopelvic 
capacity. In addition, during pelvic examination the 
degree of cranial molding is estimated by judging 
the overlap of the bones of the fetal skull at the 
occipitoparietal and parietal-parietal junctions (Fig
ure 17.5). The extent of this overlap and the ease 
of reduction by simple digital pressure are judged. 
If the bones are in tight apposition and cannot be 
easily separated by simple digital pressure, mold
ing is advanced or extreme, and there is probably 
relative disproportion. In this setting, instrumen
tal delivery must be approached with trepidation. 
Similarly, Leopold’s maneuvers can indicate a high 
or unusually shaped presenting part, suggesting a 
brow/face presentation, a fetal anomaly, an oblique 
or transverse lie, or a multiple gestation. Rarely, the 
fetal head is palpated as overriding the pubic sym
physis. Crichton describes another useful technique 
for estimating labor progress and relative dispropor
tion [61]. He judges the desirability and feasibil
ity of an instrumental delivery by estimating the 
degree to which the fetal head has descended into 
the pelvis, calculated in fifths, based on abdominal 
palpation. He argues that this method avoids the 
distractions of cranial molding and is a more reli
able indication of station than pelvic examination. 
The author finds this technique difficult to apply

TABLE 17.4 Leopold's Maneuvers

Maneuver Procedure

First maneuver The surgeon stands at the patient s 
side (traditionally the right) and 
palpates the contents of the 
uterine fundus. The fetal size is 
estimated, and the contents of the 
fundus are evaluated.

Second maneuver Using both hands, the surgeon judges 
the contents of the midportion of 
the uterus. The fetal back versus 
small parts are distinguished by 
kneading the uterus back and forth 
gently, noting the contour of the 
fetus and the resistance to digital 
pressure.

Third maneuver The surgeon grasps the lower uterine 
segment with the right hand and 
attempts to move it back and 
fourth. This helps judge 
engagement and identify the 
presenting part, establishing the 
presentation.

Fourth maneuver The surgeon turns toward the
patient’s feet and passes his or her 
hands longitudinally along the 
presenting part, noting whether 
the fingers diverge immediately 
suprapubically (suggesting 
engagement) or dip into the pelvic* 
displacing the presenting part 
(indicating lack of engagement). 
Unusual lateral masses (e.g., 
occiput) are also palpable during 
this examination.

save in notably slim women. Vacca also counsels 
to palpate for a prolapsed posterior fetal extremity, 
what he terms a sacral hand wedge, believing that 
such a compound presentation complicates a vac
uum extraction effort [62], In his series of cases, this 
fetal positioning resulted in an increased number of 
pulls and an increase in the traction force required 
for successful delivery. He suggests that it is best 
in this clinical setting to extract the hand entirely 
before attempting a vacuum operation.

In uncertain or difficult cases or whenever other 
than an outlet procedure is contemplated, bed
side real-time transperineal or transabdominal ultra
sonography is useful in management decisions. Scan
ning promptly identifies position, evaluates cranial
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(A) Minima! molding

(C) Moderate molding

(B) Slight molding FIGURE 17.5.
Clinical evaluation o f  cranial 
molding by digital examination. As 
molding progresses from minimal 
(A) through slight (B) to moderate 
(C) and finally to marked (D), the 
cranial bones progressively overlap 
and additional caput succedaneum 
is formed. Illustration (C) indicates 
how digital palpation judges the 
extent o f  cranial bone overlap and its 
reduction. (Redrawn from Vacca A, 
Handbook of Vacuum Extraction in 
Obstetric Practice. London: Edward 
Arnold; 1992; with permission.)

Marked molding and caput succedaneum

deflection, and documents the extent of caput, 
and in expert hands, can estimate station. The use 
of ultrasonography in delivery management is dis
cussed in greater detail later in this chapter and in 
Chapter 3, Ultrasonography.

In cephalic presentations, when disproportion 
is eliminated by best clinical estimate, a trial of 
labor under oxytocin stimulation is the best mea
sure of pelvic adequacy. (See Chapter 10, Labor.) 
Progress is followed by serial pelvic examinations. 
Failure to progress after two hours or more of ade
quate uterine activity documents dystocia [15]. If 
progress resumes when oxytocin is administered for 
tardy progress, however, a subsequent instrumental 
assisted delivery with the possibility of a difficult 
delivery or shoulder dystocia is more likely

The Problem of Digital Examinations
It has long been recognized that determinations of 
fetal cranial position and station by digital examina
tion is fraught with error. Even equally well-trained 
and experienced practitioners can disagree. The 
advent of real-time ultrasound examination pro
vides a different type of reproducible data empha
sizing the limitations of the traditional examina
tions [84], Ultrasound studies for both position and 
station can be performed transvaginally, transper- 
ineally, or transabdominally. Interobserver agree
ments on fetal position are sufficiently accurate 
for clinical application [65-67]. Bedside real-time 
ultrasound examinations are helpful because the 
position of the fetal spine and of the fetal orbits can
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be easily identified, especially when the true sta
tion is high and the occiput is posterior. Notably, 
digital vaginal examinations and the more objec
tive ultrasound determination of cranial position 
are in agreement only approximately 50% to 70% 
of the time [67-70], Of interest, in one report 
attending physicians proved to be no more accu
rate than residents in making estimates of cranial 
position [69]! Perhaps not surprisingly, when the 
presentation is occiput posterior, the error rate for 
digital examinations is highest [64,70]. Caput suc
cedaneum also significantly diminishes the accu
racy of digital examinations. In distinction from cra
nial position, determination of cranial engagement 
has a substantially better correlation between ultra
sound and concomitant digital vaginal examinations 
[69,71],

The relative inaccuracy of clinical examinations, 
even when conducted by experienced personnel, is 
a striking finding. This throws into question many 
studies that depend on clinical examinations of fetal 
position and station as the basis for obstetric manip
ulations or procedures. As a result of these data, 
when possible, it is prudent to recheck the clinician’s 
impression of cranial position by real-time scanning 
before proceeding with a major rotational or mid- 
pelvic procedure or any instrumental delivery per
ceived to be difficult.

O ther types of ultrasound studies have proved 
less clinically useful. Disappointingly ultrasound 
estimations of fetal weight or ratios between specific 
fetal measurements have not proved helpful in judg
ing relative fetopelvic size, although several tech
niques have been suggested [72]. W hether clinically 
useful techniques for estimation of fetal bulk will 
prove useful in judging the likelihood for an instru
mental delivery or risk of shoulder dystocia remains 
uncertain. Unfortunately, fetal weight is only one 
of several important variables when labor progress 
proves tardy.

Sequential Instrument Use
Most data indicate that sequential operations (for
ceps operations followed by vacuum extraction, or 
vice versa] are associated with an increased risk 
for fetal intracranial hemorrhage (ICH), exceeding 
the risk when either forceps or vacuum extraction 
is used alone [8,9,73-75], Towner’s 1999 study

the most frequently cited, involved 583,340 live- 
born singletons from a California database. The 
data included 59,344 vacuum-assisted deliveries and 
15,945 forceps-assisted deliveries. Combined deliv
ery (i.e., vacuum extraction plus forceps) occurred 
in 2,817 cases and was associated with signifi
cantly higher rates of subdural or cerebral hemor
rhage, subgaleal hemorrhage, facial nerve injury, and 
brachial plexus injury than when vacuum extraction 
alone was performed. Furthermore, the rate of an 
intracranial hemorrhage when forceps and vacuum 
extraction were both used was 3.4 times greater ver
sus when vacuum extraction was used alone. Similar 
data concerning an enhanced risk from combined 
procedures comes from review of the 1998 Food 
and Drug Administration (FDA) advisory paper on 
vacuum extraction, as well as from other sources
[76]. It is fair to state that some reviewers dis
agree with the Towner conclusions, and it should 
be noted that the these data were derived from 
birth certificate information and not clinical records
[ 7 7 ] -

The author believes that the risk is one of degree. 
When one type of instrument is applied and fails, 
there is no absolute prohibition to trying a differ
ent device [5,9]. W hen sequential applications are 
performed, however, the risk of maternal and fetal 
injury is likely increased. Case choice is critical. The 
most appropriate cases for changing instruments are 
those in which technical problems, such as a mal
functioning hand pump or a misapplied vacuum 
cup, are suspected. The least desirable cases are 
those in which the original vacuum extractor trac
tion efforts resulted in minimal objective progress or 
several pop-offs after a correct vacuum cup applica
tion and appropriate traction, without descent of the 
presenting part. Injuries from multiple instrument 
use are mostly likely when a degree of unrecognized 
fetopelvic disproportion is present and, despite dif
ficulty, the clinician cannot refrain from pursuing a 
vaginal operative delivery. Whenever a vaginal deliv
ery becomes difficult and sequential instrument use 
is considered, the alternative of cesarean delivery 
must be entertained. Operative vaginal deliveries in 
which a second instrument is used after the failure 
of the first must be restricted to experienced physi
cians who have a clear understanding that the risk 
of birth injury is potentially increased in such oper
ations.
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All operative or assisted deliveries, whether forceps 
or vacuum extraction, require full documentation in 
the medical record by a computer-generated report, 
a detailed handwritten note, or dictation. The indi
cations for the operation, the personnel involved, 
and the anesthesia/analgesia used, if any, and com
ments concerning the consent process are appro
priate to include. The type of instrument chosen, 
difficulties in insertion, and the station, position, 
and deflection of the fetal skull are reported. It is 
also best to include a review of the clinical set
ting, including a statement of the evaluation of 
the fetopelvic relationship. Additional comments 
about the difficulty of the extraction, the number 
of traction efforts, any episodes of sudden cup dis
placement (for vacuum operations), whether an epi
siotomy was performed, and the resulting maternal 
or fetal complications or injuries, their repair, and 
estimate of blood loss should be included. In cases 
in which suspicion of immediate or potential fetal 
compromise (i.e., presumed fetal jeopardy, fetal dis
tress) was the principal indication for the operation 
or there is an unanticipated poor neonatal outcome, 
it is prudent to obtain umbilical arterial and venous 
pH values and to submit the placenta for histo
logic examination. In documentation, stating why 
the procedure performed is as important as stating 
how it was actually conducted.

Such detailed summaries protect both the insti
tution and the surgeon in event of subsequent claims 
of maternal or fetal injury. Bitter experience attests 
that accurate and complete documentation at the 
time of delivery saves a great deal of heartache and 
difficulty when the results of the delivery prove less 
than ideal and questions are asked years later about 
the operation or its indications.

Training Deficiencies
Important questions have been raised about the ade
quacy of training in techniques of operative delivery. 
Survey studies of North American resident educa
tion programs and international studies of obstetric 
practice report both serious and concerning trends 
[11,78], Virtually all programs (95%) in the most 
recent North American survey offered instruction 
in instrumental delivery. Reflecting the popularity 
of vacuum extraction, North American residency

Docum entation programs now also provide such training. Plastic or 
silicone soft cups from various manufacturers were 
the choice of 86% of programs using vacuum extrac
tion. Approximately 65% of training programs con
tinue to teach midpelvic operative vaginal delivery, 
with two thirds of respondents favoring forceps use 
and one-third the vacuum extractor for these pro
cedures. The training programs that no longer teach 
midpelvic procedures cite safety concerns (70%) 
and litigation risks (38%) as the principal reasons. 
In most areas of the country, vacuum extraction has 
now surpassed forceps in popularity [8].

As these data are more deeply analyzed, sev
eral bothersome trends emerge. There is a contin
ued decline in the teaching of midpelvic opera
tive procedures. In their 1990 survey, Ramin and 
coworkers reported that 14% of programs had aban
doned instruction in midpelvic procedures [78]. In 
a 1995 survey, this number had risen to 36% [11]. 
In the 1995 data, only one half of responding pro
grams would attem pt a rotational forceps opera
tion, with the remainder favoring either vacuum 
extraction (22%) or cesarean delivery (28%) in this 
setting.

W hat are the implications of these findings for the 
profession? The time-honored methods of teaching 
instrumental delivery in the operating suite must be 
changed. There are too few cases for all residents 
to gain good instruction in the less-frequent vaginal 
operations and too few qualified instructors. Clas
sic teaching of instrumental delivery by conducting 
"educational procedures” without specific clinical 
indication are no longer acceptable. Unless instru
mental delivery procedures are conducted with rea
sonable frequency within an institution, most young 
practitioners will never experience a sufficient num
ber of cases either to feel comfortable with these 
operations or to perform them safely especially in 
an emergency. As skilled practitioners are progres
sively lost by retirement or death, the opportunities 
for the education of obstetric residents also declines, 
lessening the chances that vaginal instrumental oper
ations will either be considered or attempted by 
the next generation of accoucheurs. If the specialty 
wishes to retain instrumental delivery, new methods 
of teaching -  whether by better use of existing cases, 
computer simulation, or other educational means -  
must be introduced. Otherwise, within a generation, 
the skill to perform potentially valuable obstetric
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techniques could be lost. (See Chapter 25, Educa
tion and Certification.)

Unfortunately, the popularity and apparent sim
plicity of vacuum operations has fostered a less 
rigorous approach to these procedures than was 
traditionally accorded to forceps; however, both 
types of assisted delivery are surgical procedures. 
Furthermore, even experienced accoucheurs should 
not expect that skill in forceps operations auto
matically translates into success with the vacuum 
extractor, because the techniques are quite differ
ent. The first demand is to recognize that vacuum 
extraction requires specific training. For the neo
phyte, it is best to first review available instruc
tional materials [41,45,63,79,80], Then, with the 
assistance of an experienced accoucheur, the stu
dent can commence with simple outlet extrac
tions where neither cranial malpositioning nor fetal 
jeopardy is at issue. Thereafter, progressive gradua
tion to more complex procedures is possible. Study 
guides on compact disk or online are available for 
the review of basic vacuum extraction technique 
[81,82],

The data on training in all types of instrumental 
delivery raises issues for medical educators. Given 
the declining number of procedures and the rec
ognized risk of instrumentation, which techniques 
should residents be taught? For most education 
programs, it is best to teach low and outlet for
ceps operations intensively, restricting true mid
pelvic procedures and most procedures requiring 
rotations of >45° to trials of vacuum extraction. 
Residents should also receive instruction in both 
vacuum and forceps techniques for delivery from 
the occiput posterior position. This basic educa
tion should be accompanied by special emphasis on 
basic fetopelvic evaluation and correct instrument 
application. There are good data to document that 
formal education programs improve the safety of 
instrumental delivery in terms of both maternal and 
fetal morbidity [83], Such choices in educational 
focus do limit training in forceps operations but will 
better ensure long-term fetal and maternal safety 
while retaining basic skills. Teaching of more com
plex operations must be restricted to programs with 
a sufficient number of cases and qualified instruc
tors. With the advent of better simulations and train
ing models, education in the more complex opera
tions might improve, but such techniques are not 
yet in general use.

Midpelvic forceps procedures and major rota
tions need not necessarily be abandoned by the pro
fession but must be limited to experienced obstet
ric surgeons in carefully chosen cases and never 
attempted by the neophyte without recourse to 
immediate expert instruction.

Forceps versus Vacuum Extraction Operations
For many applications, the forceps and the vac
uum extractor are interchangeable, but the choice 
of instrument often remains controversial. Certain 
circumstances and clinical situations favor the use 
of one device over the other. Initially, it is impor
tant to recall that the instruments do differ in the 
types of maternal and fetal complications associ
ated with their use. In general, scalp injuries, includ
ing subgaleal hemorrhage and shoulder dystocia, are 
more strongly associated with vacuum extraction, 
whereas facial cosmetic injuries and maternal per
ineal trauma are more common following forceps 
operations [8,9,84-86], O ther important consider
ations in the choice of instrument include the sur
geon’s training and expertise, the extent of analgesia/ 
anesthesia, the position and station of the present
ing part, and the available assistance and equip
ment. As a practical matter, differences in training 
and experience are usually more important than the 
specific technical features of the available instru
ments in determining which device (s) are actually 
used. Nonetheless, there are special circumstances 
in which a specific instrument type is clearly best. 
For example, for the assisted delivery of the second 
twin or in applications when anesthesia is limited, 
the vacuum extractor has clear advantages over the 
forceps. In other settings, such as a breech delivery, 
there is no role for the extractor but occasionally an 
important one for forceps.

If there is clinical suspicion of immediate or 
potential fetal compromise (i.e., presumed fetal 
jeopardy, fetal distress) and the fetal head is posi
tioned normally and advanced to a low station, tra
ditionally trained practitioners sometimes prefer to 
apply forceps rather than the vacuum extractor. 
Regardless of which instrument is used, fetal and 
maternal outcomes in outlet operations are good. 
Such deliveries are associated with no difference 
in perinatal outcome when compared with sim
ple, spontaneous deliveries. Especially if forceps are 
used, however, the clinician must exercise care to
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avoid a perineal tear. Trauma to the rectum and 
other perineal structures constitutes the principal 
risk to the mother of any forceps operation.

When an emergent delivery is required, the 
surgeon should employ the most familiar instru
ment. Theoretical concerns aside, in difficult cir
cumstances, greater success and less danger results 
when accustomed instruments are chosen.

In less pressing circumstances, there are other 
considerations. In outlet operations, assuming ade
quate analgesia, the vacuum extractor and the for
ceps are essentially equivalent instruments. As noted 
previously, however, a forceps delivery must be con
ducted with strict attention to the force is applied 
to the perineum to avoid a laceration. A pudendal 
block or another type of anesthesia is required if for
ceps are chosen; at times this can be omitted for a 
simple outlet vacuum extraction. Whenever a local 
anesthesia is used it must be accompanied by vocai 
reassurance, encouragement, and coaching, regard
less of the instrument employed.

The most important advantages of vacuum 
extraction over forceps are in midpelvic procedures 
in which minimal cranial deflection is present or in 
trials of instrumental delivery when fetal jeopardy 
is not at issue [5,45], True midpelvic vaginal instru
mental operations are now uncommon, and many 
young obstetricians have little or no experience with 
such procedures. Although midpelvic forceps opera
tions need not be abandoned by experienced practi
tioners, they must largely be restricted to them. The 
unaided, neophyte surgeon should never attempt 
these procedures. Even in experienced hands, the 
likelihood for maternal injury is greater in midcav
ity forceps operations than with properly conducted 
vacuum extractions [9,46,87-90].

Studies comparing forceps and vacuum extrac
tion performance for similar indications reveal a 
consistent pattern [9], Fetal scalp injuries and mild 
postnatal jaundice are more common following vac
uum extraction operations, whereas maternal in
juries to the perineum and rectum are more likely 
with forceps deliveries. Forceps procedures are also 
more likely to succeed, especially in midpelvic extra
ctions or when the fetal occiput is other than occiput 
anterior [91]. If perineal lacerations occur and 
extend into the rectum, fistula formation accom
panies a very small but clinically important per
centage of cases. Injury to the rectal sphincter, with 
the potential for permanent rectal incontinence, is

another potential complication. Transitory neonatal 
jaundice and retinal hemorrhages are more frequent 
in vacuum-extracted neonates than in those deliv
ered by forceps, but these complications are not of 
long-term consequence.

Compared with forceps, the vacuum extractor 
has several important technical advantages. The cup 
can be inserted and traction applied with minimal 
or no maternal analgesia. This is particularly use
ful when the patient refuses a major anesthetic, or 
when a regional anesthetic is unavailable, has failed, 
or has proved only partially successful. The vac
uum extractor also minimizes the risk of vaginal 
vault injuries, especially in the more complex opera
tions as cranial rotation accompanies descent of the 
presenting part. Third- and fourth degree perineal 
lacerations and fetal facial nerve injuries are also 
less likely wdth vacuum extraction, at least com
pared with classic forceps procedures [92], Pecu
liarly, vacuum extraction operations are associated 
with an increased incidence of shoulder dystocia 
[8]. The reason for this association is not immedi
ately apparent. Forceps can generate a greater force 
than the vacuum extractor, and in a borderline “fit,” 
the forceps might be anticipated to be more likely 
to draw down a large infant, leading to dystocia. 
This does not seem to be the case, however. Per
haps this association reflects the preferential use of 
vacuum extraction in cases of suspected fetopelvic 
disproportion and the greater ease in applying this 
instrument as opposed to the forceps. The differ
ence could also be due to subtle differences in the 
physics of extraction betw'een the two devices or in 
how they are actually used clinically [85]. Although 
this association between shoulder dystocia and vac
uum  extraction is repeatedly cited in the instrumen
tal delivery literature, the mechanism for this unan
ticipated finding remains elusive.

If the vacuum extractor is chosen, the cup type 
must be tailored to the clinical requirements [41], 
because all vacuum cups are not equally success
ful in all applications. W hen outlet procedures are 
considered, there is a minimal difference between 
instruments and any cup type may be chosen. 
Rigid cups, however, risk the unsightly chignon. 
For asynclitic heads in transverse arrest, a rigid cup 
with a wire or flexible shank is the best choice, 
unless deflection is minimal. In cases of minimal 
cranial deflection, any soft-cup extractor may be 
applied. If extraction from an occiput posterior or
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near-posterior position is attempted, a rigid cup is 
clearly superior. 'There is an important technical 
reason for this. If a posterior head is more than 
minimally deflexed, the usually employed plastic 
disposable extractors cannot be correctly applied. 
Their long, rigid handles preclude correct position
ing of the midportion of the cup over the cranial 
pivot point, or if the correct application is pos
sible, traction is by necessity oblique, leading to 
rapid cup displacement and an extraction failure 
[41,45],

CONTRAINDICATIONS AND 
SPECIAL APPLICATIONS

There are settings in which an instrumental deliv
ery is contraindicated [5,9,33,36,41,80]. The most 
important contraindications to vaginal delivery 
operations are operator inexperience and the inabil
ity to achieve a proper application. O ther important 
issues include an inadequate trial of labor, uncer
tainty concerning fetal position or station, or the 
patient or her family are reluctant to undergo instru
mentation.

There are also clinical settings in which specific 
instruments should not be used. Examples include 
vacuum extraction applications to the aftercoming 
head in breech presentations or to the fetal face. The 
vacuum extractor should also be used with caution 
in preterm pregnancies, because the data on safety 
are limited. There is no role for elective vacuum oper
ations on premature infants, but the case for indi
cated procedures is less clear. Based on limited data 
and the author’s experience, it is recommended that 
vacuum extraction operations not be performed on 
infants less than 32 to 33 weeks’ gestation, and that 
a soft-cup extractor be preferentially employed if a 
vacuum procedure is performed on any fetus of less 
than 37 weeks’ gestation [9].

In the evaluation of potential cases, several fea
tures predict difficulty, including the likelihood of 
an extraction failure (Table 17.5). It will come as 
no surprise that the larger, higher, and more molded 
the presenting part is, the less likely an instrumen
tal delivery is to succeed, and probably the risk of 
concomitant maternal or fetal injury is increased. 
In such cases it is better to attem pt to extend the 
labor if this can be safely accomplished. Otherwise, 
if progress has ceased or other problems are present, 
a cesarean is best.

TABLE 17.5 Prognostically Poor Signs for Successful 
Instrumental Delivery by Either Forceps or the 
Vacuum Extractor*

Estimated fetal weight >4,500 g 
Prolonged second stage of labor 
Dysfunctional active phase of labor 
Advanced cranial molding 
Station above +2/5 cm
Position: occiput posterior, OT; especially if deflexed 
Poor maternal expulsive efforts/exhaustion or an overly 

dense epidural anesthetic

*See text for details.

There is a risk of fetal hemorrhage if the vac
uum extractor is used after either scalp sampling or 
the application of a spiral scalp electrode [93,94], 
The magnitude of this risk is minuscule, however. 
Many successful and safe extractions have occurred 
despite prior scalp sampling or electrode placement. 
Now that scalp sampling is a rapidly disappearing 
procedure, the issue of the spiral electrode is the 
more important. A history of either scalp sampling 
or electrode placement is not an absolute contraindi
cation to extraction operations but does require a 
prudent approach. In such cases, a vacuum cup is 
chosen based on routine criteria and applied in the 
usual manner. If the scalp electrode does not inter
fere with correct cap placement, it can simply be 
left in place on the fetal scalp. Clear vacuum tubing 
should always be used and occasionally checked dur
ing the procedure to be certain that the discharge is 
not bloody. The observation of a substantial amount 
of bloody discharge in the tube would be an indica
tion to stop the procedure, reevaluate, and if neces
sary resort to forceps to complete the delivery. Obvi
ously were these types of complication to occur, the 
pediatrician would need to be informed to evaluate 
the neonate appropriately.

At cesarean delivery, either the vacuum extractor 
or the forceps can be used to assist cranial extraction 
[95]; however, this is often not necessary if an ade
quate incision has been made. W hen the fetal head is 
difficult to extract, the surgeon should immediately 
consider the reasons why. In most circumstances, 
extraction problems occur because of an initially 
inadequate incision or a deeply engaged presenting 
part. In these circumstances, one or more practical 
steps are appropriate to expedite the delivery. The
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choice of how to proceed depends on the clinical cir
cumstances. It is best to either extend the incision 
sufficiently to avoid struggling, relax the uterus by 
administering a tocolytic, request assistance in dis
placing the presenting part, or resort to an instru- 
mentally assisted delivery. Vaginal displacement of 
the fetal head by an assistant; a vacuum, forceps, or 
vectis blade extraction; or, in oblique or transverse 
lies, uterine relaxation with a tocolytic and either a 
breech extraction or conversion to a cephalic pre
sentation with application of a delivery instrument 
are both faster and less traumatic than continuing to 
struggle to extract the fetus manually.

W hen instrumental assistance is needed during a 
cesarean delivery and the fetus is cephalic and not 
too deeply engaged, a vectis blade such as a Murless 
or a classic forceps are the most convenient instru
ments. Several types of delivery forceps also can 
be used, and many operative delivery kits contain 
short or "baby” Simpson forceps, short Hale forceps, 
or a similar instrument for these applications. (See 
Chapter 18, Cesarean Delivery and Surgical Steril
ization.)

A vacuum extraction during a cesarean delivery is 
most appropriate when the fetal head is positioned 
high in the uterus and difficult to grasp despite 
an adequate uterine incision. This situation often 
occurs in the delivery of twins or higher multiples. 
The application of a forceps or the vacuum extractor 
to such floating heads is usually easy and the sub
sequent delivery rapid and atraumatic. If the uterus 
has firmly contracted around the baby, particularly if 
the lie is oblique or transverse, uterine relaxation by 
the intravenous administration of a |3 mimetic such 
as terbutaline, or preferably, the more rapid onset 
tocolytic, nitroglycerin, usually permits an easy and 
safe instrumental extraction once the fetus is manip
ulated into a cephalic presentation.

Best practice is to identify these cases in advance 
and request the anesthesiologist to premix nitroglyc
erin before beginning the surgery. In the author’s 
experience, a bolus of 150 [xgto 350 (xg of nitroglyc
erine IV as the vesicouterine fold is incised results in 
adequate uterine relaxation just in time for the sub
sequent extraction of the infant. During a cesarean 
for a multiple gestation, the author uses this drug 
routinely. The onset of nitroglycerin is rapid, the 
effect transient, and, in virtually all cases involving 
an initially normal m other and infant, it is well tol
erated [96,97],

TABLE 17.6 Prerequisites for Instrumental Delivery 
Operations

Informed consent and an acceptable indication 
Application of vacuum extractor cup or forceps centered 

at the cranial pivot point 
Analgesia (as clinically required)
• Local infiltration with vocal reinforcement
• Pudendal nerve block
• Saddle block
• Epidural anesthesia
Operator certain of fetal station and position. Pelvic 

examination to establish the station, position, and 
deflection of the fetal head 

Empty maternal bladder (Crede maneuver, recent 
voiding, or catheterization)

Full cervical dilation 
Ruptured membranes 
Knowledge of fetal heart rate or pattern 
The decision to abandon the procedure unless it proceeds 

easily

C O N D U C T I N G  A N  
IN S T R U M E N T A L  D E L IV E R Y

The prerequisites for an instrumental delivery 
include a clear idea of the procedure to be under
taken, knowledge of the dynamics of the delivery 
(e.g., mechanism of labor, vector of force, required 
rotation), a favorable clinical setting (appropri
ate baby size, position, adequate maternal pelvic 
anatomy, anesthesia), and patient consent (Table 
17.6).

The procedure begins with a ghosting or phantom 
application (Figures 17.6 and 17.7). The surgeon 
holds the chosen delivery instrument in front of the 
maternal pelvis and rotates it to the position that it 
will occupy when the correct cephalic application is 
made. As this is performed, the surgeon reviews the 
proposed procedure and the direction of the vector 
of traction. The instrument is then introduced into 
the birth canal. Once the correct application has 
been made, traction is applied. After delivery, the 
appropriate documentation is prepared. (Pertinent 
details are discussed in the sections that follow.)

The dorsal lithotomy position is most common 
for instrumental delivery but is not absolutely nec
essary, especially if a vacuum extraction operation 
is performed. Voluntary voiding, a gentle Crede 
maneuver, or catheterization should empty the par
turient’s bladder. Bladder emptying is an important
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FIGURE 17.6.
Occiput anterior position. Ghosting (phantom  
application) o f  Simpson forceps. The circular diagram 
indicates the relative positions o f  the posterior (triangle) 
and the anterior fontanelles (diamond). The left forceps 
blade is shaded. (From O ’Grady JP: Modern 
Instrumental Delivery. Baltimore: Williams & Wilkins; 
1988; with permission.)

FIGURE 17.7.
Ghosting or phantom application o f  a metal cup extractor 
(Malmstrdm/Bird design cup is illustrated). Left occiput 
position, transverse (LOT) outlet vacuum extraction. The 
vacuum hose is not depicted in this illustration.

prerequisite if a rotational or midpelvic procedure is 
contemplated, regardless of the type of instrument 
chosen. Because catheterization risks infection, it 
should be employed selectively but when indicated 
it should be resorted to without hesitation if volun
tary emptying is either impossible or believed to be 
incomplete.

Both forceps and vacuum extraction operations 
are associated with increased postoperative febrile 
morbidity. As a consequence, prophylactic antibi
otics have been considered. As reported by a recent

Cochrane Review, however, insufficient data are 
available on this point to permit practice recommen
dations [98], The author does not routinely admin
ister antibiotics in conjunction with instrumental 
delivery unless there is already a standard indica
tion for treatment, such as an established maternal 
fever, prolonged membrane rupture, or a positive 
streptococcal culture.

W ith proper coaching and a cooperative patient, 
a pudendal block is often adequate for outlet for
ceps procedures and sufficient for most low vac
uum extractions. Higher or rotational vacuum pro
cedures and most forceps operations require spinal 
or epidural anesthesia. If the contemplated proce
dure involves a rotation, if the fetal head is mid
pelvic, or if there is any uncertainty about the like
lihood of success, epidural analgesia/anesthesia is 
best.

In selected cases, outlet vacuum extraction oper
ations can be performed wdth only local or no 
anesthesia; general anesthesia should always be 
avoided. General anesthesia denies the accoucheur 
the voluntary assistance of the mother, thus increas
ing the force that the instrument must apply to 
achieve delivery. In addition, a general anesthetic 
can unnecessarily depress the infant if the extrac
tion is delayed for any reason.

Traction is timed to contractions. Tension on the 
blades or to the vacuum extractor handle mirrors the 
uterine contraction -  a slow incremental pull builds 
to full pressure with a subsequent relaxation in force 
as the contraction abates. Traction applied without 
accompanying contractions or concomitant recruit
ment of maternal bearing-down efforts or jerking of 
the handles of the forceps or the vacuum extractor 
is inappropriate. The author favors a technique with 
only a single sustained traction effort accompanied 
by maternal bearing-down efforts during each uter
ine contraction.

W hen the forceps are used, the force for deliv
ery is provided by the operator’s arm, with the 
elbow bent at a right angle. If classic blades have 
been applied, some operators place a folded towel 
between the articulated blade handles to reduce 
compression of the fetal head. The other hand 
rests on the shank of the blades and presses down
ward (Saxtorph-Pajot or Osiander maneuver; Figure 
17.8). This maneuver creates a vector of force guid
ing the fetal head through the pelvic curve (curve of 
Carus). As the delivery progresses, the angle of pull
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FIGURE 17.8.
Occiput anterior position. Saxtorph-Pajot (Osiander's) 
maneuver. Paralleling the pattern o f  uterine contractions, 
one hand pulls horizontally while the second adds 
doumward force over the lock. This ensures that the 
vector o f  force follows the natural pelvic curve (curve o f  
Carus). (From O ’Grady JP: Modern Instrumental 
Delivery. Baltimore: Williams & Wilkins; 1988; with 
permission.)

is modified either toward the symphysis, or alterna
tively in the direction of the perineum as resistance 
is felt and the presenting part descends.

The forceps handles should not be rocked up and 
down during the delivery because the posterior toe 
of the blade can injure the posterior vaginal vault as 
the fetal head descends. In a tight fit, some operators 
employ a slight side-to-side motion during traction, 
which is probably harmless. The fetal heart should 
either be auscultated or checked by real-time ultra
sound scan, a hand-held Doppler device, scalp elec
trode recording, or direct auscultation before the 
operation begins, and between contractions/pulls. 
The blades are relaxed and disarticulated between 
contractions at the operator’s discretion.

For vacuum extraction, once a correct cup appli
cation is established, full suction and traction imme
diately follow [99,100]. With soft-cup instruments, 
it is not necessary to wait an arbitrary period for 
the development of a chignon. Rapid applications 
of vacuum versus the traditional stepwise technique 
does not affect maternal internal or neonatal mor
bidity [99]. For rigid-cup instruments, either metal 
or plastic, the classic technique was to increase the 
vacuum by 0.2 kg/cm2 every 2 minutes once the cup 
was correctly applied until the full vacuum force was 
reached [101]. An alternative approach is to apply 
full vacuum within 2 minutes of the cup application 
and without additional delay for chignon formation. 
Both techniques are acceptable.

FIGURE 17.9.
Vacuum extractor traction technique using a Malmstrom  
type cup applied to a fetal head in the occiput anterior 
position is illustrated. Note position o f  the operator’s 
fingers for the vaginal hand as traction is applied. (From 
O'Grady J, Gimovsky ML, Mcllhargie CJ: Operative 
Obstetrics. Baltimore: Williams & Wilkins; 1995; with 
permission.)

A two-handed technique for vacuum extraction is 
recommended (Figure 17.9). The vector of traction 
force should follow the pelvic curve in precisely the 
same fashion as for forceps. During the extraction, 
the surgeon places the nondominant hand within 
the vagina, palpating the fetal scalp with one or 
more fingers while placing a thumb and remain
ing fingers on the extractor cup to gauge the rel
ative position of the cup edge to the scalp [102]. 
So positioned, the operator can better judge the 
appropriate angle for traction while detecting early 
cup separation. The bimanual technique reduces the 
risks from sudden cup displacement and is recom
mended for all vacuum extraction operations. Full 
vacuum (0.8 kg/cm2, 550 mm Hg-600 mm Hg,
11.6 lb/in2) can either be maintained or reduced to 
<200 mm Hg between contractions at the surgeon’s 
discretion. W hen tested in randomized trials, both 
techniques prove similar in successful delivery and 
maternal/neonatal outcome [103], For both forceps 
operations and vacuum extractions, an episiotomy 
is electively performed as the posterior perineum 
bulges, but only if maternal soft tissue impedes the 
descent of the presenting part. (See Chapter 23, 
Birth Injuries.)
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As a general rule, vacuum cups should not be left 
applied to the scalp for longer than 20 to 30 min
utes [41,80,104]. Prolonged extraction time risks 
shoulder dystocia and an increased risk for fetal scalp 
injury [85,105], The level of risk for a scalp injury is 
probably lower with soft-cups than with the rigid- 
cup devices. Time limits for plastic or soft-cup appli
cations have not been well established. Nonetheless, 
when one of these instruments is chosen, it is pru
dent not to exceed the proposed 20- to 30-minute 
limit. Twenty minutes is usually ample time for four 
or more tractions. If progress has not been easily 
made, and the child has not been successfully deliv
ered or the presenting part drawn well down and 
very near delivery with four to five efforts, close 
reevaluation of the procedure is always necessary, 
and the operation may well need to be abandoned.

In consideration of these suggested time lim
its, the clinician must make reasonable choices. If 
progress is progressive but slow, he or she need 
not necessarily discontinue the extraction at the 
exact moment the 30th minute is reached. It is sim
ply suggested that the majority of ultimately suc
cessful extractions will have occurred before this 
time. Thus, the 30th minute is an important marker. 
W hen this time is reached, the clinician needs to 
closely consider if true progress is being made or 
whether the extraction is doomed to failure.

Regardless of the instrument chosen, descent 
must begin with either the first or at least by the 
second traction effort. Failure to promptly make sta
tion as force is applied requires immediate reassess
ment [41,45,63,106], In vacuum operations, repet
itive episodes of what Bird termed negative traction 
must be avoided [ 106]. Negative traction is force that 
draws the fetal scalp away from the fetal skull but 
fails to result in descent of the presenting part. This 
is believed to result in rapid pressure fluctuations 
within the fetal cranium and can avulse bridging 
veins. These effects are suspected to predispose to 
intracranial or subgaleal hemorrhage and the forma
tion of cephalohematomas.

When the fetal head fails to advance despite what 
is believed by the operator to be proper traction, 
there is a reason. There is possibly a technical prob
lem in the vector of force, the cup is wrongly posi
tioned, or a degree of disproportion is present. In 
this setting, the surgeon must carefully reassess the 
application, reconsider the vector of traction, and 
review the wisdom of further efforts.

Checks for adequate anesthesia and correct maternal 
positioning

Checks to be certain that bladder distention is not present
Checks for cranial flexion
Checks mentally, rethinking the maneuvers necessary for 

the contemplated operation
Checks that the mother’s assistance and attention are 

recruited
Checks for correct application:
• Midline position of the sagittal suture
• Only one finger insertion at blade fenestration
■ 1.0-2.0 cm from the plane of the shanks to the posterior 

fontanelle edge
Checks fetal heart rate/rhythm
Checks by pelvic examination to ensure that nothing lies 

between the fetal head and the forceps (e.g., umbilical 
cord, cervix, membranes)

T ABLE 17.7 Checks Prior to Forceps Traction

Applications
Proper application of both the forceps and the 
vacuum extractor is critical to safety and suc- 
cess[14,33,34,36,80,107].A  correct application for 
either the forceps or the vacuum extractor requires 
knowledge of fetal cranial anatomy and the ability to 
identify important landmarks by palpation. Traction 
must never be applied until the surgeon is convinced 
that the application is proper.

A correct forceps application (biparietal or 
bimalar) evenly distributes the compressive force 
generated by the blades over the fetal head. The fit 
between the fetal head and the fenestration of the 
blades, the location of the posterior fontanelle, in 
reference to the plane of the shanks, and the posi
tion of the sagittal suture are the components of 
the classic “checks” for forceps (Table 17.7). This 
is a cephalic application and distinct from a pelvic 
application. In the latter, the forceps are applied 
independently of knowledge of the exact position of 
the fetal head. The only currently acceptable pelvic 
application occurs when Piper or Kjelland forceps 
are applied to the aftercoming head in a breech pre
sentation.

W hen the forceps blades are correctly applied, 
the tips of the forceps blades lie over the fetal 
cheeks, with the upper or concave border of the 
blade directed either toward the fetal occiput in 
anterior positions, or toward the face in posterior 
positions. The biparietal diameter of the fetal head
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FIGURE 17.10.
Correct biparietal, bimalar, cephalic forceps application. 
Note that the plane o f  the shanks passes through the 
cranial pivot or flexion point. See text for details. (From 
O 'Grady JP: Modern Instrumental Delivery. Baltimore: 
Williams & Wilkins; 1988; with permission.)

fits in the center of the cephalic curve of the instru
ment (Figure 17.10).

For both the vacuum extractor and forceps, when 
the application is correct, the vector of traction force 
passes through the flexing or pivot point of the fetal 
skull (Figure 17.11) [5,45,108], The pivot point is 
an imaginary site approximately 6 cm behind the 
edge of the anterior fontanelle or approximately 
1.5 cm to 2.5 cm in advance of the posterior 
fontanelle centered over the sagittal suture. W hen 
the forceps are applied correctly, the pivot point 
lies in the middle of a plane that connects the cen
ter or widest diameter of the cephalic curve of the 
blades and the plane of the shanks. When traction is 
applied, if the pivot point of the head is not in the 
center of the blades, the fetal head is either overex
tended or alternatively excessively flexed when trac
tion is applied. A correct forceps application also 
requires attention to how the blades fit to the fetal 
head. Normally, one can insert only one fingertip 
between the fenestration of the blade and the fetal 
head. If too much of the fenestration is palpable, the 
blade is not correctly applied or the fetal head is very 
small. If one blade is misapplied over the brow and 
the other over the occiput, the instrument cannot be 
locked or articulated, or, if somehow approximated, 
the blades usually slip off when traction is applied 
and could injure the infant. Correctly applied, the 
forceps fit easily and do not slip with normal trac
tion, and fetal injury is avoided.

FIGURE 17.11.
As illustrated, the flexing or pivot point (F) o f  the fetal 
head is located midsagittally, approximately 6 cm from  
the center o f  the anterior fontanelle or 2 cm in advance o f  
the posterior fontanelle. When a standard vacuum cup is 
applied, the cup edge will lie approximately 3 cm or two 
finger-breadths behind the anterior fontanelle. The 
posterior fontanelle is often covered by a correctly 
applied cup and is thus not useful as a landmark. B, This 
indicates the same site as viewed from above. Traction 
centered over this site by either a forceps or the vacuum 
extractor cup promotes cranial flexion and presents the 
smallest cranial diameter to the pelvis. See also Figure 
17.12. (From O ’Grady J, Gimovsky ML, McIUiargie CJ: 
Vacuum Extraction in Modern Obstetric Practice. New 
York: Parthenon Publishing Group Inc. 1995; unth 
permission.)
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On molded heads, especially of larger infants, the 
best application is usually obtained with blades that 
have a long, tapering cephalic curve: such as the 
Simpson forceps. Forceps with a short, full curve 
(Elliot-type) might not fit evenly and could result 
in points of increased pressure. Furthermore, blades 
that are too short for a heavily molded head might 
not be properly anchored below the malar emi
nences, risking laceration or slippage when traction 
is applied. The relative importance of these minor 
points of instrument choice in avoiding injury or 
ensuring success is unknown. There are no objec
tive data on the issue, only various authors’ opinions. 
Except for extreme cases, it is likely that these differ
ences in blade construction and fit to the fetal head 
are only consequential in difficult pulls, exactly the 
type of procedures that should be avoided in mod
ern practice.

When a vacuum extractor is employed, cranial 
traction is vectored through the pivot point of the 
fetal head by centering the cup in the midline, over 
this site [41,45,108]. The vector of force is thus 
oriented along the midline of the sagittal suture. 
Oblique traction to the fetal head simply increases 
the work of extraction, risks cup displacement, and 
increases the chance of fetal injury (Figure 17.12). 
When correctly placed, a standard 60-mm vacuum 
cup is positioned midline over the sagittal suture, 
with the edge of the cup lying approximately 3 cm 
from the edge of the anterior fontanelle. Thus in 
vacuum extraction operations, the anterior fontanelle 
becomes the reference point for checking instru
ment application. Depending on fetal anatomy, 
access to the posterior fontanelle is partially or 
entirely blocked by the extractor cup, making this 
familiar landmark unusable forjudging the accuracy 
of cup placement.

USE OF FORCE

Educating clinicians in the appropriate use of force 
in instrumental deliveries is a difficult task. In vac
uum extraction operations, safety is best ensured by 
careful cup placement and by strictly limiting the 
surgeon’s efforts in number of tractions, cup dis
placements, and the total period of cup applica
tion. For forceps, meticulous adherence to traction 
technique and limiting the total number of efforts 
are similarly appropriate steps. The use of force 
is a serious issue in instrumental delivery, because

FIGURE 17.12.
Relationship between the vacuum cup placement and 
flexion/deflection and asynclitism o f  the fetal head as 
traction is applied. A, Correct application over pivot 
point; B, oblique application; C, deflexing application. A  
rigid metal (Malmstrom) cup is depicted; however, the 
principles o f  placement are valid for all types o f  vacuum 
extractors. See text for details. (Modified from Bird, G. C., 
The use of the vacuum extractor. Clin Obstet Gynaecol 
1982; 9:641-661; with permission.)

the degree or force applied has some correlation 
with the risk for fetal trauma and maternal injury 
[5,45,75,108],

The primary function of both obstetric forceps 
and the vacuum extractor is to augment and not 
replace the natural forces of labor. To reasonably 
ensure safety, several simple precautions are neces
sary to control the degree of force and ensure the cor
rect vector of traction. For forceps, traction should 
never be greater than that accomplished by the oper
ator’s flexing his/her forearm. Operators should not 
brace their feet, and the force exerted should never 
be great enough to move the parturient’s hips from 
the edge of the operating table or bed. While a 
firm pull is at times required, the surgeon is eas
ily capable of successfully delivering an infant with 
forceps without ever taxing his/her strength. Peri
ods of relaxation, corresponding to the intermittent 
rhythm of the uterine contractions, are important 
and permit the fetus to recover from the combined 
effects of traction and the uterine contraction.
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TABLE 17.8 Number of Tractions Required to Achieve 
Delivery in 1,497 Cases of Assisted Vacuum Extraction 
and Forceps Delivery*

No. of Traction 
Efforts

Malmstrom 
Vacuum 
Extractor 
(N =  433)

Forceps (Type 
Unspecified) 
(N  =  555)

1-2 296 (68.4% ) 213 (38.4% )

3-4 108 (24.9% ) 270 (48.6% )

K5 29 (6,7% ) 72 (12.9% )

’Neonates <600 g were excluded; other exclusions include 
breech presentations, cesarean deliveries, transverse lies, and 
multiple gestations. Twins were included if each weighed >600  g 
and if one was delivered spontaneously, in a cephalic 
presentation.
Modified from Sjostedt JE: The vacuum Extractor and forceps in 
obstetrics: A clinical study. Acta O bstet Gynecol Scand 1967. 
It'iSupp! 10]:3-206.

In theory, as long as station is continually reevalu
ated and the fetal heart rate and pattern are accept
able, there is no absolute limit to the period of time 
for a forceps application or to the number of traction 
efforts; however, the incidence of trauma and failure 
increases rapidly if the number of tractions exceeds 
four [75], In most cases, if delivery has not occurred 
or is not imminent following the fourth complete trac
tion effort, careful reconsideration is mandatory. If no 
descent occurs on the initial attem pt or certainly 
by the second effort, assuming adequate traction in 
the correct vector of force with a correctly applied 
instrument, the procedure must immediately be 
reassessed (Table 17.8). As stated previously, the 
instrument is improperly applied, the vector of 
traction is incorrect, or a degree of disproportion 
exists.

A common problem in vacuum extraction oper
ations is incorrectly oriented traction efforts. In vac
uum procedures, if the angle of the vector of force 
applied by the operator too anterior or too poste
rior, descent is difficult or impossible, and cup dis
placement is likely. If traction is oriented too ante
riorly, the operation fails as the fetal head is pulled 
against the unyielding resistance of the bony pelvis. 
Alternatively, a pull oriented too posteriorly is also 
unsuccessful or difficult due to perineal soft-tissue 
resistance. The risk of maternal or fetal injury is 
also increased by poorly directed traction efforts. 
A posterior angulation risks unnecessary maternal 
perineal injury. Oblique traction causes the vacuum

Instrumental Delivery 477 

TABLE 17.9 Vacuum Extraction: Clinical Applications

Outlet and low procedures* (OA, or rotation <45)
• Soft cup extractor
• Rigid cup extractor
Low and mid procedures (OP, OT)
• Rigid cup extractor 
Cesarean delivery
■ Soft cup extractor
• Rigid cup extractor

OP, occiput posterior; OT, occiput transverse; OA, occiput 
anterior
‘ Procedure coding per modified A C O G  criterion, see 
Tables 17.2 and 17.3.
See  tex t for details.

cup to lift on one edge, predisposing to cup displace
ment (pop-off) and an increased risk for fetal scalp 
or intracranial injury.

Instrumental vaginal delivery is no place for 
uncertainty, heroics, or tests of strength. If the sur
geon cannot determine fetal position with accuracy 
or achieve proper cranial application of a forceps or 
vacuum extractor, or if the delivery proves difficult 
for any other reason, the procedure must be aban
doned.

Choice of Instrument
The choice of best delivery instrument requires 1) an 
understanding of the physics of the contemplated 
procedure, 2) consideration of the skill and expe
rience of tho accoucheur, and 3) review of the 
clinical circumstances, including maternal condi
tion/acceptance, anesthesia, station, molding, and 
position. There are many different delivery instru
ments in the surgical armamentarium, of which 
some are better suited to certain applications than 
others. Throughout this text, the potential advan
tages or disadvantages of various designs of vacuum 
extractor or forceps have been discussed in detail. 
The current recommendations for instrument use 
reflect our clinical practice (Tables 17.9 and 17.10). 
In skilled hands, several forceps types can be used 
safely and successfully in different applications. Cer
tain training programs often favor a specific for
ceps design or modified design in their training, thus 
permanently influencing the instruments chosen by 
their graduates. With some exceptions, operator skill 
is much more important a consideration than the 
instrument employed. For local reasons or physician
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TABLE 17.10 Forceps: Suggested Clinical Applications*

Outlet and low procedures (OA1; rotation < 4 5 ’)
• Classical forceps (any type)
Low and mid procedures (OP; no rotation)
• Classic forceps (any type)
• Axis traction forceps (use now rare)
Low and mid procedures (OT or OP with rotation >45°)
• Keilland*
■ Tucker McLane*
• Classic forceps (any type)*
• Barton (selected OT only)}
Breech delivery
• Piper
• Keilland
At cesarean delivery
• Murless vectus blade
• Classic forceps

*See text for details.
*911 occiput posterior; OT, occiput transverse; OA, occiput 
anterior.
^These procedures restricted to the highly experienced only.

TABLE 17.11 Checks P rio r to  Vacuum  Extraction 
Delivery

Checks for correct application:
• The vacuum port of a Malmstrom-design cup, or the 

handle of a soft-cup extractor, is directed to parallel the 
sagittal suture;

• No maternal tissue is included under the cup margin.
• The middle of the cup is positioned over the cranial 

pivot/point. This is midline over the sagittal suture with 
the cup margin 3 cm from the edge of the anterior 
fontanelle (see Figure 17.12).

Checks fetal heart rate/rhythm
Checks by pelvic examination to ensure that nothing lies 

between the fetal head and the vacuum extractor (e.g., 
umbilical cord, cervix, membranes).

Checks for adequate anesthesia and correct maternal 
positioning

Checks to be certain that bladder distention is not present
Checks for cranial flexion
Checks mentally, rethinking the maneuvers necessary for 

the contem plated operation
Checks that the m other's assistance and attention are 

recruited.

preference, certain types of procedures are no longer 
be performed in certain obstetric services, rendering 
recommendations in certain categories inapplicable 
(e.g., some practitioners choose not to perform rota
tional or midpelvic instrumental deliveries).

For the purposes of this discussion, forceps can be 
divided into traction designs (e.g., classic forceps) and 
rotators (e.g., Keilland, Tucker McLane). Specialized 
forceps, such as the Piper or Barton, are now rarely 
applied but are useful in specific but restricted appli
cations. Axis-traction instruments are mentioned 
only for completeness since they have become a 
rara avis in most obstetric services but are occasion
ally used by a traditionally trained and usually more 
senior obstetrician.

The case for vacuum extractors is in many ways 
similar; however, the important distinction in the 
choice of extractor is which instrument can be accu
rately applied in the specific clinical setting. The 
position and degree of deflection of the fetal head is 
critical. As discussed in more detail elsewhere in this 
text, for safety and success, the center of the vacuum 
cup must be positioned over the flexing point of the 
fetal skull. Extractors with rigid connectors between 
the cup and handle are precluded from a proper 
application involving occiput posterior or occiput 
transverse (OT) positions, especially when cranial 
deflection is present. W hen the head is malposi- 
tioned, a freely movable rigid-cup design is much 
more likely to achieve a correct application because 
it can be advanced either posteriorly or laterally, as 
required, to fit over the flexing point. Even with 
episiotomy, the cup portion of these extractors can
not be flexed or rotated sufficiently to achieve other 
than an imperfect and often oblique application. 
There are no scientific or clinical data to favor the 
use any of the available soft extractors distributed 
by the various manufactures over another. For these 
instruments, commercial consideration rather than 
clinical evidence for safety or efficacy has driven 
the proliferation of models. Clinicians should choose 
whichever design appeals to them, with cost as the 
major criterion for purchase.

INSTRUMENT APPLICATION 

Forceps Operations

Outlet Forceps Application to the Occiput Anterior 
Position
The outlet operation is the basic forceps procedure. 
The techniques for the performance of this instru
mentation have not changed appreciably in many 
years [34,35,110].
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FIGURE 17.13.
O cciput an terior position ; A pp lica tion  o f  left fo rceps  
blade, (From  O ’G ra d y  JP: M odern Instrum enta l 
Delivery. B altim ore: W illiam s &  W ilkins; 1988; with  
perm ission .)

1. Prior to forceps application, the operator per
forms a vaginal examination to assess position, 
station, and cranial molding. Adequate anesthe
sia is verified, and the operator ensures that 
the maternal bladder is empty. The contem
plated procedure is briefly reviewed with the 
parents, and the m other’s assistance in bearing 
down on request is recruited. If a pediatrician or 
other additional personnel for infant support and 
resuscitation are thought necessary, the surgeon 
ensures that they are already present or have been 
appropriately summoned.

2. The blades are ghosted prior to attempting inser
tion (see Figure 17.6). Regardless of the experi
ence of the operator, or the speed demanded by 
the clinical circumstances, this step must never 
be omitted.

3. The left or posterior blade is selected first and 
lubricated. Between uterine contractions, the sur
geon’s right hand passes into the vagina, the fin
gers opening the potential space between the 
fetal head and the vaginal sidewall (Figure 17.13). 
The right hand then walks the blade between the 
fetal head and the pelvic sidewall, displacing the 
maternal soft tissue with firm but gentle finger 
pressure. The operator’s first two fingers lie along 
the leading edge of the blade, with the thumb on 
the shank. The handle of the blade is swept gently 
down as it passes into the pelvis. Once the sur
geon’s hand is properly inserted into the vagina,

FIG U R E 17.14.
O cciput an terior position . The left b lade is a lready  in 
place. The right fo rceps b lade is inserted. A rticulation  o f  
the b lades fo llow s. (From  O ’G ra d y  JP: M odern  
Instrum enta l D elivery. Baltim ore: W illiam s &  W ilkins; 
1988; w ith perm ission .)

FIG U R E  17.15.
O cciput an terior p o sitio n . The forceps applica tion  is
checked fo r  accuracy p r io r  to traction (see Table 17.9).
(From  O ’G ra d y  JP: M od ern  Instrum enta l Delivery.
Baltim ore: W illiam s  & W ilkins; 1988; w ith  perm ission .)

the blade will advance almost by its own weight, 
with minimal force.

4. Once the blade is introduced, its position can be 
readjusted between contractions as required. To 
readjust the blade position, it is important that 
the handle is held loosely and that the shank of 
the blade be manipulated only by finger pressure 
of the vaginal hand.

5. Next, the right blade is lubricated and inserted 
in the same fashion (Figure 17.14). The right
sided blade is introduced above the plane of the 
previously inserted left blade so that the lock can 
be easily articulated.

6. The forceps are then articulated. Immediately 
prior to traction, the operator checks for proper 
application (see Table 17.7, Figure 17.15). If the
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FIGURE 17.16.
Forceps delivery with a modified Ritgen maneuver. (From
O ’Grady JP: M odern Instrum ental Delivery. Baltimore:
Williams & Wilkins; 1988; with permission.)

application is imperfect, the blades must be disar
ticulated and readjusted by wandering, using fin
ger pressure along the lower curve of the blade. 
Cranial deflection is corrected prior to traction. 
Once correctly applied, electively a towel can be 
folded and placed between the handles to reduce 
cranial compression after the blades are articu
lated.

7. As the head crowns, an episiotomy can be per
formed, if required. A modified Ritgen maneuver 
secures the chin. The m other is next instructed 
not to push (Figure 17.16). The fetal head is then 
delivered slowly and the forceps removed. Resti
tution of the head and delivery of the infant’s 
thorax and abdomen follow.

8. Following delivery of the placenta, the entire 
birth canal (i.e., cervix, vaginal vault, and per
ineum) should be carefully examined under good 
light. The episiotomy, if performed, and any 
perineal lacerations are then repaired. Finally, 
the rectum is digitally examined to ensure that 
both the mucosa and the external sphincter are 
intact.

9. A full operative note is then dictated and an 
appropriate notation made in the medical record. 
This completes the operation.

A description of the outlet vacuum extraction
procedure follows. As with forceps, the basics of
the operation are well established [40,41,45,63,
80,108],

1. As the patient is prepared for delivery, a repeat 
pelvic examination is performed, noting posi
tion, station, and cranial molding. The degree 
of maternal discomfort is judged, and anesthe
sia/analgesia is administered as necessary. Bladder 
filling is judged, and catheterization, spontaneous 
voiding, or the Crede maneuver is performed as 
required for emptying. The contemplated proce
dure is briefly reviewed with the parents, and the 
m other’s assistance in bearing down on request is 
recruited.

2. A ghost or phantom application of the vacuum 
extractor is then performed prior to the attempt 
at cup insertion in the same fashion as for for
ceps operations (see Figure 17.17). Regardless 
of the experience of the operator, or the speed 
demanded by the clinical circumstances, this step 
should never be omitted. Traditionally, either the 
vacuum port of a Bird-type cup or the handle 
of a rigid plastic extractor is positioned pointing 
toward the fetal occiput as a convenient marker 
of cranial rotation.

3. If an external pump is used, the operator (or 
assistant) first checks the function of the vac
uum pump, and the vacuum hose (if required) is 
attached. The cup is generously lubricated with 
surgical soap or a lubricating gel. Soft cups are 
partially collapsed for introduction through the 
separated labia. A rigid cup is rotated laterally 
and slipped into the vagina (Figure 17.17). Once 
the cup is introduced, it is maneuvered until it is 
tentatively positioned on the fetal head in accor
dance with the established landmarks. Once the 
surgeon is certain that all maternal tissue has been 
excluded, an initial suction of 200 mm Hg or less 
is applied, just sufficient to fix the device to the 
scalp.

4. Prior to attempting traction, the operator per
forms the standard checks for proper application 
(see Table 17.4).

5. Full vacuum is applied, and two-handed trac
tion then follows, timed to parallel the uterine

Vacuum Extraction
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FIGURE 17.17.
O utlet vacuum  extraction. Inserting  m eta l cup vacuum  
extractor through the labia. (From O 'G ra d y  JP: M odern 
Instrumental Delivery. Baltim ore: W illiam s &  W ilkins; 
1988; w ith perm ission .)

contractions. Traction in the pelvic curve accom
panies instruction to the parturient when to bear 
down. The traction force is applied progressively, 
paralleling the uterine contraction, and released 
as the uterus relaxes. A single traction effort for 
each uterine contraction is recommended.

6. As the head crowns, an episiotomy is performed 
if required. A modified Ritgen maneuver secures 
the chin and the mother is instructed not to 
push (Figure 17.18). The head is then delivered 
slowly and the vacuum cup removed. Restitution 
of the head and deli very of the infant’s thorax and 
abdomen follow.

7. Following delivery of the placenta, the entire 
birth canal (cervix, vaginal vault, and perineum) 
should be carefully examined under good light to 
exclude injuries. The episiotomy, if performed, 
and any perineal lacerations are then repaired. 
Finally the rectum is digitally examined to ensure 
intactness.

8. If a pediatrician is not present for the delivery 
he/she should be notified by either the surgeon 
or a designee that a vacuum extraction delivery 
has taken place.

FIGURE 17.18.
M o d ified  R itgen m aneuver a n d  perin ea l m anagem en t 
during  a  vacuum  extraction opera tion  using  a  
M a lm s trd m /B ird  vacuum  extractor. The cup a n d  chain  
a ssu m e  a  near 90° angle to  the birth cana l a s  the head  
extends.

9. A full operative note is then made in the medical 
record. This completes the operation.

Forceps or Vacuum Extraction Operations 
with Rotation of 45° or Less
In accordance with the ACOG guidelines (with 
modifications specific for vacuum operations), if the 
fetal head has reached the pelvic floor with the scalp 
visible at the introitus, instrumental delivery proce
dures from this position are coded as outlet forceps 
or outlet vacuum extraction operations respectively. 
If the head is at station +2/5 cm or more but the 
requirements for outlet forceps are not met, then 
the procedure is reported as a low forceps or low 
vacuum extraction operation.

Vacuum Extractor Operation
Vacuum extraction technique is the same for cra
nial positions that normally require rotation (e.g., 
right occipitoanterior [ROA], left occipitoanterior 
[LOA], left occipitotransverse [LOT], right occip- 
itotransverse [ROT]) as for OA positions. The cup 
is applied in the usual fashion, the standard checks 
are made, and traction is applied. In a successful 
extraction, the fetal head will spontaneously rotate 
to the usual OA position as the presenting part
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descends [41,63]. Some, operators assist this spon
taneous rotation by combining the vacuum extrac
tion with digitally applied cranial pressure to gently 
guide the head in the correct direction, but this is 
usually not necessary. Attempts to rotate the head 
by applying rotational force to the vacuum cup or 
handle should not be performed. These efforts sim
ply promote cup displacement or scalp injury and 
are unnecessary.

Forceps Operations
If forceps are chosen for the delivery and the fetal 
head lies in an obliquity, the posterior blade should 
always be applied first because this part of the appli
cation is usually the most difficult. In the LOA posi
tion, for example, the left parietal bone is posterior 
and the left forceps blade is introduced first. For 
ROA, the reverse is the rule.

Low Forceps and Vacuum Extraction 
Operations with Rotation More Than 45 
and Midforceps Operations
The cardinal principles in forceps rotation, regard
less of the number of degrees of rotation required, 
include correct application, minimal force, careful 
attention to the pelvic curve of the chosen instru
ment, and the willingness to reassess or abandon an 
apparently difficult operation. An important point 
is the construction of the forceps that are applied 
for the rotation. The pelvic curve of most forceps 
blades demands a substantial axis of rotation for the 
shanks and handles. The operator must account for 
this physical feature to avoid a maternal injury from 
the forceps blades as the rotation is performed. This 
is not a problem if a Keilland forceps is used because 
this instrument avoids this problem by lacking a 
pelvic curve.

If the fetal head is at station +2/5 cm or greater, 
and the proposed rotation is more than 45°, this pro
cedure is considered a low forceps or vacuum extrac
tion operation with rotation beyond 45c. W hen 
the fetal head is engaged but the criteria for a low 
forceps or vacuum extraction are not met, then the 
procedure is coded as a midforceps or midpelvic 
vacuum extraction operation.

The potential hazards of the higher extractions 
and major rotational deliveries are well known and 
include an increased danger of both maternal and

fetal trauma. Several potential management plans 
for deep transverse arrest exist, including both oper
ative and nonoperative techniques. Initially, as long 
as progress continues and the maternal and fetal con
dition are good, the best plan is watchful expectancy 
and oxytocin stimulation. If prolonging the course of 
labor because of maternal or fetal reasons or admin
istering oxytocin is not possible, or if progress has 
Ceased, then vacuum extraction, the application of 
forceps, or a Cesarean delivery are considered [15],

A transverse arrest is usually due to relative dis
proportion, inadequate uterine activity, overly dense 
epidural anesthesia, or some combination of these 
situations. Platypelloid and android pelves predis
pose to transverse arrests. The fetal head can also be 
discovered at the transverse position during a spon
taneous rotation from an originally posterior posi
tion, or in a delayed rotation commencing from the 
transverse. In a flat pelvis, the fetal head engages 
in the transverse position and descends through 
the midpelvis fixed in this position because of the 
anteroposterior narrowing. In the extreme platypel
loid pelvis, spontaneous rotation occurs only at 
the outlet. Android pelves predispose to transverse 
arrest because cranial rotation can be blocked by the 
sacrum and the narrow interspinous pelvic diameter.

If there is a transverse arrest and the fetal head 
is unengaged, especially if descend has not occurred 
after stimulation, cesarean delivery is indicated. If 
the head has descended below the level of the ischial 
spines, however, instrumental delivery either by a 
vacuum extraction or a forceps operation is a possi
bility, but only for experienced surgeons. Most mid
pelvic forceps rotations are easy and can be achieved 
with minimal maternal and fetal risk [46,111-113]. 
The operator must carefully assess pelvic capacity, 
the position and station of the fetal head, the mater
nal and fetal condition, and weigh the limits of 
his/her own skill prior to any attempted application, 
however. Cranial deflection or asynclitism, which is 
common in transverse arrests, should be corrected 
prior to either forceps rotation or traction.

As discussed previously, special care is required 
because misdiagnosis of the fetal station is common, 
especially if anterior or posterior cranial asynclitism 
is present. Descent of the anterior parietal bone can 
fool the examiner into believing that the fetal head 
lies at a lower station. Only with careful posterior 
pelvic examination and subsequent abdominal pal
pation or with real-time ultrasound scanning is it
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found that the fetal head fails to fill the hollow of 
the sacrum and is actually higher in the pelvis than 
originally believed, or positioned in a different man
ner then the operator originally diagnosed.

Prior to performing an instrumental rotation, the 
obstetrician can attem pt manual rotation. Because 
of its safety, simplicity, and occasional success, sim
ple digital rotation is reasonable to attempt. On 
occasion, the effort corrects a transverse midpelvic 
procedure, changing it into a less difficult OA or 
oblique application, even if a full rotation is not 
possible. In a manual rotation, the surgeon inserts 
two fingers alongside the posterior parietal bone 
when the fetal head is in an oblique-to-transverse 
presentation, or along either parietal bone when 
the fetal head is in the occiput posterior position. 
Accompanying a contraction and voluntary bear
ing down, pressure is exerted against the lambdoid 
suture/parietal bone to rotate the head toward an 
OA or anterior oblique position. Occasionally, fun
dal pressure can assist in fixing the fetal head in the 
new position if the rotation is successful.

More complicated techniques for rotation exist, 
usually involving displacing the fetal head from the 
pelvis and then reintroducing it in a more favorable 
position. These manipulations almost invariably lose 
station, risk cord prolapse, and usually cannot be tol
erated without anesthesia, however. For these rea
sons, such procedures are not recommended.

Transverse Arrests
Forceps applications to a transverse head are usu
ally performed with a modified classical forceps such 
as the Tucker-McLean or Kielland. For the unusual 
transverse arrest in a true platypelloid pelvis, the Bar
ton forceps is the instrument of choice but is rarely 
used.

In a reversal of the usual rule for forceps applica
tions, in transverse positions, it is the anterior blade, 
abutting the bladder and urethra, that is introduced 
first. This approach is taken because if the anterior 
application fails, the procedure will fail. Introduc
tion of the posterior blade is usually easier, but this 
application can displace the head to a higher station, 
potentially compromising the more difficult anterior 
blade application.

When a Tucker-McLean or other classic forceps 
is applied to the occiput transverse position, the 
usual manner of blade insertion and wandering is

FIGURE 17.19.
L O T  p osition . G hosting  K ie lla n d  forceps. The operator 
orien ts the bu ttons to w a rd  the occiput. (From O  'G rady  
JP: M odern Instrum ental Delivery. B altim ore: W illiam s &  
W ilkins; 1988; w ith  perm ission .)

followed. After ghosting, the anterior blade is ini
tially inserted posterolaterally in the usual man
ner, then wandered into the correct position. The 
introduction of the posterior blade follows, and the 
blades are articulated. The application is checked 
for accuracy and adjustments are made, as required. 
Rotation follows between contractions with due 
attention to maintaining a fixed angle between the 
shanks/handles and the plane of the pelvis. This 
helps to avoid high birth canal lacerations from the 
tip of the blades as the forceps rotate through the 
pelvis. Once the head has reached OA, traction is 
applied and the delivery completed in the usual 
manner.

The Kielland forceps differs from the classic 
instruments in that this instrument lacks a pelvic 
curve. Although this makes rotation easier, it makes 
the Kielland an indifferent traction forceps, and 
modified technique is necessary. Initially, the Kiel
land forceps are ghosted against the perineum, with 
the buttons on the shanks oriented toward the fetal 
occiput (Figure 17.19). There are several techniques 
for the application of the anterior blade. Most often, 
the anterior blade is simply inserted posterolaterally 
and wandered into place. The anterior blade of the 
Kielland forceps can also be inserted by inversion or 
by the direct method (Figure 17.20). In inversion, 
the anterior blade is turned concave side upward and 
slowly advanced through the cervix into the uterus
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o

FIG UR E 17.20.
L O T  position . K ie lla n d  forceps, inversion  technique, 
in itia l insertion  o f  an terior (right) blade. See text fo r  
details. (From  O ’G ra d y  IP: M od ern  Instrum enta l 
Delivery. Baltim ore: W illiam s  &  W ilkins; 1988; w ith  
perm ission .)

FIG U R E 17.21.
L O T  position . K ie lland  forceps, in sertion  o f  posterio r  
(left) blade. (From  O 'G ra d y  JP: M odern  Instrum enta l 
Delivery. Baltim ore: W illiam s &  W ilkins; 1988; w ith  
perm ission .)

as the handle is gently swept downward. Between 
contractions, the blade is flipped over and then cor
rectly positioned over the parietal bone. The poste
rior blade is subsequently introduced in the usual 
manner (Figure 17.21). The Kielland shanks and 
handles must never be raised from the horizon
tal because serious birth canal injuries can result 
from the sharp tips of the blades striking the pos
terolateral vagina. Because of the Kielland’s inade

FIG U R E  17.22.
R O T  p osition . Insertion  o f  the an terior b lade o f  B arton  
fo rceps postero la tera lly  p r io r  to w andering. N o te  that the 
b lade is fu lly  ex ten d ed  a t the hinge. See text fo r  details. 
(From  O ’G ra d y  JP: M odern  Instrum enta l Delivery. 
Baltim ore: W illiam s &  W ilkins; 1988; w ith perm ission .)

quacy as a traction blade, after a successful rotation 
and descent, a forceps with a standard pelvic curve, 
such as a Tucker-McLane, or a classic forceps can 
replace it. Owing to its long blades, the Kielland is 
contraindicated in platypelloid pelves. Readers are 
referred to detailed texts for a more complete dis
cussion of Kielland technique [14,34,36].

The Barton forceps has two parts: a markedly 
angulated posterior blade and a hinged anterior 
blade. In a Barton application, the anterior blade 
is introduced first by extending the blade on its 
hinge, inserting it posterolaterally as usual, and then 
wandering it into its final anterior position (Figure 
17.22). The other blade is inserted directly poste
riorly and progressively walked into the pelvis as 
the operator’s hand intermittently elevates the pre
senting part to create a space for the blade (Fig
ure 17.23). The blades are then articulated, and 
asynclitism corrected by adjusting the sliding lock 
before traction is attempted. Traction with the Bar
ton forceps demands close attention to proper tech
nique. The acute angle of the handles is unfamil
iar to many practitioners and permits a potentially 
large mechanical advantage during a rotation. Nor
mally, in platypelloid pelves, rotation does not occur 
until the head reaches the perineum, and forceful 
rotations at a higher level should not be attempted. 
Neither the Barton nor the Kielland forceps should 
ever to be applied by a neophyte without immediate 
expert instruction.
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FIGURE 17.23.
R O T position. Insertion o f  posterior blade, Barton 
forceps (From O ’Grady JP: M odern Instrumental 
Delivery. Baltimore: Williams & Wilkins; 1988; with 
permission.)

Special Issues 

Wandering
Adjusting an intravaginal forceps blade to an accu
rate application on the fetal head is termed wander
ing [14]. In wandering, the surgeon advances a for
ceps blade over the fetal head with digital pressure 
until the instrument reaches its correct site. When 
wandering is performed correctly, the presenting 
part is not displaced to a higher station, and an 
undesired rotation of the fetal head does not occur. 
Unfortunately, this ideal situation does not always 
happen. The force for wandering is applied solely 
by the operator’s vaginal hand, pressing against the 
edge of the forceps blade. The hand supporting the 
handle twists the blade gently to maintain minimal 
pressure against the fetal head to help offset soft- 
tissue resistance from the vagina (Figure 17.24],

In many oblique or transverse applications, wan
dering is necessary. W ith an occasional exception, 
the blade is usually introduced posteriorly and then 
wandered over the fetal face or occiput to its final 
position. Often, wandering over the face is easi
est and is safe when properly performed. A similar 
technique is used with oblique presentations when 
the check of instrument application indicates that 
the blades require readjustment. Advancement of 
the blade should never be difficult, and usually 
minimal force is required. Wandering is performed 
between contractions, while the gravida is not bear
ing down, and only after an anesthetic has been 
administered.

FIGURE 17.24.
L O T  position, wandering o f  anterior forceps blade. Force 
is applied with the index finger o f  the operator’s vaginal 
hand to advance the blade. The thumb maintains the 
blade position, guarding against slippage. (From 
O ’Grady JP: M odern Instrum ental Delivery. Baltimore: 
Williams & Wilkins; 1988; with permission.)

Correction of Deflection and Asynclitism
Some degree of cranial deflection is common in 
occiput posterior and transverse positions. In con
trast to a normally positioned calvarium, when the 
head is deflexed it presents a larger diameter to the 
maternal pelvis, increasing the difficulty of delivery. 
As previously discussed, marked deflection, as in 
brow presentation, can be due to a fetal anomaly 
or secondary to true disproportion. In selected cases 
and before attempts at forceps traction, the obste
trician can correct deflection by applying a forceps, 
grasping the fetal head, and repositioning it with 
a brief lateral motion (Figure 17.25}. Several gen
tle repositionings and blade readjustments might be 
required to flex the head completely. Once nor
mal flexion has been restored, the forceps appli
cation is carefully rechecked before full traction is 
attempted.

In vacuum extraction operations, deflection inter
feres with the accurate placement of the cup, at 
times precluding the use of many of the new plas
tic cups with long inflexible handles. If an accurate
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FIGURE 17.25.
R O T  position . C orrection o f  cran ia l deflection. A fter  
flexion , the b lades are readjusted , the p o s itio n  is 
rechecked, a n d  ro ta tion  is perfo rm ed , fo llo w ed  by  
traction. fFrom O 'G r a d y  JP: M odern Instrumental 
Delivery. B altim ore: W illiam s &  W ilkins; 1988; w ith  
p erm ission .)

flexion point application with a Malmstrom-type 
rigid metal or plastic cup is possible, an initial trac
tion in between contractions is occasionally used to 
reduce the deflection. In most instances, however, 
no specific manipulations are required, and the head 
spontaneously flexes during the extraction opera
tion, assuming that the vacuum cup is correctly 
placed over the cranial pivot point. W hen the head is 
posterior, remember Aldo Vacca’s admonition that 
it’s always more posterior than you think!

Asynclitism is the oblique presentation of the 
fetal head to the pelvic curve (curve of Carus). 
Excessive cranial rotation either anteriorly to expose 
the posterior parietal bone (Litzmann’s obliquity) 
or posteriorly involving the anterior parietal bone 
(Naegele’s obliquity) is possible depending on the 
pelvic anatomy and the effects of uterine contrac
tions. Application of a sliding lock forceps such 
as Barton’s or Kielland’s and repositioning of the 
blades reduces such asymmetry. In non-outlet for
ceps operations, neither rotation nor traction should 
be attempted until both cranial deflection and asyn
clitism have been corrected. Otherwise, excessive 
force might be required or improperly oriented 
force employed, increasing the risk of a fetal injury.

Occiput Posterior or Oblique Positions
Occiput posterior positions are more difficult for 
both physician and patient [19], and the literature 
includes numerous schemes of management. With 
modern second-stage management, occiput poste

rior presentations do not necessarily increase fetal 
morbidity or mortality. Nonetheless there remains 
an important relationship among occiput posterior 
presentation, instrumental or cesarean delivery, and 
maternal injury. This position is associated with 
maternal morbidity, including longer labors and 
the risk of significant perineal or sphincter trauma 
[53,114-117],

W hen studied radiographically and by ultra
sound, 15% to 35% of fetuses are in an occiput 
posterior position at the onset of labor [118-120], 
The incidence is higher in nulliparas [114,118,121 — 
123]. At the time of delivery, however, only 2% to 
8% of presentations are found to be occiput poste
rior [124,125]. There are interesting data in refer
ence to occiput posterior presentation. In an ultra
sound study of 408 singleton pregnancies, cranial 
position was documented at the onset of labor. Of 
the cases that presented in late labor in occiput 
posterior position, 62% were initially either occipi
toanterior or transverse positions. This finding sug
gests that malrotation during descent rather than a 
persistence of an initially posterior position accounts 
for most cases of occiput posterior presentation at 
the time of final delivery.

It comes as no surprise that, as labor progresses, 
the likelihood of spontaneous cranial rotati on out of 
occiput posterior progressively declines [121,123], 
Thus, if the presentation is occiput posterior at 6 
cm to 9 cm, it will remain so at delivery in 80% of 
cases [120], Nonetheless, most infants who present 
early in labor with an occiput posterior head spon
taneously rotate to an anterior position as labor pro
gresses, apparently without a significant prolonga
tion of the process [ 118,120,126].

There is concern over persisting posterior posi
tions owing to their strong association with dysto
cia or tardy progress, fetal heart rate abnormalities, 
a low spontaneous vaginal delivery rate, and the 
potential for fetal and maternal and fetal injuries. 
Depending on the series and for a combination of 
reasons, only 15% to 50% of unselected occiput 
posterior presentations ultimately deliver vaginally
[120,124,125],

There is also an increased frequency of uterine 
tachysystole, hypertonia, and tetanic contractions, 
as well as frequent abnormalities in electronic fetal 
heart rate tracings (especially variable-type decel
erations) in occiput posterior as opposed to ante
rior presentations [127], Presumably increased fetal
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cranial or intratracheal compression/pressure in
creases vagal tone, resulting in bothersome fetal 
heart rate alterations.

In comparison to an occiput anterior presenta
tion, vaginal delivery from an occiput posterior posi
tion is strongly associated with both cesarean and 
instrumental delivery as well as increased maternal 
morbidity [122,125,128]. Obstetric problems and 
complications increase when a persisting occiput 
posterior presentation occurs. The likelihood of per
ineal lacerations, the need for oxytocin augmen
tation, a prolonged second stage, excessive blood 
loss, and the requirement for either cesarean or 
instrumental delivery are increased in this setting
[53,120,122,125],

Some unique arrangement of pelvic anatomy, 
combined with features of the maternal abdomi
nal wall and uterus, predisposes to a posterior cra
nial orientation and results in an increased risk for 
such positioning in subsequent pregnancies [123], 
A shortened transverse diameter, narrow forepelvis, 
prominent ischial spines, straight sacrum, or con
vergent sidewalls probably increase the probability 
that the occiput will enter the bind pelvis prefer
entially either initially, or more likely, after sponta
neous rotation as the head descends. Most reviews 
also find that epidural anesthesia is implicated in 
occiput posterior presentations. This is thought to 
be due to its effects on the tone of the pelvic mus
culature combined with an attenuation of mater
nal expulsive efforts and perhaps a reduction in the 
effectiveness of uterine contractions [ 124,129,130]. 
Of interest, in an Irish series reported by Fitzpatrick 
and coworkers in which active management of labor 
was performed, this association with epidurals was 
not confirmed [125]. Yancey’s group reported sim
ilar results [131]. The Irish investigators actually 
observed a decline in the percentage of occiput pos
terior presentations from 3.8% to 2.4% over a 25- 
year period, while at the same time epidural use 
increased rapidly from 5% in 1975 to 70% by 1998. 
These data reflect the complexity of human labor 
and emphasize that much about the mechanism of 
labor and the potential efforts of various second- 
stage management choices remains unsettled.

Occiput Posterior Management
Intervention is not required in occiput poste
rior presentations until progress ceases. If progress

is tardy, attendants occasionally perform Puddi- 
combe’s maneuver, placing the woman in knee- 
chest position to promote rotation [132]. The 
efficacy of postural management is likely low; 
most initially posterior presentations spontaneously 
rotate to anterior [130].

Unfortunately, the randomized controlled trials 
of repositioning for nonlaboring women failed to 
find any evidence that periodic pelvic rocking exer
cises or hands-knee positioning (from 37 weeks to 
term) -  manipulations similar to these proposed 
by Puddicombe -  have any effect on occiput pos
terior positioning [121,133], If the previously dis
cussed mechanism for occiput posterior presenta
tion is correct, most cases result from spontaneous 
rotations from other positions. Thus, antepartum 
repositioning attempts would be anticipated to have 
little impact on occiput posterior incidence at the 
actual time of delivery. Theoretically, maternal repo
sitioning could assist the forces of gravity, displac
ing the fetal body away from the maternal spine 
and changing the orientation of the fetal mass in 
the maternal abdomen. These randomized trials 
involved repositioning women before the onset of 
labor, however. Thus, technically the issue of repo
sitioning in labor to help change fetal position could 
be viewed as unsettled. In light of the existing data 
and with the previous inaccuracy of digital examina
tion in the determination of position, the argument 
for a positive effect of intrapartum repositioning is 
weak.

Opinions concerning occiput posterior manage
m ent vary from early operative intervention to 
watchful expectancy. Once progress ceases and 
the position remains occiput posterior, the remain
ing management alternatives are manual rotation, 
instrumental delivery, or a cesarean. The applica
tion of either forceps or the vacuum extractor to 
an occiput posterior position is problematic because 
there is a substantial risk for either failure or rectal 
sphincter injury [91,125]. Manual rotation can be 
attempted in an occiput posterior position but may 
fail. Some clinicians favor forceps delivery of pos
terior presentations directly, face to pubis (“sunny 
side up”), without an attempt at rotation. Unfor
tunately, this pull is often difficult and often result 
in a posterior tear (Figure 17.26). Vacuum extrac
tion is a possibility, albeit with a substantial likeli
hood of failure [91]. Forceps rotational deliveries 
are also occasionally performed. These operations
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FIGURE 17.26.
O cciput posterio r presen ta tion . D elivery  b y  classic 
forceps. N o te  the vector o f  traction w ith  fin a l de livery  o f  
the h ea d  b y  flex ion . (From O ’G ra d y  JP: M odern 
Instrumental Delivery. B altim ore: W illiam s &. W ilkins;
1988; w ith  perm issio n .)

include the Scanzoni maneuver or one of its m od
ifications, or a Kielland forceps rotation. As noted, 
many cases are delivered by a cesarean [124],

Vaginal delivery from the occiput posterior 
increases maternal and neonatal morbidity, espe
cially if any delivery instrument is used. Episiotomy, 
followed by severe perineal or vaginal lacerations, 
are the principal maternal risks. Forceps deliver
ies from the posterior are more likely to result in 
tears than vacuum operations [128], but the use 
of the forceps as opposed to the vacuum extractor 
is substantially more successful. Failure of vacuum 
extraction from occiput posterior positions is com
mon [91]. Because of the problems with occiput 
posterior presentation, if there are problems with 
the fetal tracing, the child is thought to be large, 
or if difficulty develops during the application of 
the blades or with the rotation, cesarean delivery is 
best.

TheH are some interesting clinical data con
cerning success in vaginal delivery from posterior 
positions. In a study of 1802 deliveries, 1438 of 
which were occiput anterior and 364 occiput pos
terior, Damron and coworkers reported that in the 
posterior midpelvic presentations, the failure rate 
for forceps was 16.7% against 71.4% for vacuum 
(p  < 0.001). W hen procedures from all pelvic sta
tions were considered, the overall occiput posterior 
failure rate was 33% for vacuum operations against 
13.6% for forceps. Rectal sphincter injuries were 
observed in 71.6% of forceps cases versus 33.1% of

vacuum extraction deliveries for occiput posterior 
presentations. These data must be compared with 
occiput anterior presentations, for which the failure 
rate was 6.3% for the vacuum extractor and 0.9% 
for the forceps.

If forceps are applied for a direct occiput pos
terior delivery, it often presents the surgeon with a 
long and stiff pull. As the fetal head descends, it can
not be elevated above the horizontal until the bulk 
of the calvarium has been extracted and the nose 
has passed beneath the symphysis pubis. A classic, 
long-bladed instrument such as a Simpson forceps 
is usually best for these deliveries. It is applied as if 
the fetal head was in the corresponding anterior pre
sentation. Thus, the forceps is “upside down” on the 
fetal head. Deflection is common and might need to 
be corrected before traction is applied. Episiotomy 
is often necessary to permit the pull to occur in the 
correct vector and reduce the total force required 
for the extraction. Because of these features, poste
rior episiotomy extensions are common and often 
unavoidable.

An anterior forceps rotation by the Scanzoni rota
tion or one of its modifications is another possibility 
[112]. These procedures are not for the inexperi
enced physician, however. Approximately 25% of 
neonates subjected to such rotations exhibit discrete 
transient neurologic signs. Fortunately these resolve 
spontaneously, generally without sequelae.

In 1995, Menticoglou’s group reported a series of 
15 infants with spinal cord injuries that were associ
ated with rotational instrumental deliveries [134], 
They estimated that the magnitude of the risk was 
approximately 1 per 1,000 operations or less. These 
data require careful consideration by clinicians and 
reinforce the demand for the closest attention to 
detail and limits in effort whenever a major rota
tion such as a classic Scanzoni is proposed. Five of 
the cases in this series involved multiple instrument 
use (i.e., forceps and vacuum extraction), a con
genital coagulopathy, or a “difficult” procedure. If 
these cases are excluded from the analysis, the esti
mated incidence drops to approximately 1 per 1,500 
rotational deliveries of 90° or more. It is unclear 
whether these remaining cases represent the use of 
excessive force, improper technique, or an inherent 
procedural risk. Several points are important. Den- 
nen emphasizes the importance of conducting major 
rotations, either clockwise or counterclockwise, in a 
direction to transverse the smallest arc in reference to
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the occiput and the fetal spine [36], Thus, if the fetal 
back is positioned to the m other’s right, a rotation 
direct occiput posterior is best conducted in a clock
wise direction. In the alternative situation, were the 
fetal spine positioned to the m other’s left, cranial 
rotation from occiput posterior to OA should pro
ceed counterclockwise. Such technique is presumed 
to reduce the risk of injury by minimizing torsion 
applied to the fetal neck. Unfortunately, the Men- 
ticoglou data are not detailed enough to ascertain 
the direction of rotation versus the position of the 
fetal body in the affected infants.

Rotations must proceed easily and should be per
formed independently of traction and between con
tractions. At times, the fetal head initially needs 
either a slight upward displacement on downward 
pull before the rotation is accomplished. It is also 
important to correct deflection before attempting 
the rotation because this reduces the force required 
and maintains the neck and head in a natural phys
ical relationship.

Because these rotations are not commonly per
formed and carry some unique risks, clinicians 
should use all available assistance. As discussed in 
detail previously the author recommends a preop
erative real-time ultrasound examination when pos
sible to verify the correct cranial position before con
ducting such major rotational deliveries.

In a classic Scanzoni rotation, after verifying the 
position by real-time scan and ghosting the blades, 
the obstetrician should apply an outlet-type forceps 
upside down as if to the corresponding anterior posi
tion (i.e., an occiput posterior position is treated 
as the corresponding OA; Figure 17.27). Once the 
application is made, cranial deflection is corrected if 
necessary. Thereafter between contractions the fetal 
head is simply rotated to OA or slightly beyond, 
without downward traction. On occasion the clini
cian might need to displace the head slightly upward 
to ease the subsequent rotation.

The posterior forceps blade is then left in place, 
but the anterior blade is removed (Figure 17.28). A 
second forceps blade is then reintroduced alongside 
the original and now upside-down splinting blade. 
The convex portion of the new blade is correctly ori
ented toward the fetal occiput; that is, this second 
blade is applied right side up. The splinting blade is 
then removed from below with a downward sweep
ing motion, and the remaining second forceps blade 
is introduced in the usual manner as for an OA pre-

FIGURE 17.27.
C lassic Scanzon i rotation. A pp lica tion  o f  a  forceps  
(A) "upside d o w n ” a n d  fBJ in itia l sta tion . See text fo r  
details. (From Q ’G ra d y  JP: M odern Instrumental 
Delivery. Baltim ore: W illiam s &  W ilkins; 1988; with  
perm iss io n .)

sentation. Following rechecking of the application 
and any additional correction of deflection, traction 
is applied and the delivery completed. This proce
dure can be done either with two sets of forceps or 
by rapid reversal of the original blades.

To avoid maternal injury, during rotational deliv
eries it is critical to maintain a fixed angle between an 
imaginary vertical plane passing through the pubic 
symphysis and the shanks of the forceps. If this angle 
is perm itted to change, the tips of the blades can 
all too easily and rapidly lacerate the birth canal, 
usually in the upper segment near the cervix. Thus, 
care is necessary. An occiput posterior to OA rota
tion must never be forced. If the head will not 
easily rotate, the procedure must immediately be 
reassessed and usually abandoned. In this setting, 
either a direct occiput posterior forceps delivery or 
a cesarean could follow.
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FIGURE 17.28.
M o d ified  Scanzoni operation , occiput posterio r  
presen ta tion . Folloiiring ro ta tion  to O A , the sp lin ting  
right S im p so n  forceps b lade is rem oved  (A ) p r io r  to 
reinserting  the right Tucker-M cLean b lade in  correct 
orien ta tion  o n  the other s id e  o f  the p e lv is  ( l i) . See text fo r  
details. (From O ’G ra d y  JP: M odern Instrum ental 
Delivery. B altim ore: W illiam s  &  W ilkins; 1988; w ith  
p erm ission .)

Several variations of the original technique exist. 
In the reverse Scanzoni maneuver, the blades are 
initially inserted correctly oriented for the posterior 
occiput. In this procedure, the handle position of the 
forceps is the reverse of the usual orientation as the 
shanks point downward. The rotation is made to OA 
or slightly oblique, the application is rechecked, and 
traction for delivery is established without replacing 
or reversing the blades. In the Haas maneuver, the 
blades are initially applied as for a regular Scanzoni 
maneuver, but after rotation are not removed. The 
fetal head is simply delivered using the upside-down

FIGURE 17.29.
O ccipu t p osterio r  p osition , K ie lland  forceps. G hosting  o f  
forceps. (From O ’G ra d y  JP: M odern Instrumental 
Delivery. B altim ore: W illiam s &  W ilkins; 1988; w ith  
perm issio n .)

forceps. Due to their unfamiliarity neither of these 
techniques are recommended.

Kielland Rotation
In a Kielland rotation for occiput posterior, the for
ceps are ghosted as for the corresponding ante
rior application (Figure 17.29). The blades are then 
rotated 180° and thus appear upside down to the 
operator but are correctly aligned to the fetal cra
nium since the buttons are oriented toward the 
fetal occiput. Direct application from below follows. 
W ith the blades correctly applied, the fetal head is 
flexed and then rotated anteriorly as in the Scan
zoni procedure (Figure 17.30). As noted earlier, the 
Kielland forceps lack a pelvic curve. To avoid lac
eration, it is therefore important that the plane of 
the shanks of the blades must never rise above the 
horizontal. In marked contrast to a forceps with a 
pelvic curve, rotation with the Kielland forceps is 
performed by simply rotating the operator’s hand 
in the appropriate direction, maintaining the instru
m ent at a near 90° angle to the perineum. Either rais
ing or lowering the handles of this instrument risks 
laceration from the tips of the blades as they rotate 
within the birth canal. As noted previously, because 
the Kielland is an indifferent traction forceps, some 
operators replace it with a classic outlet-type blade
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FIG U R E 17.30.
O P  position , K ie lland  forceps. R o ta tion  fr o m  occiput 
posterio r  (A ) to occiput an terior (11). (From  O  'G ra d y  JP: 
M odern  Instrum enta l D elivery. Baltim ore: W illiam s  & 
W ilkins; 1988; w ith  perm ission .)

for the final delivery process after the rotation is 
completed.

Special Applications

Aftercoming Head (Breech Presentation)
Application of Piper, Laufe, or Kielland forceps to 
the head of the aftercoming breech is an impor
tant part of intrapartum breech management (Fig
ures 17.31 and 17.32). This application is the only 
pelvic -  as opposed to cephalic -  standard forceps 
operation. That is, the blades of the forceps are intro
duced in the same fashion regardless of the exact cra
nial position and not in a special relationship to the 
fontanelles. It is required that only the occiput be

FIG U R E  17.32.
Breech presen ta tion . Technique o f  traction w ith Piper 
forceps. (From  O ’G ra d y  JP: M odern  Instrum ental 
Delivery. Baltim ore: W illiam s &  W ilkins; 1988; w ith  
p erm issio n .)

anterior. Vacuum extraction has no role in assisted 
breech delivery. (See Chapter 12, Breech Presenta
tion.)

Risks and Benefits
Any instrumental delivery involves a potential 
risk for maternal and fetal injuries. The avoid
ance of trauma requires an understanding of the 
mechanisms for birth injury and expert knowl
edge of appropriate operative technique. Problems

FIG U R E  17.31.
Breech presen ta tion . Technique o f  itisertion  o f  P iper  
fo rceps fr o m  below; no te  tha t the in fa n t has entirely  
delivered  except fo r  the h ea d  a n d  tha t the applica tion  is 
pelvic. (From  O ’G ra d y  JP: M odern  Instrum enta l Delivery. 
B altim ore: W illiam s &  W ilkins; 1988; w ith  p erm ission .)
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associated with assisted delivery include 1) the 
maternal and fetal risks specific to the procedure 
or technique, and 2) the risks already present in 
the pregnancy or those caused by the complications 
compelling intervention. The latter risks are little 
influenced by the eventual mode of delivery and are 
thought to be the most important factor in most 
permanent infant abnormalities. Knowledge of both 
the specific technique and the situational risks is 
important. Education and refinement of technique 
do reduce the procedural risk but are powerless in 
changing an inherent risk of an already established 
injuries. (This subject is reviewed in detail in Chap
ter 23, Birth Injuries.)

Most injuries during labor and delivery are 
inconsequential; however, several highly uncom
mon central nervous system injuries or other com
plications such as subgaleal hemorrhages are poten
tially serious and sometimes fatal. The principal 
concern is that a potentially avoidable injury might 
result in permanent fetal damage or serious maternal 
and fetal morbidity. Despite previously held opin
ions, permanent neurologic impairment (e.g., cere
bral palsy, intellectual deficits) are uncommon and 
in modern practice are rarely caused by mechanical 
birth trauma unless the original injury is combined 
with major birth asphyxia or complicated by pre
maturity. Many if not most, serious or permanent 
fetal/neonatal neurologic abnormalities result from 
complex in utero problems that precede parturition 
and are not under the control of the accoucheur 
[137-140]. Common difficulties in labor, such as 
episodes of nonreassuring EFM tracings, can be the 
effect of occult injury rather than the cause of an 
abnormality.

Physicians in all specialties should hesitate before 
confidently ascribing an observed neonatal defect 
to an event at parturition unless the cause is obvi
ous, such as a laceration. Review of all clinical 
data, careful examination of the neonate, consider
ation of pathophysiology and placental pathologic 
examination, if available, are often needed before 
a final determination is made concerning etiology' 
[138,141,142],

Injuries that are the immediate consequences 
of the process of assisted delivery can be mostly 
avoided or lessened by case choice and surgical 
skill [143], In judging risk, give consideration to 
the potential for both the maternal and the infant 
birth injuries accompanying instrumental delivery.

By far, the most common maternal injuries are 
episiotomy extensions and lacerations of the birth 
canal. Although both cervical and vaginal vault lac
eration can occur during spontaneous deliveries, 
these complications are more common and usually 
more extensive after instrumental delivery and can 
occasionally result in long-term sequelae. Risk gen
erally increases with the complexity of the extrac
tion and is proportional to the station of the fetal 
head at the beginning of the operation. In the follow
ing sections, several major risk factors are reviewed 
and their possible contribution to maternal or fetal 
injury is considered.

Large Infants
Fetal macrosomia, variably defined as a birthweight 
of more than 4,000 g to 4,500 g or a weight greater 
than 90% for gestational age, is generally recognized 
as a risk factor for neonatal morbidity, obstetric 
injuries, and cesarean delivery [144-147], Despite 
the fact that most large infants are delivered without 
complication, they remain a problem because of the 
associated risk of shoulder dystocia, other traumatic 
injuries, and potentially serious maternal complica
tions [9], Big babies are now common. Approxi
mately 10% of infants weigh 4,000 g or more at 
birth, and 1% will reach or exceed 4,500 g. Factors 
including race, sex, the period of gestation, pres
ence of diabetes, heavier mothers and poorly under
stood genetic factors are associated with large infants 
[148], Problems with large infants and instrumen
tal delivery occur when complete dilation is reached 
and descent of the fetal head proceeds far enough 
to entrap the unwary into attempting a delivery that 
proves difficult or traumatic [149],

Large infants are surprisingly difficult to diag
nose, except in extreme cases. Physical examination, 
ultrasonic measurements at or near term, and vari
ous clinical parameters (e.g., fundal height, weight 
gain) are imprecise in the accurate prediction of 
macrosomia, however defined (Table 17.12).

It was hoped that the use of ultrasound weight 
estimates for elective induction or cesarean deliv
ery could help to avoid the problem of excessive 
fetal size. Unfortunately, experience has proved dis
appointing [159], W hat makes clinical choices diffi
cult is the inherent inaccuracy of ultrasound weight 
estimates combined with the limitations in methods 
for evaluating pelvic capacity [160-162].
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TABLE 17.12 Accuracy of Birthweight by Clinical Palpation, Sonographic Biometry, and Patient Self-estimate 
(Pregnancies >37 weeks)

Author (y)

Birthweight Estimates, by Technique

Clinical Palpation Sonographic Biometry* Patient Self-estimate*

MA% Error* BW ±  10% l MA% Error BW ±  10% MA% Error BW ±  10%

Watson (1988) [150] 7.9% 67% 8.2% 66%
Chauhan (1992) [151] 9% 66% 15.6% 42% 8.7% 70%

Chauhan (1993) [152] 9.1% 65% 10.7% 56%
Chauhan (1995) [153] 7.5% 65% 9.2% 67%

Chauhan (1995) [154] 9.9% 54% 11.4% 51%
Sherman (1998) [155] 7.2% 73% 9.1% 69%
Chauhan (1998) [156] 10.3% 61% 10% 60%
Herrero (1999) [157] 9.5% 61% 9.5%. 62%

Hendrix (2000) [158] 10.6% 58% 16.5% 32%
Range 7.2-10.6% 54-73% 8.1-16.5% 32-69% 8.7-9.5% 62-70%

*MA% error -  Mean absolute percent error in fetal weight prediction.
tBased on algorithms employing combinations of fetal measurements including abdominal circumference (AC), femur length (FL), 
biparietal diameter (BPD), and head circumference [HC).
* Parous women.
§ BW ±10% -  Percent of weights predicted to with ±10% of the actual birthweight.
Modified from Nahum GG: Estimation of fetal weight: Emedicine. http//:www.imedicine,com, p. 1-61.

The central problem is what to do when a large 
infant is suspected. Although there is a clear asso
ciation between fetal macrosomia and the likeli
hood of a birth injury, the incidence of persistent 
injury remains low [163]. Furthermore, as noted, 
current methods for the accurate diagnosis of fetal 
weight are lacking. For these reasons, neither trial of 
labor nor instrumental delivery is contraindicated 
in most instances when macrosomia is suspected. 
W hat is required in these cases, however, is a frank 
discussion with the mother and determination by 
the accoucheur not to prolong a trial of labor exces
sively, or to attem pt difficult or extended extraction 
operations.

EPISIOTOMY

A common obstetric procedure that is a risk fac
tor for permanent maternal injury is episiotomy 
[164,165]. Despite prior beliefs concerning the 
benefit of episiotomy, no data support the tradi
tional claims that this procedure, as routinely prac
ticed, significantly protects the mother against either 
immediate or long-term birth canal injury or alters 
the risk of shoulder dystocia [166], In fact, it is

now recognized that episiotomy increases the risk 
of third-degree (rectal sphincter) and fourth-degree 
(rectal mucosal) injuries. In its favor, episiotomy 
does provide limited protection against periurethral 
lacerations [144]. The effects of episiotomy in 
potentially reducing the force required for instru
mental delivery or in shielding the premature fetal 
head from injury requires further study. Existing 
data are limited, largely anecdotal, and not com
pelling.

Episiotomy should not be performed routinely, 
even when an instrumental delivery is anticipated 
1167]. If maternal soft tissue interferes with instru
m ent application or impedes the descent of the pre
senting part when traction is applied in the correct 
vector of force, an episiotomy can be considered. 
Extractions from the midpelvis or those involv
ing cranial malpositioning (e.g., occiput posterior, 
deflexed position) require an angle of traction 
that applies heavy pressure to the perineum. This 
increases the need for episiotomy and can lead to 
perineal laceration [144], Outside of the United 
States, when an episiotomy is required, mediolat
eral (ML) incisions are often preferred [168]. Al
though ML episiotomies are less likely than median
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episiotomies (ME) to extend into the rectal sphinc
ter or mucosa, the ML is harder to repair, is more 
likely to result in distortion of the perineum, results 
in more pain during the puerperium, and increases 
the likelihood of long-term dyspareunia. Best prac
tice guidelines for whether to perform an epi
siotomy during an instrumental delivery, the type 
to employ, and the appropriate timing have yet to 
be established [9,169,170].

FETAL INJURIES: VACUUM EXTRACTION 
AND FORCEPS

Only selected types of injury are discussed in this 
section. (For a more extensive review of fetal injuries 
see Chapter 24, Birth Injuries.) Fetal injuries from 
vacuum extraction relate to the physics of how 
the vacuum cup grasps the scalp and how force is 
applied to assist the parturition. In vacuum extrac
tion, for traction to be applied, the fetal scalp is 
drawn into the cup. This process can produce the 
characteristic mound of scalp tissue and edema 
called the chignon. W hen traction follows, and force 
is applied to the handle of the vacuum extractor, the 
scalp is pulled upward. If a pop-off occurs, suction is 
suddenly lost, and the scalp recoils to the fetal head. 
When this occurs, the cup, which was under tension, 
is suddenly released and can even be projected from 
the birth canal. These events, with the associated 
disruption of small bridging veins, are believed to 
predispose to the common, but clinically unimpor
tant, cephalohematomas and the relatively rare but 
potentially life-threatening subgaleal (SG) hemor
rhages. Scalp bruising or lacerations and retinal hem
orrhages are additional, usually insignificant risks of 
extraction procedures. The reported incidence of 
severe fetal injury or death from vacuum extraction 
is low and equal to that of forceps [8]. This risk is 
roughly estimated as 5 cases per 10,000 extraction 
procedures.

Fetal injuries from forceps are of several 
types. As with vacuum extraction, minor bruising/ 
ecchymoses as a direct result of the blade lying 
against the fetal head are common. Rarely, direct 
injuries to the eye or facial nerve are possible. For
ceps deliveries and perhaps less commonly vac
uum extractions can also lead to intracranial hem 
orrhage [171], Fetal skull fracture with or w ith
out brain contusion are additional rare risks. In the 
next section, several of the most important types of 
potential instrumental injuries are briefly reviewed.

(See Chapter 23, Birth Injuries, for additional 
data.)

Subgaleal/Subaponeurotic Hemorrhage
Hemorrhage in the subgaleal (SG) or subaponeu
rotic space is due to rupture of the emissary veins 
bridging the gap between the aponeurosis and the 
underlying calvarium. The overall incidence of a 
clinically significant SG hemorrhage following a vac
uum delivery is estimated as 2.6 to 4.5 in 10,000 
procedures [172,173]. These rates could be over
estimates and do not reflect the rates of injury in 
modern practice when soft-cup extractors are used 
and strict protocols for application are followed. 
The criteria for establishing this diagnosis are prin
cipally clinical, and thus there is a possibility of mis
diagnosis, especially when small hemorrhages are 
present or the presentation is atypical. This condi
tion is potentially life threatening, with the reported 
mortality rate varying from 11.8% to 22.8% [171]. 
Approximately one half of all SG hemorrhages are 
related to vacuum extraction, and most of the rest 
are associated with forceps operations [174], Less 
commonly SG bleeds follow spontaneous deliver
ies, or rarely even a cesarean.

Operative technique is an important variable in 
the development of these hemorrhages because the 
risk is thought to be proportional to the effort 
required for delivery. Thus, an SG hemorrhage 
is very uncommon or even rare unless excessive 
force, multiple vacuum extractor pop-offs, or serial 
instrumentation with the vacuum extractor and the 
forceps have occurred [41,104,108]. W hen a SG 
hemorrhage is diagnosed, some degree of accompa
nying intracranial bleeding is common [171]. These 
lesions include subarachnoid and subdural hemor
rhages, and, to a lesser degree, intraventicular or 
intraparenchymal bleeds. Serious cases of SG bleed
ing have followed outwardly uneventful extractions, 
however. It is important to put this risk into per
spective. Clinically significant SG bleeding was not 
observed in the large number of vacuum extraction 
cases included in recent meta-analyses [87], This 
documents not only the rarity of severe scalp injuries 
but also emphasizes the importance of adhering to 
following strict technical guidelines when perform
ing vacuum extraction operations.

Because of the small but significant risk of SG 
hemorrhage even when VE operations are per
formed properly, the author recommends notifying
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pediatric personnel whenever an extraction occurs, 
regardless of the immediate condition of the 
neonate. Serial evaluation of the neonate is prudent 
because SG hemorrhages might not become clini
cally apparent until some hours postpartum.

Other Intracranial Injuries
When potentially serious neonatal intracranial hem
orrhages are observed, the mode of delivery, either 
cesarean or instrumental, might not be the risk fac
tor [73,175]. Dysfunctional and prolonged labors 
and various degrees of cranial malpresentation could 
be the principal culprits. Not all reviewers share this 
conclusion, however [8], This is not to suggest that 
the actual mechanism of delivery has no role in birth 
injury, because there are clearly individual cases in 
which this is so. Clinicians must always adhere to 
strict limitations in the choice of cases and in efforts 
to reduce maternal/fetal risk. It could be, however, 
that the greatest risk to the fetus is from abnormal
ities in labor rather than the final method of deliv
ery. Thus, the choice of a cesarean instead of an 
instrumental delivery might not alter the risk for 
intracranial injury in cases involving significant dys
tocia from failure to progress or dysfunctional labor.

W hen delivery is required and circumstances are 
interpreted as difficult, the most common option 
is a cesarean. Cesareans, although largely safe, do 
have important long-term maternal consequences, 
including risks for subsequent scar rupture, abnor
mal placental adherence, and the potential for sub
sequent subfertility [176,177]. W hen progress is 
slow or stops and the usual maneuvers fail, the risks 
of a cesarean are weighed against those of prolong
ing the labor or attempting an instrumental deliv
ery trial. In the author’s opinion, a properly con
ducted trial of instrumental delivery retains a place 
in obstetric management when progress ceases, the 
clinical findings do not exclude the possibility of 
instrumentation, and the alternative is a cesarean 
[178],

Scalp Bruising and Lacerations
Ecchymoses and rarely lacerations of the scalp or 
other major scalp injuries can follow a vacuum 
extraction. Localized scalp injury and quite uncom
monly laceration can also follow a forceps delivery. 
Despite their initial appearance, these injuries usu
ally spontaneously regress without sequelae. Again,

technique is a contributing factor. In a vacuum 
extraction, most injuries occur when the recom
mended 20- to 30-minute limit to total cup applica
tion is exceeded or cup manipulation is attempted. 
The ventouse is not primarily a rotating instrument, 
and attempts at manual cup rotation simply fos
ter cup displacement and predispose to scalp injury. 
Under traction, the fetal head should rotate auto
matically as descent occurs.

MATERNAL INJURY
Vacuum extraction has a low rate of maternal injury 
compared with forceps operations or cesarean deliv
ery. Maternal injuries do occur with all vaginal deliv
ery instruments, however, and must be considered 
in the evaluation of the procedure-associated risk.

PERINEAL AND OTHER BIRTH 
CANAL. INJURIES

Maternal perineal lacerations are common com
plications of all operative vaginal deliveries; most 
are associated with episiotomy. Electively incising 
the perineum predisposes to more serious perineal 
lacerations, and injuries to the rectal sphincter 
mechanism by direct extension [170]. The reported 
incidence of severe perineal lacerations, including 
third-degree and fourth-degree lacerations, during 
vacuum extraction procedures ranges from 5% to 
30%. Forceps operations are more likely to result 
in anal sphincter trauma than vacuum extractions, 
however [91]. In pooled data from randomized tri
als studying maternal delivery trauma, a substantial 
decrease in anal sphincter trauma occurred when 
vacuum extraction and not forceps was employed 
[87,91,92], Prior history is important. A previous 
perineal scar or difficult delivery predisposes to a 
repeat tear; thus, women who sustain vaginal lacer
ations in a previous delivery are at a significantly 
greater risk for repeat lacerations in subsequent 
deliveries. This is presumably due to perineal scar
ring and the loss of tissue elasticity. Wom en at great
est risk are those who experienced a laceration in the 
first delivery followed by another delivery combin
ing both an instrumental delivery and an episiotomy.

Stress Urinary and Anal Incontinence
Dystocia in labor, vaginal delivery, obstetric lacer
ations, multiparity, genetic factors, obesity, smok
ing, and age are risk factors in both reversible and
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permanent injuries to the connective or support tis
sues of the maternal pelvis [179-181]. Some degree 
of injury to these support structures and to the rec
tum  constitutes important and perhaps unavoidable 
risks of all types of instrumental delivery.

Anatomically the female pelvic viscera are both 
suspended from above and supported from below. 
The proper function of the various support struc
tures depends on the integrity of their muscular, fas
cial, and neuralgic constituents. Incompletely under
stood genetic and individual characteristics, such as 
obesity and inherent tissue strength, also influence 
the adequacy of pelvic support, especially as the per
son ages.

The upper suspensory structures of the pelvis 
are various pseudoligamentous connective tissues, 
loosely termed the pelvic ligaments. These ligaments 
are actually sheets of complex connective tissues 
that accompany vascular structures into the pelvis 
and surround the cervix. The lower supports for the 
uterus are musculofascial and include the urogenital 
and pelvic diaphragms. The pelvic diaphragm con
sists principally of the levator ani muscle. The uro
genital diaphragm is a complex of small muscles and 
accompanying connective tissue that extends from 
the central perineal body radially to attach to various 
bony and ligamentous sites on the lower pelvis.

Labor, the process of passing the fetal body 
through the birth canal, and instrumental delivery 
distort and injure these various support structures 
and other pelvic tissues [182], During parturition, 
portions of the pelvic ligaments and the muscles are 
simply torn or otherwise disrupted, and accompa
nying nerves are traumatized. Various spontaneous 
lacerations or episiotomy extensions account for 
additional pelvic injuries, especially to the rectal 
sphincter mechanism [144],

The issue is not whether vaginal delivery results 
in injuries to pelvic soft tissues. The question is 
the degree of the injury and the extent to which 
spontaneous postpartum healing or specific mus
cle strengthening exercises performed in the puer
perium can ameliorate this damage. There are 
important and unresolved issues of management 
and best practice in instrumental delivery to avoid 
or reduce the likelihood of injury. Techniques that 
either reduce or avoid injury to pelvic supports and 
to the rectum are under study. Long-term follow- 
up studies controlling for prepartum pelvic support 
status (e.g., preexisting rectal dysfunction, urinary

incontinence) as well as length of labor, type of 
anesthesia, clinically observed perineal trauma, and 
delivery method are required before changes in cur
rent practice can be confidently recommended. (See 
Chapter 23, Birth Injuries, and Chapter 11, The 
Third Stage.)

Trial and Failed Operations
All practitioners encounter potentially difficult 
second-stage management problems. Murphy 
reported that 4% of the women in a British pop
ulation eventually went to a trial of instrumental 
delivery in the operating suite or to a cesarean at 
full cervical dilation [183], W hen unsuccessful 
efforts at instrumental delivery are considered, 
it is important to distinguish trials from failed 
procedures. A failed procedure occurs when an 
instrument is applied under circumstances in which 
the surgeon does not anticipate failure, and no 
alternative preparations have been made. Maternal 
or fetal injuries can be associated with these 
delivery efforts. A trial procedure occurs when an 
instrumental delivery is attempted in the operating 
suite once all preparations for a cesarean have been 
completed. In the latter setting it is not clear to 
the clinician that the effort will prove successful. 
In a trial, the surgeon, birth attendants, and the 
parturient are prepared for the possibilities of 
failure. The application and traction are tentative, 
proceeding only if all goes easily.

There are several causes for failed procedures that 
have been discussed before [75,76,184,185], Oper
ator inexperience is a factor. Errors in the place
m ent of the vacuum cup on the fetal head or an 
incorrect vector of traction with either this instru
ment or the forceps can lead to a failed extraction. 
Choice of instrument is also important. Instrumen
tal procedures that are unsuccessful are more likely 
following attempted vacuum extractions than when 
forceps are applied (Table 17.13). These unfiltered 
numbers hide another important observation: the 
vacuum extractor is much more likely to fail if the 
fetal head is midpelvic or positioned as an occiput 
posterior [91]. Failures are also more common in 
certain clinical settings, such as after a prolonged 
second stage, if there is an inaccurate diagnosis of 
fetal station, if severe cranial molding is present, if 
there is a history of a prior cesarean, or if the fetus 
is macrosomic [41,91,184,186,187],
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TABLE 17.13 Failed Instrumental Delivery: Selected Series

Study Vacuum Extraction* Forceps'*

Lasbrey (1964) [188] 12/121 3/131
Ehlers (1974) [189] 13/107 0/99
Vacca (1983) [190] 19/142 15/144
Boyd (1986) [191] - 53/6,524

Johanson (1993) [192] 35/130 13/130
Bofill (1996) [11] 18/319 25/305
Sheiner (2001) [184] 113/2,111 -
Al-Kadri (2003) [76] 129/1,723 13/905
Totals 339/4,656 := 7.28% 122/8,238 =  1.48%

‘Various instruments; failed/total procedures.

The setting for a trial of instrumental delivery 
is unique. In preparation, appropriate assistants, 
including an anesthesiologist, are summoned. After 
an informed consent, the parturient is moved to 
an area where it is possible to perform a prompt 
cesarean delivery if the attem pt is unsuccessful. The 
difficulty inherent in moving the patient to an oper
ating room is offset by the distress caused to all by a 
failed operation in the delivery suite, especially if an 
emergent cesarean is suddenly required. The con
sent process and the medical record documentation 
for these procedures must be meticulous.

In the operating room, the senior surgeon con
ducts a careful reexamination and decides whether 
to apply an instrument and attem pt traction. If he 
or she judges that an application is inappropriate, 
and an instrument should not be applied, if the 
application proves difficult, or if an instrument is 
applied and with traction there is not immediate 
descent of the presenting part, the instruments are 
removed, any perineal injuries are sutured, and a 
cesarean is performed. If traction has been applied, 
and vaginal extraction is unsuccessful and must be 
abandoned for a cesarean, it is prudent to displace 
the head upward manually before proceeding with 
the cesarean. In this circumstance, the anesthetist 
should be requested to prepare 150 |xg to 350 |xg of 
nitroglycerine if the subsequent cranial extraction 
proves difficult and the surgeon should recruit an 
assistant for vaginal displacement of the fetal head, 
if this proves necessary.

It is difficult to interpret the extant clinical data 
on instrumental delivery trials; only failed proce
dures are reliably recorded. The distinction made

in this chapter between trial and failed operations 
is not usually reflected in the literature because 
the actual intraoperative management is imper
fectly recorded. In reports in which the distinc
tion between trial and failed instrumental delivery 
is made, the numbers of reported cases are limited, 
and the studies are retrospective. Although inher
ently limited, most but not all of these reports do 
not report serious increased maternal or fetal mor
bidity from failed operations [175,176,178,191].

Additional data helpful in understanding the 
potential risk of failed instrumental delivery have 
been provided by Bahl and coworkers [176], They 
performed a study of 393 women who had reached 
full dilatation before going either to a cesarean or a 
non-routine instrumental delivery conducted in an 
operating suite. The operating room was principally 
used for rotational deliveries or for trials of instru
mental delivery' when either disproportion was con
sidered or a difficult delivery was anticipated. These 
data document that failed instrumental delivery fol
lowing a prolonged second stage, or those deliver
ies that required more than three traction efforts 
or the use of multiple instruments were associated 
with increased maternal trauma (OR 4.1) increased 
neonatal trauma (OR 4.2} and an increased likeli
hood of admission of the infant to a neonatal unit 
(OR 6.2). O f note, both the use of excessive traction 
efforts and multiple instrument use were associated 
with inexperienced operators in 52% and 45% oi 
cases respectively. W hen fetal/neonatal death fol
lows assisted delivery, a large percentage of the 
affected infants have evidence of fetal compromise 
prior to birth [143].
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TABLE 17.14 Selected Studies of Long-term Follow-up after Instrumental Delivery

Author Patients Com parison G roup Follow-up (yr) O utcom e/Com m ent

McBride et al. 
(1979) [193]

188 low forceps 
51 midforceps 
57 forceps rotation

101 elective cesarean 
deliveries

5 Insignificant difference 
between groups

DeCosta (1982) 
[194]

127 vacuum extraction 127 “next spontaneous” 
delivery matched for 
parity/gestational age

>2 Insignificant differences 
between groups

Friedman et al. 
(1984) [195]

70 midforceps 
82 low forceps

70 spontaneous deliveries 
82 spontaneous deliveries

7 In the midforceps group, IQ 
lower by 5.76 ±  2.17 

Low forceps -  no difference 
in IQ

Nilsen (1984) 
[196]

62 low, mid-, and high 
forceps (Kielland and 
Simpson forceps)*

38 low, mid-, and high 
Malmstrom vacuum 
extractor deliveries

18 Forceps deliveries associated 
with significantly elevated 
mean intelligence score 
than Norwegian mean

Dierker et al. 
(1985, 1986) 
[88,197]

110 midforceps 110 cesarean deliveries >2 Insignificant difference 
between groups; subjects 
matched for sex, age, 
weight, race, dystocia, and 
fetal distress

Seidman et al. 
(1991) [198]

567 forceps 
1,207 vacuum

1,335 cesarean deliveries 
29,136 spontaneous 

deliveries

17 Insignificant differences 
between groups in 
intelligence scores at 
age 17*

Wesley et al. 
(1993) [199]

114 midforceps 
1,078 low /outlet forceps

1,499 spontaneous 
deliveries

5 Insignificant differences 
between groups; forceps 
operations coded as low, 
low-mid, or mid-, but 
criteria were not specified

Ngan et al. (1990) 
[200]

295 vacuum extractions 302 spontaneous 
deliveries

10 Insignificant differences 
between groups

Bahl et al (2007) 
[205]

127 vacuum or forceps 
deliveries

64 imm ediate cesarean 
deliveries 

74 failed instrumental 
deliveries followed by 
cesareans

5 All deliveries were at full 
dilatation. There was a 
67% follow up of original 
cohorts. Rates of 
neurodevelopmental 
morbidity were 
comparable, irrespective of 
mode of delivery

IQ, Intelligence quotient.
*By pre-1988-1989 American College of Obstetricians and Gynecologists definitions. 
'6.6|i> of original cohort lost. Possible selection bias.

Although the judicious use of accepted pro
tocols and routine exercises of clinical judgment 
would avoid many if not most failed operations, 
clinical judgment is imperfect. All surgeons will 
encounter a failed instrumental delivery at some 
time in their careers. Increased maternal and fetal 
morbidity appears to occur primarily when unan
ticipated failures are encountered; that is, cases in

which the instrumentation is commenced with full 
anticipation of success and without special prepa
ration for a possible cesarean. After an unsuccess
ful trial of vaginal delivery with any instrument, and 
regardless of the extent of the effort, an internal fetal 
monitoring clip is attached, an external Doppler 
transducer is applied, and continuous heart rate 
monitoring commenced while the mother awaits
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TABLE 17.15 Midforceps Procedures versus Cesarean Delivery: Selected Comparison Studies

No. Outcom e

Authors
Midforceps
Delivery

Cesarean
Delivery Neonatal M aternal

Bowes and Bowes 
(1980) [201]

40 37 4 x neonatal morbidity, 
including lacerations, 
asphyxia, meconium 
aspiration

No difference

Cardozo et al. (1983) 
[202]

65 127 Higher 5-min Apgar scores 
Fewer NICU admissions

N/A

Traub et al. (1984) 
[111]

132 101 No difference N/A

Gilstrap et al. (1984) 
[203]

234 111 No significant differences in 
fetal acidosis, low 5-min 
Apgar scores, trauma, or 
neurologic defect at 
discharge when matched 
for indication

In forceps group: lower incidence of 
endometriosis and blood 
transfusion; higher incidence of 
perineal trauma

Dierker et al. (1985) 
[88]*

176 165 Increased incidence of 
cephalohematoma, low 
1 -min Apgar scores; w ith 
diagnosis of fetal distress 
or dystocia; equal 
neonatal morbidity 
present

In forceps groups: higher incidence 
of perineal traum a

Bashore et al. (1990) 
[46]

358 486 Minor and transient 
neonatal injuries with 
forceps; cord gases equal 
when cases matched by 
indication

Decreased postpartum  febrile 
morbidity in forceps group

Robertson et al. 
(1990) [47]

505 Forceps 
455 

Vacuum

828 Increased incidence of pH 
<7.10, high base defect, 
b irth  trauma, and 
admission to NICU

Decreased postpartum  hospital stay 
and blood transfusion in 
instrum ented group

Cibils and Ringler 
(1990) [89]

274 106 Increased admission to 
NICU for cesarean babies

Increased incidence perineal 
lacerations (third- and fourth- 
degree); increased length of stay 
and febrile morbidity in cesarean 
group

NICU, neonatal intensive care unit.
*Infants matched for weight, gestational age, dystocia, and heart rate abnormalities. Total population = 21,414 deliveries.

cesarean delivery. If this is not technically possi
ble, the fetal heart should be auscultated after every 
contraction or every 5 minutes until the surgical skin 
preparation is begun. Bradycardias after traction are 
common. Normally, the fetal heart rate will return 
to the baseline after the combined contraction/ 
traction effort is over. Failure of the fetal heart to 
resume a normal rate and for the bradycardia to per
sist alerts the surgeon that an emergency delivery, 
rather than a simple urgent delivery, is needed.

LONG-TERM FOLLOW-UP STUDIES

All of the available long-term follow-up studies of 
instrumentally delivered infants have distinct limita
tions, including retrospective study protocols, non- 
random selection, and the loss of infants expe
riencing the most serious complications. In their 
defense, however, these studies also include large 
numbers and have been conducted in quite different 
populations over many years. This provides some
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reassurance about the reliability of the findings. 
The extant data confirm the safety of instrumental 
deliveries. Because the type of delivery procedures 
involved in these series is heavily weighted toward 
the more common outlet/low operations, serious 
complications would be expected to be uncommon 
(Tables 17.14 and 17.15).

Several studies are worthy of special attention. 
Wesley and coworkers studied a cohort of 3,413 
children from a prepaid health plan service at age 
5 years, using a battery of cognitive tests [199], No 
significant differences were detected between the 
1,192 children delivered by forceps (including 114 
delivered by midforceps) versus 1,499 who were 
delivered spontaneously.

McBride and coauthors studied a cohort of Aus
tralian children ages 4 to 5 years who were born 
between 1970 and 1974 [193]. In this group, there 
were no statistically significant intelligent quotient 
(IQ) differences between spontaneously delivered 
infants and those delivered by forceps.

Seidman’s group retrospectively studied out
comes in 52,282 children born in Jerusalem between 
1964 and 1972 [198], The m ethod of delivery 
and other birth events were correlated with intel
ligence testing administered at age 17 years. The 
author reported no demonstrable adverse effects 
from instrumental delivery.

Drawing from Collaborative Perinatal Project 
Data, Broman and coworkers [204] administered 
Stanford-Binet Intelligence tests to 26,760 children 
at age 4 years and correlated the results with peri
natal events. In this analysis, the major variables 
found to affect IQ scores were not obstetric, indi
cating that in such a large population, the events of 
delivery were not the critical variables in cognitive 
function.

CONCLUSION

Instrumentally assisted delivery by either forceps 
or vacuum extractor remains controversial. Neither 
instrument offers perfect safety or utility. Based 
on current data, properly conducted instrumen
tal delivery procedures are safe and retain a legiti
mate role in modern obstetric practice [8,9,41,104], 
The most important part of an instrumental deliv
ery occurs prior to the actual instrumentation, 
when surgeons focus their knowledge, technical 
skill, and judgment on determining if an assisted

delivery should be attempted and how it is to be 
performed.
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John P. O ’Grady 
Timothy K. Fitzpatrick

. . .  my Aim in this Piece being not so much to 
inform those who are altogether ignorant, by 
giving them Instructions for their first setting out 
in Practice, as to add something to what is 
already published,. . .  which. . .  may conduce to 
the Benefit of the less knowing, and not prove 
altogether unworthy the Notice of those, who, 
being already arrived to the highest Pitch of 
Knowledge and Art, do Honour to their 
Profession, and Service to the World, by proving 
the happy Instruments (under Providencej of 
assisting and preserving the Fair in the Time of 
their greatest Danger. . .

Edmund Chapman (1680?-1756)

Treatise on the Improvement o f  M idwifery

Third Edition, London, 1759; John Brindley; pp. 67-68

Cesarean delivery has a long and complex history. 
In antiquity, what we would now consider or term 
cesarean operations began as unanticipated and hur
ried peri- or postmortem surgeries performed in the 
effort to salvage a child when the mother was either 
newly dead or believed to be dying. Cesareans were 
also rarely performed on living women but usually 
only as a last resort in the effort to save the m other’s 
life.

Most often these procedures were only attempted 
when all other methods of delivery had failed. As 
surgical procedures became increasingly safe, begin
ning late in the nineteenth century cesarean deliv
ery progressively evolved from a dreadfully danger
ous and desperate procedure to its status today as 
simply an alternative to vaginal delivery, often per
formed electively. At present, one infant in three in 
the United States is delivered by a cesarean opera
tion [ 1 ]. Despite this very common resort to cesare
ans and likely in good measure because of it, lively 
debate persists concerning the appropriate role for 
abdominal delivery in obstetric practice.

This chapter discusses and critiques the current 
practice of cesarean delivery, focusing on the indi
cations for the operation, the performance of the 
surgery, and its potential complications. A detailed 
description of the performance of a cesarean is 
included as well as a brief description of surgical 
methods of sterilization and the technique for sym
physiotomy. After forceps and vacuum extraction 
procedures, symphysiotomy is the principal alter
native to the cesarean operation. For a review of the 
history of cesarean delivery and of operative delivery 
in general, see Chapter 1.

Perhaps the best place to begin is with terminol
ogy. The question of how to term abdominal surgi
cal delivery operations correctly is still debated [2], 
By formal definition, a cesarean delivery is a surgi
cal procedure that delivers a fetus, placenta, and 
membranes through an incision that passes through 
both the m other’s abdomen (laparatomy) and 
uterus (hysterotomy). Technically, this definition

509

ak
us

he
r-li

b.r
u



510 O'GRADY, FITZPATRICK

does not include operations performed to deliver 
either an extrauterine abdominal pregnancy or a 
fetus extruded from the uterus after a rupture. In 
common usage, however, the former procedure is 
often not considered a cesarean, whereas the second 
might. The term is also not applied to the removal of 
previable ectopic pregnancies, or to hysterotomies 
performed at gestational ages of less than 20 weeks, 
although usage in the latter situation is again incon
sistent. Another ambiguous situation exists when 
a very low abdominal incision inadvertently cuts 
through the anterior vaginal wall during the deliv
ery, as opposed to the lower uterine segment. Such 
laparoelytrotomy procedures technically should not 
be classified as cesarean deliveries either but usually 
are, either because the vaginal site of the incision 
goes unrecognized or because appropriate coding 
is not available. Despite these and other techni
cal quibbles, the definition employed in this text 
is that any surgical delivery that extracts a fetus of 
more than 20 weeks’ gestation, living or dead, by 
an abdominal incision in the m other is considered a 
cesarean.

Cesarean Delivery Rate
The rate of cesarean delivery has increased dramat
ically over the last 20 years, not only in the United 
States, but also around the world [450,451], In 
the United States, the mean cesarean rate remained 
under 10% until 1965, and then in the follow
ing decade, the rate more than doubled. By 1989, 
the cesarean rate reached approximately 24%; since 
then it has varied between 25% and 30% and 
now is beyond that in many institutions. There 
are substantial differences in the performance of 
cesarean delivery depending on institution, practi
tioner, and the region of the United States where 
the care is provided. There are also wide variations 
in cesarean rates when international comparisons are 
made [1,3,4,450,451],

It is not known what the appropriate cesarean 
rate should be [5, 6], Current rates in the United 
States are well above the 15% rate originally pro
posed by the Public Health Service in their Healthy 
People 2000 project. Overall, it is clear that the 
cesarean delivery rate can be reduced without alter
ing perinatal mortality, but potential morbidity is 
another issue. Long labors and complex or diffi
cult vaginal deliveries contribute to serious compli

cations, such as fetal intracranial hemorrhage and 
other injuries [7], Difficult vaginal deliveries are 
also believed to be an important factor in maternal 
pelvic/perineal injury resulting in long-term mater
nal problems with rectal sphincter function, the 
integrity of pelvic support and fertility.

Data concerning the cesarean delivery mortality 
varies depending on several factors: the medical sys
tem where the surgery takes place, the preoperative 
condition of the mother, the expertise of immedi
ate postoperative care, the availability of properly 
trained anesthesia personnel, and the existence of a 
blood bank. In Western industrialized countries, the 
crude death rate associated with cesarean delivery is 
approximately 4 to 6 in 100,000 procedures. These 
data must be placed in context. In the United States, 
the overall maternal mortality is approximately 8 
deaths per 100,000 live births [8], This means that 
ror the United States, the impact of cesarean deliv
ery on overall maternal mortality is relatively low. 
In the nonindustrialized world, maternal losses do 
occur from cesarean deliveries, but many also hap
pen owing to the inability of the birth attendants 
to perform indicated operations. In some parts of 
the world, maternal mortality is remarkable. In sub- 
Saharan Africa, maternal mortality rates as high as 
920 per 100,000 are reported [9,10]. The average 
mortality for developing regions of Africa, Asia, and 
Latin America is 450 per 100,000 procedures. Par
ticularly high rates occur in settings when there has 
been major blood loss, as can be associated with 
uterine rupture or other serious obstetric complica
tions such as abruptio placentae or placenta previa. 
The risk is especially high in settings when the birth 
attendants have inadequate experience, safe anes
thesia is not available, or there are limited facilities 
for the provision of supportive care. Most maternal 
deaths are not immediate but occur within the first 
three postoperative days.

International statistics and data about maternal 
morbidity and mortality are fraught with prob
lems, among them incomplete reporting and the 
use of varied criteria for establishing an associa
tion between a delayed mortality and pregnancy. 
Commonly understated or poorly reported causes of 
maternal mortality include trauma from either acci
dents or criminal activity, and delayed pregnancy- 
related deaths from cardiac disease, pulmonary 
embolism, and other medical causes. An impor
tant tool in the accurate identification of delayed
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maternal mortalities is the computer linkage of birth 
certificates to death certificates. This association 
enables proper identification of late deaths when 
the connection to pregnancy has become remote. 
Specific to the issue of the risk of a cesarean against 
that of a vaginal delivery also requires that the cases 
chosen for comparison have comparable gestational 
age, indication, and maternal status. For all these rea
sons, international comparative maternal mortality 
and morbidity data for both general obstetric care 
and cesarean delivery should be interpreted with 
caution.

ASSOCIATED RISK FACTORS 

Repeat Procedures
In 1985, 36% of cesarean deliveries in the United 
States were repeat procedures, and the rate of 
vaginal birth after cesarean (VBAC) was 6.6%. 
That same year, the American College of Obstetri
cians and Gynecologists (ACOG] issued guidelines 
to promote VBAC. Subsequently, the VBAC rate 
increased to 12.6% by 1988. It was originally antic
ipated that the VBAC rate would continue to rise 
to approximately 50%, blunting the rise in overall 
cesarean deliveries. The popularity of VBAC trials 
has now been largely reversed because of concern 
about the occasional catastrophic complications of 
such trials, problems with physician coverage, and 
associated legal risks. Collectively, these complica
tions have forced many smaller delivery services not 
to offer VBAC trials and dissuaded many practition
ers from offering them [5],

Dystocia
Dystocia is abnormal labor resulting from problems 
related to the powers, the passenger, or the pas
sage [11]. This term encompasses a group of often 
loosely assigned diagnoses that includes fetopelvic or 
cephalopelvic disproportion (CPD), failure to progress, 
obstructed labor, dysfunctional labor, poor progress, 
and second-stage arrest, among others. Dystocia 
accounts for approximately one third of the total 
cesarean delivery rate and is responsible for 30% 
or more of the increase in cesareans in the United 
States over the past 20 years. A small percentage of 
dystocia cases involve true CPD; that is, a condition 
in which there is an anatomic discrepancy between

the size of the fetal cranium and that of the maternal 
bony pelvis. Most dystocias occur because of vari
ous combined problems including fetal malposition- 
ing accompanied by various abnormalities in labor. 
These problems are often described under the term 
failure to progress. In most cases, when the baby sim
ply “won’t come out” (WCO), the infants are nor
mal sized and in demonstrably normal-sized pelves. 
The clinical problems associated with poor progress 
in these cases most often includes cranial malposi- 
tioning (e.g., deflexed, asynclytic, occiput posterior, 
and so forth) combined with an element of poor 
or uncoordinated uterine activity. The important 
point is that 50% to 70% of women with a diag
nosis of dystocia or CPD as an indication for an ini
tial cesarean delivery can undergo successful vaginal 
delivery with a subsequent pregnancy. These obser
vations emphasize that failure to progress, CPD, and 
dystocia are often diagnoses of poor labor function 
combined with minor degrees of fetal malposition- 
ing rather than a marker for anatomic incapacity of 
the pelvis. (See Chapter 10, Labor.)

Electronic Fetal Heart Rate Monitoring
In the United States, electronic fetal monitoring 
(EFM) Is the routine type of surveillance for laboring 
women. As currently practiced, EFM is an imper
fect method for fetal evaluation. The technique 
usually restrains women to laboring in bed and is 
associated with an increased rate of cesarean deliv
ery [12,13], Despite limited predictive value, abnor
mal fetal heart rate patterns are still relied on as 
the major method for the identification of cases of 
presumed fetal jeopardy (i.e., fetal distress) and are 
often the principal basis for obstetric intervention. 
Contributing factors to the aggressive interpretation 
of EFM signals include uncertainties and variations 
in pattern recognition, the current legal climate 
concerning medical practice, and the limitations of 
other methods for evaluating fetal condition. In its 
favor, although EFM has had little effect on the 
overall incidence of permanent neurologic abnor
malities (e.g., cerebral palsy [CP]); it does reduce 
the risk of intrauterine death and can reduce the 
likelihood of some types of neonatal seizures [12]. 
There are additional techniques for fetal evaluation, 
including acoustic and scalp stimulation, fetal scalp 
pH measurement, and determination of transcuta- 
neous fetal scalp oxygen tension, but all ot these
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have their own problems with practicality, reliabil
ity, and predictability. (See Chapter 2, Fetal Assess
ment.)

Despite the recognized limitations of intra
partum monitoring, antepartum EFM often com
bined with ultrasound (e.g., the biophysical profile 
[BPP]) is the major m ethod for the evaluation of 
fetal well-being prior to the onset of labor [13]. 
A reactive non-stress test (NST), with or without 
other ultrasonically derived biophysical data such as 
a BPP, predicts a very low risk for intrauterine fetal 
death in the several days following the test, assuming 
the absence of an acute event, such as an accident, 
an abruptio placentae, or a cord prolapse [14-16],

Breech Presentation

Approximately 10% to 25% of the overall cesarean 
delivery rate is ascribed to fetal malpresentation, 
principally breech. The incidence of breech presen
tation varies with gestational age. At 27 to 28 weeks’ 
gestation, 30% to 40% of fetuses present by breech, 
whereas only 3% to 4% of fetuses do so at term. The 
current near-universal practice of cesarean delivery 
for the breech-presenting infant follows controver
sial reports of adverse outcomes for these infants if 
they are delivered vaginally [17], (See Chapter 12, 
Breech Presentation.) External version, when per
formed, safely converts an average of approximately 
60% of breech-presenting infants to cephalic pre
sentation, resulting in a reduction in the frequency 
of breech presentation in labor and thus a mod
est reduction in cesarean delivery [18,19], Unfor
tunately, even after successful version to a cephalic 
presentation, the rate of cesarean delivery for labor 
dystocia is increased for this cohort of women com
pared with cases in which version was not required. 
This is presumably reflective of poorly understood 
features of uterine activity or labor dynamics that 
initially predisposed to malpresentation and result 
in dystocia [20]. O ther uncommon malpresenta- 
tions, such as fixed transverse lies, funic presenta
tions, compound presentations, or twins in colli
sion are additional but uncommon indications for 
cesarean delivery.

Demographic Factors
A host of demographic factors have been linked to 
the increase in the rate of cesarean delivery.

The frequency of cesarean deliveries increases for 
women 30 years of age or older [21], As more 
women in the United States start their families 
after 30 years of age, they contribute to the rise 
in cesarean rate. An increased incidence of medical 
complications and dysfunctional labor in this patient 
group is frequently cited as the explanation. Social 
factors, such as the concept of the premium baby, ” 
also probably influence operative delivery rates in 
these “elderly nulliparas,” who often became preg
nant by assisted reproductive techniques.

Socioeconomic Factors
Paradoxically, women with low family income are 
less likely to be delivered by cesarean delivery and 
have fewer reported pregnancy complications than 
middle-class women [22], They are also more likely 
to have a successful VBAC trial. Women who seek 
care through various clinics and public hospitals, 
where midwives, house officers, and hospital attend
ing physicians usually provide services, experience 
lower cesarean rates

Practice Style and the Medicolegal Environment
Concern about malpractice litigation has doubtless 
contributed to the rise in cesarean delivery rate, but 
this effect is difficult to gauge. The individual style 
of a physician’s practice and original training does 
strongly influence the rate of primary cesarean deliv
ery [23,24], The unique set of circumstances that 
influences a specific clinician to decide for or against 
operative delivery in a given setting is often difficult 
to ascertain, complicating the task for quality assur
ance reviewers. Peer pressure, the climate of opinion 
about less compelling or borderline indications for 
surgery, as well as other factors constitute important 
but difficult-to-measure variables.

Operative Vaginal Deliveries

The 1996 survey of ACOG fellows reported rates 
for operative vaginal deliveries by either forceps 
or by vacuum extraction of 10% to 15% [25], In 
Demisse’s 2004 review of more than 10 million 
deliveries [26]* the overall instrumental delivery 
rate was 11.8% (4.4% forceps; 7.4% vacuum extrac
tion). Over the past 15 years in the United States, 
Canada, and England, the rate of operative vaginal
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deliveries declined at approximately the same time 
the rate of cesarean deliveries increased; however, it 
is not dear that these events are linked. Physician 
unwillingness to attempt some instrumental deliv
eries is a only a partial explanation for the increased 
cesarean delivery rate. The situation is far too 
complex to assume a simple cause-and-effect rela
tionship between declining instrumental delivery 
rates and the rapidly rising number of cesareans, 
however. Unfortunately, assisted vaginal delivery has 
a poor lay reputation with its potential benefits 
decried and its risks overemphasized. In modern 
practice, significant maternal or fetal trauma from 
assisted vaginal delivery is quite uncommon. Fur
thermore, despite high rates of cesarean delivery and 
declines in most traditional obstetric procedures, 
there has been little or no reduction observed in 
perinatal morbidity due to permanent neurologic 
injury. These and other data indicate that antepar
tum events are substantially more important in the 
etiology of permanent neurologic injury than intra
partum occurrences, including the method of deliv
ery. Thus, although it should not be assumed that 
the willingness to perform at least some instrumen
tal deliveries will have much impact on current 
cesarean delivery rates, a role still remains for opera
tive vaginal delivery in properly selected cases. (See 
Chapter 11, Instrumental Delivery.)

EPIDURAL ANESTHESIA

Epidural anesthesia is justly popular owing to its 
efficacy in the relief of pain, low incidence of side 
effects, and patient acceptability. A controversy con
tinues about the potential adverse effects of epidu
ral blockade in increasing rates of operative vagi
nal and cesarean delivery. Epidurals do prolong the 
second stage of labor and increase the use of oxy
tocin to maintain progress. Meta-analysis suggests 
that whereas the newer techniques employing low- 
concentration local anesthetics are still associated 
with an increase in instrumental delivery rates, the 
rate of cesarean delivery is unaltered, however [27]. 
(See Chapter 9, Obstetric Anesthesia, for further 
discussion of epidurals.)

TABLE 18.1 Potential Indications for Cesarean Delivery 

Maternal
Obstruction o f the birth canal by a pelvic mass 
Invasive Carcinoma o f the Cervix
Previous vaginal or perineal surgery (e.g., fistula repair, 

prior rectal injury*)
Cerebral aneurysms or arteriovenous malformations 
Connective tissue disorders (e.g., Marfans syndrome, 

Ehlers-Danlos syndrome)
Pelvic malformation or pelvic bony inadequacy 
Severe hypertension*
Prior cesarean delivery*
Multiple gestation (e.g., twins with malpresentation, 

triplets, or greater multiples)
Prior abdominal or Shirodkar cerclage placement 
Failure to progress, in labor* (i.e., dystocia, cephalopelvic 

disproportion)
Prior transmyometrial uterine surgery or a Mullerian 

anomaly*
Uterine rupture
Antepartum hemorrhage, (e.g., placenta previa, abruptio 

placentae, vaso previa)
Suspected placenta accreta/increta/percreta

Fetal
Malpresentation (e.g., fixed transverse lie, compound 

presentation)
Fetal distress (e.g., presumed fetal jeopardy, nonreassuring 

fetal monitoring)
Fetal growth disorders (including IUGR)*
Fetal anomalies (e.g., neural tube defect, conjoined twins) 
Active genital herpes 
Fetal macrosomia*
Fetal thrombocytopenia*
Maternal HIV infection*
Other

Cesarean Delivery and Surgical Sterilization 513

*Tllcse indications are relative, and in all instances vaginal 
delivery is not automatically precluded. Management depends on 
the  unique circumstances o f each case. See text For details.

operations are better appreciated, indications for 
cesarean operations have progressively increased. 
Although the indications for a cesarean can be cat
egorized as either maternal or fetal, in many cases 
the indications are combined (Table 18.1).

Placenta Previa
INDICATIONS {-OR CESAREAN Placenta previa is a potentially serious obstetric
As the morbidity associated with cesarean delivery complication. The prevalence is approximately 4
remains low, and the risks associated with elective in 1,000 live births [28-30]. 1 he occurrence rate
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depends on several clinical factors. In modern prac
tice, with the virtual universal use of ultrasound 
scanning except in the small number of women 
who escape prenatal care, it is now rare that an 
abnormally implanted placenta escapes antepartum 
detection. Risk factors for placenta previa include 
multiparity advancing maternal age, prior cesarean 
delivery, habitual abortion, male fetus, infertility 
treatment, cocaine use, and smoking [31,32], Mul
tiple gestations are also usually believed to be a 
factor. In a study of almost 39 million pregnancies 
drawn from the United States natality files between 
1989 and 1998, the rate of placenta previa was 40% 
higher in twin (3.9/1,000 live births] than in sin
gleton pregnancies (2.8/1,000 live births) [33], It 
is also fair to state that not all studies have agreed 
with this association between multiple gestation and 
previa.

Important comorbidities for an abnormally sited 
placenta include malpresentation, a history of mid
trimester bleeding, abruptio placentae, congenital 
uterine malformations, low 5-minute Apgar scores, 
placenta accreta, increta, and percreta, postpartum 
hemorrhage or anemia, and perinatal mortality.

When characteristic painless vaginal bleeding 
occurs in the third trimester, prom pt abdominal and 
vaginal ultrasound studies are indicated. A placenta 
previa or other serious obstetric complication such 
as abruptio placentae could be the cause. Uncom
monly, a succenturiate lobe could present as a pre
via and be detected by transvaginal ultrasound even 
when a concomitant abdominal study cannot visu
alize this ectopic placental mass. Such succenturi
ate lobes are easily missed during routine abdominal 
scanning and might not be detected until unantici
pated hemorrhage occurs.

This emphasizes the importance of conducting 
transvaginal studies when third-trimester bleeding is 
the reason for scanning. For experienced ultrasono- 
graphers, combined abdominal, transvaginal, and 
occasionally translabial scanning provides comple
mentary data that are useful in clinical decision mak
ing whenever a problem with the position of the 
placenta is raised. F.mploying transvaginal ultra
sonography in study of 100 suspect cases, Leer- 
entveld and coworkers [34] reported a positive pre
dictive value (PPV) of 93.3% and a negative predic
tive value (NPv j of 97.6% for the diagnosis of pre
via. Sensitivity of 87.5% and a specificity of 98.8% 
were also calculated. Also important to clinicians is

I ABLE 18.2 Gestational Week of Placenta Previa 
Diagnosis vs. Confirmed Previa at Term*

Gestational Week Previa Diagnosed Present at Term

15-19 12%
20-23 34%
24-27 49%-
28-31 62%:
32-35 73%

*940 examinations, 714 pregnancies.
From Dashe J, M clntire DD, Ramus RM, Santos-Ramos R, 
Twickler DM: Persistence of placenta previa according to 
gestational age at ultrasound detection. O bstet Gynecol, 2002. 
May;99(5 Pt l):692-7 ; with permission.

the observation that in this study, the performance 
of the transvaginal studies did not worsen the bleed
ing in any case.

Not all low-lying or suspected previas identified 
before the third trimester are verified at the time 
of delivery. Although placental "migration” is a fac
tor in this observed decline in the occurrence of 
previa, various technical problems also contribute, 
and the erroneous diagnosis of previa artificially 
increases the rate of apparent migration [35], Tech
nical problems in establishing the correct diagnosis 
of previa by ultrasonic scanning are largely but not 
entirely associated with abdominal studies. Artifacts 
are produced by overfilling of the maternal bladder, 
misidentification of segmental uterine contractions 
as placenta, excessive compression of the mater
nal abdomen during scanning, reliance on abdom
inal scanning only to establish the diagnosis, con
fusion of placenta tissue with an extramembranous 
hematoma in cases of abruptio placentae, and failure 
to consider the possibility of an accessory or succen
turiate lobe if the cervix cannot be visualized.

Once artifacts are excluded, there is the issue 
of migration. A general observation that has been 
repeatedly verified is that the earlier in gestation the 
diagnosis of previa is made, the less likely that a true 
previa will be found at delivery [35-39],

Dasche has presented interesting data on pre
via persistence in a large retrospective series (Table
18.2) [39]. The observed incidence of previa 
changed with two factors: the week of gestation 
when the diagnosis was made and the extent of 
coverage of the internal os. At each gestational age 
interval when the placental edge was observed to
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cover the os, a previa was more likely to persist at 
term than when only a partial placenta previa was 
observed. Prior cesarean delivery proved to be an 
additional risk factor for persistence of previa when 
the diagnosis was first made in the second trimester. 
Similar findings were reported by Mustafa, who also 
noted that the greater the degree of placental over
lap over the internal cervical os, the higher the like
lihood of a true previa at the time of delivery [35], 
Not unexpectedly, when the ultrasound diagnosis of 
complete previa is made in the third trimester, the 
likelihood of finding a previa at delivery is higher 
and the chances for migration are poorer than among 
those pregnancies diagnosed with partial or marginal 
previas [40],

Placental migration has been the subject of con
siderable interest to ultrasonographers. The physi
ology of normal gestation involves the progressive 
enlargement of the uterus with advancing gesta
tion. As the lower segment elongates, the placenta 
implantation site rises with it. This process pro
gressively increases the distance from the placental 
edge to the internal os. Oppenheimer and coworkers 
estimated the rate of upward migration to be 0.54 
cm a week in the third trimester [41], This phys
iology explains why the later in gestation the pre
via or partial previa is diagnosed, the less effective 
this growth-related process becomes in converting 
a previa to a less dangerous type of implantation. 
This is reflected in the inverse relationship between 
the gestational age of the previa diagnosis and the 
declining percentage of previas found to have appar
ently migrated “late” in the third trimester. The 
most useful distinction for management purposes 
is to separate cases with a reasonable likelihood of 
vaginal delivery from those for whom a cesarean is 
best.

The distinction between a placenta previa and 
a low-lying placenta is usually based on the ultra- 
sonographer’s impression of whether the placental 
edge either meets or crosses over the internal os. 
Although this anatomic relationship can be deter
mined by direct observation at a cesarean, presently 
it is much more likely to be an ultrasound diag
nosis. Thus, in most cases of apparent previa diag
nosed before the onset of labor, the ultrasound find
ings determine the final mode of delivery. There 
are two questions of importance with a placenta 
located at or near the internal os. First, will a hemor
rhage ensue either spontaneously or with the onset

of labor? Second, is vaginal delivery possible? Not 
all previas are symptomatic prior to the onset of 
labor. W hen the diagnosis of previa is based on clin
ical signs and symptoms only, approximately 30% to 
40% of women with a true previa do not experience 
bleeding prior to labor [42].

It has been repeatedly noted that some women 
who have experienced even severe antepartum 
hemorrhagep from what was diagnosed as a pre
via have been able subsequently to deliver vagi
nally. In these women a subsequent vaginal delivery 
might be possible due to one of three well-known 
processes: progressive placental migration, tampon
ade of the placental edge after membrane rupture 
and descent of the presenting part, or an erroneous 
initial diagnosis. As discussed previously, errors are 
possible due to several factors. As examples, an 
intrauterine hematoma from undiagnosed abruptio 
placentae might be present or bladder overfilling 
could have distorted the appearance of the lower 
segment of the uterus. Because of these features, 
close and serial observation of women with low- 
lying placentation/partial previa with the avoidance 
of acute early intervention except in instances of 
severe hemorrhage constitutes the best plan of man
agement, Delay permits the fetus to mature, does 
not risk the mother, and with the effects of migra
tion, in some cases eventually results in vaginal de
livery.

In the past, a double set-up examination was 
used to determine the possibility of vaginal deliv
ery when placenta previa was suspected. When a 
double set-up was performed, all preparations for 
a cesarean were completed, and a cervical exami
nation was conducted in the operating suite by the 
most senior clinician. If the membranes were pal
pable and not the placenta, amniorrhexis was per
formed and induction of labor was attempted; other
wise a cesarean was performed. With the current use 
of translabial, transperineal, and transvaginal ultra
sound, such procedures are rarely necessary. In the 
unusual case, if the ultrasonic and clinical data are 
difficult to interpret, a hematoma is suspected at the 
os, or a succenturiate lobe that is difficult to identify 
is possible, a double Set-up is still appropriate. An 
alternative means to establish the correct diagnosis 
in some of these situations might also be magnetic 
resonance imaging (MRI).

The best available data indicate that the dis
tance from the internal os to the placental edge is
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important in making a clinical choice about attem pt
ing a vaginal delivery. If the placental edge is >3.5 
cm from the os, observed antepartum bleeding is 
unlikely to be due to previa, and a vaginal trial is 
appropriate. If the edge is >2.0 cm from the os, 
a labor trial is still possible because approximately 
60% of these cases deliver vaginally [41-43], If the 
edge is closer than 2 cm or if the placental tissue 
crosses the os, a cesarean is best.

Prior cesarean delivery is a major risk factor 
for both previa and abnormal placental adherence. 
Because an abnormally located placenta is likely to 
persist in its location, follow-up studies are obvi
ously indicated in cases in which the cervical os 
is Seen to be covered by placenta during mid
trimester scanning. Also, whenever a low-lying pla
centa is observed to migrate, one should evaluate 
the cord insertion by color Doppler study to the 
exclude the possibility of a vasa previa. Placenta acc- 
reta/increta/percreta is a possible serious complica
tion of a low-lying placenta or placenta previa that 
should also be considered, especially in women with 
a history of a prior cesarean delivery, prior gyneco
logic operations, or who have experienced prior dif
ficulties with placental removal. Ultrasound diagno
sis of abnormal placental adherence is discussed in 
the following section.

Placenta Accreta, Increta, and Percreta
These conditions are due to abnormal placental 
adherence with varying degrees of trophoblastic 
invasion of the myometrial wall. The incidence of 
such abnormal placentation has increased markedly 
in recent decades. Wu and coworkers in a recent 
review [443] reported finding an abnormally adher
ent placenta in 1 of 533 of deliveries. The principal 
cause of this disorder is believed to be injury to the 
endometrial lining of the uterus secondary to either 
infection or surgical scarring (e.g., cesarean deliv
ery). Advanced maternal age, cigarette smoking, and 
noncesarean types of uterine surgery are additional 
predisposing factors.

When abnormal myometrial invasion by the pla
centa is suspected, real-time ultrasound imaging 
with color Doppler study is best in establishing 
the correct diagnosis [440,441], Warshak [440] and 
coworkers also suggest a role for MRI in difficult 
cases. Complete placental evaluation at MRI might 
require the maternal administration of dye that

crosses the placenta with uncertain fetal effect, how
ever. Even Warshak’s paper did not find that MRI 
was helpful save in the small number of equivo
cal cases that ultrasound scanning could not resolve. 
Obstetric experience with MRI is also quite limited 
in many centers. For these reasons, reliance on MRI 
studies may or may not be prudent in an individ
ual institution. Therefore, ultrasonic examinations 
are recommended as the best evaluation tool for 
the large majority of cases when unusual placental 
adherence is suspect.

Several ultrasonic findings are reported to be 
predictive of deep placenta/myometrial invasion. 
These findings include hypervascularity by color 
Doppler study, attenuation of the usual “clear" space 
at the placental base myometrial interface, changes 
in intraparenchymal placental lacunar flow, and the 
observation of a substantial number of discrete hy
poechoic spaces (lakes’) within the substance of the 
placenta [440-442], Also of importance, especially 
when a percreta is present, are various abnormali
ties in the appearance of the interface between the 
lower uterine wall and that of the adjacent blad
der. Not all of these markers are of equal impor
tance. The absence of the “clear zone” at the pla
cental base is the least useful sign for predicting 
an accreta, principally because it is often absent 
in otherwise normal anterior placentas. Failure to 
demonstrate this zone is a common cause of false- 
positive diagnoses or of the identification of “pos
sible cases” where concern is raised unnecessarily. 
Studies of either color Doppler flow or evalua
tion of the continuity of the bladder/myometrial 
serosal interface are the most predictive. The pres
ence of multiple fusiform (“tornado-shaped”) pla
cental lakes (lacunae), especially those positioned 
close to the maternal surface of a low-lying placenta 
or placenta previa, is the best single marker for an 
accreta. The lakes predictive of abnormal placental 
adherence are those easily demonstrated by standard 
color Doppler flow studies. Normal or innocuous 
vascular lakes are more circular in appearance than 
the pathologic ones. Although swirling flow can be 
demonstrated within the benign lakes, the rate of 
flow is so low in these areas that the color Doppler 
studies usually do not demonstrate any flow. It is 
presumed that the increased flow, Doppler-positive, 
and pathologic lakes reflect fetal circulation, which 
is at high velocity. In contrast, the otherwise benign 
Doppler-negative lakes that the color studies cannot
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record reflect maternal flow, which is of substan
tially lower peak velocity.

All of these unusual disorders of placental adher
ence are potentially serious, especially if adjacent 
tissues have been invaded by placental growth (pla
centa percreta). At surgery heavy blood loss is com
mon, and partial excision of adjacent structures (e.g., 
bladder) or hysterectomy is sometimes required to 
control bleeding. If the diagnosis is suspected preop- 
eratively, special preparations with the anesthesiol
ogy staff and the blood bank are prudent, and com
petent assistants must be recruited. The possibility 
of preoperative placement of intravascular catheters 
for intraoperative embolization should also be con
sidered but might not actually result in a lower blood 
loss. In some cases it is better to leave the placenta in 
situ and close the abdomen rather than attem pt an 
immediate removal. Postoperatively, the patient can 
be transferred, plans can be made to return under 
more favorable circumstances, or an antimetabolite 
such as methotrexate can be administered. These 
cases are complex, serious complications are com
mon, consultation is necessary, and care must be 
individualized.

Vasa Previa
In vasa previa, unsupported fetal vessels traverse 
the fetal membranes in advance of the presenting 
part [43-47], W ith either spontaneous or induced 
membrane rupture, one or more of these fetal ves
sels can rupture, potentially leading to rapid fetal 
exsanguination. Historically, the fetal mortality rate 
from vasa previa has varied between 20% and 100% 
[44]. Vasa previa at term is closely associated with 
low-lying placentas or partial previas and is more 
common in IVF-related or multiple gestations or 
following placental migration from an originally low 
placental implantation site [45]. Fortunately, estab
lishing the diagnosis by ultrasonic scan prior to the 
onset of labor is possible, if the possibility of the con
dition is suspected [46]. In routine scanning, when
ever a placenta is noted to be low lying, in twin ges
tations, or when a case is under study for placental 
migration, the placental cord insertion site should be 
verified by color Doppler studies. Knowrn vasa pre
vias diagnosed prior to acute symptoms present the 
clinician with management issues. For fetal protec
tion, delivery must occur prior to membrane rup
ture, but the pregnancy must also advance suffi

ciently far to avoid the risks of prematurity. Man
agement of such cases must be individualized, bal
ancing the risk of vessel rupture against that of the 
risk of prematurity [47], Delivering by an elective 
cesarean at or about the 35th to 36th week fol
lowing steroid treatment is ideal, but early cervi
cal change or demonstrated uterine activity could 
force the issue earlier. It is also apparently possi
ble to coagulate abnormal vessels by laser in utero 
[454]. The impact of this exotic technology remains 
to be established in terms of overall management.

Birth Canal Obstruction
Rarely, various maternal or fetal tumors obstruct the 
birth canal. A cervical myoma or a mobile ovarian 
tumor can either fill the true pelvis or occupy the 
lower uterine segment and obstruct the presenting 
part. A pelvic kidney is another possibility to be con
sidered when an intrapelvic mass is palpated. Rarely, 
a fetal tum or such as a sacrococcygeal teratoma or 
the unique situation of conjoined twins renders the 
fetus or fetuses undeliverable. Conversely, an ovar
ian mass or pedunculated leiomyoma that fills the 
pelvis early in pregnancy can be spontaneously dis
placed abdominally by the second or third trimester, 
leaving the birth canal free and permitting unob
structed vaginal delivery.

If a tumor fills the pelvis, bulges into the cul- 
de-sac, or otherwise prevents engagement of the 
fetal presenting part (a tumor previa), then cesarean 
delivery prior to the onset of labor and usually 
removal of the mass are indicated, depending on 
the clinical findings. Attempting to dissect out large 
intramural leiomyomas during a cesarean is usually 
imprudent. The blood loss can be extensive and 
control difficult. The better plan is to avoid the 
myoma on surgical entry, deliver the child, close the 
abdomen, and then reassess for additional treatment 
in the puerperium or later. If the diagnosis of a “sus
pect” pelvic tum or is made early in pregnancy and 
surgical removal is contemplated, surgery is usually 
reserved until the second trimester. Pelvic masses 
obstructing labor might not be uterine or ovarian 
tumors. A pelvic kidney, a prolapsed spleen, an 
entrapped bowel loop, and a bladder tumor, among 
other possibilities, are rare culprits. In all of these 
cases, management must be individualized. If ultra
sonic scan cannot identify the source or type of 
mass with high reliability, then either MRI, or less
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frequently, a computerized tomography (CT) scan 
can be performed to assist in identification.

Invasive Carcinoma of the Cervix
W hen cervical cancer is diagnosed during pregnancy, 
both the patient and the clinician face difficult deci
sions. Techniques for evaluating cytology, conduct
ing culposcopy, and performing cervical biopsies 
are generally the same in pregnancy as in the non
pregnant state [48], During pregnancy, however, 
conization is avoided when possible and endocer- 
vical curettage is not performed. Overall, approxi
mately 1 in 2,000 pregnancies is associated with cer
vical cancer, and about 3% of cervical cancers occur 
in pregnant women [49-51].

As in nongravid patients, 80% to 90% of cervi
cal neoplasias diagnosed during pregnancy are squa
mous or adenosquamous [52], Approximately 70% 
are early tumors, not of advanced stage (Stages la, 
lb, or Ha). Cervical cancer diagnosed during preg
nancy is staged using the standard International Fed
eration of Gynecologists and Obstetricians (FIGO) 
classification [53], Because most pregnant women 
with cervical tumors are asymptomatic, the diagno
sis is usually initially suspected or diagnosed follow
ing the performance of routine Papanicolaou sm ears
[54], If symptoms do exist, the most common is 
vaginal bleeding [55], W henever a suspect Pap study 
is reported, prom pt culposcopic examination with 
biopsy of suspect lesions is performed. Fortunately, 
complete visualization of the transformation zone 
is usually possible. Conization is to be approached 
with trepidation because of the risks of hemorrhage, 
abortion, membrane rupture, or premature labor 
[56]. The risk in conization is probably proportional 
to the size of the excised tissue mass [57], Nonethe
less, a cone biopsy is indicated if the colposcopy 
is unsatisfactory and the cytology strongly suggests 
invasive cancer.

If invasive cancer is diagnosed, the therapeu
tic options depend on the period of gestation, the 
advance of the tumor, and the wishes of the affected 
woman. Most studies agree that there is no dif
ference in survival between pregnant and nonpreg
nant individuals when matched for age, year of diag
nosis, and tumor stage [52,55,58,59], Interruption 
of pregnancy with immediate treatm ent or a delay 
in delivery until pulmonary maturation is reached 
are the basic options. Theoretically, there is some

increased maternal risk when definitive therapy is 
delayed by several weeks to permit fetal matura
tion, but available data do not suggest an increased 
maternal risk if this plan of management is chosen 
in women with Stage I tumors [48,60].

Traditionally, patients with early-stage carcinoma 
of the cervix (Stages I, Ha) have been delivered 
by a classic cesarean with radical hysterectomy and 
pelvic mode dissection. This surgery is associated 
with low morbidity, 80% to 95% long-term survival, 
and preservation of ovarian function [61,62]. Usu
ally it is argued that the more advanced stages of cer
vical cancer require cesarean delivery to avoid hem
orrhage that might accompany a vaginal delivery, or 
implantation of tumor in an episiotomy or lacera
tion site. In selected cases, a classic cesarean can be 
followed by irradiation as the definitive therapy, if a 
bulky cervical tumor is present. The more advanced 
cases (Stages lib and beyond) are treated by irradi
ation, with or without chemotherapy. If the fetus is 
viable, it is first delivered before therapy is initiated
[55]. Appropriately evaluated cases of severe cervi
cal dysplasia or carcinoma in situ without evidence 
of invasion are not indications for cesarean delivery. 
In this setting, vaginal delivery is appropriate, with 
postdelivery reeValuation and subsequent definitive 
treatment.

There are unresolved controversies in the man
agement of pregnant women with cervical can
cer, and no prospective or randomized studies exist 
comparing the appropriateness of vaginal versus 
cesarean delivery for most cases. Nonrandomized 
studies indicate no differences in overall survival 
rates, regardless of the mode of delivery [63].. The 
risks of possible obstructed labor, hemorrhage, and 
the potential for seeding and recurrence at epi
siotomy sites have led most observers to recommend 
cesarean delivery when truly invasive cancer is diag
nosed, however [48,52,64,65], The general recom
mendation is that vaginal delivery be reserved for 
women with preinvasive Stage la or some early inva
sive disease with planned postpartum and poten
tially fertility-sparing definitive treatment,.

Proper management of cases involving malignant 
and premalignant cervical tumors requires a team 
effort between oncologist and obstetrician and often 
includes other practitioners. Complete evaluation 
and careful counseling are needed to reach a man
agement plan acceptable to the affected woman and 
appropriate to the stage and grade of her disease.
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Coordination among the anesthesiologist, oncolo
gist, and obstetrician are required for proper treat
ment. (See Chapter 16, Surgery in Pregnancy.)

Previous Vaginal Surgery
Previous repair of vesicovaginal or retrovaginal fis
tula is a potential, and for most practitioners, a 
strong indication for cesarean delivery [66]. The 
risk is that in another pregnancy, descent of the 
fetal presenting part or the method of delivery will 
disrupt the original repair. The alternative view 
is that abdominal delivery should be reserved for 
cases in which the original fistula repair was dif
ficult (i.e., more than one operation), required 
colostomy, or when inflammatory bowel disease 
(i.e., Crohn’s disease) or other complications are 
present.

When the problem is a prior rectal sphincter lac
eration, especially if residual rectal dysfunction or 
partial incontinence is present, care needs individu
alization. Here the magnitude of the risk of a vaginal 
trial is difficult to ascertain accurately. The avail
able evidence suggests that additional damage does 
follow subsequent vaginal birth, however. In such 
cases, a frank discussion with the affected woman 
concerning management alternatives is mandatory. 
In practical terms, most clinicians and patients will 
not accept the risk of a repeat injury or damage to 
the original repair; if either a fistula or a severe per
ineal laceration involving the rectum followed the 
first delivery, a cesarean delivery before the onset of 
labor usually is planned in this setting.

There are other clinical situations in which a 
cesarean delivery is appropriate based on previ
ous surgery. A prior abdominal cerclage or epithe- 
lialized Shirodkar cervical sutures are twro possible 
indications. For such cases, when future pregnan
cies are desired and the original suture placement 
required laparotomy, laparoscopy, or a difficult vagi
nal surgery for insertion, a cesarean is favored for the 
subsequent pregnancy.

Cerebral Aneurysm or Arteriovenous 
Malformation
If the mother is diagnosed with an uncorrected 
cerebral aneurysm or arteriovenous malformation, 
cesarean delivery is usually recommended, although 
the specifics of care are individualized [455-461]. A

vaginal delivery is appropriate following successful 
repair of an arteriovenous malformation, however, 
provided hypertension is not present and the sec
ond stage is assisted instrumentally by forceps or 
the vacuum extractor to limit voluntary bearing- 
down efforts. Such cases are best managed under 
regional or epidural anesthesia. A similar protocol 
can be considered in the management of patients 
with prior retinal or vitreous hemorrhage. The basic 
treatm ent remains the same during pregnancy as 
among the nonpregnant. Aneurysms are identified 
and controlled with either surgery or endovascular 
techniques [461], It should be emphasized that few 
data support these recommendations; no prospec
tive trials have been performed. All such rare cases 
require individualized management with an anes
thesiologist and a neurosurgeon.

Connective Tissue Disorders
The Marfan syndrome is a rare, autosomal domi
nant disorder of connective tissue involving a defect 
in the gene encoding fibrillin located on chromo
some 15. The fibrillin-1 gene codes for a glycopro
tein associated with the formation of normal elastin. 
Abnormalities in elastin are the principal abnormal
ity in this disorder. The prevalence of the Marfan 
syndrome in the general population is estimated as 
7 to 17 in 100,000, and it occurs equally in both 
males and females [67], Clinical manifestations of 
this disorder involve the skeletal (e.g., pectus defor
mity, kyphoscoliosis), ocular (e.g., retinal detach
ment, lens dislocation, myopia), and most impor
tant, the cardiovascular systems. The prognosis for 
affected individuals is limited by the extent of car
diovascular involvement [68,69]. The cardiovascu
lar risk is principally associated with progressive dila
tion of the proximal aorta, leading to dissection or 
rupture. Mitral valve incompetence or dysfunction 
is also possible.

In Groenink’s series from the Netherlands, 
involving 125 subjects with the Marfan syndrome 
who were equally divided between male and female 
subjects, approximately 1 in 3 (34%) developed 
serious cardiovascular problems in the 10 years 
following their initial diagnosis [68]. Overall, car
diovascular complications account for more than 
80% of the mortalities in Marfan’s patients. Fully 
80% of these deaths are. secondary to aortic dissec
tion and to various complications of cardiac failure
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either involving mitral or aortic valve dysfunction 
[67,68].

Aortic root size, measured by ultrasound scan, is 
an important risk factor for valve dysfunction, and 
more important, aortic dissection. For the nonpreg
nant patient, prophylactic cardiac surgery is often 
recommended for specified aortic root diameter 
(usually 50 mm-55 mm, and in some series, less) 
[70], or for those with a family history of dissec
tion or if rapid expansion of the ultrasonically mea
sured root diameter is documented (>2 mm/year) 
[68,71 ]. If a prophylactic aortic replacement is pos
sible, the five-year survival is 95%, but this figure 
drops to approximately 50% if the repair is per
formed as an emergency.

The pregnancy-associated risks of the Marfan syn
drome are twofold. First is the potential to deliver 
a child with the syndrome. Second, and of more 
immediate importance to the clinician, is the poten
tial for a catastrophic and potentially lethal aortic 
dissection or another cardiovascular complication 
occurring during or immediately after the preg
nancy. There is also a substantial incidence of other 
obstetric difficulties with these pregnancies. As an 
example, similar to individuals with the Ehlers- 
Danlos syndrome (EDS), pregnant Marfan patients 
are at risk for cervical insufficiency and postpar
tum hemorrhage. Spontaneous pregnancy loss and 
preterm labor are additional frequent complica
tions [72,73]. For pregnant women with the Mar
fan syndrome a preconceptual aortic root diameter 
of >40 mm (other diameters are sometimes recom
mended), observed progression of the root diameter, 
mitral valve dysfunction, and declining cardiac func
tion are the principal risk factors [74]. W hen the aor
tic root diameters are <40 mm and the valve appears 
normal on echocardiographic study, the maternal 
mortality rate is 5% or less. Women with root diam
eter >40 mm or evidence of decompensation should 
be advised not to attem pt pregnancy [75,76], How
ever, women with this disorder remain at some risk 
for spontaneous dissection even if a preconceptual 
aortic diameter is found to fall within the “accept
able” limits. Close observation of these patients is 
therefore always required.

In terms of general management, if a woman’s 
cardiac function is evaluated as normal and her aor
tic root diameter is <40 mm (or perhaps 45 mm), 
she might tolerate gestation well. If no cardiovascu
lar problems ensue, vaginal delivery under epidural

anesthesia is possible [ /2 ,/7 ] , If cardiac or vascu
lar complications do occur, they usually manifest 
themselves in the second or early third trimester, 
but occasionally problems have been reported both 
in the first trimester or postpartum [78], During 
gestation, the administration of beta blockers is rec
ommended in the effort to potentially retard aor
tic root dilation [79], If progressive root dilation is 
observed during gestation, there is a family history 
of dissection, there are other cardiovascular symp
toms, or the initial aortic root size exceeds >40 mm 
to 45 mm, a cesarean delivery is preferred [78], It 
should be noted that various investigators recom
mend slightly different critical values for aortic mea
surements and also vary in their other recommenda
tions for evaluation and treatment of these unique 
and difficult cases.

For general antepartum management, hyperten
sion and cardiac arrhythmias should be serially 
investigated and aggressively treated. Postpartum 
hemorrhage is common in these women and should 
be anticipated. The pediatrician should be notified 
for a careful examination of the neonate for the stig
mata of the Marfan syndrome constitute. The anes
thesiologist also must be closely involved in labor 
and delivery management.

If a major cardiac surgery is required in pregnant 
women with the Marfan syndrome, the combination 
of cardiopulmonary bypass and hypothermia is not 
tolerated by the fetus. In this situation, a cesarean 
delivery should be performed first and then followed 
by the cardiovascular procedure [80],

Included under the term EDS is a heterogeneous 
group of rare, principally autosomal dominant con
nective tissue disorders associated with various preg
nancy complications ranging from increased bruis
ing to maternal death [ 81,8 7 ]. The incidence of EDS 
in pregnant women is estimated as 1 in 100,000. 
The principal structural defects arise from abnor
malities in genes encoding collagen or collagen- 
modifying enzymes [82,83], There are at least ten 
recognized variations or types of EDS, based on 
either demonstrated clinical findings or biochemi
cal defects. The likelihood and the potential sever
ity of EDS during pregnancy depend on the type. 
Types I to III are the most common and collectively 
account for 60% of cases. Type IV occurs in approx
imately 10%) with all the other recognized types 
occurring much less frequently. Women with Type 
IV EDS who have mutations in the gene for type III

ak
us

he
r-li

b.r
u



Cesarean Delivery and Surgical Sterilization 521

procollagen are at particular risk for maternal mor
tality. In this subgroup, maternal losses are reported 
to range from 11.5% to 20% or more per pregnancy 
[84-86],

All types of EDS are associated with an increased 
risk of a wide range of obstetric complications. These 
complications include premature membrane rup
ture, premature (and possibly precipitate) labor, 
cervical insufficiency spontaneous pregnancy loss, 
postpartum hemorrhage, separation of the pubic 
symphysis, the formation of perineal hematomas, 
and impaired wound healing [85,87].

Clinically EDS is characterized by hyperflexibil
ity of joints, easy bruisability, hyperelasticity of skin 
and, in the more severe types, weakness in both 
the arterial and bowel walls, predisposing to spon
taneous vessel rupture and intestinal perforations 
[88]. Coagulation is usually normal, but in some 
EDS patients, various abnormalities, including those 
of platelet function, are possible.

In 2001, Schalkwijk and coworkers described a 
type of EDS that was genetically and clinically differ
ent from the previously described varieties [82 ]. The 
newly identified tenascin-X deficiency type of EDS 
is apparently inherited as a recessive trait. Tenascin 
X can be either an important structural component 
of collagen or affect collagen synthesis in a currently 
unknown manner. The potential obstetric risks due 
to this disorder are unknown.

Management of the Severe Type IV EDS cases 
when abortion is not performed are based on avoid
ance of activities that might produce increased phys
ical stress. O ther normal events such as uterine 
contractions or maternal bearing-down efforts can 
risk uterine or vessel rupture. Instrumental deliv
ery can result in increased perineal injuries, hem 
orrhage, or hematoma formation. Usually steroids 
are recommended in these cases, and an elective 
cesarean is planned for after the 32nd week. Even 
if a cesarean is performed, wound healing can be 
impaired, and there is an increased risk of wound 
dehiscence. These facts should lead the surgeon to 
plan the wound closure accordingly. Performing a 
running bulk closure of the abdominal wall with a 
long-lasting absorbable suture material is one poten
tial option.

In at least one case, l-desamino-8-D-arginine 
vasopressin (DDAVP) has been administered pre- 
operatively in a women with EDS suspected of hav
ing an increased bleeding tendency [89], This drug

should not be routinely administered unless a con
sulting hematologist advises its use, however.

Pelvic Malformations
True pelvic contracture is rare in modern practice. 
An anatomic defect in the bony birth canal usu
ally results from a previous pelvic fracture. There 
can be subsequent malunion of the pubic rami, or it 
occurs secondary to callus formation in the process 
of healing. Pelvic deformity is also occasionally seen 
in persons with hereditary skeletal dysplasias such 
as achondroplasia. Pelvic abnormalities from rick
ets, which occupied much obstetric interest in the 
nineteenth century have disappeared from mod
ern practice. O ther rare causes of pelvic contracture 
include patients with severe kyphoscoliosis, prior 
poliomyelitis, or chronic neurologic injuries. Most 
of these patients are also usually at an increased 
risk for cardiovascular and pulmonary compromise 
and require careful assessment by the obstetrician 
and anesthesiologist before any surgical procedure is 
considered. Rarely, and in selected cases, pelvimetry 
using CT or MRI might prove helpful in evaluating 
pelvic configuration and dimensions in the consider
ation of a vaginal trial. These unusual cases require 
individualized care and prelabor or predelivery eval
uation to determine if a trial of labor is prudent.

Hypertension
Uncomplicated mild-to-moderate maternal hyper
tension is not an indication for cesarean delivery; 
however, a cesarean becomes the treatment of 
choice when preeclampsia or other hypertensive 
disease is severe and rapidly progressive, the preg
nancy is remote from term (32 weeks or less), or 
the cervix is unfavorable for induction and prompt 
delivery is indicated for maternal (or fetal) rea
sons. Depending on the clinical setting, eclamp
sia is another potential indication for a cesarean. 
Patients with severe hypertensive disorders are also 
more likely to develop other serious obstetric com
plications such as abruptio placentae or fetal dis
tress, or to carry a growth-restricted fetus. These 
compounding risks frequently necessitate timely 
cesarean delivery for both maternal and fetal well
being either prior to the onset of labor or intra
partum, even if a vaginal delivery had been originally 
planned.
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Combined and Other Indications
Despite efforts to comply with standard indications, 
occasionally an obstetrician performs a cesarean 
delivery for combined reasons. There are complex 
maternal and fetal conditions for which data con
cerning the best mode of delivery are unavailable 
or the extant data are contradictory. Such cases 
might involve a woman with a history of a significant 
maternal or fetal injury after a vaginal birth, or one 
who is carrying an anomalous fetus. Patients request 
cesareans for simple preference, to avoid labor indi
cations such as the potential avoidance of damage to 
pelvic support structures. The latter issue is further 
discussed in Chapter 17, Instrumental Delivery.

The risks and benefits of the method of deliv
ery must be weighed against the severity of the 
underlying disease or condition. Whenever the clin
ical circumstances are atypical, however, a careful 
informed consent is necessary. The circumstances 
and the rationale that went into the decision about 
the mode of delivery and documentation of the con
sent process should be carefully noted in the medical 
record.

FETAL INDICATIONS 

Abnormal Presentation
In a term gestation, abnormal presentations such as a 
transverse lie, persistent brow, or fixed mentum pos
terior are best managed by cesarean delivery. Such 
malpresentations represent only a small percentage 
of patients presenting in labor, however (fewer than 
1/300 deliveries) [90], In addition, some cases in 
which the fetal presentation is transverse, oblique, 
or unstable can be successfully converted to a lon
gitudinal lie and cephalic presentation by exter
nal version. Achievement of a cephalic presenta
tion does not guarantee a successful vaginal delivery, 
however, because the problem leading to the ini
tial malpresentation appears to affect labor progress 
as well [20]. Conditions such as a fixed transverse 
lie do not present a clinical challenge. Such cases 
and other similar problems of extreme malpresen
tation are easily diagnosed, and there is consensus 
about the need for prompt cesarean delivery. The 
difficult cases are those involving minor degrees of 
cranial deflection or malrotation, when progress in 
labor is desultory, or in frank breech presentations

in multiparas, for which management remains con
troversial. In cephalically presenting infants, fetal 
disproportion often accompanies marked cranial 
deflection, especially if the deflection persists as 
the head reaches the midpelvis. Instrumental deliv
eries in these instances require careful consider
ation to avoid efforts that attem pt to overcome 
true disproportion. A compound presentation (e.g., 
head/hand) is an uncommon indication for cesarean 
delivery unless complicated by umbilical cord pro
lapse or an arrest of dilation and descent. A pro
lapsed posteriorly positioned fetal extremity is most 
likely to lead to a cesarean if the small part does 
not recede as labor progresses. In occiput posterior 
presentations, if the fetus fails to rotate promptly 
following oxytocin stimulation or cannot be man
ually rotated, a cesarean is often performed, even 
at full dilation and low station. This is due to the 
unwillingness of many obstetricians to perf orm rota
tional instrumental vaginal deliveries, secondary to 
the general waning of forceps delivery skills and 
concerns of fetal/maternal injury. (See Chapter 17, 
Instrumental Delivery.)

Operations for breech presentation contribute 
about 2.5% to the overall cesarean delivery rate. 
One result of the nearly 100% operative rate for 
breech presentations has been a loss of the opportu
nity for obstetricians in training to acquire the skills 
necessary for conducting a vaginal breech delivery. 
Unfortunately, these same skills are needed for safe 
fetal extractions during a cesarean delivery and are 
especially important for growth-restricted or pre
mature infants. (See Chapter 12, Breech Presenta
tion.)

Suspicion of Immediate or Potential 
Fetal Compromise
Perceived fetal jeopardy, classically termed fetal dis
tress, or nonreassuring EFM or abnormal ausculatory 
FHR in labor or, more recently, suspicion of imme
diate or potential fetal compromise, is the cause for 
1% to 3% of cesarean deliveries. There is wide and 
inconsistent international variation in the reported 
incidence of fetal stress/distress in labor, strength
ening the suspicion of the accuracy of this diag
nosis. Despite the efforts of various professional 
organizations, the criteria used for the diagnosis of 
fetal jeopardy or distress still vary widely among
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institutions and between practitioners. (See Chapter 
22, Fetal Assessment.)

Given the well-known limitations in the diag
nosis of fetal jeopardy by current EFM methods, 
new techniques to reduce the false-positive rate 
have been sought. Recent interest has focused on 
electronic techniques combining ST-segment anal
ysis with heart rate patterns. This approach has 
been reported to improve diagnostic accuracy [91]. 
A new heart-rate monitor incorporating this sys
tem (STAN 531, Neoventa Medical, Gothenburg, 
Sweden) recently won the approval of the Food 
and Drug Administration (FDA). First use in the 
United States began in October of 2007 [91b]. O f 
interest, ACOG is withholding their endorsement 
of this technique and the device until additional 
clinical data are available. W hether this combined 
technique of electrocardiographic and EFM tracing 
analysis proves any better at the diagnosis of fetal 
jeopardy than classic EFM pattern analysis remains 
moot.

Although cesarean delivery can clearly salvage 
fetal life in selected situations (e.g., abruptio placen
tae, cord prolapse, vaso previa, placenta previa, and 
other acute obstetric conditions), it is less certain in 
many other cases that fetal or neonatal morbidity is 
reduced or prevented by operative intervention. A 
healthy skepticism concerning the efficacy of many 
“rescue” operations for a perceived abnormality in 
EFM tracing is appropriate. It is now known that 
75% or more of the permanent neurologic dam
age to neonates occurs because of events remote 
from labor and delivery [92]. Given current knowl
edge and diagnostic abilities, these injuries are for 
the most part neither recognized antepartum nor 
preventable, and heroics practiced in the delivery 
suite cannot change these facts. Unfortunately dur
ing labor it is usually difficult and often impossible 
for a clinician to differentiate between an otherwise 
normal infant stressed or damaged by the process of 
labor and one whose observed deterioration is due 
to a chronic debilitating process that had its origin 
before the onset of labor. It is precisely this problem 
that is the source of many difficult medicolegal cases.

Fetal Anomalies
With the recent advances in ultrasound technology 
the list of congenital anomalies for which prena

tal diagnosis is available has expanded rapidly. (See 
Chapter 3, Ultrasound Examination, and Chapter 
20, Fetal Surgery.) This, with the improvements 
in neonatal surgery and survival rates of anoma
lous fetuses, has placed added responsibility on the 
obstetrician for determining the best mode of deliv
ery when the infant is suspected to be abnormal. 
The decision-making process must take into account 
whether 1) the fetal anomaly can result in dystocia; 
2) the likelihood of fetal morbidity or mortality 
is increased by vaginal delivery; 3) timely deliv
ery would prevent further deterioration in the fetal 
condition; 4) the fetus is capable of survival; and 5) 
there is a need for immediate medical or surgical 
intervention at birth.

Clinicians should recall the limitations of current 
imaging techniques. Despite the  ability to visual
ize major congenital malformations by ultrasound 
scan, an exact evaluation of fetal condition is usu
ally not be possible before birth [93-95,95b]. Fur
thermore, associated or minor anomalies accom
panying more major malformations are frequently 
missed. Because the prognosis of many congenital 
conditions is not entirely predictable despite the 
most expert antepartum evaluation, both physician 
and patient might favor an abdominal delivery for 
reasons of emotion and uncertainty. Despite these 
and other limitations, there are several conditions 
for which there is a reasonable consensus that a 
cesarean delivery reduces fetal trauma and has the 
potential to improve fetal condition. Fetuses that 
might benefit from cesarean delivery include those 
with 1) advanced hydrocephalus and breech pre
sentation with or w ithout open neural tube defect, 
2) diaphramatic hernia, 3) large sacrococcygeal ter
atomas, 4) cardiac arrhythmias that are refractory 
to medical treatm ent and preclude FHR monitor
ing, 5) some forms of osteogenesis imperfecta, 6) 
conjoined twins, and perhaps 7) selected infants 
with abdominal wall defects (e.g., gastroschisis and 
omphalocele). Clinicians should remain skeptical of 
the presumed benefits of cesarean delivery for var
ious fetal anomalies no matter how reasonable the 
argument seems, unless there is good evidence from 
a randomized trial that a true benefit exists. Recent 
experience with meningomyelocele, for example, 
fails to document strong advantage from operative 
delivery. This is again a situation in which preex
isting condition and limits on development rather
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than the mode of delivery are the most impor
tant factors in the neonate’s eventual outcome [96]. 
(For additional data and a review of this complex 
and rapidly changing issue, see Chapter 20, Fetal 
Surgery.)

The most important issue is potential fetal via
bility. Obstetric interventions performed before the 
period of potential fetal survival are only meddle
some heroics. Unfortunately because obstetric man
agement is imperfect, and true fetal weights or gesta
tional ages are accurately known only in retrospect, 
honest errors in judgment are inevitable.

Some general guidelines are helpful, however. To 
the clinician, potential fetal viability is not a rigid 
marker but a working definition that varies among 
institutions and, over time, will reflect improve
ments in neonatal care. As a practical matter, fetal 
survival is unlikely if the pregnancy is less than 22 
completed weeks and the fetal weight less than 3 50 g 
to 400 g. Fetal survival is increasingly possible with 
gestational ages beyond 23 completed weeks and 
450-g to 500-g weight, but many of these very 
small survivors have serious morbidity and perma
nent injury. Reasonably likely and intact neonatal 
survival -  defined as greater than 50% survival and 
greater than 50% normal -  cannot be confidently 
anticipated unless the period of gestation is at least 
24 (and preferably 25) completed weeks with an 
estimated fetal weight of approximately 500 g. Clin
icians should be aware of the statistics for their 
own as well as their higher-level referral institu
tions. Counseling provided to families must be real
istic and avoid providing false hope but also accu
rate, indicating what the true likelihood is for intact 
infant survival [97], For management of these very 
premature infants it is prudent to discuss the case 
with a neonatologist and review the outcomes to be 
anticipated given the estimates of weight and gesta
tional age. With this discussion the clinician can be 
certain of the most recent local data. Further, this 
consultation can help avoid an uncomfortable situa
tion that could occur if either the obstetric or pedi
atric/neonatal personnel provide different statistics 
to the family potentially leading to different recom
mendations. It is always important to be certain that 
the pediatrician understands that the fetal weights 
and gestational ages are simply the best available 
estimates, the accuracy of which could vary between 
cases.

Herpes simplex viral infection is a possible indica
tion for cesarean delivery. Genital infections during 
pregnancy from herpes simplex virus (HSV) type. 
1 or type 2 are potential serious clinical problems 
because of the risk for transmission to the fetus or 
newborn [98,99,100], In the United States there are 
approximately 65 million people currently infected 
with genital herpes. Another one million new cases 
occur each year. Overall, it is estimated that her
petic viral shedding occurs in 0.35% to 0.65% of 
all pregnant women. Maternal herpetic infections 
during pregnancy are associated with an increased 
risk of abortion, prematurity, and neonatal congen
ital herpes.

Although the maternal carriage rate for herpes 
is high, the overall attack rate is low and depends 
on whether the maternal infection is primary or 
recurrent. If the mother has a recurrent herpetic infec
tion at the time of delivery, 3%. to 5% of newborns 
will develop neonatal infection. Conversely 33% 
to 50% of newborns will become infected if deliv
ered vaginally in the presence of a primary infec
tion. The general management rule is that virus 
and baby should not meet. Because risk is signif
icantly reduced by cesarean delivery, ACOG rec
ommends cesarean delivery for women with active 
herpetic lesions present in the birth canal at par
turition [ 1021. A cesarean is appropriate regard
less of the elapsed time if a membrane rupture has 
occurred.

Fetal infection is an ongoing problem [99,100], 
In the United States, approximately 1,600 to 2,000 
neonates contract HSV yearly. In about one third of 
cases, these infections are due to the HSV type 1 
Serotype, the remainder to HSV type 2. HSV type 
1 infections are less likely to result in severe symp
toms. In contrast, HSV type 2 infections are respon
sible for herpes encephalitis, the neonatal infection 
with the highest morbidity and the greatest likeli
hood of permanent injury [99], A primary maternal 
infection generally carries a higher risk of neonatal 
infection than does recurrent disease. The presence 
of maternal antibody from prior infection is appar
ently partially protective to the fetus, reducing the 
risk.

Systemic neonatal infection with HSV can 
be devastating, leading to seizures, psychomotor

Genital Herpes
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retardation, blindness, or death [100]. Unfortu
nately, most neonatal infections occur in infants 
delivered to women who are either asymptomatic 
or have unrecognized disease. Despite prior beliefs, 
both primary and recurrent herpetic infection can 
result in clinical manifestations varying from asymp
tomatic viral shedding to multiple skin ulcera
tions with systemic symptoms. The clinical pre
sentation can be deceiving. Severe episodes of 
herpetic infection first seen, in the second and 
third trimesters of pregnancy, often thought to be 
primary, usually prove to be recurrent episodes 
when studied by viral isolation and serologic 
testing.

The diagnosis of HSV can be established by either 
viral isolation or by antigen testing from specimens 
directly obtained from suspect lesions. There are 
several laboratory tests for confirmation of HSV 
infection. The most common studies, other than 
viral isolation by culture, are ELISA-based tests that 
evaluate type-specific antibodies to HSV types 1 
and 2. Newer and more accurate type-specific tests 
based on glycoprotein are now commercially avail
able and have been proved to have high sensitivity 
and specificity. As the various new tests for HSV 
are brought to market, bedside testing will eventu
ally become a reality [98], There are also various 
fluorescent antibody methods for the detection of 
HSV from suspect lesions. The usefulness of these 
latter tests is limited by a high rate of false-negative 
results that are. especially common in recurrent and 
healing lesions. In terms of test interpretation, no 
type-specific antibodies have been identified dur
ing an observed primary outbreak. The existence of 
IgG antibodies documented at the onset of lesions 
defines a recurrent infection; the older IgM tests for 
HSV are generally considered unreliable. Women 
with preexisting IgG antibodies tend to have milder 
clinical symptoms with fewer systemic symptoms 
than do those without, although clinical variation is 
wide.

There is a large pool of asymptomatic HSV carri
ers. The failure to identify these individuals is largely 
due to the fact that only approximately 20% of 
cases of primary infections become symptomatic. 
Of the remaining 80% of infected people, one third 
remain asymptomatic, and the remaining two thirds 
have clinical recurrences that might or might not 
be recognized as these patients are followed over

time. Most people with genital herpes shed the virus 
asymptomatically, and those with herpetic antibod
ies but without symptoms shed the virus at the 
same rate as patients with antibodies and clinical 
outbreaks [101],

HSV poses several problems for the clinician. As 
noted, recurrent HSV disease can result in severe 
symptoms but is often erroneously diagnosed as 
a primary outbreak. Additionally, a true primary 
infection can be mild and on clinical impression 
recorded as an HSV recurrence. There are also issues 
with accurate diagnosis given the limitations of the 
tests currently in use.

When an initial HSV infection is diagnosed dur
ing pregnancy, the m other should be screened for 
other STDs. Treatment with an oral antiviral agent 
should be considered [102,103]. Acyclovir is the 
drug that has been used most extensively. Acyclovir 
is well tolerated in late pregnancy, and there are no 
laboratory or clinical data suggestive of significant 
maternal or fetal toxicity [103].

Similar to women infected with the AIDS virus, 
invasive obstetric procedures performed on women 
with known HIV infection can increase the risk for 
newborn infection and are best avoided. These risks 
include elective membrane rupture, application of 
scalp electrodes, scalp vacuum extraction, and prob
ably, forceps or vacuum deliveries.

The most effective strategy for HSV manage
m ent is the initial identification of women with 
either a prior history of herpes or current suspicious 
lesions. If the m other is infected, caregivers should 
be alerted to the potential risk, and third-trimester 
antiviral therapy is appropriate. With the newly 
developed tests, improved antepartum screening for 
susceptibility to HSV should soon become possi
ble. If the m other is antibody negative and thus 
infection susceptible, counseling and evaluation of 
the male partner, if he is affected, becomes pos
sible. Blocking maternal infection from the male 
partner is thought to present an opportunity to 
reduce the incidence of neonatal herpes substan
tially. A combination of viral suppressive therapy 
and condom use reduces the transmission risk for 
herpes between couples. Cesarean delivery is the 
appropriate management for women with clini
cally apparent herpetic lesions at the time of par
turition. For general management principles, see 
Table 18.3.
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Oral antiviral therapy is indicated for pregnancies beyond 
36 weeks in women at risk for recurrent disease.

Vaginal delivery is acceptable for women with a history of 
HSV recurrence if there are no active lesions observed 
at the time of labor and the gravida reports no 
prodromal symptoms.

Cesarean delivery should be performed if active genital 
lesions (or prodromal symptoms] are present at the 
onset of labor.

Condom use and viral suppressive therapy reduces 
male-to-female transmission of infection.

Human Immunodeficiency Virus
Cesarean delivery has an important role in the 
management of pregnant women infected with the 
human immunodeficiency virus (HIV) [104,105], 
HIV is a worldwide problem, and millions of peo
ple are infected [106-108], A particularly hard- 
hit area is sub-Saharan Africa, especially the East 
African countries of Uganda, South Africa, Zam
bia, and Zimbabwe. In recent years, the treatment 
of HIV has improved greatly, prolonging the sur
vival of those infected. In addition, proper manage
m ent has markedly reduced the likelihood of fetal 
infection. Coinfection with HIV and other sexually 
transmitted disease (STDs) is common [109],

The HIV virus is an enveloped RNA retrovirus 
possessing an RNA-dependent DNA polymerase 
reverse transcriptase. Once infection occurs, the 
HIV viral nucleocapsid fuses to a cell membrane, 
enters the cytoplasm, and reverse transcription of 
RNA to DNA occurs. The viral DNA then inte
grates into the host cell DNA by means of a viral 
endonuclease, leading to the development of new 
virions. In humans, the HIV virus binds to the 
CD4 receptor, resulting in progressive depletion of 
the T-cell population of the host, inhibiting crit
ical functions ol the immune system. Specifically, 
delayed type hypersensitivity, processing of foreign 
substances, and appropriate responses to viral infec
tion and to abnormal or precancerous cells are 
disrupted.

The HIV virus has been isolated from blood, 
semen, vaginal and cerebrospinal fluids, breast milk, 
amniotic fluid, and other sources. Approximately 
two thirds of HIV infections are sexually transmit
ted. O f the remaining cases, most are associated

with intravenous drug use; a small number result 
from blood transfusion. The least common source of 
infection is attributed to miscellaneous causes such 
as contamination from surgery or needle accidents 
among medical personnel. Death from HIV is pri
marily due to AIDS, a syndrome that develops from 
advanced immunodeficiency and that is character
ized by opportunistic infection, or less frequently 
to cancer. People with HIV are specifically prone to 
develop cervical cancer, lymphomas, and Kaposi’s 
sarcoma. AIDS develops when CD4 or T4-cell con
centrations fall, and infection by bacteria, viruses, 
fungi, parasites, and other organisms is established. 
Infection primarily contributes to maternal mortal
ity by increasing a woman’s susceptibility to seri
ous infection or parasite disease such as tuberculosis, 
malaria, and Pneumocystis carinii [110].

In recent years, the incidence of HIV/AIDS- 
related deaths has rapidly declined, reflecting the 
development and widespread use of potential 
antiretroviral drugs and aggressive treatment of 
opportunistic infections. New therapies have now 
resulted in a large population of chronically infected 
subjects who are sustained by active treatment. 
Treatment for individual women and avoidance of 
perinatal viral transmission depends on three tasks: 
identification of those infected, appropriate antena
tal treatment, and careful delivery planning.

Current antiretroviral therapy suppresses viral 
titers and restores immune competence. The intro
duction of highly active retroviral therapy (HAART) 
in recent years has reduced the incidence of oppor
tunistic infections and prolonged life. HAART treat
m ent blocks viral replication and delays the advance 
oi the infection. As the science of HIV advances 
and various new treatm ent protocols are tested, 
the recommendations for HIV prophylaxis change. 
Clinicians therefore must continuously update their 
information either from locally available HIV/AIDS 
experts or from one of the available websites. 
Unfortunately, not all HIV-infected people are 
able to tolerate HAART, and others have tried 
HAART regimes and failed. HAART and other 
available antiviral drugs are expensive, and many 
have unpleasant side effects. Active research is 
underway to develop new, less toxic antiviral drugs 
and a preventive vaccine. In individual cases, suc
cessful therapy is primarily gauged by following the 
trend of CD4 and T-lymphocyte counts. Low counts 
are associated with a high risk for superimposed
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infection. Primary or secondary prophylaxis against 
these opportunistic infections can usually be 
stopped once the CD4 and T-lymphocyte counts 
exceed an established threshold (usually >200 
cells/jjlI) .

HIV is transmitted from m other to child at 
the time of parturition by exposure to maternal 
blood and other body fluids. This fact has led to 
changes in general obstetric management for HIV 
women, most important, antenatal viral suppres
sion and cesarean delivery [111]. HIV is also trans
mitted by breastfeeding. In developed countries in 
untreated cases, perinatal maternal to infant HIV 
transmission occurs at a rate of 14% to 25% [112]. 
The risk of transmission from mother to infant is 
markedly reduced by antenatal treatment of the 
mother with azidothymidine (AZT) or other antivi
ral agents when combined by treatm ent of the infant 
during its first six months of life. With universal 
prenatal HIV counseling and testing, antiretrovi
ral prophylaxis, selected elective cesarean delivery, 
and avoidance of breastfeeding, the maternal-to- 
fetal transmission rate has fallen to <2%. Contro
versy remains whether in the case of a low maternal 
viral titer performance of a cesarean still is of any 
additional benefit in avoiding fetal infection [112—
115].

Based on conflicting data and extrapolations from 
the presumed mechanism of perinatal transmission, 
several standard obstetric maneuvers are not rec
ommended in the management of women known 
to be HIV infected. These maneuvers include 
invasive fetal monitoring, elective membrane rup
ture, amniocentesis, and forceps or vacuum-assisted 
delivery. These manipulations increase the potential 
for fetal exposure to the m other’s blood and thus for 
infection (Table 18.4).

TABLE 18.4 Principles of Management: HIV 
in Pregnancy

Antepartum and intrapartum drug therapy reduces: the 
risk of maternal-child transmission and is without 
significant fetal risk.

Cesarean delivery reduces maternal-child viral 
transmission but the principal benefit occurs in cases 
involving: elevated maternal viral titers.

Breastfeeding is to be avoided.
Obstetric maneuvers potentially admixing fetal and 

maternal blood are to be avoided.

When the fetal membranes rupture, time until 
delivery is a factor in viral transmission. This effect is 
more marked in advanced maternal infections w'hen 
the viral titer is high. In studies of membrane rupture 
among women diagnosed with AIDS, the estimated 
risk of vertical HIV transmission increased from 8% 
to 31% as the period of membrane rupture advanced 
from 2 to 24 hours [116].

Antiretroviral therapy to pregnant women does 
not generally carry a substantial risk for adverse 
pregnancy outcomes [115]. Recent studies monitor
ing prenatal exposure to antiretroviral drugs have 
demonstrated no increases in birth defects among 
infants exposed to standard drugs, including lamivu- 
dine, nelfinavir, nevirapine, stravudine, and zidovu
dine [117-119],

Elective cesarean delivery does reduce HIV trans
mission rates and has proven efficacy without signifi
cant increases in maternal morbidity [113,118,119], 
Not surprisingly, elective operations carry less mor
bidity than emergency procedures, emphasizing the 
importance of case identification, counseling, and 
appropriate scheduling [120], Maternal viral lev
els, CD4 and T-cell counts, mode of delivery, and 
gestational age are independent factors associated 
with HIV transmission. The benefit of a cesarean is 
directly related to the maternal viral load at the time 
of delivery. W hen pregnant women are aggressively 
treated antepartum and the viral load is either very 
low or undetectable, the risk of transplacental trans
mission falls to less than 2% [121-123]. In light 
of these very low viral titers and the reduced risk 
of maternal-to-fetal viral transmission, it is unlikely 
that a cesarean confers any additional benefit to the 
infant in this situation. Cesarean delivery is recom
mended for women known to be infected with HI V 
when the most recent viral load is either unknown 
or is >1,000 copies/ml [122,124] Current data do 
not clearly demonstrate a benefit to elective cesarean 
delivery if the mother was treated antepartum with 
current regimens and the maternal HIV RNA levels 
are below 1,000 copies/ml [122].

Any proposed benefit to an operative delivery 
must be judged against the morbidity of a cesarean. 
Obviously, careful patient counseling is required. 
If vaginal delivery is chosen, the duration of rup
tured membranes should be minimized if possi
ble, and as noted, invasive obstetric procedures 
(e.g., instrumental delivery, scalp electrode, and so 
forth) avoided [122], Intravenous ZDV should be

ak
us

he
r-li

b.r
u



528 O'GRADY, FITZPATRICK

administered during labor, and the infant subse
quently treated with ZDV for the first six weeks of 
life. Elective cesareans are scheduled for 38 weeks, 
and amniocentesis should be avoided. This timing 
for surgery reflects a balancing of risks and benefits. 
Delivery at the 38th week has a small associated 
risk for neonatal respiratory difficulty or transient 
tachypnea, necessitating either mechanical ventila
tion or other therapy. This risk should be weighed 
against the likelihood of the spontaneous onset of 
active labor or membrane rupture before the preg
nancy reaches the 39th week, which is the gesta
tional age now recommended by ACOG as the best 
time to schedule repeat cesarean deliveries for nor
mal women if pulmonic maturity is not directly con
firmed.

In terms of clinical management, ZDV should 
be administered intravenously beginning at least 
three hours before the cesarean and contin
ued until cord clamping [122,125]. Perioperative 
antimicrobial prophylaxis, such as a first-generation 
cephalosporin, is also recommended:,, although no 
controlled studies of efficacy for HIV patients have 
been performed. Postsurgery, other antiviral medi
cations are resumed per the usual schedule.

If women who were scheduled for cesarean deliv
ery appear with ruptured membranes, the best man
agement has not been established [122], In this set
ting, it is unclear if a cesarean confers any benefit 
beyond that already provided by the prenatal mater
nal treatment.

A remaining international problem in HIV man
agement is the development of safe, affordable, 
effective, and acceptable alternatives to the costly 
retroviral regimens used in modern industrialized 
nations. The effort is also underway to develop 
an effective HIV immunization. Even with current 
treatm ent methods, however, HIV testing and treat
ment of infected women and cesarean delivery are 
cost efficient [126,127],

Hepatitis C

A hepatitis C virus (HCV) infection is a possible but 
controversial indication for cesarean delivery. As yet 
there is no clearly demonstrated benefit to cesarean 
delivery in avoiding viral transmission to the fetus 
[128-131],

HCV is an RNA virus of the Flaviviridae family. 
There are six genotypes and more than 50 subtypes.

Serotype I accounts for 70% to 7 5% of infections and 
is associated with a lower response rate to therapy. 
The virus is notable for a high rate of spontaneous 
mutation and its failure to provoke a vigorous T- 
lymphocyte response.

HCV infection is the most common chronic 
blood-borne infection and the leading cause of 
chronic liver disease in the United States. Nearly 
3 million Americans are thought to be infected, 
with more than 2.5 million having chronic infec
tion. Death certificate data suggest that 10,000 or 
more deaths occur annually from hepatitis C or its 
complications. HCV transmission occurs secondary 
to organ transplantation from infected donors, occu
pational exposure to infected blood, blood transfu
sions received before 1992, sexual intercourse with 
infected persons, intravenous drug use, or birth to an 
infected mother. In declining order of incidence, the 
highest levels of seropositivity for HCV are found 
among hemophiliacs infused with clotting factors 
prior to 1992, injection drug users, the incarcerated, 
and the homeless. HCV cases not related to injection 
drug use are attributed principally to sexual con
tacts or occupational exposure to infected blood or 
blood products. Accidental needle stick injuries are 
often a concern to healthcare personnel. The trans
mission risk is low, however, estimated at 2% or less. 
Rarely, body piercing and tattooing with contami
nated equipment are additional causes of infection.

Many current HCV-infected people have occult 
disease and remain to be identified. Recognition 
of at-risk behaviors and blood testing have clearly 
reduced the incidence of new infection. Nonethe
less, owing to the large number of unrecognized or 
asymptomatic cases that remain in the population, it 
is estimated that there will be a fourfold increase in 
diagnosed cases by 2015, principally by the diagno
sis of those already infected. At present, most HCV- 
positive diagnoses are made in people 40 to 59 years 
of age, with the prevalence highest in African Amer
icans.

The estimated seroprevalence of HCV is 2% to 
3% among partners of HCV people in monoga
mous relationships, but rises to 4% to 6% among 
those with a history of multiple sex partners. For 
monogamous heterosexual couples, the likelihood 
for cross-infection of HCV is estimated to be very 
low, between 0% and 0.6% [ 132]. Interpreting these 
data on sexual transmissibility is complicated by 
concomitant intravenous drug use or HIV infection,
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which tend to be common comorbidities among 
those studied.

Infection is characterized by a high rate of 
chronicity. Those chronically infected are at sub
stantial risk for cirrhosis of the liver. The cirrhosis 
risk is increased among the immunosuppressed (e.g., 
HIV infection) and is associated with male sex, more 
advanced age at the time of infection, and chronic 
alcohol use. Some 55% to 85% of people develop
ing acute hepatitis C will remain chronically HCV 
infected. A further 5% to 20% will develop cirrhosis 
over periods of up to 25 years.

The rate of spontaneous cure after an acute HCV 
infection is estimated at 20% to 25%, The likeli
hood of spontaneous viral clearance is associated 
with female sex, age of less than 40 years, and icteric 
illness [133], Infants with HCV infection exhibit 
spontaneous viral clearance at a rate of 75% to 100%. 
Those with acute hepatitis C who recover with dis
appearance of the virus on serologic testing do not 
develop long-term complications and do not require 
additional treatment [134],

At present, new HCV infection in children is 
primarily due to perinatal or vertical transmission 
[135], It is estimated that 240,000 American chil
dren carry hepatitis C antibodies. Most of these cases 
arise from blood transfusions received before 1992 
or from birth to HCV-positive mothers. Postpar
tum transmission is believed to be rare. Children 
are more likely to have spontaneous improvement, 
display a slower rate of disease progression, and 
have normal or near-normal aminotransferase lev
els despite chronic infection. Unfortunately, little is 
known concerning the lifetime risk for prenatally 
infected children.

Best obstetric management has not been estab
lished [128-129], There are no data indicating 
that maternal antiviral treatm ent reduces prenatal 
transmission. Furthermore, both of the common 
treatment drugs, interferon and ribavirin, are con
traindicated during pregnancy. There are also no 
prospective data documenting that the rate of trans
mission is reduced by cesarean delivery [128,129, 
130,131], It has been claimed, however, that 
cesarean deliveries prior to the onset of labor might 
reduce the risk of HCV transmission. Additional 
study of this point is needed.

Several steps to reduce fetal exposure to maternal 
blood, such as the avoidance of scalp sampling and 
prolonged labor after membrane rupture, are sug-

TABLE 18.5 Principles of Management: Hepatitis C

Hepatitis C-positive women should be investigated for 
other STDs, including HIV.

Hepatitis C antiviral treatment is contraindicated during 
pregnancy.

Obstetric procedures potentially resulting in the 
admixture of maternal and fetal blood are to be avoided.

Breast feeding is acceptable.
There is no demonstrated benefit to cesarean delivery 

beyond the usual obstetric indications.

Cesarean Delivery and Surgical Sterilization 529

gested as reasonable precautions until more about 
viral transmission is known. Perhaps what should be 
added is the avoidance of elective membrane rup
ture, amniocentesis, and instrumental delivery. Such 
practice restrictions are based on theoretic consid
erations, as opposed to established risk factors based 
on prospective study (Table 18.5).

The overall risk for perinatal HCV transmission 
is approximately 2% when the m other is anti-HCV 
seropositive. In the 1998 multicentered study of 403 
HIV-negative mothers infected with hepatitis C, it 
was observed that all cases of vertical transmission 
occurred when the m other was HCV-RNA posi
tive [130], Thus, it appears that the risk of verti
cal transmission is low when maternal HCV-RNA 
is not detected. Surprisingly, the measured HCV- 
RNA titer proved unrelated to the risk of transmis
sion. If the parturient is HCV-RNA positive at the 
time of delivery, the transmission risk is 4% to 7%. 
If m other is infected with both the HCV and HIV 
viruses, the transmission rate for HCV increases to 
as much as 20%,

In contrast to HIV, breastfeeding does not trans
mit HCV and need not be avoided. Furthermore, 
horizontal transmission of the virus from child to 
child is rare.

Current therapy for HCV infection is based 
primarily on the administration of pegylated 
interferon combined with ribavivin. Pegylated 
interferons are compounds produced by bundling 
polyethylene glycol to the: interferon molecule, 
which reduces renal clearance and increases the half- 
life of the drug. The effectiveness of therapy is usu
ally determined by qualitative HCV-RNA assays. 
Treatment is usually recommended to those with 
HCV-RNA levels greater than 50 IU/ml and a liver 
biopsy showing fibrosis as well as some degree of 
inflammation/necrosis. Most of these people also

ak
us

he
r-li

b.r
u



530 O ’GRADY, FITZPATRICK

have persistently elevated ALT liver enzyme levels. 
Therapeutic problems occur in determining the best 
treatment for patients with cirrhosis or advanced 
liver fibrosis and those failing to respond to optimal 
therapy with interferon/ribavivirin.

Multiple Gestation

A multifetal pregnancy is a potential but not abso
lute indication for cesarean delivery [2 S i t  The rate 
of successful vaginal delivery for twin pregnancies is 
high, assuming the leading twin is in a cephalic pre
sentation. If the leading twin is in a breech or trans
verse lie, cesarean delivery is best. When the lead
ing infant is cephalic and delivers vaginally, delivery 
of the second infant depends upon presentation, A 
cephalic second twin is rarely an obstetric challenge 
unless a compound presentation occurs or the cord 
prolapses. When the second twin is noncephalic, 
cesarean delivery for the second infant is increasingly 
frequently performed especially if there is a major 
discrepancy in fetal weights. Such cesareans become 
more likely as the interdelivery internal increases
[137]» If lie is not longitudinal, the second twin 
can be delivered vaginally either by external ver
sion or by internal version with breech extraction. 
These procedures are best performed under real
time ultrasound guidance and after the: administra
tion of nitroglycerine or some other potent tocolytic
[138], In instances of higher multiples, data con
cerning the outcome of vaginal trials compared with 
cesarean delivery are not available, and cesarean 
delivery is common. Prematurity, significant size dis
crepancy among infants, and malpresentation are 
common in these higher multiple gestations and 
when present usually render a vaginal trial im pru
dent. (See Chapter 13, Multiple Gestation.)

Fetal Macrosomia

Controversy exists regarding both the definition 
and management of large, or macrosomic, fetuses 
[140,141], The weight limit used to define macro
somia varies in the literature, with the most com
mon modifier being maternal diabetes. If the mother 
is an insulin-requiring diabetic, a birthweight of 
>4,000 g is often considered evidence of macroso- 
niia. In the absence of diabetes, the term tncicrosoTnia 
is applied to infants weighing >4,500 g.

There are both maternal and fetal problems in 
the deliveries of large infants. First- and second-stage

dystocia is the principal risk. The incidence of shoul
der dystocia is also increases from approximately 3% 
for infants with a birth weight of 4,100 g to 4,500 
g, to 8.2% for those over 4500 g. If poor second- 
stage progress accompanies a midpelvic instrumen
tal delivery of a large infant, the incidence of shoul
der dystocia is increased several-fold. The peculiar 
phenotype of the infant of a diabetic mother predis
poses to shoulder and body dystocia. In the fetus of a 
diabetic mother, fat is disproportionately distributed 
to the abdomen and back. As the infant increases in 
size this increases the difference between the cranial 
and abdominal circumferences. I his is a factor in 
both shoulder and body dystocia at delivery (Figure 
18.1). Although shoulder dystocia is the most feared 
complication associated with larger infants, other 
fetal injuries and maternal injuries are also possible. 
The cesarean delivery rate, especially if labor has 
been induced, is higher for the macrosomic infant 
as opposed to those of lesser size [139], Nonethe
less, obstetric intrapartum management can result in 
excellent results, since most large infants are deliv
ered vaginally without difficulty [140], (See Chap
ter 14, Shoulder Dystocia.)

The decision to perform a cesarean delivery for 
a large infant often is based on an ultrasound esti
mate of fetal weight. Unfortunately, such ultrasound 
studies have distinct limitations [141b], The mean 
absolute error of an ultrasound fetal weight esti
mate in the third trimester is ±  6% to 12% of actual 
birth weight, with 40% to 75% of estimates falling 
within ±  10%; of the actual birthweight. Owing to 
these inherent limitations in the method, ultrasoni- 
cally derived estimates of fetal weight should not be 
used as the sole basis for reaching obstetric manage
ment decisions. Except in extreme cases, ultrasound 
weight estimates should be used only in conjunction 
with other clinical data (i.e., pelvic architecture and 
capacity, position, station, estimated gestational age, 
Leopold’s maneuvers, and course in pregnancy) in 
making clinical decisions. Eventually, it will most 
likely be found that various methods for estimation 
of relative fetal dimensions such as ratios between 
head/abdomen or other body part, perhaps in con
junction with one or more measures of “fatness" 
such thigh or cheek thickness, will be better pre
dictors of risk for injury than simple weight esti
mates.

Given the limited accuracy of estimates of fetal 
weight by ultrasonography, depending on scanning
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to determine whether an individual case should go 
to primary cesarean delivery is problematic. Recog
nition of the possible at-risk case, consideration of 
options, and patient counseling are the clinician's 
responsibilities when vaginal delivery of the sus
pected macrosomic fetus is contemplated. Given 
the uncertainties, patient counseling should precede 
either an elective cesarean or a trial of vaginal deliv
ery when a large infant is suspected. A written or 
dictated note should be placed in the medical record 
detailing the reasons why either a vaginal trial or a 
cesarean delivery was chosen in that individual case, 
when the decision is predicated on the risk of pre
sumed or suspected macrosomia.

Thrombocytopenia
Platelets are small, non-nucleated cells arising from 
marrow megakaryocytes that circulate in periph
eral blood. Platelets have an important role in pri
mary hemostasis. They adhere to sites of endothelial 
injury and, after clumping and activation, platelets 
act to arrest bleeding and stimulate the coagulation 
cascade to convert fibrinogen to fibrin, which then 
stabilizes the initial platelet plug.

The normal range for maternal platelet counts 
is 150,000 |jl/1 to 400,000 |x/l [ 142], Counts less

than 150,000 but greater than 100,000 define mild 
thrombocytopenia (TTP). Counts from 50,000 to
100,000 indicate moderate TTP, whereas counts of 
less than 50,000 indicate severe TTP. Spontaneous 
bleeding is quite uncommon and even rare unless 
the platelet count falls below 10,000. Coagulation 
in surgery is usually normal until the platelet count 
drops well below 50,000.

When the platelet count is low, there are sev
eral potential causes, namely, increased platelet uti
lization or destruction, cfecreased platelet produc
tion, or platelet sequestration. During pregnancy, 
increased destruction and consumption are the 
principal causes for low platelet counts. Microan
giopathies, including hemolytic uremic syndrome, 
thrombotic thrombocytopenic purpura (TTP), dis
seminated intravascular coagulation (DIC), and 
the syndrome of hemolytic anemia, elevated liver 
enzymes, and low platelet count (HELLP), are addi
tional and potentially serious but uncommon causes 
of low platelet counts.

After anemia, TTP is the most common hema
tologic problem encountered during pregnancy. 
The incidence is approximately 7% to 10% [ 143— 
146], Pregnancy-related TTP is principally due to 
increased platelet destruction. When the m other’s 
platelet count is low, concomitant fetal TTP is found
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in about 1.3% of cases; this finding is compared with 
0.4% when the maternal platelet count is normal
| I M | -

Gestational thrombocytopenia (GTTP) is a mild 
form of TTP with platelet counts usually less than
70,000 |x/l. GTTP can be associated with one of 
the pregnancy-associated hypertension syndromes 
(e.g., HELLP, eclampsia/preeclampsia) or be spon
taneous. When women with such obstetric or medi
cal conditions are excluded, the incidence of GTTP 
is approximately 5% of all pregnancies. This disor
der accounts for 70% or more cases of TTP dur
ing pregnancy and is thought to be due to spon
taneous increased platelet consumption. Normally 
the mother is asymptomatic, and there is no his
tory of either bleeding or thrombocytopenia pre
dating the pregnancy. Preconception platelet counts 
are normal. Platelet counts return to normal post
partum, with most recovering within several weeks 
of delivery. GTTP is a diagnosis of exclusion. Unfor
tunately, platelet antibody tests are often not reli
able in distinguishing this disorder from the more 
dangerous immune TTP [147], Although GTTP 
can recur in subsequent pregnancies, it poses no 
threat to either m other or infant. This condition in 
of itself is not an indication for cesarean delivery 
[148,149], and no specific management is required 
beyond periodic monitoring of maternal platelet 
counts [143],

Among the potentially serious forms of TTP in 
pregnancy are those with an immune cause, such 
as immune (idiopathic) thrombocytopenia purpura 
(ITTP) or autoimmune thrombocytopenia purpura 
(ATTP). Immune thrombocytopenia is a much differ
ent disorder than GTTP. This condition can result 
in fetal thrombocytopenia because of the transpla
cental passage of antiplatelet antibodies. In ITTP, 
IgG antibodies are developed against a woman’s own 
platelet membrane antigens. This leads to platelet 
destruction in the reticuloendothelial system. When 
platelet loss exceeds replacement, thrombocytope
nia develops with a decline in the platelet count. In 
this condition, there is some risk for spontaneous 
maternal hemorrhage if the platelet count drops 
to less than 20,000. Maternal IgG antibodies cross 
the placental barrier and can result in fetal TTP. 
Approximately 12% to 15% of infants of affected 
mothers have platelet counts at birth of less than 
50,000; 3% experience bleeding problems [149], 
and fewer than I % of infants develop from immune

TTP mothers experience intraventricular hemor
rhage [143], Fortunately, severe fetal or neonatal 
TTP is quite uncommon, and the principal method 
for determining the fetal platelet count, cordocen
tesis, carries a high risk of fetal loss and is no longer 
recommended as a routine test for fetal evaluation. 
As fetal risks are low and scalp sampling in labor 
unreliable, the method of delivery is best based on 
the usual obstetric indications with the avoidance of 
instrumental delivery.

Alloimmune thrombocytopenia (ATTP) is a poten
tially serious disorder that develops because of 
platelet antigen incompatibility between fetus and 
mother. In this condition, the mother remains 
asymptomatic but produces antiplatelet antibod
ies against fetal platelet markers. These antibodies 
subsequently cross the placenta and result in fetal 
thrombocytopenia [150,151], Intracranial bleeding 
can occur in to 10% to 20% of affected infants, with 
25% to 50% of these cases occurring prenatally. The 
incidence of ATTP is estimated as 1 per 800 to 1,000 
live births [150].

Pregnancy-related alloimmune disease is usually 
not diagnosed until after the birth of an affected 
child. Unfortunately, in one half of cases, this dis
order affects the first pregnancy, thus precluding 
any opportunity for therapy. While treatment is 
possible, recurrences are not preventable, and the 
risk of a recurrence is high. Intracranial hemorrhage 
occurring in utero has been identified by antenatal 
ultrasound in a few cases. Prenatal hemorrhages can 
result in either hydrocephalus or a porencephalic 
cyst owing to destruction of brain tissue. In subse
quent pregnancies when prenatal treatment is pos
sible, the clinical outcome for the fetus from alloim
mune TTP is usually but not invariably good.

When treatm ent was possible because of diag
nosis in a prior gestation, in the past therapies 
included maternal treatment with corticosteroids 
or parenteral immunoglobulins. On occasion, fetal 
platelet counts were attempted by cordocentesis, 
and PLA1-negative irradiated platelets were trans
fused as needed [150,152,153], In a recent report 
of a ten-year experience based on pooled data, 
however, Overton and colleagues [154] estimated 
the per pregnancy loss rate from cordocentesis and 
transfusion as approximately 6%, Because of this 
high risk of fetal loss, new, less invasive management 
protocols have been suggested, principally consist
ing of corticosteroids and maternal immunoglobulin
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treatment alone, avoiding the invasive procedures 
with high fetal loss rates [155,156],

Current recommendations are that cesarean 
deliveries for women with thrombocytopenia 
remain reserved for obstetric indications. Efforts at 
obtaining fetal platelet counts by scalp sampling or 
cordocentesis are no longer considered appropriate 
to determine which cases might be delivered vagi
nally. These tests should not be routinely performed 
owing to the associated risk, unreliability of tech
nique, and unproved efficacy of the associated inter
ventions.

REPEAT CESAREAN DELIVERY AND 
VBAC ISSUES

The performance of trials of vaginal birth after 
cesarean (VBAC) versus an elective repeat cesarean 
for subsequent pregnancies in women who have 
experienced a previous cesarean remains controver
sial [157,158,159]. As recently as the mid-1980s, 
over 90% of women with a prior cesarean delivery 
routinely underwent repeat cesarean operations. In 
the following decade, numerous published reports 
supported the safety and relative success of trials of 
vaginal birth after cesarean delivery [157,158], As 
an example, in a 1991 meta-analysis of 31 studies on 
the morbidity and mortality of vaginal birth after 
cesarean, Rosen and coworkers found decreased 
maternal febrile morbidity after a successful trial of 
labor, no difference in the rates of uterine dehis
cence or rupture, and no difference in maternal and 
perinatal death rates between VBAC patients and 
those undergoing elective repeat operative delivery 
[157], Depending on the indication for the prior 
cesarean, the anticipated success rates for VBAC are 
reported as approximately 60% and 85%. Based on 
such data, in 1989 ACOG urged physicians to coun
sel and encourage women to undergo VBAC as a safe 
alternative to the repeat cesarean operation.

Despite the numerous and generally encouraging 
reports about VBAC, new concerns have emerged 
that have effectively reversed the trend toward 
VBAC deliveries [5]. These important issues include 
1) the risk of uterine scar rupture, 2) uncertainty 
of best management in the face of an unknown 
uterine scar, 3) the role for uterine exploration if 
a vaginal trial is performed, 4) the risk of vagi
nal birth after more than one cesarean, 5) the use 
of epidural anesthesia, 6) oxytocin in VBAC trials,

7) misoprostol labor induction, 8) VBAC trials in 
multiple gestations, and 9) VBAC trials in a cases of 
suspected fetal macrosomia. Because of physician 
uncertainty, an unfavorable medicolegal climate, 
and practice restrictions imposed by recent ACOG 
pronouncements and by institutions, the VBAC 
rate has rapidly declined in recent years. A major 
factor has been the recent ACOG opinion that 
VBAC trials are appropriate only when the attend
ing physician is immediately available [ 159]. As usu
ally interpreted, this requirement for immediate 
availability demands the clinician to be physically 
present throughout the labor. After much uncer
tainty concerning how strictly to interpret this opin
ion, many institutions have decided to forgo VBAC 
trials, especially in smaller institutions when imme
diate 24-hour in-house staff and anesthesia coverage 
are not available [160]

Uterine Scar Separation: Dehiscence 
Versus Rupture
W hen evaluating the maternal/fetal risks of a VBAC 
trial, clinicians must differentiate scar separation 
or dehiscence from frank uterine rupture [161]. 
A scar separation or dehiscence refers to an open
ing of the previous myometrial scar; however, the 
overlying visceral peritoneum is intact, and hemor
rhage or expulsion of the uterine contents does not 
occur. Such defects in the uterine wall often remain 
entirely asymptomatic and are detected only as 
incidental findings during a laparotomy [162,163]. 
Because uterine exploration is not performed uni
versally after successful VBAC trials, the true inci
dence of occult uterine scar separations (or “win
dows”) is unknown. This fact accounts for the lower 
incidence of dehiscences reported after VBACs ver
sus after elective repeat cesarean delivery, where 
it is possible to observe the lower uterine segment 
directly.

Scar rupture refers to the opening, usually acute, 
of an established uterine scar and overlying vis
ceral peritoneum, often with the expulsion of 
the fetus or placenta into the peritoneal cavity. 
Whereas a dehiscence can be silent, true uterine rup
tures rarely are. Most acute ruptures are associated 
with either retroperitoneal or intraperitoneal hem
orrhage. Depending on the severity, acute maternal 
hemodynamic changes, complaints of pain, loss of 
station, fetal distress, or even fetal loss can occur. 
More than one half of uterine ruptures occur in prior
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cesarean scars. An occasional rupture occurs sponta
neously during labor in previously unscarred uteri. 
Cases of rupture during labor in unscarred uteri are 
virtually restricted to multiparas, since spontaneous 
uterine rupture before or during labor is at best 
unusual among nulliparas [164],

The available literature concerning trials of labor, 
VBAC, and its complications is voluminous but dif
ficult to interpret. Differing definitions of uterine 
rupture and wound dehiscence are often used. Some 
studies rely on medical record reviews, others on 
ICD coding on discharge summaries. W hether a spe
cific delivery was originally intended as a VBAC trial 
is also uncertain. Finally, owing to the variations 
in population and medical recording practices, very 
large numbers of cases are needed to permit accu
rate estimates of risk, because the incidence of some 
of these events is one in thousands. This inevitably 
means that either meta-analysis of selected stud
ies or data drawn from very large populations is 
required. Finally, as the data about prostaglandin 
induction indicate, even large well-organized stud
ies can reach varying conclusions. It is notable that 
the recent study by Chauhan collectively reviewed 
929 published articles and eventually chose only 93 
for inclusion in their analysis [165]. The others were 
rejected because of various methodologic, content, 
or quality issues.

The VBAC success rate is usually quoted as 
approximately 75% [167], The associated risk for 
uterine rupture is variously reported in the literature 
as 1 to 2.'; in 1,000 [161,168—173], Recent reviews 
by Guise [166,174] reported a rate of 2.7 ruptures 
per 1,000 labor trials, which compares well with the 
2004 paper by Smith and coworkers [161 ], indicat
ing an overall risk of 3.5 per 1,000. An important 
factor favoring success in a VBAC trial is a history of 
a prior vaginal delivery or a prior VBAC [163,175], 
Vaginal delivery is more likely and uterine rupture 
less likely if the woman has experienced a prior vagi
nal birth [161,176] (Table 18.6).

1 he loss of the fetus secondary to a uterine rup
ture in a VBAC trial occurs in approximately 1 
in 2,400 cases [161], The risk of perinatal loss 
from uterine rupture is apparently higher in women 
induced with prostaglandins [161], W hether this 
reflects an issue unique to the pharmacologic effects 
of the prostaglandins or to their preferential use 
in patients less favorable for labor induction (and 
thus presumably at risk for a longer or more dif-

fA B LE  18.6 C lin ica l Features Favorable to  a Successful 
V B A C  Tria l

Spontaneous onset of labor; advanced dilation at time of
presentation

Nonrecurrent indication 
Fetus <4,000 g
More than 6 months since last delivery 
Prior successful vaginal delivery

Data from [ 159,161,176,190].

ficult labor) is unclear. In the Smith data, the risk 
for uterine rupture for women without a history of 
a prior vaginal birth and who were induced with 
prostaglandin was 1 in 71. For women without 
prior vaginal birth in whom prostaglandins were not 
used, the incidence fell to 1 in 210. Conversely, if 
there was a history of prior vaginal birth the rup
ture rates were considerably lower, 1 in 175 for 
prostaglandin induction, and 1 in 514 for cases with
out prostaglandin administration. Another most 
interesting observation in this study was that the 
perinatal mortality rate was fully threefold greater 
if the uterine rupture occurred in an institution with 
<3000 births a year compared with larger services.

It is fair to say that the literature is inconsistent 
about the relationship between labor induction and 
uterine rupture [166,177-181], In the comprehen
sive literature review conducted by Guise, when 
prospective cohort studies were reviewed, neither 
prostaglandin nor oxytocin administration increased 
the rate of uterine rupture [166], Case-controlled 
studies cited in the same review yielded an esti
mate of a two- to fourfold increase. An increased risk 
was also reported independently by Lydon-Rochelle 
[182] and Smith [161].

Because of residual uncertainties, prostaglandin 
use in women induced for VBAC trials is not rec
ommended. By extension, the issue of oxytocin 
administration for labor induction or augmentation 
in VBAC trials is also controversial [157,176]. As a 
practical matter, the authors hesitate to administer 
oxytocin for arrested labor in cases complicated by 
tardy progress, unless the most meticulous of clini
cal evaluations notes no evidence of disproportion, 
and the problem is thought to be uncoordinated 
uterine activity. W hen an oxytocic agent is admin
istered for induction, the authors favor insertion of 
an intrauterine pressure catheter (IUPC) and careful
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titration of the oxytocic effect. Failure to resume 
normal progress promptly under adequate oxytocin 
stimulation is an indication for immediate cesarean 
delivery. In contrast, the authors have administered 
oxytocin for labor induction, then reducing the dose 
of the uterotonic once an active contraction pattern 
develops and labor is established.

In terms of clinical risk, good data from composite 
literature reviews indicate that the chance of a low 
transverse scar or a scar of unclassified origin rup
turing during an attempt at vaginal delivery is less 
than 1% [161,165,166,170,183], In most cases of 
uterine scar rupture, repair of the uterus is feasible, 
and fertility is preserved. If there is extensive dam
age to the uterus or if a myometrial tear extends 
into the broad ligament, hysterectomy might be 
required. Although fertility can be lost from a catas
trophic uterine rupture, associated maternal mortal
ity is rare. Most ruptures of low transverse uterine 
incisions occur during labor. Fortunately, this most 
commonly occurs when the m other is under obser
vation, but a classic scar or a scar invaded by a pla
centa percreta can also rupture without active labor 
and remote from term. Infrequently ruptures occur 
in association with abdominal trauma, Mullerian 
anomalies, quite rarely or severe abruptio placen
tae. Prior surgery invading the myometrium, such 
as for the removal of leiomyomas or a uterine unifi
cation operation, are also important risk factors lor 
uterine rupture. Because of these risks and the fact 
that on occasion labor will begin early, even a plan 
for an elective repeat cesarean does not invariably 
prevent a uterine rupture in high risk cases.

The clinical consequences of rupture depend on 
the extent of the defect and the resultant hem
orrhage. Fetal risk relates largely to the extent of 
placental separation and the accompanying mater
nal shock/vascular collapse. The classic clinical signs 
of uterine rupture include: otherwise unexplained 
abnormal fetal heart rate patterns, usually of sud
den onset; the apparent cessation of labor; loss of 
station; vaginal bleeding; and maternal cardiovas
cular collapse. W hen a uterine rupture occurs, the 
perinatal mortality is about 5%. Furthermore, in 
approximately 15% of ruptures, hysterectomy is 
necessary.

These data need to be placed in perspective. 
Based on his review, Guise estimates that it requires 
370 elective repeat surgeries to prevent a single uter
ine rupture associated with a labor trial [166,174].

As the risk of serious complications is low, to pre
vent a hysterectomy, 2,941 repeat procedures are 
required. To avoid perinatal death requires 7,142 
procedures. Maternal mortality although possible, 
is a remote risk, estimated at 2 per 100,000 labor tri
als. O f interest, Guise reported no maternal deaths 
in his review [166].

These data do not make the task of the clini
cian easier. The problem of VBAC becomes one 
of the willingness of pregnant women, physicians, 
and institutions to accept a small but finite risk of a 
potentially serious complication from both a repeat 
cesarean (maternal) and a labor trial (fetal) ( Table 
18.7) [184,185]. Morbidity in maternal failed tri
als is also an issue [170, 299]. Based on many clini
cal observations, the longer the period of membrane 
rupture and the longer the labor, the greater the risk 
for maternal febrile/infectious morbidity in a failed 
trial when a cesarean eventually becomes necessary. 
As is true for much of medical practice, there are 
few clearly correct answers in the VBAC contro
versy. W hat faces clinicians and gravid women are 
alternatives, each with its inherent risks and possible 
benefits [5,184,186],

Data pertaining to the risk of repeat rupture of 
the uterus following a rupture and repair in a previ
ous pregnancy are limited. The best estimate for the 
risk for repeat rupture or dehiscence of a lower uter
ine scar is 6.4%; however, for a repeat scar rupture 
involving the upper segment of the uterus (classic 
scar), the risk is a very high 32%.

In view of the known complications, a woman 
with a history of rupture of a classic upper uter
ine scar should be advised that pregnancy involves 
a substantial risk. If already pregnant, she should be 
delivered prior to the onset of labor as soon as fetal 
pulmonic maturity is ensured. Because of lack of 
data regarding the fate of pregnancies after rupture 
of a lower segment transverse uterine scar, subse
quent deliveries for patients with this history can 
be either by repeat cesarean delivery, or in selected 
cases, by vaginal delivery with close maternal-fetal 
monitoring. Thoughtful patient counseling and full 
medical record documentation are needed in such 
cases.

Unknown Uterine Scar
The risk of uterine rupture is apparently the same 
for women undergoing a trial of labor with a uterine
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1 ABLE 18.. Potential Maternal Complications: Cesarean versus Vaginal Delivery

M aternal Outcomes 
Vaginal Delivery Cesarean D e live ry

M orta lity : <1 in 8,000 M orta lity : <1 in 2,000
M o rb id ity M o rb id ity
Urinary incontinence* Endometritis/febrile morbidity
Rectal incontinence Longer recovery; wound infection; wound dehiscence
Hemorrhage: uterine atony, inversion, rupture Operative injury; ureteral, bladder, GI injury; hemorrhage
Deep venous thrombosis Pelvic infection/abscess/hematoma
Subjectively decreased pelvic tone Deep venous thrombosis/pelvic vein thrombosis
Risk of emergency cesarean delivery in labor Delayed breastfeeding/holding neonate
Rectal or perineal injury/laceration Urinary tract infection
Birth canal laceration Ileus
Secundines Formation of adhesions
Endo/parametritis Rehospitalization
Dyspareunia Long-term complications:

• Placenta previa
• Placenta accreta/increta/percreta
• Abruptio placentae
• Endometritis/adenomyosis
• Scar rupture
• Infertility

‘These data remain controversial.

scar as that for women with a documented scar 
type [166]. This is due to the fact that most mod
ern transverse abdominal scars are associated with 
original lower uterine segment transverse incisions. 
In contrast, if the stated indication for the previous 
cesarean delivery was one that was likely to require 
a classic incision -  a transverse lie or breech presen
tation in a premature fetus -  a repeat cesarean oper
ation is prudent if the medical record is unavailable 
or proves incomplete, especially in cases in which 
the abdominal scar is vertical.

Uterine Exploration
In the past, postpartum transvaginal manual explo
ration of the uterine cavity was often performed to 
palpate for a uterine dehiscence after a successful 
VBAC delivery. In practice, this recommendation 
was never universally followed and rapidly proved 
impractical. Often, the scar site could not be pal
pated or, if a defect were suspected, it was rapidly 
recognized that repair of an asymptomatic uterine 
dehiscence was unnecessary. For these reasons, man
ual exploration of the site of an original lower seg

ment scar that can be reached by the examiner’s 
finger on vaginal examination does not provide use
ful clinical information and should not be routinely 
performed. In the unusual case that excessive vagi
nal bleeding occurs or blood or vernix in the mater
nal urine is observed, or if the parturient becomes 
suddenly hypotensive or complains of persistent or 
an unusual pain, prompt examination is indicated 
to exclude a rupture. If a defect is found in a symp
tomatic woman, abdominal exploration is manda
tory. At surgery, either repairs of the uterus or a 
hysterectomy can be performed, as the clinical sit
uation requires.

Vaginal Birth After More Than One Cesarean
Reports on vaginal birth after two prior cesarean 
deliveries indicate that the risk of uterine rupture is 
not substantially different from that after one prior 
cesarean [186]. The success rate for a vaginal deliv
ery is 60% to 80% for both groups. Trial of labor 
in patients with two previous cesarean deliveries is 
therefore a reasonable option for selected patients. 
Data pertaining to vaginal delivery following three
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or more cesarean deliveries are too scant to permit 
an estimate of safety, and management of such cases 
must be individualized.

Epidural Analgesia/Anesthesia
The use of epidural anesthesia during VBAC trials 
does not increase the risk of either maternal or fetal 
morbidity. An issue commonly debated is whether 
epidural analgesia might mask the symptoms of 
uterine rupture. Several clinical signs and reported 
symptoms, such as vaginal hemorrhage, pain, signs 
of fetal distress, loss of station, or, rarely mater
nal cardiovascular collapse, alert, the obstetrician to 
the probability of uterine rupture. These signs and 
symptoms associated with rupture are unchanged by 
regional blockade. Based on available data, it appears 
that pain related to uterine rupture is incompletely 
blocked by epidural analgesia in doses used to pro
vide pain relief in labor. Nonetheless, it is always 
prudent to employ an epidural for analgesia during 
VBAC trial. Dense or anesthetic levels are unnec
essary, predispose to poor progress, and should not 
be employed. (See Chapter 9, Obstetric Anesthe
sia.) If surgical anesthesia is necessary, the epidural 
can simply be reinforced, or, if required, a general 
inhalation anesthetic can be administered.

Twins, Breech Presentation, and Fetal Size
Most studies pertaining to VBAC have, among their 
inclusion criteria, singleton gestations, and often 
require estimated fetal weights of 4,000 g or less. 
These restrictions presumably reflect a belief that 
overdistension of the uterus predisposes to uterine 
rupture. In view of the general reluctance of obste
tricians to attem pt vaginal delivery of a fetus in the 
breech presentation, and because only 38% of twins 
are in the cephalic-cephalic presentation, most 
patients carrying a twin gestation and who have had 
a prior cesarean delivery are delivered by a repeat 
cesarean. A prior cesarean delivery is not an absolute 
contraindication to a vaginal trial in twins, however, 
as long as the leading twin is cephalic and progress in 
labor is normal. Management of these cases is not for 
the neophyte, however. For those women undergo
ing a trial of labor, careful counseling and attentive 
intrapartum monitoring are necessary.

In singleton gestations when the fetus is in the 
breech presentation, Ophir and coworkers found

that 78% of a group of 47 such patients who were 
allowed to undergo VBAC subsequently delivered 
vaginally [187]. In this group, there was no increase 
in neonatal morbidity. The option of an attempt at 
gentle external cephalic version can be safely offered 
to patients with prior cesarean delivery and a sin
gleton breech-presenting fetus [188]. The prudent 
clinician conducts such procedures at a site where 
prompt cesarean delivery is possible, if a complica
tion results. As a m atter of practicality, however, few 
clinicians are probably willing to be this aggressive 
in seeking a vaginal trial.

W hen diabetes has been excluded, suspected 
fetal macrosomia is not an absolute contraindica
tion to a VBAC trial, but close attention to normal 
progress and prudent use of instrumental delivery is 
required, and the rate of success could well be less.

Conclusions
Obstetricians know that Edward Cragin’s 1916 
adage “once a cesarean, always a cesarean" is no 
longer an accepted guide to management [189]. 
W hen a VBAC trial is agreed on, the obstetrician and 
the institution should be able to provide appropriate 
technical support to ensure a safe delivery, includ
ing the presence of an experienced physician and a 
plan for prom pt emergency cesarean delivery if it 
becomes necessary. These labors also require close 
fetal heart rate monitoring, rapid access to a blood 
bank, and immediately available anesthesia services. 
As Table 18.6 notes, there are several historical fea
tures that predict a favorable labor trial. Perhaps it 
is more accurate to state that the mantra for the 
twenty-first century is “once a cesarean, always a 
carefully monitored pregnancy and labor.'’

SPECIAL ISSUES

Timing of Elective Procedures
For several reasons, a cesarean delivery m ight need to 
be performed electively, prior to the onset of labor. 
If so, fetal pulmonic maturity should be determined 
before the procedure or, in uncomplicated cases, 
the procedure should be scheduled near to term to 
reasonably ensure fetal pulmonic maturity, follow
ing the general criteria used for any labor induction 
[191]. The two general methods for determining 
the timing for elective cesarean operations are
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scheduling based on clinical and menstrual data, and 
ultrasonic analysis, or alternatively based on amni
otic fluid sampling to confirm pulmonic maturity by 
specific testing. In uncomplicated cases of women 
with reliably recorded and regular menses and in 
the absence of gestational diabetes, elective schedul
ing after 38 completed weeks of gestation is now 
recommended. The requirements for scheduling 
based on combined clinical and biophysical findings 
include

• 20 weeks of documented fetal heart tones by a 
nonelectronic fetoscope or up to 30 weeks by a 
Doppler fetoscope

• 36 weeks or more have elapsed since a positive 
serum human chorionic gonadotropin pregnancy 
test result

• Ultrasonic measurements based on a crown-rump 
length obtained between 6 and 12 weeks of gesta
tion, supporting a gestational age of >39 weeks

• An ultrasound scan at 13 to 20 weeks of gestation 
that is consistent with a gestational age of at least
39 weeks as verified by clinical history and physical 
examination

Determinations of the period of gestation based 
solely on maternal history assume that the data con
cerning menstrual history, early examination, heart 
rate auscultation, quickening, and fundal growth 
when extrapolated to the third trimester are reli
able markers of term gestation. Unfortunately, this 
is often not the case, and substantial and potentially 
serious errors are possible.

In less certain circumstances, other specialized 
studies at or near term can prove helpful. In uncom
plicated nondiabetic patients, the ultrasound docu
mentation of a biparietal diameter (BPD) of >9.2 
cm or a femur length of >7.3 cm are reasonably 
reliable indicators of fetal maturity [192,193], A 
distal femoral epiphysis of >3 mm also defines 
a fetus of greater than 36 weeks with a high 
likelihood of pulmonic maturity. Fluid obtained 
at amniocentesis also can be submitted for pul
monic maturity analysis [194,195-198], The prin
cipal test for amniotic fluid surfactant in past years 
was the lecithin/sphingomyelin (L/S) ratio. Test 
results exceeding a 2:1 ratio confirmed maturity. In 
recent years, faster and more convenient tests have 
been introduced. Currently, a surfactant/albumin

ratio test (e.g., Abbott TDx-FLM II test) of 60 
m g/g ° f  surfactant/albumin or more, or positive 
phosphatidylglycerol (PG) slide test reliably pre
dicts pulmonary maturity. Several other amniotic 
fluid tests exist, including studies for lamellar body 
analysis, determination of dipalmitoylphosphotidyl- 
choline concentration, and variations of the older 
foam stability index, among others. None these tests 
has proved popular, however. Recently the faster, 
automated tests have become those most often 
employed, largely replacing the original L/S ratio. 
Tests such as the Abbott TDX-FLM II have rela
tively high false-negative rates but low false-positive 
rates. Thus, a positive test interpreted as indicating 
pulmonic maturity has a strong PPV and false pos
itives are rare. In most cases, as a practical matter, 
booking an elective, repeat cesarean is based on a 
combination of physical examination, history, ultra
sound information, and in selected cases, data from 
amniotic fluid sampling. In uncertain cases when 
amniotic fluid sampling is deemed imprudent or is 
impossible, and dating is otherwise uncertain or the 
data are contraindicating, simply awaiting the spon
taneous onset of labor before repeating an operative 
delivery might be best.

Elective Cesarean Delivery

In recent years, the accepted indications for cesarean 
delivery have increased, while the long-term con
troversy over the appropriate percentage for cesare
ans has become muted. Operative delivery rates 
now exceed 30% in many parts of the United 
States.

The principally accepted indications for cesarean 
delivery include two major categories: those arising 
as emergencies during the course of labor, and those 
identified before the onset of parturition. The lat
ter indication often leads to surgery that is sched
uled in advance. Conditions identified before the 
onset of labor that constitute indications for a sched
uled cesarean include previous cesarean delivery, 
fetal malpresentation, placenta previa, and multi
ple gestations, among others. Conditions arising dur
ing labor that lead to operative intervention usu
ally involve failure to progress or dystocia, or one 
of a variety of acute problems such as intrapartum 
hemorrhage, cord prolapse, or presumed fetal jeop
ardy due to unacceptable fetal monitoring data. The 
current levels of surgery are sustained because of
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the perception by practitioners and institutions of 
increased fetal and thus legal risk in certain cases 
(e.g., VBAC trials, pelvic instrumental delivery, and 
so forth), to scientific advances indicating a benefit 
to the fetus from abdominal delivery (e.g., breech 
presentation, birth injury, or HIV transmission pre
vention), or simply to patient choice.

The prevailing wisdom in society, and to an alarm
ing degree within the profession, is that a cesarean 
is the panacea for all obstetric difficulties. Cer
tainly, the cynical observer would note that clini
cians rarely face legal entanglements for performing 
a cesarean unless a major surgical complication such 
as a ureteric injury occurs. In contrast, the alleged 
failure to perform a cesarean or to perform one in a 
timely manner is the common theme in many med
ical legal claims.

A controversy has developed recently over what 
might be termed purely elective cesarean deliveries 
[199-203]. The various contributors to this contro
versy color the debate by their choice of terminol
ogy. The terms cesarean on demand, designer deliv
eries, requested surgery, and patient choice cesarean 
all appear in the literature. These terms are used to 
describe cesarean deliveries performed at a woman’s 
request without the traditionally accepted medical 
indications for obstetric surgery (i.e., placenta pre
via, dystocia, malpresentation, or others). To best 
frame the argument, one must review the strength 
of the evidence supporting current practice, data 
concerning maternal and fetal birth injuries related 
to vaginal delivery, and consider the maternal-fetal 
risks associated with a cesarean. In addition, the pos
sible adverse effect of a rising cesarean delivery rate 
on institutions and their obstetric services should 
not be forgotten. Philosophical discussions about 
intervention in a natural process and the psychologi
cal benefits or risks of vaginal delivery are important 
but must be considered separately.

Elective cesarean delivery remains controversial 
[200,202,204,205]; nonetheless, it appears that a 
consensus is slowly emerging that such procedures 
fall within acceptable practice. The situation is quite 
complex, however. When pregnant women are 
questioned, a large percentage of them  state that 
they prefer to plan for vaginal delivery [206]. The 
rate of VBAC trials has substantially declined mostly 
because of the limitations in personnel, the medi
colegal implications, and the resulting reluctance 
of both institutions and practitioners to accept the

associated risks. Current operative delivery rates 
hover around 30%. At the same time, the rate 
of primary elective cesareans performed at patient 
request has steadily risen. Depending on the series, 
4% to 18% of all cesareans and 14% to 22% of 
elective cesareans are now' conducted “on request” 
[207],

As Minkoff comments “elective cesarean deliv
ery is no longer a marginal idea” [199]. The recent 
ACOG Committee Opinion No. 289 opined that 
elective cesareans are acceptable practice following 
full patient discussion and informed consent [201]. 
Surveys of opinion among international practition
ers indicate that a substantial percentage of obstetri
cians would conduct or support elective surgeries, 
backing the concept that it is a women’s right to 
have an elective operative delivery without a tradi
tional medical indication. As an example of this lit
erature, Wu and coworkers [208] conducted a web- 
based email questionnaire study of members of the 
Society for Maternal-Fetal Medicine (SMFM) and 
the American Urogynecologic Society (AUGS). The 
overall response rate was slightly above 50%. These 
data indicate that 80.4% of AUGS and 55.4% of 
SMFM respondents would be willing to perform a 
purely elective cesarean. A logistic regression model 
was used controlling for age, sex, specialty, years in 
practice, and whether the respondents had children 
themselves. These data indicate that AUGS mem
bers remained 3.4 times more likely to agree to per
form a primary cesarean delivery (95% Cl, 2.3-4.9, 
p < 0.001) than their SMFM counterparts [209], 
Bergholt and coworkers [209] conducted a simi
lar study in 2004. In this investigation, an anony
mous postal questionnaire was sent to 455 practi
tioners who were members of the Danish Society 
of Obstetrics and Gynecology. Practitioners were 
presented with a group of specific clinical scenar
ios involving specified gestational ages and estimates 
of fetal weight and asked if they favored an elec
tive cesarean in each instance. In this series, 1.1% 
to 22.5% of the responding practitioners agreed 
with a cesarean depending on the parameters of the 
various hypothetical cases scenarios that were pro
posed in the questionnaire. Cotzias and coworkers 
conducted a similar postal survey in England and 
Wales [210]. In this study, nearly 70% of obstet
ric consultants were willing to agree with maternal 
request for a cesarean in the absence of the usual 
indications.
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! ABLE 18.8 Fetal Outcomes: Cesarean vs. Vaginal Delivery

Vaginal Delivery

Mortality: 1-3 in 4,000 
Common Morbidity:

Shoulder dystocia 
Intrauterine hypoxia''
Fracture of clavicle, long bones, or skull
Intracranial hemorrhage 1 in 2,000
Facial nerve injury* 1 in 3,000
Brachial plexus injury* 1 in 1,300
Convulsions’1 1 in 1,560
CNS depression* 1 in 3,230
Feeding difficulty* 1 in 150
Mechanical ventilation* 1 in 390
Persistent pulmonary hypertension* 1 in 1,240
Transient tachypnea of newborn* 1 in 90:
Respiratory distress syndrome* 1 in 640

’Difference statistically significant p  < 0 .05.

Cesarean Delivery

Mortality: <1 in 1,000 
Common Morbidity:

Transient mild respiratory acidosis 
Lacerations: face, buttocks, extremities 
Fracture of clavicle, long bones, or skull 
Intracranial hemorrhage 1 in 2,000 
Facial nerve injury 1 in 2,000 
Brachial plexus injury 1 in 2,400 
Convulsions 1 in 1,160 
CNS depression 1 in 1,500 
Feeding difficulty 1 in 90 
Mechanical ventilation 1 in 140 
Persistent pulmonary hypertension 1 in 270 
Transient tachypnea of newborn 1 in 30 
Respiratory distress syndrome 1 in 470 
Long-term increased risk of unexplained stillborn

A recent German study of board-certified obste
tricians and gynecologists [211] had similar findings. 
In this questionnaire investigation, when asked for 
the preferred mode of delivery for either themselves 
or a partner in a low-risk pregnancy, 90% of respond
ing clinicians favored vaginal delivery; however, 59% 
of the physicians also approved of maintaining the 
opportunity for cesarean delivery on demand.

This issue is far from settled. Spirited discussion 
continues both in and out of the profession about 
elective cesarean surgery and its potential effects 
on practice. Despite the fact that substantial per
centages of clinicians state that they are w illing  to 
accept or conduct elective operations, it would be 
incorrect to claim that obstetricians fully accept this 
concept [200], There remains substantial opposi
tion to elective cesareans from those within the spe
cialty and among nonphysician groups interested 
in women’s health issues [201,212-214], Elective 
cesareans have both advantages and potential disad
vantages (Tables 18.7 and 18.8). Detractors empha
size the potential risks, deny the possible advantages, 
and are generally displeased with “medicalization” of 
the birth process.

The immediate and long-term risks of a major 
operative procedure such as a cesarean require con

sideration. The question becomes largely that of 
morbidity. The mortal risk for elective cesarean 
surgery in otherwise normal subjects is extremely 
low. Philosophical consideration aside, the mortal 
risks to mother and child are probably equal regard
less of the method of delivery. In the estimation of 
risk, it is inappropriate to compare all cesarean deliv
eries to unselected vaginal deliveries. The unfiltered 
cesarean group includes many problem cases such as 
emergencies complicated by infection, hemorrhage, 
or hypertension. The proper comparison is a cohort 
of uncomplicated cesarean patients, who are simi
lar in age and parity, operated on before the onset 
of labor against a group of normal women under
going vaginal deliveries who required an unplanned 
surgery for various obstetric indications.

What this debate hinges on is societal demand, 
the willingness of third-party payers to accept elec
tive procedures as reimbursable, and the strength 
of the data concerning the long-term outcome of 
vaginal delivery, related pelvic support, and perineal 
injury. It is the opinion of the authors that more elec
tive cesareans will be performed, but that the rate 
will vary substantially in different locales. Because 
there is no correct answer for this conundrum, spir
ited controversy will persist.
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TABLE 18.9 Postmortem Cesarean Deliveries: Elapsed Time and Infant Survival

Estimated Time of Maternal 
Death to Delivery (min)* Number of Patients Percent

0-5 42 (normal infants] 70
6-10 7 (normal infants) 1 (mild neurologic sequelae) 13
11-15 6 (normal infants) 1 (severe neurologic sequelae) 12
16-20 1 (severe neurologic sequelae) 1.7
21 + 2 (severe neurologic sequelae) 3.3
Total 60 100

‘ Estimated tim e from death of the m other until delivery (cases.'from 1900 to  19B5J.
From Katz VL, EJotters D:J, Droegmueller W: Perimortem cesarean delivery. Obstet Gynfcol. 1986. 68:571-576; with 
permission.

Perimortem Cesarean Delivery
Postmortem or perimortem abdominal deliveries 
have been reported for more than 400 years. It was 
early appreciated that a living child might rarely be 
salvaged late in pregnancy if the mother had died 
acutely and a delivery was performed promptly. In 
addition, early Christian religious requirements in 
at least some parts of northern Europe demanded a 
separate burial for both m other and child (and bap
tism for the latter), providing an additional reason 
for prompt postmortem delivery. Eventually, vari
ous laws incorporating “good Samaritan” provisions 
were developed, legally shielding those performing 
good faith postmortem deliveries from an accusa
tion of criminal behavior. It is possible that the occa
sional success of postmortem abdominal deliveries 
led physicians to attempt cesarean deliveries on liv
ing women with the expectation of at least some 
maternal and infant survivals. (See Chapter 1, A 
History: Operative Delivery.)

New observations over the last decade have 
changed the approach to postmortem cesareans 
[215-219]. In several recently reported instances, 
despite the clinician’s belief that the mother was 
dead or moribund, women who could not be revived 
while the fetus remained in utero have been suc
cessfully resuscitated postdelivery. This eventual 
response to resuscitation after removal of the fetus 
is presumed to be because of the decompression 
of the obstructing uterus, leading to improvements 
in cardiovascular function and perhaps also in the 
mechanical aspects of respiration. Further, addi
tional data have become available concerning fetal 
outcome versus the time interval from presumed

maternal death until delivery, establishing rough 
limits for clinicians to employ in making the choice 
to intervene,: These observations have led to mod
ification in standard procedures whenever peri
mortem operations are contemplated.

As in all clinical scenarios, there are unique or 
outlying cases. Unusual cases of intact fetal survival 
involving as much as 20 to 30 minutes after mater
nal cardiac arrest have been reported [218-221]. In 
most of these successful cases with prolonged times 
to the fetal extraction, the maternal-fetal condi
tion was apparently physiologically normal in terms 
of placental oxygenation and fetal growth immedi
ately before the m other’s fatal injury, and aggres
sive resuscitation efforts were begun early. The out
comes in these cases, however, are not reflective of 
the general experience with such cases as reflected 
in the medical literature.

The current approach to perimortem deliveries is 
necessarily limited because it derives from the anal
ysis of case reports. These data are combined with 
a general understanding of maternal cardiovascular 
physiology to develop recommendations for prac
tice. The principal report is that of Katz and cowork
ers, who surveyed the English literature concerning 
postmortem operations and reported 269 cases from 
which 188 infants survived (Table 18.9) [222], In 
the analysis of these data, important variables in fetal 
survival included both the length of time from the 
apparent maternal demise and the extent and type 
of the maternal resuscitation efforts attempted.

The important variables in the successful salvage 
of an infant include the time interval between the 
maternal cardiopulmonary arrest and delivery the
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weeks of gestational age, any preexisting maternal 
or fetal problems, and the extent and effective
ness of the cardiopulmonary resuscitation efforts 
before the delivery [218,219,221-225], With these 
general principles in mind, our proposed manage
ment concepts are derived from the available, albeit 
flawed information, in the effort to make rea
sonable choices supported by the preponderance 
of data.

Despite the publication of several unique cases 
with long intervals from maternal collapse to deliv
ery, strong evidence suggests that the more rapid 
the delivery, the better the fetal outcome. Based 
on the Katz data, postmortem deliveries performed 
15 minutes or more after maternal demise were less 
likely to result in a living or undamaged infant; how
ever, all infants delivered within 5 minutes of mater
nal collapse proved normal. As noted, there are 
rare instances in which longer insult to injury times 
have been recorded but these cases are clearly atyp
ical. As the available data are perused, it is impor
tant to remember the distinct limitations of indi
vidual case reports and collected case series. For the 
series, the data are collected from individual reports 
over several years and by necessity must be drawn 
from more than one institution. Methods of eval
uation and treatm ent are obviously not constant 
There are other distinct limitations to these data as 
well. The times reported in the various reports must 
remain suspect, both in terms of accurately record
ing the time of the maternal injury but more impor
tant in estimating when effective uterine blood flow 
ceased. In terms of physiology, the interval from 
actual maternal injury or collapse until the cessa
tion of cardiovascular function varies and depends 
on the cause of death. Thus, an automobile acci
dent with pelvic trauma, or a gunshot wound to 
an extremity that eventually proves fatal owing to 
exsanguination or to the presence of other injuries 
has a different physiology than a case involving a pul
monary embolism or a cardiac arrest that results in 
a maternal cardiovascular collapse with cessation of 
circulation.

When maternal resuscitation is attempted fol
lowing collapse, including restoration of circulat
ing volume, oxygenation, cardiac compression, and 
other measures, and it is judged that the mother has 
either sustained obvious lethal injury or the possi
bility of resuscitation is believed to be limited or 
poor, it is recommended that active efforts continue 
to point until actual delivery occurs. This is believed

I'ABI.h 18.10 Postmortem Cesarean Delivery: Important 
Clinical Questions

Has an adequate effort at maternal resuscitation been 
made (>5 minutes)?

Are continued efforts deemed either futile or quite 
unlikely to succeed?

Is the gestational age of the infant known or estimated as 
at least 25 weeks?

Are there facilities and personnel for immediate infant 
resuscitation and support?

Is the time from the maternal insult/injury more than 15 
minutes? If so, when was active maternal resuscitation 
initiated?

to maximize the chance for intact fetal survival. The 
fetus can survive only if maternal blood flow, specif
ically the oxygen supply, is maintained. In cases in 
which maternal exsanguination occurred secondary 
to lethal trauma or when the fetal condition was 
already precarious for any reason, the probability of 
intact neonatal survival is correspondingly lessened. 
Either the usual methods for maternal revival prove 
much less successful in supporting both circulation 
and oxygenation in these situations, or the fetus is 
less able to tolerate asphyxia. The critical variable in 
all cases is the timeliness and celerity of the resusci
tation efforts.

Before a perimortem cesarean procedure is per
formed, there are several important considerations 
(Table 18.10). Unfortunately, the clinician is faced 
with the necessity of making a decision of poten
tially serious consequence with only a few minutes 
available for reflection.

Initially, when faced with the situation of an 
apparently moribund mother, clinicians must assure 
themselves that active maternal resuscitation has 
had a reasonable trial before proceeding to an oper
ative delivery (Table 18.11). Sustained efforts for at 
least five minutes are indicated. There is at least one 
case of a m other who sustained a cardiopulmonary 
arrest at 15 weeks of pregnancy, was resuscitated, 
and subsequently carried successfully to term. Dur
ing the resuscitation, as much left lateral tilt as pos
sible should be used to sustain venous return to the 
heart and to support the m other’s cardiac output.

Before performing a postmortem operation, the 
next most important concern is gestational age. Esti
mating the gestational age is difficult if there is no 
available history. An operation performed too early 
is only a gesture if it has no potential for either
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TABLE 18.11 Technique: Perimortem Cesarean 
Procedures

Operative decision by most experienced clinician available 
Summon pediatric/nursing assistants.
Perform a midline abdominal incision and a vertical 

uterine incision.
Obtain cord blood and arterial/venous gas samples. 
Administer a potent uterotonic intramyometrially and 

broad-spectrum antibiotics intravenously to the mother. 
If mother is pronounced dead, perform a bulk abdominal 

wall closure for aesthetic reasons.
If resuscitation is to continue, perform a uterine closure in 

layers: a bulk abdominal wall closure follows.
Full medical record documentation 
Consult with family.

maternal or fetal benefit. Furthermore, if the best 
estimate for gestational age is less than 24 to 25 
weeks, there could be minimal improvement in 
maternal cardiovascular physiology from emptying 
the uterus. Thus, in an early pregnancy, uterine 
wedging and aggressively pursuing active resuscita
tion efforts is therefore the best management. Fur
ther, it is unlikely that any profoundly premature 
infant will survive unless delivered in reasonable 
condition and provided with immediate expert care. 
For these reasons, when pregnancies known with 
reasonable certainty to be <25 weeks are encoun
tered, it is best to persist with efforts at maternal 
treatm ent and not open the uterus. In contrast, in 
cases involving pregnancies of 25 weeks’ gestation 
or more, postmortem cesarean delivery should be 
considered [226].

Regardless of the care taken in case choice, it is 
well to recall that even prompt and successful deliv
ery might not result in a fetal survival or for that 
matter an intact survival. The fetus might prove to 
be smaller than anticipated and thus previable or 
already irreparably damaged, despite being of a rea
sonable gestational age. Delivery also provides no 
guarantee that the m other’s condition will improve 
sufficiently after removal of the products of concep
tion to improve her chances of eventual survival. Not 
to act, however, will result in the loss of both mother 
and child when there is some likelihood that one, and 
possibly both, could surinve.

In terms of practical management, if the m other 
has arrested, spending time searching for fetal heart 
tones either by a Doppler device or by auscultation 
is not relevant to the decision process. In the ordered

chaos of an acute maternal resuscitation, potentially 
using an unfamiliar ultrasound machine or handheld 
device for Doppler detection of cardiac activity is 
always difficult and can prove impossible, even if 
fetal cardiac activity is present. In addition, if the 
fetal heart is not moving, the clinician does not know 
how long the heart has been arrested. Potentially, 
real-time ultrasound scanning performed while the 
resuscitation continues might assist in the rapid esti
mate of gestational age and help to avoid egregious 
errors. Care must be taken since serious errors can 
occur if the uterus is larger than dates because of 
a multiple gestation, if the woman is obese but 
less than 24 weeks’ gestation, or if hydramnios is 
present. Any fetus with a BPD >62 mm or a trans- 
cerebellar diameter of >28 mm should be consid
ered a potential survivor. Such refinements in man
agement might well prove impossible to introduce 
in an emergent situation, however. Often, only a 
quick abdominal palpation and a history of a due 
date (provided by others) are all that is available to 
the clinician.

In these difficult circumstances, the most senior 
obstetrician in attendance should make the final 
operative decision. In the absence of an obstetrician, 
the decision must be left to the attending physician 
with the greatest amount of obstetric experience. 
Maternal resuscitation efforts should be continued 
aggressively up to the very moment when the mater
nal abdomen is opened.

Time should not be lost in seeking the usual 
surgical equipment or in moving the mother to 
an operating theater. There is usually no time for 
abdominal preparation or to obtain the usual surgi
cal equipment; often simply gloves, a scalpel, and 
a splash of an iodine solution are all that are pro
vided. A midline incision is best; both abdomen and 
uterus are usually entered vertically, and the infant 
promptly delivered. A transverse uterine entry with 
digital separation of the wound can prove equally 
fast in experienced hands. Care must be taken to 
avoid a maternal intestinal injury or a fetal lac
eration. Both a cord blood sample and cord gas 
should be obtained for subsequent study. If there 
is a possibility of maternal survival, the uterus 
should be closed in layers with particular atten
tion to close reapproximation of the uterine walls. 
Firm approximation of the myometrial incision is 
important. If and when maternal arterial perfusion 
returns to normal, vessels not bleeding at the low 
perfusion pressures characteristic of resuscitation
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suddenly become active as the arterial pressure 
increases. A potent uterotonic such as methyler- 
gonovine (Methergine) or ] 5-methylprostaglandin 
F2a (Hemabate) is also injected directly into the 
myometrium, and a broad-spectrum first-generation 
cephalosporin should be administered intravenously 
to the mother. A bulk closure for the maternal 
abdominal wall is appropriate. As soon as possi
ble after the fetus is removal, maternal resuscitation 
efforts should be resumed.

A particularly difficult management issue 
involves the unusual situation in which a pregnant 
woman sustains an injury that either leaves her in 
a persistent vegetative state or the women has a 
disease soon to prove fatal [227], In selected cases, 
active maternal support has been continued in the 
hopes of carrying the pregnancy to the point of 
potential viability. Such cases involve major issues, 
including ethical considerations, the best use of 
hospital resources, desires and consent of relatives, 
uncertainty of fetal condition or fetal damage 
from the initiating event, and complex dilemmas 
concerning the timing of delivery. Individualization 
of management, legal consultation, and the involve
m ent of multiple consultants as well as the hospital 
administrators are required in these unfortunate 
situations.

A perimortem or postmortem cesarean is an 
emergency procedure. Obviously, obtaining con
sent from the mother is not possible. Attempting 
to locate or negotiate with family members should 
not take time away from this emergency operation. 
The surgeon should evaluate and proceed to delivery 
with celerity if the minimal prerequisites for a post
mortem operation are present, or a fleeting opportu
nity can be irretrievably lost. In this setting, no other 
opinion is legally binding. The greatest risk is the clin
ician’s failure to act promptly, with the resultant loss 
of the chance for a fetal salvage. W hatever the out
come of the procedure, a complete note must be 
included in the medical record, preferably by dicta
tion or by a computerized record. No legal settle
ments related to postmortem cesarean procedures 
have been reported.

PROCEDURES AND TECHNIQUE

This section reviews the operative technique for 
cesarean delivery, cesarean hysterectomy, and the 
surgical management of acute obstetric hemorrhage.

As always, proper choice of cases, accurate diagno
sis, adequate light and exposure, an expert surgeon 
and assistants, appropriate anesthesia and staff, gen
tle handling of tissues, and meticulous attention to 
hemostasis are the most important components of 
success in obstetric surgery. General surgical issues, 
including type of abdominal entry, choice of suture 
material, and aspects of general surgical manage
ment, are discussed elsewhere in this text.

Anesthesia
Most clinicians prefer epidural or spinal anesthesia 
for cesarean delivery, as the clinical circumstances 
permit. The parturient remains awake, members 
of the family can be present, and the potentially 
difficult problems of intubation and airway man
agement are avoided. In modern practice, mater
nal morbidity related to regional anesthesia is rare 
[228], Unfortunately, epidural anesthesia is neither 
always available nor appropriate, especially if emer
gency surgery is required. Issues involving anesthetic 
management are intensively discussed in Chapter 9, 
Obstetric Anesthesia.

W hatever the choice of anesthesia, the obstet
ric surgeon must review any special clinical circum
stances leading to the cesarean or important mater
nal history with the anesthesiologist prior to the 
surgical procedure. Obviously, the anesthesiologist 
m ust be informed if the mother has any medical 
problems, such as hypertension, insulin-dependent 
diabetes, or other potentially serious medical condi
tions. In patients having preexisting medical prob
lems and elective surgeries, a preoperative anesthe
sia consultation is best obtained remote from term. 
Conducted without the pressures of the labor suite 
and with sufficient time to perform indicated stud
ies, this preoperative interview permits review of 
any medical conditions, ordering of indicated tests 
(e.g., coagulation studies, antibody screens), special
ized consultations (e.g., echocardiography, ECG), 
and sufficient time for the patient and the anes
thesiologist to meet and discuss the projected oper
ation and the necessary anesthesia. Such prelimi
nary visits are indicated for women with congenital 
or acquired cardiac disease, serious medical com
plications (e.g., advanced diabetes mellitus, severe 
chronic hypertension), hereditary disorders likely to 
result in complications (e.g., the Marfan syndrome 
or Ehlers-Danlos), patients receiving anticoagulants,
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those with prior back surgery, those with a history of 
prior anesthesia complications, and for other com
plicated or unusual cases.

In selected cases, antepartum collection of mater
nal blood with subsequent perioperative retrans
fusion is an appropriate strategy [229]. Although 
methods of perioperative blood aspiration and auto
transfusion are well established in general surgical 
practice, they have been little used in obstetrics. 
Limited data suggest that such techniques are safe 
[230],

General Preparation
After the anesthetic has been administered, assum
ing either spinal or epidural, the woman is posi
tioned on the operating table, her legs are restrained 
as per the surgical routine, and a disposable elec
trical ground pad for electrocautery is applied, if 
desired. A modern electrocautery unit combined 
with a disposable patient contact pad that makes 
good contact to the patient’s skin presents minimal 
electrical risk. Electrocautery is ideal for control of 
small intraperitoneal bleeding sites or bleeding ves
sels encountered under the fascia. A hand-activated 
disposable cautery pen, with a narrow electrode 
tip that permits close control of both the site and 
the extent of cautery, is best. The potential patient 
risk from the use of a modern electrocautery unit 
is far outweighed by the benefit of this method of 
hemostasis.

After the spinal or epidural anesthetic has 
been induced an indwelling catheter (Foley) is 
inserted. When general anesthesia is administered, 
the catheter is inserted immediately before the onset 
of the anesthetic; in instances requiring extreme 
speed, the bladder can be decompressed periopera- 
tively as required.

Positioning is an important issue that should not 
be left to the surgical attendants alone. The authors 
favor as much left lateral tilt as is feasible, espe
cially if there is a history of supine hypotension 
or a suspicion of fetal jeopardy. Lateral position
ing is accomplished either by a tilt of the oper
ating table, or preferably by the use of a pelvic 
wedge. In the authors’ institution, one or more liter 
bags of Ringer’s lactate are usually placed under 
the patient’s right hip. Rotation to the left is best 
because this decompresses both the maternal vena 
cava and the aorta. If a woman in the third trimester

is positioned supine, venous return to the heart is 
impeded, and the cardiac output and resultant uter
ine blood flow can decline substantially. This effect 
varies greatly, and the extent of uterine hypoper
fusion might not be reflected in the usual brachial 
arterial pressure determinations. Because the simple 
prophylactic measure of hip wedging is not harm
ful, easily performed, and potentially beneficial, the 
authors favor its use. The use of lateral tilt is extrap
olated from the physiology of uterine vascular flow 
and is not based on data from prospective studies 
[231,232],

Fetal Monitoring
The importance of continuing fetal monitoring in 
the interval between exiting the labor suite and the 
final delivery in the operating theater needs empha
sis. If a fetal scalp electrode was placed in the labor 
suite to better evaluate heart rate patterns, it should 
be left in situ when the parturient is moved to the 
operating suite, and once there promptly attached 
to an electronic monitor. The electrode is left in 
place until immediately prior to draping. Alterna
tively when time is of the essence, the child can be 
delivered with the electrode attached. The wire is 
simply cut and subsequently withdrawn from below. 
If an effort at vaginal instrumental delivery was 
made, regardless of the instrument or how gentle 
the manipulation or traction, an electronic monitor 
should be applied prom ptly using either an external 
Doppler transducer or electrode. The FHR should 
be continuously recorded while preparations for 
cesarean are made. Occasionally, unexpected fixed 
fetal bradycardias ensue. If this occurs, cranial dis
placement or expedited surgery is appropriate. If the 
FHR wras stable preoperatively and no FHR prob
lems were diagnosed or suspected, periodic FHR 
auscultation by a handheld Doppler device or a 
fetoscope, at a frequency determined by hospital 
protocol, is appropriate. Alternatively the exter
nal FHR Doppler transducer can be left in place 
until skin preparation has begun. The usual patient 
repositioning necessary for the various preoperative 
preparations frequently precludes uninterrupted 
monitoring by the abdominal Doppler technique. 
Intermittent monitoring by the handheld Doppler 
device or continuous monitoring by scalp elec
trode are the most practical methods in these 
instances.
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It is not uncommon that a prolonged interval 
ensues between the last FHR determination and 
the, actual delivery. W hen such delays before the 
actual procedure occur, they usually result from 
the cumulative effect of multiple small delays from 
patient transfer, positioning, administration of anes
thesia, draping, and other procedures. The clinician 
is often surprised later at the total time consumed 
by such routine operating suite activities. Part of this 
delay is psychological. If a frankly ominous FHR 
pattern or acute jeopardy were not diagnosed in 
the labor room, and the decision has been made 
for a cesarean based on criteria of progress, tracing, 
and other factors, both the physician and the other 
birth attendants usually assume a “routine-case” atti
tude once the gravida is in the surgical suite. Simply 
moving the patient to the operating suite seems to 
instill a feeling among the staff that some defini
tive action has been taken. In the authors’ expe
rience, in these circumstances, rapid FHR deteri
orations are not anticipated and therefore are not 
always promptly detected. Close attention to the 
FHR with the same diligence in the operating suite 
as in the labor suite is mandatory.

Skin Preparation

Once the patient is correctly positioned on the oper
ating table, any desired or necessary skin preparation 
(shaving) is performed if desired. Shaving results in 
microscopic nicks and tears of the epidermis and 
actually increases the risk for skin infection, unless 
performed immediately preoperatively [233,234].

The skin at the operative site is next prepared 
with an antiseptic solution. Various solutions are 
appropriate for use, following the established proto
cols of the individual institution. Draping for surgery 
follows.

The authors favor prepackaged disposable paper 
drapes that include an operating port with an cir
cumferential adhesive backing and a fluid collec
tion bag. As the drape is unfolded, the anesthesi
ologist grasps the anterior edges and fixes them to 
an ether screen, or other adjacent equipment. Once 
the drape is correctly positioned, the paper cover
ing the adhesive portion is removed and the drape 
is pressed against the patient’s skin, sealing the site 
around the incision. No other surgical drapes are 
routinely employed except the usual table and Mayo 
stand covers.

FIGURE 18.2.
Placement o f  common lower abdominal surgical incisions 
for cesarean delivery.

Incision

After the anesthesiologist has confirmed that the 
patient is ready, and the scrub nurse and the sur
gical assistant are poised, the surgeon prepares for 
the initial skin incision. The type of skin incision 
depends on the clinical circumstances. Usually the 
skin is entered by a low transverse Pfannenstiel-type 
incision that curves gently upward, placed in a nat
ural skin fold (Figure 18.2). Classically, this incision 
is located two fingerbreadtbs above the pubic sym
physis. If a Maylard or Cherney operation is con
templated, the initial incision can be placed higher 
or lower, at the surgeon’s discretion. When a Joel- 
Cohen technique is chosen, a transverse incision is 
performed but positioned higher on the abdomen 
than the usual Pfannenstiel incision and without the 
usual upward curve at the ends. Occasionally, a mid- 
line vertical incision from umbilicus to symphysis is 
preferred. The vertical entry has the advantage of 
speed and can be easily extended as required, espe
cially if exploration of the upper abdomen is neces
sary or further problems are likely. The low trans
verse incision is adequate for almost all cesarean 
operations and has cosmetic advantages, however. 
Transverse incisions also interfere less with postop
erative respiratory function and result in less pain 
than vertical incisions.

The long-presumed advantage of the Pfannen
stiel or transverse-type abdominal incision over the 
vertical incision in avoiding the potentially seri
ous complications of dehiscence or herniation has 
recently been questioned. Hendrix and coworkers 
reported a similar incidence of wound complications
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for both incision types in a case-controlled study of 
17,995 surgical procedures (8,950 cesarean; 9,405 
gynecologic operations) [235]. Identified risk fac
tors for wound disturbance in their obstetric cases 
included concomitant wound infection and a history 
of patient smoking.

A supraumbilical transverse incision is also possi
ble but rarely performed. This incision is usually for 
specific indications such as extreme obesity or the 
presence of lower segment or adnexal masses. This 
incision is positioned just superior to the umbilicus. 
As the dissection is performed, both the underly
ing rectus muscles and the peritoneum are entered 
transversely as well.

The best abdominal incision for the morbidly 
obese is controversial [236,237]. If a large pannicu
lus is present, a midline vertical incision or a high 
transverse incision as described previously often pro
vides the simplest entry and the best exposure. 
Alternatively, the panniculus is drawn upward and 
a routinely placed transverse lower abdominal inci
sion is performed. In the obese, the advantage of 
a transverse incision is the reputed (but now ques
tioned) strength of the wound closure and the thin
ness of maternal fat at the site of suprapubic entry. 
Disadvantages include the wider incision required, 
the necessity to place the wound in a perpetually 
moist skin fold, and the steep Trendelenburg posi
tion and aggressive retraction necessary for adequate 
surgical exposure As a practical matter; when the 
parturient is morbidly obese, the authors make a 
final decision about the type of incision after the 
woman has been prepared, positioned, and draped, 
depending on the unique features of her anatomy. 
In a case-controlled study of abdominal entry in the 
obese, there were similar rates of wound compli
cations when either the high transverse (supraum
bilical) or the low transverse (Pfannenstiel-type) 
incisions were performed [238]. Vertical abdomi
nal incisions, although providing certain advantages 
in exposure, have more postoperative complications 
than do transverse incisions and also have a stronger 
association with postpartum endometritis [236].

The most common abdominal wall entry, a trans
verse Pfannenstiel-type incision, should be approxi
mately 15 cm long. For cosmetic reasons, the authors 
prefer to place this type of incision in a natural skin 
fold (Figure 18.3). The size of the incision is about 
the length of a standard Allis clamp, hence, the Allis 
clamp test [239]. Shorter incisions are not recom-

FIGURE 18.3.
Pfannenstiel procedure. Note the transverse skin incision 
with sharp dissection used to separate the rectus 
abdominis muscles in the midline.

mended, because they can lead to difficulty in expo
sure or fetal cranial extraction. Just before the cut 
is made, the authors’ practice is to routinely grasp 
the patient’s skin with two Allis clamps at the pro
jected corners of the wound to define the outer lim
its of the skin incision. The correct curve for the inci
sion is determined when the surgeon presses a hand 
downward on the lower abdomen, inducing folds in 
the skin. The curvilinear skin folds are then easily 
demonstrated. Keeping the incision within a natu
ral skin fold (Langer’s lines) improves the eventual 
cosmetic result. The midpoint of the Pfannenstiel 
incision is approximately two fingerbreadths above 
the palpated edge of the pubic symphysis.

As the procedure begins, the Allis clamps are ten- 
sioned, and the incision is made at a right angle 
to the surface in the skin fold previously demon
strated. W hen the clamps are removed, the symme
try and placement of the incision are observed and 
any corrections are made. Careful centering of the 
skin incision and maintaining symmetry is particu
larly important when vertical incisions are made on 
obese patients. Fortunately, the linea nigra usually is 
sufficiently dark to assist the surgeon in identifying 
the midline. Nonetheless, in vertical entries, atten
tion to detail is required to keep the incision from

Pfannenstiel incision
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deviating from the midline, especially in the lower 
portion of the wound.

Meticulous placement of the skin incision is too 
often neglected. This is the only portion of the oper
ation ever seen by the patient or her family. If the 
scar is irregular, untidy, or asymmetric, the mother 
and her family are likely to assume that the rest 
of the surgery was performed with equally little 
attention to detail. An operation represents a seri
ous medical intervention, and as such demands the 
closest attention to detail in all aspects of its perfor
mance.

After the skin is entered, the incision is rapidly 
carried through the subcutaneous tissue to the fas
cia, which is then nicked on either side of the mid
line. As an alternative, the subcutaneous tissue can 
be divided by blunt finger dissection. Finger dissec
tion is part of the Joel-Cohen technique, which also 
includes a similar blunt separation of the uterine 
wound. W hen the incision technique is used, the tra
dition of using two scalpels -  one for the skin and the 
second for subsequent, deeper dissection -  is unnec
essary. The one-knife method does not increase the 
infection risk. As the incision is made, minor bleed
ing vessels are most frequently encountered at the 
wound edges and corners. If entered, these bleed
ers are clamped with mosquito clamps or other fine 
hemostats and subsequently either tied or electro
coagulated. For many of these small vessels, small 
clamps once applied can be removed after a few 
minutes, with no other treatm ent required. Once 
the fascia is exposed, it is usually incised in layers, 
traditionally by curved Mayo scissors. Although it is 
also possible to open the fascia with the midline and 
separate it bluntly, this is not a technique favored by 
the authors.

In standard technique, the fascial edges are next 
grasped with heavy, toothed clamps such as Kochers, 
and elevated. Under continuous tension, the fascia 
is then separated from the underlying muscles by 
blunt and sharp dissection or by electrocautery. Per
forating vessels are clamped and either electrocoag
ulated or suture ligated. Once the upper and lower 
fascial flaps have been dissected free and bleeding 
from any vessels controlled, attention is directed to 
the underlying rectus abdominus muscles (Figure
18.3). The muscle bodies are often easily separated 
with simple finger dissection, and if the muscles 
are adherent, they are promptly- divided by sharp 
dissection; bleeding is usually minimal. The muscle

FICxURE 18.4.
M aylard procedure. Note the transverse skin incision and  
the transverse serving o f  the rectus abdominis muscles by 
use o f  electrocautery.

midline is indicated by the attachment of the vari
able pyramidalis muscle.

Lateral tension on the middle of the muscle bod
ies indicates the degree of exposure to be expected 
once retractors are positioned in the wound. If the 
wound is inadequate, it is usually either the original 
skin incision or the rectus muscles that are restrict
ing exposure. Less often, the original fascial entry 
proves inadequate. If the wound is too small, it is 
best to promptly incise the portion of the skin, mus
cle, or fascia restricting the exposure rather than 
waiting until there is difficulty with the subsequent 
fetal extraction. W hen exposure is markedly lim
ited, the rectus muscle can be divided in the mid
belly either sharply or by electrocautery (i.e., May
lard operation; Figure 18.4) [240], Because this 
results in significant tissue damage, and because the 
underlying artery could be entered, the authors pre
fer the Cherney procedure, if considerations of time 
and exposure permit (Figure 18.5), In the Cher
ney operation, the lower fascia is reflected, exposing 
the tendinous attachments of the rectus abdomi
nus muscle bodies to the fascia of the pubis. The 
tendinous and avascular lower portion of the muscle 
is then severed as low as possible. One or both mus
cles can be divided at the attachments as required. 
If time and exposure do not permit a Cherney

M aylard incision

D issec tion  o f  re c tu s  
muscle from underlying 
tra n s v e rs a lis  fa s c ia

Line o f C u t
m uscle anterior
dissection rectus sheath
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Rectus 
muscles 
severed at 
insertion

FIGURE 18.5.
Cherney procedure. Note the transverse skin incision and  
subsequent severing o f  the rectus abdominis muscles from  
their insertion at the pubic symphysis.

approach, one or both rectus muscles can be divided 
by electrocautery to provide sufficient space for fetal 
extraction. (For additional discussion of problems 
with fetal extraction from the uterus, see Difficult 
Cranial Delivery.)

The peritoneum is then entered. Preperitoneal 
fat is bluntly dissected away, revealing the glistening 
peritoneum beneath. Traditionally, the peritoneum 
is grasped with forceps or fine clamps, tented to 
exclude bowel or omentum, and entered sharply. 
The peritoneum can also be entered bluntly with 
simple finger dissection. Usually the initial entry is 
then widened sharply with fine scissors, with atten
tion to avoiding the bladder, edge, bowel, and omen
tum, thus exposing the intraperitoneal contents.

One or more retractors are then placed in the 
wound as needed for exposure, and the Trendelen- 
berg position is requested. Packing of the gutters 
usually is not required at a cesarean delivery and 
should not be performed routinely. If the omentum 
or bowel continuously prolapses into the operative 
field, however, one or more appropriately tagged 
moistened laparotomy sponges can be introduced 
laterally into the gutters to keep the lower uter
ine segment free; however, this is an uncommon 
requirement. Some surgeons routinely prefer to use

a tubular plastic retractor with a rolled edge such as 
the Alexis wound retractor (Applied Medical, Ran
cho Santa Margarita, CA 92688) or a Mobius Elastic 
abdominal retractor (Apple Medical Corporation, 
Marlborough, MA 01752) (Figures 18.6 and 18.7). 
These plastic disposable devices reduce the clutter 
of instruments necessary for surgical exposure.

The surgeon’s hand is then placed into the wound 
and the vesicouterine reflection identified. The rota
tion of the uterus and the fetal size and position are 
then also noted. If it has been decided to reflect the 
bladder, the visceral peritoneum at the vesicouter
ine fold is elevated and sharply entered transversely. 
The vesicouterine fold is then developed with blunt 
and sharp dissection, exposing the lower uterine seg
ment. If there has been prior surgery, the fold could 
be adherent, and blunt dissection could prove either 
limited or impossible. Once the bladder flap has 
been developed, the surgeon prepares to make the 
uterine incision. The site for the incision is first pal
pated, to judge the thickness of the myometrium 
and the position of the fetus.

Several types of uterine entry are possible, but 
the most popular is the low transverse incision (Fig
ure 18.8). This incision combines a low risk for 
complication and a reduced likelihood of blood 
loss compared with vertical incisions. Some type of 
extension of the original transverse myometrial inci
sion is required in about 1 % to 2% of all cesareans 
[241,242]. Extending the originally transverse inci
sion upward on one side, the J incision, or incising 
upward in the center for a T usually is performed 
when there is a sudden need for additional room. 
This situation can occur after the surgeon’s realiza
tion that the infant is larger than anticipated, a trans
verse lie has developed, or the lower uterine seg
ment proves too narrow to permit fetal extraction. 
If additional space is required acutely, the authors 
favor either the J or the double J or trapdoor-type 
incision as opposed to a T incision. The T incision is 
the weakest and poorest healing of the myometrial 
wounds and should, when possible, be avoided. In 
the authors’ experience, the insistence on an ade
quate entry incision, the occasional use of nitro
glycerine tocolysis, or the use of a vacuum extrac
tor or forceps intraoperatively substantially reduces 
the need for an emergent, secondary enlargement of 
the hysterotomy incision. Although maternal mor
bidity from an extension of an originally transverse 
myometrial incision exceeds that from the usual
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FIGURE 18.6.
Without a self-retaining plastic retractor adequate 
exposure requires 3 retractors and assistant. For 
color reproduction, see Color Plate 2.

FIGURE 18.7.
A and  B. Without Mobius 
retractor, surgical field immersed 
in blood midline. I f  the 
myometrium is thick or recurrent 
bleeding restricts exposure, it is 
best to grasp the gaping 
myometrial wound edges with 
Allis clamps. Elevating and  
everting the hysterotomy incision 
improves visualization, restricts 
blood loss, and helps to avoid 
an inadvertent fetal injury. For 
color reproduction, see Color 
Plate 3.
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lower-segment transverse operation, it is still sub
stantially less than that associated with the true clas
sic operation.

The low vertical or Kronig incision is another pos
sibility occasionally chosen when the lower uterine 
segment is either narrow or undeveloped [233,237]. 
Unfortunately, there are limitations to vertical inci
sions. They can prove difficult to restrict to the lower 
uterine segment, especially in cases of prematurity 
and malpresentation, when such entries are most 
frequently performed. Rupture risks during VBAC 
trials for low vertical incisions restricted to the lower 
uterine segment are similar to that for low transverse 
incisions. If the intraoperative dissection enters the 
upper segment, however, the scar can function like a 
classic incision, increasing the m other’s risk for com
plication in any subsequent pregnancy [243,244],

A true classic cesarean operation is a longitudi
nal midline incision performed in the upper, mus
cular portion of the uterus. This incision occa
sionally results as an extension from a low verti
cal incision. The primary advantage of the classic 
operation is speed and unrestricted exposure. This 
incision occasionally is chosen if access to the lower 
segment is limited by adhesions, obesity, or other 
reasons. These facts account for the usual association 
of classic operations with emergency surgery, malp
resentation, and other important obstetric compli
cations. Disadvantages of a classic procedure include 
increased blood loss, a longer repair time, and an 
increased risk of delayed complications, including 
a high rupture rate in a subsequent pregnancy, 
especially if labor ensues [237,242,245], Unfortu
nately, compared with transverse incisions, classic 
scar cesarean ruptures in a subsequent pregnancy are 
more likely to be catastrophic and to occur unpre- 
dictably in the third trimester, with or without the 
onset of labor.

In the usual low transverse operation, the curvi
linear incision is placed in the midline of the lower 
uterine segment, several centimeters below the 
attachment of the vesicouterine fold. Placement of 
the myometrial incision varies owing to differences 
in the anatomy of the uterus that result from the 
process of labor and the extent of lower segment 
retraction. In the normal case, a short midline trans
verse incision is usually made, carefully dissecting 
through the layers of the myometrium until the 
chorioamniotic membrane bulges into the wound.

Bandage scissors and lateral wound retractors are 
then requested. The scissors are inserted extraam- 
niotically (or intraamniotically if the membranes 
have been ruptured) into the initial entry wound 
and a curvilineal incision is made, extending sharply 
upward at the far edges. The presumed advantage 
of bandage scissors is to control the direction of the 
myometrial entry, specifically avoiding the uterine 
vessels and inadvertent fetal injury while keeping 
the incision in the lower uterine segment. Another 
acceptable technique is to open the uterus bluntly; 
this is performed by simply inserting two fingers 
into the initial myometrial incision and rapidly 
separating the wound. The blunt technique is as safe 
as the scissor technique in avoiding disruption of the 
lateral vessels. The authors usually do not employ 
this technique except in cases demanding speed, but 
it has become increasingly popular and could have 
some advantages. It is also possible to use an auto
matic stapling device (e.g. AutoSuture CS-57) for 
the uterine incision, as is discussed later, but except 
for specialty surgery, the use of this device is not 
recommended.

Once the myometrial incision is made, the mem
branes are ruptured if they have already not been 
entered, the instruments are removed, and the 
surgeon’s hand is introduced into the wound to 
elevate the presenting part (Figure 18.9). Simple 
fundal pressure by the surgical assistant usually 
promptly completes the delivery. When fetal extrac
tion is difficult; the authors have found that acute 
myometrial relaxation by administering an intra
venous bolus of a dilute solution of nitroglycerine 
(150 (xg-350 |xg) to the mother is often helpful. 
As mentioned previously, if the myometrial incision 
proves acutely inadequate, and there is no trans
versely available space, the authors prefer to extend 
one or both sides of the wound cephalad in a J rather 
than T incision. A T incision has the poorest healing 
characteristics and should be avoided unless clini
cal circumstances are pressing and lateral exposure 
to permit an upward extension of the corner of the 
original incision is inadequate or impossible.

W hen the presenting part is high and the fetus is 
in a cephalic presentation, delivery from the uterus 
with simple fundal pressure is usually easy. W hen a 
breech presentation is encountered, an extraction is 
often required. For a frank breech, a Pinard maneu
ver is first performed. Pressure on the popliteal space
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Low transverse 
incision

J incision

FIGURE 18.9.
Cesarean delivery: usual bimanual technique for manual 
extraction o f  the fetal head through the myometrial 
incision is depicted.

will help flex the knee. The feet then are drawn 
down and the lower extremity securely grasped 
and brought down into the wound. The legs are 
maneuvered to rotate the fetal body to position the 
fetal sacrum anteriorly. The operator then positions 
his/her thumbs along the sacrum, pointing in the 
direction of the fetal head, and the infant’s body is 
drawn smoothly into the wound. As with any extrac
tion, nuchal arms are common. W hen the arms pass 
upward, the extraction is blocked and they must be

released. This is easily accomplished by rotation of 
the fetal body 45° to 90° as traction is applied. This 
will “wing” the anterior scapula. The ipsolateral arm 
is then swept across the chest and extracted. A sim
ilar rotation of the fetal body in the other direction 
follows with extraction of the remaining arm. A loop 
of cord is then gently pulled down to accompany 
the fetal body. A modified Mauriceau-Smellie-Viet 
maneuver follows because cranial extension is com
mon. In this procedure, the surgeon’s hand is passed 
into the uterus and across the fetal face. Pressure 
downward on the maxilla usually with a finger in the 
mouth is combined with a slight upward displace
m ent of the fetal body to flex the head. To com
plete the delivery a Crede-like maneuver over the 
lower uterine segment is performed with one hand 
while the surgeon maintains the flexion of the fetal 
head with the intravaginal hand. The head is then 
extracted from the uterus with an upward rotational 
motion.

For a transverse lie, if the head cannot easily be 
extracted, a breech extraction is often required. In 
this setting, a vertical or classic incision can be best 
but, a wide transverse incision might well suffice in 
many cases. Especially if the membranes are rup
tured, the anesthesiologist should be requested to 
relax the uterus by administering an intravenous 
bolus of nitroglycerine, or a betamimetic such as 
terbutaline, or a halogenated inhalational anesthetic 
agent. Because nitroglycerine is potent, rapid in 
onset, and has a brief half-life, it is the authors’ pref
erence.

When an apparent fixed transverse lie is present 
and the membranes are intact, the surgeon should 
initially attem pt to convert the presentation to lon
gitudinal to bring a pole down into the lower uterine 
segment; however, this is not always possible or even 
prudent. If the lie proves immovable, the attempt 
should be made to incise the myometrium in layers, 
keeping the membranes intact. O f course, this is not 
always possible, or the membranes might have been 
previously ruptured. Once the myometrial incision 
is made, a m ethod of extraction is decided upon. 
Often this will be a complete breech extraction. 
If so, the fetal feet are located and drawn down 
into the wound. The membranes are then ruptured 
(if not already so) and the extraction performed as 
previously described. At times, the fetal head will 
be immediately present and either a forceps or a 
vacuum extractor can be applied after membrane 
rupture, avoiding the extraction. In our experience,

FIGURE 18.8.
Possible myometrial incisions for cesarean delivery. The 
classical and T incisions are the least desirable. See text 
for details.

Low vertical 
incision

Double J or 
"Trap door" incision

C lassic incision
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the method of delivery is often decided only at the 
moment of uterine entry since shifts in fetal position 
or inadvertent membrane rupture or tardy adminis
tration of the uterotonic might have occurred. The 
important point is that the surgeon needs to be able 
to perform a number of delivery techniques when 
faced with a fixed transverse lie. The actual proce
dure that is performed is tailored to the immedi
ate clinical findings and circumstances at the time 
of surgery. Obviously, flexibility is required because 
decisions need to be made promptly and the appro
priate delivery procedure performed with celerity.

When perioperative tocolysis is thought to be 
a distinct possibly, the anesthesiologist should be 
informed before the start of the surgery so that 
the nitroglycerine can be located and premixed 
in advance. If the nitroglycerin bolus is requested 
as the vesicouterine fold is incised, tocolysis will 
become effective at just in time to facilitate fetal 
extraction. In the absence of serious internal dis
orders, complications from the intravenous bolus- 
ing of dilute solutions of nitroglycerine (150 |xg- 
350 .jjtg) to otherwise normal and stable women are 
insignificant. The drug’s half-life is only 30 to 50 sec
onds. Since the introduction of nitroglycerine, the 
authors have rarely performed classic incisions even 
for fixed transverse lies with limited fluid, because 
sufficient uterine relaxation is provided by one or 
more nitroglycerine boluses to permit an atraumatic 
and uncomplicated extraction. (See Difficult Cra
nial Delivery).

If the initial uterine incision inadvertently sev
ers either (or both) uterine arteries, attempting to 
control the hemorrhage while the baby remains in 
utero is not the best choice. W hen the infant remains 
inside, the exposure is poor and access to the ves
sels is limited. Blind clamping in a restricted space 
is always an undesirable technique, risking injury to 
adjacent structures. Clamps placed in the corner of 
the uterine wound are also easily dislodged during 
the fetal extraction, possibly extending the original 
tear. The best management is simply to first expe
dite the delivery of the infant and then control the 
bleeding by clamping or direct vessel ligation, after 
the fetus has been extracted.

Difficult Cranial Delivery
For the outwardly routine case involving a fetus in 
a cephalic presentation, although the usual method 
of cranial delivery at a cesarean is simple manual

extraction, this procedure is not always easy. A nar
row lower uterine segment, a deeply engaged and 
molded head, or some unusual combination of fac
tors can lead to difficulty in extracting the present
ing part. There are several alternatives if the usual 
efforts at manual removal fail or prove difficult. 
W hen the problem is with delivery of the infant’s 
head, it is usually because the fetal cranium is deeply 
engaged and molded into the birth canal, the origi
nal incision is too small or the head is a positioned as 
an occiput posterior. W hat is needed is a methodical 
approach to this surgical difficulty.

The appropriate way to begin is to first evalu
ate the incision. Many difficult extractions result 
from an inadequate initial incision. This is a com
mon error, and if the pelvis is deep, the abdominal 
wall thick, or the fetus large, the problem is com
pounded. The incision must be approximately 10 
cm or greater at the site where the fetal head is 
extracted. Especially in an obese woman, this can 
require a substantially larger incision in the upper 
tissue planes to permit adequate room. The uter
ine incision is easily extended laterally to the ves
sels and upward in a “smile’ on one or both sides, 
as necessary. If the rectus muscles interfere, a par
tial Maylard incision can be performed with divi
sion of one or both muscle bodies either by use of 
a scalpel or, preferably, by electrocautery. Alterna
tively, a Cherney-type dissection of the attachment 
of the muscle body from its attachment to the sym
physis can be conducted. This latter procedure is 
uncommonly attempted, due to the combination of 
poor exposure and the desire for speed.

Once an adequate incision has been made, the 
clinical situation needs consideration. Is uterine tone 
increased and has the amniotic fluid escaped? If so, 
nitroglycerine tocolysis can facilitate the delivery by 
reducing uterine tone, making the extraction less 
difficult. Here is where thinking ahead is a great 
boon. If the possibility of difficulty was foreseen, 
the anesthesiologist can have drawn up a nitroglyc
erine dose and then simply inject it on request when 
the extraction problem becomes manifest.

The next step is for the surgeon to introduce his 
or her hand into the uterus through the myometrial 
wound and position it below and in front of the fetal 
head. The technique outlined by Cho [438] is worth 
review. This paper outlines methods similar to those 
favored by the authors. Cho describes a method of 
approach he terms ERR, involving the basic ele
ments of cranial elevation, rotation, and reduction. In
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this technique, the surgeon’s hand is kept straight 
with the wrist angle neutral as it is introduced 
in advance of the fetal head. Cho emphasizes the 
importance of maintaining the hand straight at the 
wrist such that the hand can be used as a scoop 
to both grasp and elevate the fetal head. Once the 
hand has been advanced along the calvarium suffi
ciently deep to break the suction, the fetal head is 
elevated and rotated to occiput anterior. An inter
esting refinement of this technique involves the fin
gertip reduction of the lower portion of the myome
trial incision below the head prior to the attempting 
the upward extraction of the fetal head. Cho claims 
that this approach reduces the risk of an extension 
Regardless of how the head is extracted, fundal pres
sure should not be exerted until the operator’s fin
gers have both freed the head and positioned it prop
erly to guide it upward and out of the pelvis.

In the case of difficulty, once it is apparent that 
the cranial extraction of a deeply engaged head 
is not easy, the surgeon should cease efforts from 
above and request help. A gloved assistant then 
performs an immediate vaginal examination, press
ing the fetal head upward from below (through 
the pelvic curve) as the surgeon’s hand is progres
sively advanced downward until the cranium can 
be cupped and drawn into the uterine wound for 
extraction (Figure 18.10) [246,247], This “passing- 
it-up" technique is suggested for routine use if there 
has been an unsuccessful vaginal trial of instrumen
tal delivery or whenever labor has been prolonged 
and the fetal head is heavily molded and deeply 
engaged. In the authors’ experience, manual vaginal

FIGURE 18.10.
Cesarean delivery: extraction o f  an impacted fetal head. 
An assistant elevates the fetal head from  below during a 
vaginal examination. Fundal pressure assists delivery 
once the fetal head is secured.

FIGURE 18.11.
Cesarean delivery: fetal cranial extraction using a 
M ur less cranial extractor (vectis blade extractor).

FIGURE 18.12.
A and  B. Cesarean delivery: fetal cranial extraction with 
forceps for an infant in a deflexed occiput posterior 
position. Note the cranial flexion extraction.

displacement is usually the easiest and the least trau
matic procedure to assist the delivery of a deeply 
engaged head. The assistant can more easily judge 
the required angle of force from below than the sur
geon can from above. O ther alternatives for difficult 
delivery include delivery of the fetal body by upward 
traction or, once the head has been released, apply
ing a classic or specially modified forceps, a vacuum 
extractor, or using a vectus blade such as the Murless 
(Figures 18.11 and 18.12) [246-249],

W hen faced with deep cranial entrapment, the 
surgeon must rely on uterine relaxation, upward cra
nial displacement by an assistant, delivery of the 
fetal body with secondary upward traction, or a 
unique combination of these techniques to release 
the infant’s head and permit its upward extraction. 
If the fetal head is low and the surgeon’s hand can
not be advanced to elevate it, no instrument can 
be applied. In this setting, in our experience, first 
breaking the suction between the fetal head and the 
pelvic tissues by the combination of upward pres
sure provided by a gloved assistant from below plus
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the efforts of the surgeon from above is the critical 
step for an atraumatic extraction. Once the head 
is freed, an instrument Can be applied and could 
help avoid an extension of the myometrial inci
sion because in these cases the tissues are usually 
markedly friable and edematous, and the fetal head 
often heavily molded and distorted.

If instruments are used during a cesarean opera
tion, clinicians must remember the physics of cranial 
displacement. The fetal head must remain flexed 
and be withdrawn slowly using limited force. If the 
fetal head is oblique or posterior it should be rotated 
to an occiput anterior position. This is usually per
formed manually without great fuss once the suc
tion is released and the head extracted from deep in 
the pelvis. In unusual circumstances an instrument 
such as a vacuum extractor might be necessary to 
assist this process. The initial occiput anterior posi
tioning of the head permits both an easier and more 
accurate application of forceps or a vectus blade and 
critically retains cranial flexion, reducing the risk of 
either an extension or a fetal injury.

The particular advantages of the forceps or the 
vacuum extractor at cesarean delivery are in the cir
cumstance of an unengaged or high fetal head, and 
not for the deeply engaged presenting part. W hen 
the fetal head is high, it can usually be promptly 
and securely grasped by an instrument and easily 
directed toward and through the uterine wound, 
expediting the delivery. With an unengaged head, 
especially if the membranes have ruptured and labor 
has commenced, abdominal instrumental delivery 
is often easier than either version and extraction 
or forced fundal pressure with manual efforts at 
cranial delivery. Because the need for an instrumen
tal extraction cannot invariably be predicted, the 
authors routinely include both a short classic for
ceps and a Murless blade in their cesarean delivery 
instruments. A vacuum extractor is also kept ready 
in the operating suite. These instruments are for the 
unusual and unpredictable situations when abdom
inal or combined abdominopelvic delivery manipu
lations fail or prove difficult.

Placental Delivery and Myometrial 
Wound Closure
After delivery of the infant’s body, the cord is then 
doubly clamped, and the child’s m outh/pharynx 
is cleared with a suction bulb or a DeLee trap as

needed, following institutional protocol. The infant 
is then passed from the table to other birth atten
dants. The edges of the uterine incision are next 
promptly identified and grasped by Allis, Allis- 
Adair, or other atraumatic clamps, to restrict bleed
ing. For this purpose, the authors prefer a Pending- 
ton clamp, because its triangular wide blade grasps 
a substantial amount of tissue and controls hemor
rhage without crushing the myometrium. A dilute 
solution of oxytocin is then rapidly infused to assist 
in firming the uterus (20 IU 10 IU in 1 liter of an 
isotonic salt solution). Uterine massage is often per
formed as well. The placenta is then permitted to 
separate and deliver spontaneously. The usual cord 
blood samples can be obtained in the interim while 
the placental delivery is awaited. Immediate manual 
placental removal is not recommended. If the pla
centa is manually removed prior to its spontaneous 
separation, the result is increased blood loss and 
an increased incidence of postpartum endometritis. 
Manual removal should not routinely be performed 
unless partial separation with immediate hemor
rhage occurs or other clinical events require that 
the process be accelerated [250,251]. If the uterus 
is so poor at contracting that it cannot expel the 
placenta through the hysterotomy wound, atony is 
profound. In this setting, prompt therapy with mas
sage, oxytocin, an ergot preparation [251,252], or a 
prostaglandin is indicated.

Once the placenta delivers and the uterus has 
firmed, a brief intrauterine exploration is then per
formed at the surgeon’s discretion to ascertain that 
no secundines remain. The inner aspect of the 
myometrium should be visualized directly, and the 
adherent clot or membrane gently removed. In cases 
in which the membranes were intact at the time of 
surgery or if cervical dilatation was minimal, some 
clinicians pass an instrument, such as a ring for
ceps, from the uterine cavity down into the vagina 
through the cervix to ensure postoperative drainage. 
There are no data to show whether this procedure 
is helpful, and the authors’ use of this technique 
in cases of initially intact membranes is cheerfully 
inconsistent.

Attention is next directed to the closure of the 
uterine wound. For uterine repair, exteriorization of 
the uterus is electively performed if the exposure is 
better. This procedure does not increase febrile mor
bidity, but maternal nausea is more common when 
externalization has been performed [253,254,452].
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FIGURE 18.13.
A-C. Cesarean delivery: standard two-layer myometrial 
closure. Note correct placement o f  angle sutures to avoid  
puncture o f  the uterine vessels.

On review of these data, the evidence for clinically 
significant benefit or harm to this procedure is at 
best unconvincing. The surgeon should ask the sim
plest question. Does exteriorization improve visu
alization or access to the wound? If so, it should be 
performed; if not, the uterus is best left in situ and 
repaired in that position.

If access to the sidewalls is tight or exposure 
is otherwise limited, the authors place a figure-of- 
eight suture in each corner of the uterine wound 
before beginning the myometrial closure. This 
suture must be carefully inserted to avoid punc
turing the lateral vessels (Figure 18.13). This tech
nique permits easy ligation of lateral vessels if they 
have been injured. When a vessel laceration has not 
occurred, these sutures close the corners and help to 
avoid blind lateral suturing under conditions of lim
ited exposure. Once angle sutures have been placed 
bilaterally and tied, the suture ends are grasped with 
a Kelly clamp and elevated. Lateral tension on the 
suture ends easily rotates and elevates the uterus, 
improves visualization, and facilitates the reapprox
imation of the myometrium. The uterus is then 
closed initially with a simple running suture in a sin
gle layer. The authors’ preference is a polyglycolic 
acid or polyglactin suture for the closure. When this

suture line is complete, a second, embricating layer 
can be added, if required or desired.

Uterine Closure

There is controversy about using the classic imbri
cating two-layer running-locking closure versus a 
single-layer closure for the myometrium at cesarean 
delivery [255,327,444-449], There are as well no 
available data concerning the best suture material 
for use at cesarean delivery [266]. For many years we 
have preferred polyglactin suture at cesarean owing 
to its lack of tissue reactivity and favorable han
dling characteristics, strength, and persistence, and 
we have performed double-layer closures. Even in 
our own community, there is wide variation in prac
tice, however. While double-layered closures are the 
norm, chromic suture is still popular. Some surgeons 
even routinely combine polyglactin sutures for one 
myometrial layer but use chromic for the second. 
This is yet another feature of standard practice that 
awaits systematic study.

Two recently published observational follow-up 
studies have evaluated the long-term outcome of 
single- versus double-layer uterine closure [448, 
327], Interestingly, they reached opposite con
clusions. Bujol and coworkers [448] reported an 
increased risk of uterine rupture in subsequent ges
tations when the original closure was single lay
ered. A later study by Durwald and Mercer [327] 
found no increase in risk for subsequent rupture 
when the original uterine closure included only 
a single layer, however. None of the other avail
able reviews or studies of this subject has indi
cated major outcome differences between single- 
versus double-layer suturing of the myometrium 
[255,445-447,449], Randomized trials with bet
ter controls such as those now underway will 
be required to properly evaluate this important 
issue.

There are technical concerns with a single-layer 
closure. Adequate hemostasis is more often a prob
lem. Additional singleton or figure-of-eight sutures 
to the closure line are often required for control. 
Nonetheless, there are potential benefits to the 
single-layer closure in terms of operative time and 
blood loss. (This subject is discussed in greater detail 
in the section on alternative techniques.) Regard
less of the number of layers in the repair, some
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counsel against incorporation of the decidua in 
the closure of the myometrium, thinking that this 
results in a weaker scar because of poor healing or 
endometriosis [256]. The evidence for this is not 
compelling, however, and either a full-thickness or 
partial-thickness closure is acceptable [233]. The 
authors’ usual practice is full-thickness suturing of 
the myometrium using a simple running or running/ 
locking suture.

If the myometrial incision is made rel atively high, 
or if the patient has not been in labor, the trans
verse incision might have been placed close to the 
retraction ring between the upper and lower uter
ine segments. This presents the surgeon with a thick 
upper segment but a considerably thinner lower seg
ment. In this setting, wound reapproximation usu
ally requires a two-layer closure. An upper segment 
or classic incision also requires a layered closure. 
During the reapproximation of a classic uterine inci
sion, a large-caliber suture material (e.g., No. 1} is 
ordinarily employed to reduce the risk of tearing. 
Either running or interrupted sutures can be used as 
required (Figure 18.14).

FIGURE 18.14.
Layered reapproximation o f  a classic cesarean delivery 
wound. The surgeon’s hand compresses the myometrium  
to ease closure. Running suture technique is depicted.

Auto Stapler
There is a unique uterine stapling device available 
for cesarean deliveries. The U.S. Surgical Corpora
tion (Norwalk, CT) Auto Suture Poly CS-57 is a 
hand-activated device that both incises and staples 
the myometrium in one action. The instrument is 
preloaded with dissolving copolymer staples made 
of polylactic and polyglycolic acid. After a small 
midline incision is made in the uterus, the instru
ment is inserted into the wound, positioned, and 
then fired. The device drives two parallel lines of 
absorbable sutures into the myometrium while sev
ering the muscle between them. W hen this is done 
bilaterally, a wide V-shaped incision is produced. 
The device has been claimed to reduce operating 
time, blood loss, and the potential for lacerations 
[257-261],

Unfortunately, analysis of controlled trials of this 
autostapler versus traditional uterine closure involv
ing 526 cases reported in the Cochrane Review 
[262] fails to show any improvement in febrile 
morbidity, endometritis, or length of hospitaliza
tion when the uterine stapling devices are used. 
This expensive single-use instrument has no advan
tage over conventional methods of uterine closure, 
except perhaps during specialized fetal surgery pro
cedures. W hen the fetus is exteriorized during fetal 
procedures, the line of staples inserted by the device 
controls bleeding while the myometrial wound is 
open. (See Chapter 20, Fetal Surgery.) This device 
is not recommended for routine obstetric use [262—
264],

Abdominal-Pelvic Exploration
If no major bleeding sites persist after the myome
trial closure, the surgeon should next focus on the 
adnexa. As is required for this examination, the 
uterus is either delivered into the wound, it it was 
not already externalized, or simply rotated to per
mit direct visualization of the fallopian tubes and the 
ovaries. If tubal ligation is desired, it is performed at 
this time. If pedunculated hydatids are present, they 
can be electively removed.

The examination of the adnexa is mandatory, 
except in cases that either require extreme speed or 
involve multiple adhesions that bar easy access. In
40 years of practice, the senior author has identified 
two cases of early ovarian cancer and many benign
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tumors by such routine examination. While finding 
a tumor is uncommon, establishing the diagnosis of 
ovarian cancer at the earliest possible and asymp
tomatic stage during a cesarean procedure has the 
potential to be life saving. Adnexal examination is 
therefore a step that should not be omitted.

If the cecum is easily accessible, the appendix 
is electively delivered and examined for the pres
ence of liths, masses, or other pathology. If access to 
the appendix is not immediate or easy, its exposure 
should not be attempted.

The myometrial wound closure and the vesi
couterine fold are then carefully reexamined for 
bleeding sites. If any are located, they are suture lig
ated or electrocauterized. If chorioamnionitis was 
not a clinical diagnosis preoperatively, and if the 
myometrial suture line is dry, the vesicouterine fold 
is not routinely reapproximated. Otherwise, the fold 
can be electively closed with a simple running 3-0 
polyglycolic suture.

Assuming no problems are identified, the pelvic 
organs are replaced in the anatomic position, and 
the abdomen is electively lavaged with 1 to 2 liters 
of warm saline to remove clotted and free blood 
or vernix. Some clinicians prefer to avoid lavage 
and simply proceed immediately to closure of the 
abdomen.

For many years, obstetricians have routinely irri
gated the pelvis and abdomen with 500 ml to 1000 
ml of warm saline before closure of the abdomen. 
This procedure was based on two beliefs: first, a pos
sible reduction in maternal morbidity, and second, a 
technique for the detection of small bleeders. There 
are good data that routine lavage does not reduce 
postoperative maternal morbidity when prophylac
tic antibiotics have been administered [265]. In rou
tine cases, because lavage does no harm and has the 
advantage of helping to identify bleeding sites on 
the uterus or vesciouterine fold, the authors prefer 
to retain peritoneal irrigation as part of postuter- 
ine abdominal wall closure. This approach includes 
examination of the adnexal structures, a review of 
the adequacy of hemostasis, and attention to the 
instrument and sponge counts.

If recurrent ooze from the vesicouterine fold, a 
myometrial tear, or the original myometrial incision 
site persists despite compression, electrocautery, or 
resuturing, drainage must be considered. Subfas
cial drainage should also be considered if a May- 
lard incision was performed or if electrocautery was

employed to divide the muscles and persisting ooz
ing is present. Only a soft vacuum drain of the 
Jackson-Pratt type should be inserted. Nonsuction- 
type drains are not advised. Drainage through the 
original skin incision is imprudent and should not be 
performed. For low transverse myometrial incisions, 
the drain should be positioned in the retroperi- 
toneum behind the vesicouterine fold and passed 
out of the abdominal cavity through the extraperi
toneal space, exiting the skin through a punc
ture wound separate from the abdominal incision. 
The drainage tube is subsequently sutured to the 
patient’s skin. Once the bladder flap drain is in place, 
the vesicouterine fold is closed over it with a fine 
running polyglycolic suture. If intraperitoneal hem
orrhage is also considered a risk, a suction drain can 
also be positioned in the cul-de-sac, again exiting 
the skin by means of a separate puncture wound 
An intraperitoneal drain is for detecting continu
ous bleeding that necessitates reexploration. In preg
nant postoperative patients, however, an intraperi
toneal drainage is productive of a copious serosan- 
guinous drainage that can be difficult to interpret. 
I his type of drainage is quite uncommonly neces
sary and these drains are not recommended. The 
authors review the output of the drains closely in the 
first several postoperative hours. Drains should be 
removed once their output falls or becomes serous 
and always within 24 to 48 hours, unless the site 
drained is an abscess cavity.

I he placement of any drain is controversial, but in 
selected situations of uncertain hemostasis, drainage 
can signal the need for reexploration. Drains also can 
reduce the risk of hematoma formation.

To complete the case, the bowel is placed behind 
the uterus, the omentum in front. Closure of the 
abdominal wall is then performed. The parietal peri
toneum is not usually suture reapproximated unless 
continued bowel intrusion into the operative field 
occurs, or in the now-rare situation when a modi
fied Smead-Jones closure is performed. Extrapola
tion from general surgical experience indicates that 
closing of the peritoneum does not improve the 
strength of the abdominal wound and actually can 
increase the rate of complications. Peritoneal closure 
remains controversial, however. (This issue is dis
cussed in detail later.] If the rectus muscle was sev
ered (Maylard technique), its ragged edges are either 
left free or electively sutured to the overlying fascia 
or, if the tendon was incised (Chemey technique), it
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is resutured to its original pubic insertion or to the 
fascia overlying the bone, whichever is more conve
nient.

In the rare case when it is indicated to drain the 
plane of the muscle bodies, the peritoneum is first 
closed with a running suture. A Jackson-Pratt suc
tion drain (or similar type) is then placed in the cen
ter of the wound and exited through the fascia and 
skin by a separate stab wound. The fascia should 
be carefully closed over the drain, with care not to 
incorporate it in the suture line.

There are few reliable data about techniques 
for appropriate fascial closure at a cesarean [266]; 
however, clinical investigations are likely to pro
vide additional information within the next few 
years. Current major research studies focusing on 
basic surgical issues in cesarean technique include 
the CAESAR trial currently in progress in England 
[267] and the CORONIS trial being conducted in 
Argentina, Ghana, India, Kenya, Pakistan,and Sudan 
[439]. The following suggestions for closing fascia 
are derived from the authors’ surgical experience 
and extrapolations from extant studies.

Closure of fascia requires attention to detail (Fig
ure 18.15). The authors often initially suture lig
ate both corners of the fascia with separately placed 
figure-of-eight sutures. This isolates the corners, 
which can be difficult to access in some women, 
while providing a convenient site for traction. There 
are several acceptable techniques for fascial closure. 
The authors’ preference is a simple running dou
bled looped suture of No. 1 polydioxanone that is 
tied at one end when the closure is complete. An 
acceptable alternative is to use two simple running 
sutures of 0 polyglycolic acid or polyglactin suture 
material beginning at each corner, then crossing at 
the midline. The sutures are tied separately. To bet
ter position the sutures to avoid dog-ears, a single 
simple stitch is occasionally placed in the midline to 
align the fascia prior to initiating the closure. As the: 
layer is closed, fascial bites should include at least 
1.5 cm of tissue, with the bites approximately 1 cm 
apart. The closure should be tensioned to be snug 
but not tight, and the surgeon should avoid dam
aging the running suture with either the forceps or 
the needle holder. Particularly when a looped suture 
is employed, the final knot should be secured with 
multiple square knots.

For a vertical incision, the closure is similar. The 
fascia is reapproximated using a looped suture of

c

FIGURE 18.15.
Details o f  fascia closure: Pfannenstiel (A), vertical (B), 
M aylard  (C), and Cherney (D j operations.

No. 1 polydioxanone, run as a simple stitch and 
tied at one end. In obese patients or in cases with 
the potential for infection, a modified Smead-Jones 
closure is occasionally performed. In this proce
dure, the fascia is reapproximated with No. 1 poly
dioxanone, or alternatively, a nonabsorbable suture 
such as 0 or No. 1 nylon, using a far-far, near-near 
technique, incorporating the peritoneum and mus
cle in generous fascial bites. In recent years the 
authors have replaced the traditional interrupted 
Smead-Jones technique with the use of a looped 
absorbable suture as their standard bulk closure, 
employing a heavy, nonpermanent suture with good 
success. This modification of the original technique 
is faster and easier to perform. In grossly contam
inated cases, after the fascia is closed, the wound 
is lavaged, and monofilament mattress sutures are 
inserted into the skin but not tied. This wound 
is then packed with sterile gauze. In these cases 
the skin is left open, and a delayed closure is 
planned.

W hether to reapproximate the fat and thin 
subcutaneous connective tissues (Camper’s fas
cia) is one among those issues for which the

Closure of rectus sheath 
with continuous running

Vertical

Alternative closure 
figure-of-eight of 
rectus sheath

Mattress suture 
approximating 
muscle edges of 
rectus sheath

Cherney
closure

Maylard
closure

Rectus tendon 
reattached by 
interrupted suture

Rectus sheath closed 
with continuous 
running looped 
PDS suture
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recommendation has continuously changed over the 
years. Most surgeons were originally trained to reap
proximate this layer with interrupted sutures of hne 
plain gut or similar suture material. The stated rea
sons for closure were to reduce dead space, pre
sumably avoiding the collection of blood or serum 
that might interfere with wound healing and pro
mote infection. An additional reason given was to 
reduce the tension on the skin edge, thereby facili
tating healing with a more cosmetic scar. W hether 
these traditional beliefs were correct has been the 
subject of various learned opinions over the years. 
(See Special Issues.) The current recommendation 
is to close the subcutaneous tissue if the layer is 
thick. The addition of routine drains when subcuta
neous tissues are reapproximated has been shown in 
randomized trial not to reduce wound-related com
plications [268-270]. Such drainage is not recom
mended.

Once the fascia is closed, attention is directed to 
the subcutaneous tissues. Adherent clots are gently 
lavaged away and the wound is closely explored to 
detect any sites of bleeding or ooze. Those noted 
are electrocoagulated or tied with small-diameter 
free ties of nonpermanent suture material. Electro
cautery close to the skin edge is purposely avoided.

Usually the skin is next reapproximated with 
stainless steel staples, using a disposable stapling 
device. The staples are placed at a right angle to 
the incision and are inserted to reapproximate the 
skin without gaping. In applying the staples, the skin 
edges are grasped with fine-toothed forceps, and 
slightly everted and elevated to assist the closure. 
If the wound is large and the supporting tissues flac
cid, the authors usually place the first staple in the 
center of the wound. Subsequently, additional clips 
are placed midway between this central staple and 
the end of the wound. Once this is complete, the 
authors return to one corner of the wound and com
plete the usual staple closure. Placing the midline 
and halfway staples helps to ensure a symmetric clo
sure and avoids an unsightly dog-ear that occurs if 
the upper and lower portions of the incision are not 
evenly matched. Electively, a subcuticular skin clo
sure, using either a fine absorbable or nylon suture, 
can also be performed for a transverse incision, at 
the surgeon’s convenience. W hen a nonabsorbable 
suture is used, care is taken to place the stitches 
to avoid locking. This closure is occasionally rein
forced with adhesive strips, as necessary, to achieve

a good skin reapproximation. A subcuticular closure 
is best avoided in potentially infected cases. Many 
surgeons prefer the subcuticular closure because its 
result is cosmetically appealing, and patients might 
complain of less postoperative pain [271], Good 
data about the best skin closure techniques are lack
ing, however [272], Surgeons should use techniques 
that seem to have the best results in their clinical 
experience. Once the skin closure is complete, a 
dressing is applied, completing the operation.

SPECIAL ISSUES

Closure of Subcutaneous Layers
W hether routinely to close the subcutaneous fat and 
associated fascia [Camper’s fascia] as a separate part 
of closure of the cesarean wound is an abcfominal 
surgery detail that has received varied recommen
dations. Data derived from a recent meta-analysis of 
six studies that included 875 patients favors closure 
of Camper’s fascia if the depth of the subcutaneous 
Sat exceeds 2 cm [273], These studies also document 
that closure significantly reduces both the formation 
of wound seromas and spontaneous wound disrup
tion. The best suture material for subcutaneous clo
sure is not established. Traditionally, 3-0  plain was 
used. Currently, the authors’ favor a fine (3-0, 4-0) 
interrupted or running polyglycolic acid suture. In 
the authors’ experience it is easier to achieve even 
approximation of the tissues with the use of inter
rupted sutures than with a running stitch. The spe
cific technique for closure is purely optional, how
ever. Because there are no clinical trials to guide 
management, either for surgical technique (inter
rupted vs. running) or choice of suture material, 
surgeons should employ the method(s) that have 
produced the best results in their experience.

Peritoneal Closure
Whether routinely to close either the visceral or the 
parietal peritoneum after a cesarean is subject to 
debate [274-282], Surgeons trained in thepastw ere 
instructed to close the peritoneum routinely when
ever it had been incised [281], 1 he technique of 
closure was normally a simple running suture, and 
the suture material employed varied with the oper
ator. Either fine (3-0 or 4-0) polyglycolic or gut 
suture (plain or chromic) were the most popular.
I be traditional reasons for peritoneal closure were
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several, including maintaining the peritoneal bar
rier against infection (visceral peritoneum], reduc
ing the likelihood of wound dehiscence, the restora
tion of normal anatomy, and the minimization of 
adhesion formation [282], Additional reasons for 
closure included technical issues; for example, when 
the bowel continuously protruded between the rec
tus muscles and into the wound during the closure of 
the abdominal wall, or as part of a specific abdominal 
wall closure technique, such as the Smead-Jones. In 
addition, some surgeons favored closure simply for 
aesthetic appearance.

Nonclosure of the peritoneum was introduced 
into obstetric practice by extension from the expe
rience of gynecologic and general surgeons. In favor 
of nonclosure, it was argued that because of the 
rapidity with which the peritoneum is sponta
neously reconstituted, closure was simply unneces
sary. Avoiding peritoneal closure was also reported 
to shorten surgical time and reduce short-term post
operative morbidity. Finally, data were either con
tradictory or nonexistent supporting the traditional 
reasons given for peritoneal reapproximation. In 
sum, no compelling data supported peritoneal clo
sure, whereas several clinical and laboratory studies 
found evidence in favor of peritoneal nonclosure.

As noted, several benefits are claimed for non- 
peritoneal closure, including reduced adhesion for
mation, shorter operative times, reduced short
term maternal morbidity, and a more rapid return 
to normal bowel function [277,279,280,283,453] 
Although there appear to be short-term benefits to 
nonclosure, postoperative or follow-up studies eval
uating the long-term outcome of closure/nonclosure 
of the peritoneum are few, none are controlled, and 
most involve either small numbers or have other 
methodologic problems. It does not appear that this 
question has been definitively answered.

As an example of the extant literature, 
Bamigboye and Hofmeyr conducted a meta-analysis 
of nine trials of peritoneal closure versus nonclo
sure at cesarean delivery involving a total of 184 
women [276]. They reported that there was a sig
nificantly reduced operative time (mean 7.33 min
utes), less febrile morbidity, and reduced hospital 
stays when peritoneal closure was not performed. 
They also stated that the requirements for analgesia 
and data on the incidence of wound infection tended 
to favor nonclosure but were not significant. In this 
review, the collective data concerning the compli

cation of endometritis varied, and the only follow- 
up study available reported no differences in mea
sured outcome. The power of this latter study was 
interpreted as low, rendering the results uncertain. 
Another study by Weerawetwat and coworkers had 
findings that were quite similar [284]. Specifically, 
they noted no difference in postoperative compli
cations, including adhesion formation, whether the 
parietal, visceral, or both peritoneal surfaces were 
closed or not.

The central issue of peritoneal closure is that 
of adhesions. Adhesion formation is promoted by 
ischemia, infection, and inflammation, rather than 
the simple existence of an open intraabdominal sur
face.

The basic physiology of peritoneal repair is perti
nent in this closure/nonclosure debate. Experimen
tal and observational data indicate that healing of the 
peritoneum differs from that of other tissues. First, 
healing is notably rapid. Animal models indicate that 
peritoneal injuries normally heal without scarring 
within five days. Furthermore, direct reapproxima
tion of the incised edges of the peritoneum is not 
required for closure. Following peritoneal trauma, 
injury occurs to the underlying microvasculature. 
The subsequent healing process involves a pattern of 
sequential and specific cellular infiltration, followed 
by the rapid growth by local mesothelial cells. As 
spontaneous repair begins, metaplasia of the sub- 
peritoneal perivascular connective tissue occurs.

W ithin 48 hours of injury, these initial mesoth- 
ial cells are replaced by macrophages. Early in the 
process, polymorphonuclear cells are noted, and 
fibrin strands also develop at the injury site. By 
the third day, mesothelial cells, which arise from 
multiple sites along the peritoneal wound, begin 
to cover the macrophage sheet. After the fourth 
day, these mesothelial cells predominate. As the 
process continues, the fibrinolytic system is acti
vated, and the fibrin strands originally laid over the 
wound are progressively lysed. The growing islands 
of mesothelial cells from the multiple repair sites 
then become confluent, closing the defect. Peri
toneal fluid, which contains leukocytes, eosinophils, 
basophils, and macrophages, is an important actor 
in the normal physiology of the peritoneum and 
peritoneal healing. Various cellular mediators pro
duced by mesothelial cells and these peritoneal fluid 
macrophages are thought to have an active but not 
yet entirely clear role in the healing of peritoneal
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injuries [285], Problems do occur in this complex 
healing process of the peritoneum. If the process 
of fibrinolysis is inhibited by one of several pro
cesses, the original fibrin strands covering a peri
toneal defect can persist. Infiltration by fibrob
lasts and neovascularization follow, and an adhesion 
forms. Surgical peritoneal injury by cautery; exces
sive tissue manipulation, crushing, or other injury; 
or reapproximation by sutures or repair of defects 
by grafts apparently increases local tissue ischemia. 
This results in local tissue reaction and predisposes 
to adhesion formation [286]. The presence of blood 
in the peritoneal cavity apparently does not neces
sarily predispose to adhesion formation unless tissue 
ischemia is also present. In the healing process, the 
reactivity of various suture materials in promoting 
adhesion formation is also not clearly understood. 
Nonetheless, the consensus is that highly reactive 
materials such as surgical gut are less desirable than 
newer, synthetic, slowly resolving, and less reactive 
polyglycolic sutures for use within the peritoneal 
cavity.

As adhesions arise from sites of peritoneum 
injury, meticulous attention to basic surgical tech
niques is thought to reduce the risk of adhesion 
formation. This approach includes close attention 
to homeostasis, avoiding the use of highly reactive 
suture materials, minimalization of tissue manipu
lation, prophylaxis against infection in potentially 
contaminated cases, and perhaps avoidance of elec
trocautery on exposed peritoneal surfaces. W hether 
closing the peritoneum as the abdominal cavity 
is exited increases or reduces adhesion formation 
specifically during pregnancy is controversial and is 
reviewed later.

Intraabdominal adhesions from prior surgery are 
an important source of morbidity and increase 
the long-term healthcare costs of surgery [283], 
Approximately 40% or more of bowel obstruc
tions in industrialized nations are due to adhe
sions from prior surgery, and most involve the 
small bowel [287], Operations potentially leading to 
adhesion formation and subsequent bowel compli
cations include various common obstetric and gyne
cologic procedures, appendectomies, and primary 
bowel surgery [2/5,281,288]. In obstetric practice, 
adhesion formation can follow cesarean delivery and 
is reported usually to become progressively more 
severe as the total number of surgical deliveries 
increases [289]. Not surprisingly, the more exten

sive the adhesions, the more a cesarean is delayed, 
and the greater the potential for adverse effects on 
the fetus.

The combined financial burden and morbidity 
associated with surgical adhesions focuses attention 
on the physiology of adhesion formation, the identi
fication of high-risk procedures or techniques lead
ing to adhesions, and the development of methods 
of prevention.

A potential m ethod for adhesion prevention is the 
inhibition of cellular mediators involved in inflam
mation. After abdominal surgery and peritoneal 
injury, various inflammatory cytokines such as inter
leukin (IL-1, IL-6) and tissue necrosis factor are 
released into the abdominal cavity. These substances 
are probably involved in the process of adhesion 
formation [290], Eventually, it might be possible 
to develop specific drug therapies to block their 
adverse effects on adhesion formation.

Physical agents or techniques to block or deter 
adhesion formation in recognized high-risk situa
tions have been successfully developed and intro
duced into clinical practice in some areas of surgery. 
The most frequently used methods of adhesion 
avoidance include refinements in surgical technique, 
treatm ent with antibiotics, and the local applica
tion of various types of isolating films. Blockading 
films are intended to separate injured peritoneal 
surfaces from other intraabdominal structures dur
ing the first several days of peritoneal healing, and 
thus in theory block the process of adhesion for
mation. The most popular of these mechanical bar
riers are polytetrafluroethylene (PTFE, Gore-Tex], 
hyaluronic acid with methylcellulose (Seprafilm), 
and oxidized regenerated cellulose [Interceed], The 
efficacy of all of these agents has to some degree 
been confirmed [291-294]; however, these films are 
rarely employed during cesarean delivery.

Peritoneal Closure Issues in Obstetrics
Several claims have been made for avoiding routine 
peritoneal closure with cesareans. These arguments 
and observations concern postoperative pain, speed 
of the operator, and the degree of adhesion forma
tion. Several studies have evaluated pain reduction 
when the peritoneum is not closed [295,296], In 
terms of outcome of peritoneal closure, Roset and 
coworkers conducted a questionnaire study and fol
lowed up 144 of 280 women who had originally
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been part of a peritoneal closure trial performed 
seven years before [297], They were able to locate 
69 women originally matched to nonclosure and 75 
matched to closure and reported similar outcomes in 
both groups in terms of fertility, urinary symptoms, 
and abdominal pain. In the 29 total subjects who 
had gone on to subsequent surgery the incidence 
of adhesion formation was statistically insignificant, 
although the numbers in each group were small. In 
addition, the selection of women in this study was 
nonrandom. Collectively these limitations substan
tially restrict the importance of these data.

Tulandi and coworkers reported a series that 
included 333 infertility laparatomies [277], In 120 
of these 333, subsequent laparascopies were per
formed, and the degree of adhesion formation 
was directly observed and recorded. All patients 
had originally received a 32% solution of dextran 
intraabdominally prior to peritoneal closure. There 
were no significant differences between the groups 
in adhesion formation (22% closure group vs. 15% 
nonclosure group). This study, like the one before, 
has distinct limitations, however. The peritoneal clo
sure technique was not randomized, these women 
were not pregnant, and the assignment to closure or 
nonclosure groups depended solely on a change in 
surgical technique that was introduced during the 
year of the investigation when the original laparas
copies were performed. Thus, in this study there was 
no true randomization.

Meyers and coworkers conducted a retrospec
tive record review of women undergoing repeat 
cesareans over an 18-month period [274]. In 191 
total cases, they identified 58 instances (40%) in 
which intraabdominal adhesions were recorded in 
the operative note. In terms of technique, adhesions 
were recorded in 1 in 17 closure cases, but in 17 
of 40 of the nonclosure cases, a difference that was 
found to be significant (p =  0.003). This study suf
fers from being retrospective and nonrandomized, 
and it also depended on accurate and complete sur
gical operative reports again, involving only small 
numbers.

The recent papers by Lyell [275] andMyers [274] 
report fewer intraoperative abdominal and pelvic 
adhesions when closure of the parietal peritoneum 
was routinely performed at cesarean delivery. Fur
thermore, Lyell’s group noted no differences of sig
nificance in surgical time, regardless of closure or 
nonclosure.

In the investigation, Lyell prospectively studied 
173 cases of first repeat cesarean deliveries [275]. 
In the original surgery, 106 women in the series 
had the peritoneum left open, whereas 67 had a 
peritoneal closure. On the reopening of the peri
toneum at the first repeat operation, fewer dense 
and filmy adhesions were noted in the closure group 
as opposed to the nonclosure group (52% vs. 73%), 
a significant [p — 0.0006) finding. There were also 
significantly fewer total adhesions (30% vs. 45%, 
p = 0.043) observed in the group with prior parietal 
peritoneum closure.

Given the limitations and inconsistencies in 
the available data, what should be recommended? 
Current information is contradictory in terms of 
whether peritoneal closure is consequential in long
term patient outcome. Not closing the peritoneum 
probably shortens operative time, but this improve
m ent is clinically insignificant and is not reported 
by all observers. The issue of a difference in post
operative pain is complicated by different opera
tive techniques and the administration of varying 
types of anesthesia and analgesia in the reported 
series. The data about reduced postoperative febrile 
morbidity and improved bowel function when the 
peritoneum has not been closed are statistically sig
nificant. These factors probably have some, albeit 
limited, clinical consequence; however, the overar
ching and major issue is that of adhesion formation. 
It is quite clear that adhesions encountered dur
ing surgery increase the risk for unintended injury 
to abdominal organs, predispose to other complica
tions, and increase operating times. Although serious 
long-term problems are uncommon, they are impor
tant in a small but significant number of patients. 
Intraabdominal adhesions can result in serious com
plications apart from pregnancy, such as partial or 
complete bowel obstruction.

Unfortunately long-term data involving suffi
cient numbers of properly randomized cases of peri
toneal closure versus nonclosure in women undergo
ing cesareans are simply not available. Nonetheless, 
the extant data are interesting and hint that aspects 
of the physiology of peritoneal healing could differ 
in pregnant women.

There are at least theoretical reasons why the 
process of adhesion formation might differ between 
cesarean deliveries and other gynecologic or surgical 
operations performed when the patient is not gravid 
[275], Some features of pregnancy favor adhesion
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formation, whereas others do not. In contrast to 
routine surgery, both blood and amniotic fluid rou
tinely contaminate the peritoneal cavity at cesarean 
operations. Much of this fluid is not removed by 
either suction or lavage prior to closure. Amniotic 
fluid has potent fibrinolytic properties, which might 
alter the peritoneal healing process. Furthermore, 
different from many nonobstetric types of intraab
dominal surgery, most cesarean operations are bae* 
terially contaminated to a varying degree by fluids 
from the intrauterine cavity. This is especially true 
when the cesarean Occurs while the m other is in 
labor.

Better-designed prospective studies are needed to 
confirm or refute the contention that routine peri
toneal closure carries benefits for women under
going cesarean delivery. Available data, although 
thought provoking, are far from definitive. Changes 
in current practices should not be made based on 
these data, unless they are confirmed by subsequent 
study.

The authors' current approach to peritoneal clo
sure is perhaps as arbitrary as traditional teachings. 
We have in general abandoned routine reapproxi
mation of the visceral peritoneum; however, there 
are circumstances in which closure of the visceral 
peritoneum is indicated. In the unusual instance of 
persisting ooze from beneath the vesicouterine fold, 
which might follow the repair of a laceration or in 
any case when insertion of a Jackson-Pratt drain is 
deemed necessary, then close the peritoneum over 
it. Given the controversy in the literature and the 
limited data, the authors consider routine parietal 
peritoneal closure optional. We do not routinely 
reapproximate this layer unless repeated protrusion 
of the bowel interferes with closing the abdominal 
wall or the rare Smead-Jones closure is performed. 
Bowel protrusion is an uncommon problem except 
when the initial incision was large and midline, or 
anesthesia is limited or rapidly waning. In those 
instances in which the peritoneum is closed, we 
employ small-diameter polyglycolic suture material, 
minimize tissue handling, and avoid a tight closure 
to minimize tissue injury.

Documentation
The senior surgeon is required to document the 
operative procedure in the medical record. A 
detailed, dictated note about the clinical circum

stances facing the surgeon at the commencement 
of the procedure, why the choice for surgery was 
made, and the pertinent events of the operation are 
necessary. In this dictation, it is much more impor
tant for the surgeon to include a careful description 
of the patient’s anatomy, the type of uterine incision, 
and any complications than to list the type or size 
of suture used in the various stages of the operation. 
If presumed fetal jeopardy or fetal distress was the 
original indication for the procedure, an umbilical 
arterial and venous blood gas should be obtained, 
and the placenta and cord submitted for histologic 
examination.

Complications
Cesarean delivery has many potential complica
tions. Among the most common are excessive blood 
loss and postoperative febrile morbidity from several 
causes, including endometriosis, urinary tract infec
tion, and pneumonia [185,298-303]. The likeli
hood for postoperative readmission to the hospi
tal is substantially increased in cesarean deliveries, 
as opposed to spontaneous vaginal deliveries 
[304,305]. Immediate postoperative complication 
rates are greater for clinic patients, for longer proce
dures, and for operations involving extensive blood 
loss or those requiring additional surgery. Surgical 
complications are also related to emergency pro
cedures, wrhen there was labor prior to surgery, 
when there was a history of prior surgery, adhesions 
are present, and when VBAC trials are attempted, 
among other factors [299,306,307], Extensions of 
the original myometrial incision laterally into the 
uterine arteries or downward into the cervix are 
common misadventures. O ther injuries, including 
damage to bladder, ureter, or bowel, are possible 
but much less likely [246,306], Potential long-term 
complications include adhesion formation, wound 
disruptions and abnormal placentation in subse
quent pregnancies [443],

The components of proper management for a sur
gical complication have been unchanged for many 
years. These steps include prompt identification of 
the injury, control of bleeding, accurate anatomic 
repair, and subsequent patient notification. Minor 
incisional extensions, inadvertent laceration of the 
uterine vessels, and minor bladder injuries are gen
erally easy to repair and present no challenge to the 
clinician. Prompt and uncomplicated healing can be
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confidently anticipated after these events. Extensive 
injuries to the ureter, bowel, and bladder are another 
matter. Such injuries, often complicated, should be 
repaired only by the experienced surgeon.

Wound Disruption
A fairly common complication of cesarean deliv
ery is disruption of the surgical wound from infec
tion, hematoma, or seroma. The estimated inci
dence of cesarean delivery wound infection varies 
from 3% to 15%, with an additional 3% to 14% 
complicated by seroma or hematoma. The princi
pal management options for a disrupted wound are a 
delayed wound reclosure or permitting spontaneous 
closure with secondary healing by intention [308], 
When wound disruption is diagnosed, several steps 
are appropriate. The wound should be carefully 
probed to ensure the continuity of the fascia. Resid
ual pockets of blood, serum, or pus can be released 
by finger dissection. The wound is then carefully 
lavaged using normal saline, or, in a widely exposed 
wound, normal saline mixed with a dilute solution 
of hydrogen peroxide. Extensive lavage with con
centrated hydrogen peroxide is potentially danger
ous and should not be performed. Once the wound 
is clean, it is loosely packed with sterile gauze and 
a loose dressing applied to contain seepage. This 
process is repeated two or more times daily, with 
removal of the gauze resulting in debridement of 
the wound to some degree. Once the wound is 
clean and free from necrotic debris, wound reclo
sure can be considered after 4 or more days. As the 
process of lavage and packing proceeds if substan
tial amounts of necrotic material are noted, surgical 
debridement is needed, perhaps aided by the use of 
enzyme preparations. Granulation tissue observed at 
the wound base heralds the onset of closure. Some 
surgeons, although advocates of secondary closure, 
have preferred to wait until the wound appears 
clean and has developed a good granulating base 
before attempting resuturing. Although this is the 
usual technique, there are good data indicating that 
many wounds can be successfully closed secondar
ily early in the process, shortening the recovery time 
markedly. A number of hospitals now have special 
wound services that can apply special techniques for 
accelerating closure of contaminated or otherwise 
problematic wounds. In difficult or atypical cases, 
this expertise should be sought.

In a recent review, Wechter and coworkers con
ducted a literature search, and located a series of 
eight studies of secondary wound closure [308]. 
Four of these involved 124 women with cesarean 
or gynecologic surgery wounds. In three of these 
studies, antibiotics were routinely administered dur
ing the healing process. Most secondary closure pro
cedures involved full-thickness suturing of the skin 
using a monofilament suture material. Alternatively, 
some wounds were closed with superficial mattress 
sutures or with a permeable adhesive tape. Overall, 
healing in surgically reapproximated wounds was 
significantly faster than those left to heal by sec
ondary intention. The observed difference was more 
than 6 weeks. Perhaps not surprisingly, successful 
healing was independent of antibiotic use. Regard
less of the technique employed, the successful reclo
sure rate was above 85%.

From these and other data, it appears that sec
ondary wound closure at an interval of 4 to 6 days 
after the original disruption has a high success rate 
with minimal complications. Closure with nonab
sorbable monofilament nylon sutures, which are 
subsequently removed, is the most popular tech
nique and the one that the authors prefer. It is 
not clear if the administration of antibiotics either 
speeds the process of wound healing or increases the 
likelihood of success. O f interest, in the Wechter 
review, either early wound reclosure at day four 
after wound disruption or delayed closure eight or 
more days after the original disruption following the 
development of granulation tissue was equally suc
cessful.

Thus, once the wound is free from necrotic mate
rial and is not clinically infected, reclosure after 
the fourth day should be seriously considered. If 
additional debridement is required, reclosure can be 
delayed by several more days. The likelihood of suc
cess with reclosure is high and the risk for compli
cations low. The actual m ethod of wound reapprox
imation does not seem to be an important factor in 
success.

Rarely, in probing a disrupted wound, or in the 
presence of a characteristic history a clinician might 
suspect dehiscence of the fascia. The usual clin
ical history provided is that of the sensation of 
sudden wound or abdominal pressure, sometimes 
accompanied by the sensation of a "pop.’ A char
acteristic copious tan-colored watery discharge fol
lows. Patients with a dehiscence must return to the
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TABLE 18.12 Surgical Techniques to Reduce the Risk of 
Perioperative Fetal Laceration

Initial palpation of the myometrium
Preincision elevation of the uterine wall by surgical clamps 
Use of good light, exposure, and active suctiqning during 

myometrial entry
Uterine scoring; use of bandage scissors or a blunt finger 

dissection for entry 
Use of specialized instruments

operating suite for wound exploration and resu- 
turing. At surgery, devitalized tissues are debrided 
and closure of the fascia by a modified Smead- 
Jones approach, a traditional interrupted closure 
with retention sutures or a running closure with 
a double, looped suture should be performed. 
Broad-spectrum antibiotics should also be admin
istered. The skin is usually not closed but left open, 
packed with sterile gauze, and secondarily closed 
as described previously in 4 to 6 days. Fortunately, 
wound dehiscence is now a rara avis in obstetric 
practice. (See Chapter 16, Surgery in Pregnancy.)

Fetal Injury

Although uncommon, fetal trauma does occur dur
ing cesarean delivery [309-313], Cesareans can 
reduce the incidence of birth injuries, but the pro
cedure does not prevent all of them and itself has 
certain fetal risks. Thus, close attention to the well- 
established mechanics of safe delivery is as impor
tant during a cesarean as it is in a vaginal delivery 
(Table 18.12). Most of these operative injuries are 
to soft tissue (bruising/ecchymosis) and are of triv
ial clinical consequence. Much less frequently, other 
injuries, such as skin lacerations; long-bone frac
tures, dislocations, spinal, or visceral trauma; and 
brachial plexus injuries are encountered. In terms of 
the rare brachial plexus injury occurring in infants 
delivered by cesareans, some represent true in-utero 
injuries. The others likely result from traumatic 
extractions during surgery. Regardless of cause, bra
chial plexus injuries noted after a cesarean, although 
certainly possible, remain at best uncommon.

Inadvertent fetal lacerations at cesarean deliv
ery are a persistent problem [309-313], Although 
most of these injuries are of minimal clinical con
sequence, they cause the m other and the family

unnecessary distress and are largely avoidable. In 
reviews including more than 6,000 cesarean deliv
eries, the reported incidence varies from 0.55% to 
3.12%. Smith reported a large series of cesareans 
performed for standard obstetric indications when 
neonatal records could be matched to the m other’s 
chart [310]. A total of 17 lacerations were identified 
in 896 cesarean deliveries, or 1.9%. Notably, only
1 of the 17 injuries was recorded in the maternal 
record! In the authors’ experience as well, the failure, 
of obstetric surgeons to record fetal injuries is dis
tressingly common. In the Smith article, when the 
laceration site was recorded for cephalic-presenting 
infants, two thirds of lacerations were to the fetal 
head and neck, whereas 10% were on the back. In 
contrast, when the infant was in a breech or trans
verse position, the lacerations were principally to 
the back, buttocks, or lower extremities.

Simple attention to standard surgical techniques 
avoids most of these injuries. In all instances, care 
must be taken to operate under direct visualization 
and incise only the myometrium. Adequate expo
sure and proper lighting are obvious additional pre
requisites. The desire for speed must never trump 
safety when the uterus is entered. The greatest risk 
of fetal injuries occurs when the myometrium is very 
thin, partially replaced by scar tissue, or paradoxi
cally very thick, as in patients operated on before the 
onset of labor. In both of these instances, it is difficult 
to detect when the amnion has been reached.

Before the uterine, incision is. made, the primary 
surgeon should palpate the myometrium to judge 
its thickness. In routine cases, the authors employ 
gentle, recurrent scoring of the myometrium in the 
midline until the membranes bulge into the wound. 
If the myometrium is thick, as the incision pro
gresses, the edges are progressively elevated with 
Allis clamps applied at two adjacent points with pro
gressive bites; the clamps evert the myometrium as 
the incision is made. If the myometrium is very thin, 
the authors often employ two Allis clamps applied 
several centimeters apart. Once the myometrium is 
grasped, it is elevated away from the fetus similar to 
the m ethod used to tent and incise the peritoneum. 
The myometrium is then simply incised between 
the clamps, thus avoiding the fetus. If the lower seg
ment is tightly drawn over the presenting part, this 
technique might be technically impossible. Follow
ing the entry into the uterine cavity with bulging 
of the membranes into the wound or membrane
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rupture, either a bandage scissors or the surgeon's 
fingers can be used to widen the wound laterally.

Alternative Techniques
The continuous effort to reduce, morbidity and 
shorten operative time for caesarean procedures has 
led to several modifications of the standard Pfannen
stiel surgical technique classically taught to obstet
ric surgeons. Nonetheless, it is fair to say that there 
are wide differences in standard operative practices 
between surgeons and institutions [267,439]. As 
reviewed previously, the standard cesarean tech
nique consists of a low transverse skin incision, 
followed by sharp separation of subcutaneous tis
sues, fascia, rectus muscles, and the peritoneum, and 
sharp entry into the uterus. The surgeon can usu
ally extend the entry wound with bandage scissors. 
Thereafter, the uterus is closed in two layers, and 
the partial and visceral peritoneums are reapproxi
mated. The fascia is then closed with interrupted or 
running sutures. Staples or a subcutaneous stitch are 
used to close the skin. Closure of the subcutaneous 
fatty layer, externalization of the uterus for repair, 
and manual removal of the placenta are considered 
discretionary.

The principal alternative to the standard cesarean 
is the Misgav Ladach (ML) cesarean technique, itself 
a derivation of the Joel-Cohen m ethod [314-319], 
This surgical approach forgoes sharp tissue layer sep
aration, favoring instead blunt or finger dissection 
of the fascia, subcutaneous tissues, rectus muscles, 
uterus, and peritoneum. The abdominal incision is 
straight transverse and placed slightly higher that of 
a classic Pfannenstiel incision. The uterus is closed 
in a single layer. The fascia is closed by a continu
ous suture, and in the original procedure, the skin 
is reapproximated by widely spaced silk sutures, 
with the intervening areas subjected to 5 minutes of 
clamping until adherence. Finally, neither the vis
ceral nor the parietal peritoneums are reapproxi
mated. Several clinical trials document that the ML 
technique reduces operative time and blood loss, 
consumes less suture material, and could reduce 
wound morbidity and consumption of analgesics, as 
well as shortening convalescence [315-319]. How
ever, the surgical techniques as used in varying stud
ies are inconsistent, and not all reports have con
curred in finding advantages to the Joel-Cohen type 
of approach [315],

Elements of the ML technique have been pro
gressively but selectively adopted by many surgeons, 
but the extent to which the entire surgical program 
is employed is unknown. The most popular compo
nents of the technique have proved to be the blunt 
dissection of the subcutaneous space, peritoneum, 
and uterus, and nonclosure of the peritoneum. 
There is good evidence that blunt expansion of 
the uterine wound reduces blood loss and does not 
increase the risk for disruption of the lateral vessels 
[320,321]. The most controversial elements of the 
ML technique are the original method for uterine 
closure and closure/nonclosure of the peritoneum. 
The ML m ethod of skin closure has not proved pop
ular, at least in the authors’ area of practice. Use of a 
running suture for fascial reapproximation seems to 
be near universal, however. Among techniques for 
uterine closure, the double embricating technique is 
by far the most common, possibly because it seems 
to control bleeding better than a single-layer closure 
and hides the original incision. There are controver
sial data showing that single-layer closures are the 
equal, of double-layered closures and can be faster, 
however. Furthermore, the short-term morbidity of 
one or two layered closures is arguably effectively 
equal, although it is fair to say that there is no con
sensus on this issue [255,322-325].

On review, the claimed advantages to the ML 
technique are of mixed value. The observed reduc
tions in blood loss following ML operations are sta
tistically significant but are also clinically inconse
quential. The mean operative time is shortened by 
7 to 14 minutes. This, with the apparently smoother 
convalescence., does have some clinical importance. 
W hether these apparent benefits are sustained in the 
prospective trials now underway will be interesting 
to see. Beyond the potential for postoperative adhe
sions, whether the peritoneum is closed, the princi
pal outstanding controversy is the possible increased 
risk of rupture inherent in a single-layer uterine clo
sure [326,327]. As previous noted, these and other 
questions about technique are being addressed in 
the large CAESAR study currently underway in 
England [267] and the international CORONIS trial 
[439],

Reduction of Morbidity
The mortal risk from cesarean delivery is now 
extremely low (1/1,600 procedures or fewer). The
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oft-quoted Boston Study reported no maternal mor
talities in 10,231 cases of cesarean delivery [328], 
Thus, in modern practice, it is the morbidity and 
not the mortality of cesarean operations that is the 
issue. Important components of morbidity include 
febrile morbidity and wound infection. The latter 
complicates approximately 2% to 15% of cesarean 
deliveries.

Prophylactic antibiotics are always indicated when 
a cesarean follows labor or with previously ruptured 
membranes. In recent years, this treatm ent has been 
extended to all cases, both elective and nonelec
tive [298,329,330]. A single 1-g to 2-g intravenous 
dose of a first-generation cephalosporin or amox- 
icillin/ampicillin administered after cord clamp
ing significantly reduces maternal febrile morbidity. 
Other antibiotics should be substituted in the set
ting of known allergy. Andrews and coworkers sug
gest that the addition of antibiotic coverage for Ure- 
aplasma urealyticum (doxycycline and azithromicin) 
to the usual cephalosporin further reduces postce
sarean morbidity, specifically wound infection and 
time of hospitalization [331]. Single-dose regimens 
are generally as effective as multidose protocols. 
Broad-spectrum or second-generation antibiotics 
are no more effective than first-generation drugs 
and are not recommended as prophylactic agents. 
Antibiotics in peritoneal irrigation solutions are no 
more effective than those given intravenously to the 
mother at surgery. Prophylactic treatm ent does not 
necessarily prevent certain rare, serious infectious 
complications of cesarean surgery, such as abscess 
formation. The observed reductions in infection rate 
are primarily due to decreases in the incidence of 
endometritis and wound infections. A lesser effect 
is a reduction in the incidence of urinary tract infec
tions.

In women developing fever during labor, the 
authors favor prompt treatm ent with standard ther
apeutic doses of antibiotics, unless cesarean deliv
ery is to be performed promptly (within approxi
mately 1 hour), in which case the initial dose of the 
drug is administered after cord clamping. Best prac
tice when the mother becomes febrile during labor, 
however, is not yet firmly established.

Cesarean delivery includes a series of common 
perioperative problems, some of which have been 
previously discussed. Anesthesia issues are discussed 
in detail in Chapter 9, Obstetric Anesthesia, and 
interested readers are referred to this source for

additional information. Additional comments on 
surgical technique are included in Chapter 16, 
Surgery in Pregnancy.

O ther Comments
Perioperatively, most difficulties that arise are due 
to maternal obesity, an inadequate initial incision, 
or the technique of fetal delivery. Problems with 
surgical exposure are usually due either to mater
nal obesity or to an inadequate incision. It is in the 
surgeon’s and patient’s best interest to make at least 
a 15-cm skin incision and extend it as required for 
adequate exposure. The rule for fetal monitoring is 
simple. Monitoring should be performed with the 
same level of intensity in the operating suite as in the 
labor suite. Internal electrode techniques are best, 
bu t for low-risk cases, intermittent Doppler heart 
rate checks are acceptable. In selected cases, if seri
ous complications such as placenta acreta, increta, 
or percreta are possible, a real-time ultrasound scan 
can be preferred in the surgical suite immediately 
before opening the abdomen. This can allow the sur
geon to place the uterine incision to avoid the bulk 
of the placenta. In the case of twins, scanning per
mits reverification of lie, an important consideration 
for delivery of either a second twin, or, in cases of 
higher multiples, the second and subsequent infants.

If there is an anterior wall low placental inser
tion, the usual myometrial incision often enters the 
placenta. If this occurs, the best technique is to 
promptly and bluntly dissect the placenta laterally 
until the membranes are located and can be entered. 
An alternative is to continue rapid, sharp dissec
tion directly through the substance of the placenta. 
The cost of the latter technique is a degree of fetal 
bleeding, which can be marked unless the delivery 
is prompt. In the haste to reach the amniotic cav
ity, the surgeon must take care not to cut the fetus 
inadvertently during this procedure. Thus, if the pla
centa is incised, it is prudent to inform the pediatri
cian, because either neonatal anemia or acute hypo
volemia can result.

CESAREAN HYSTERECTOMY 

Indications
Although some cesarean hysterectomies are 
planned, most occur as emergencies. The most com
mon obstetric problems leading to hysterectomy
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are postdelivery atony and hemorrhage. Hemor
rhage can arise from many sources, such as placenta 
accreta/increta/percreta, uterine rupture, or lacer
ation [220,332-337], A history of prior cesarean 
delivery placenta previa, multiple gestation, fetal 
macrosomia (>4,500 g), failure of the uterus to 
respond to an ergot preparation or to oxytocin, 
prolonged or augmented labor, chorioamniontis, 
and high parity are important risk factors for 
atony and for related postpartum hemorrhage 
[220,333,338,339]. Infrequently, hysterectomy is 
indicated for Severe infection or for unusual prob
lems such as massive leiomyomata that precludes 
uterine closure. Rarely, cesarean hysterectomy is 
performed for sterilization. In view of the enhanced 
morbidity of the operation, such procedures are 
discouraged unless other significant pathology or 
special circumstances are present.

Procedure
If a hysterectomy has been decided on, or when hys
terectomy is deemed likely, it is best to perform 
a midline vertical skin incision. This incision per
mits easy extension of the wound if extra space is 
required. In the more usual case, when the need for 
hysterectomy occurs after the patient has already 
been opened by a low transverse skin incision, expo
sure is usually still adequate if the original inci
sion was generous. If the surgeon requires addi
tional room, the original transverse incision should 
be immediately extended by laterally incising the 
"smile” symmetrically on both sides, as necessary. As 
previously described, the rectus muscles can either 
be divided in the midline or preferably incised at 
their pubic insertion and reflected if additional room 
is needed. Rarely, the original fascial and skin inci
sion are converted to a T. This practice is discouraged 
except in the most dire of circumstances owing to 
the inherent weakness of this incision during heal
ing and the poor cosmetic result. Except in unusual 
circumstances, a T incision is not required if the sur
geon simply extends the original incision and has 
adequate assistance for retraction.

Because cesarean hysterectomies are usually 
emergencies, time is at a premium. The vascu
lar pedicle cases are large and usually edematous. 
Important structures, including the bladder and 
ureters, are all too close to the planes of dissec
tion. Thus, all simple aids for a rapid but safe oper

ation should be used. The operator's desire for speed 
must never trump the safe and methodical approach to 
the surgery, however. If the problem forcing the hys
terectomy is uterine atony, an unanticipated lacera
tion, or a uterine rupture, prompt control of hem
orrhage can be critical. A few moments are all that 
is required to directly ligate both uterine arteries or 
apply clamps across these vessels. Such steps imme
diately restrict the blood loss, permitting time for 
other procedures and evaluations. Alternatively, a 
rubber catheter can be passed around the uterus 
at the level of the endocervix, drawn tight, and 
temporarily held with a clamp. In case of uterine 
rupture or a cesarean, the bleeding edges of the 
tear or wound can be grasped directly with clamps 
(e.g., Pennington or ring forceps) to staunch local
ized heavy flow. Too many clamps restrict access 
and observation; therefore, progressive ligation of 
bleeding sites or ligation of major feeding vessels, 
as possible, is always best. Rarely, an isolated arte
rial vessel will be identified bleeding actively into 
the operative field. For this, either immediate digital 
pressure or judicious clamping followed by a prompt 
ligature is indicated. Obviously, blind clamping and 
large tissue bites with a suture must be avoided to 
lessen the risk to adjacent structures, especially the 
all-too-close ureter.

The hysterectomy is begun at the uterine fun
dus. The adnexa are identified and elevated by an 
atraumatic clamp such as a Babcock. The round lig
aments and the fallopian tube are then grasped bilat
erally with long Kelly’s (or similar) clamps at their 
insertion to the uterus. The clamps are applied with 
their handles oriented medially. The clamps restrict 
back bleeding and their application provides a useful 
handhold for the assistant to apply traction. Active 
tensioning of the uterus is an important detail in the 
subsequent surgical operation. W ith the large uterus 
in tension and deviated to one side or the other, the 
various pedicles “fall away” once they are suture lig
ated/divided, easing the procedure and increasing its 
safety.

The uteroovarian ligament and the fallopian tube 
are next doubly clamped with Heaney-Ballentine 
hysterectomy clamps or similar instruments (Fig
ure 18.16). If necessary a third clamp can be used 
to control back bleeding. As the operation contin
ues, double clamping of all major vascular pedicles is 
strongly suggested. A window is then developed in 
the broad ligament with blunt and sharp dissection.
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FIGURE 18.16.
Technique o f  cesarean hysterectomy (A). Note the double 
clamping o f  major vascular pedicles (B). These pedicles 
are initially tied, then suture ligated. Deeper tissues are 
doubly suture ligated. See text for details.

The adnexa are divided from the uterus with Mayo 
scissors. The ovarian pedicles are then secured by a 
tie, followed by a transfixing suture ligature. The 
securing clamp is not removed until this second 
suture/ligature has been securely placed, and the 
surgeon is prepared to set the initial knot. A sim
ilar procedure is performed on the other side. This 
technique isolates the major vascular bundles from 
the uterus while reliably preventing hemorrhage 
from the pedicle. The round ligament can either be 
incorporated into this initial adnexal suture or lig
ated separately. The authors generally prefer the lat
ter technique. Absorbable large-caliber suture mate
rial is best for these ligatures, to prevent cutting 
through these often-edematous tissues. Classically, 
No. 1 chromic has been used for this operation, but 
a polyglycolic acid (or similar maternal) suture of 
No. 1 or 0 size will also suffice. Again, this is a situa
tion in which the type of suture material is of trivial 
importance compared with the surgical technique.

The broad ligament is next skeletonized by sharp 
dissection. The anterior peritoneum of the vesi
couterine fold is then incised and dissected from 
the uterus. The broad ligament is then progressively

separated from the uterus by serial dual clamping 
followed by double-suture ligation of the isolated 
pedicles. A clamp to control back bleeding from the 
uterus is sometimes required. This procedure is pro
gressively followed down both sides of the uterus, 
taking as many bites as necessary until the uterine 
arteries have been divided and sutured and the dis
section approaches the level of the endocervix.

'iice the level of the cardinal ligaments is 
reached, they are suture ligated. At this point or 
after control of the uterine arteries, the uterus is 
best simply excised supracervically and passed from 
the table. Once the dissection has proceeded to this 
level, the procedure can be terminated if the bleed
ing is controlled. In many instances, this is the time 
to stop, thus avoiding the problem of removal of the 
cervix and possible injury to its adjacent structures.

Much of the serious morbidity associated with 
cesarean hysterectomy occurs when the surgeon 
continues the operation to remove the cervix. 
Removal of the cervix involves acceptance of a 
risk of several potentially serious complications. The 
most problematic of these are cuff hemorrhage and 
ureteric injury. The ureter is perilously close to the 
uterine sidewall, and the edematous surrounding tis
sues mitigate against its easy identification. The cuff 
is floppy and usually well vascularized. If postoper
ative bleeding occurs, a site on the vaginal cuff is 
often the culprit.

If removal of the cervix has been decided, the 
remaining cervical stump is grasped with tenacu
lum or similar instrument as a traction aid. Since 
the major arterial supply has been ligated by this 
time, back bleeding is usually minimal. Also, once 
the fundus and bulk of the lower uterine segment 
are extirpated, the surgical exposure to the remain
ing cervix is much improved.

If the patient has been in labor, the lower uterine 
segment is normally both flaccid and dilated. Locat
ing the cervix by external palpation under these 
circumstances can be difficult. Our technique for 
identification of the cervix is to grasp the lower 
uterine segment in the midline anteriorly with one 
or more Allis clamps and incise it transversely for 
2. cm to 3 cm (Figure 18.17). Bleeding is usually 
minimal. The surgeon then introduces his/her fin
ger into this wound. Usually the cervical edge can 
then be easily palpated. This technique guides the 
surgeon in determining the level of the dissection 
that is required, limiting the possibility of extend
ing the dissection unnecessarily far into the vagina.
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Cardinal ligament 
severed and suture 
ligated

FIGURE 18.17.
Cesarean hysterectomy. The surgeon palpates for the 
cervical edge through an incision in the lower uterine 
segment; this helps to gauge the extent o f  dissection.

W hen direct vessel ligations are apparently inef
fectual in hemorrhage control, remember that 
another supplying vessel is always present that is 
likely the cause of the bleeding. In the pelvis, all of 
the vascular supply for the major structures have a 
number of supplying vessels of varying caliber. Also, 
because arteries have no valves, immediate retro
grade flow in the arterial system is possible when
ever a specific vessel is ligated. Thus, if a hemorrhage 
occurs from a high cervical or vaginal wall laceration, 
ligation of the uterine arteries or even hysterectomy 
might not control the bleeding. A separate vessel 
arising from the hypogastric artery can be the pri
mary feeding artery. If so, only direct oversewing of 
this vessel, ligating the hypogastric to control other 
feeding vessels, or direct embolization will control 
the bleeding.

To excise the cervical stump, simple or double 
Kocher clamps should be applied at the lateral edges 
of the cervix, progressively isolating the cardinal and 
uterosacral ligaments, which are doubly suture lig
ated. Once the dissection has reached the level of 
the exocervix, further advance downward is halted. 
The cervix is removed by incising the vaginal tis
sue circumferentially, grasping the cut edge of the 
vagina with Kocher or similar straight clamps. The 
authors prefer to run the cervical cuff with a con
tinuous locking suture and leave it open. Electively,

After reperitonealization 
by vesicouterine fold

FIGURE 18.18.
A-D. Cesarean hysterectomy. Use o f  a running suture 
on the vaginal cuff, an alternative technique for 
complete cuff closure, and a method for 
reperitonealization are depicted. See text for details.

the cuff can also be closed (Figure 18.18}. Close 
attention to hemostasis is required, because often 
bothersome bleeding arises from the cuff or the adja
cent pedicles. Simple or figure-of-eight sutures are 
placed as required to achieve hemostasis. Because 
of the oft-emergent nature of these procedures and 
the presence of many large and edematous pedi
cles, the authors favor routine drainage, inserting 
a hysterectomy T-tube drain through the cuff and 
down the vagina. The T portion of the tube is then 
lightly tacked to the midposterior segment of the 
cuff with a simple stitch of 3-0 plain suture mate
rial to prevent dislodging it during the rest of the 
procedure.

To complete the closure, the round ligaments are 
drawn down and sutured to the edges of the vagi
nal cuff; this part of the technique is elective. To 
ensure complete hemostasis, lavage of the abdomen 
and close inspection of all pedicles follow. The vesi
couterine fold is then drawn over the cuff and simply
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sutured to the peritoneum of the midposterior vagi
nal wall, avoiding any potential involvement with 
the laterally situated ureters. This places the open 
cuff, the major pedicles, and the T-tube drain in 
the retroperitoneal space. The vaginal drain is usu
ally removed at 48 hours or once full ambulation 
begins. Prior to closure, reinspection of the opera
tive field confirms hemostasis. The abdomen is then 
closed in the usual manner. Broad-spectrum antibi
otics are administered in full therapeutic doses; this 
treatment is not required in all cases, however. Min
imally, standard single-agent, single-dose antibiotic 
prophylaxis, which is routine for cesarean delivery, 
is necessary.

Complications
Cesarean hysterectomy can be a life-saving opera
tion. As noted, the operation is usually performed 
for hemorrhage, and it can be preceded by a rapid 
bilateral O ’Leary-type uterine artery ligation to 
restrict blood loss as surgery is begun. The major 
surgical complications of a cesarean hysterectomy 
include ureteric or bladder injury, fistula forma
tion, hemorrhage/anemia/transfusion, febrile mor
bidity, hematoma formation, and wound infection 
[33/,340-342], Not surprisingly, unscheduled hys
terectomy procedures are more likely to have com
plications, require a longer surgical time, or require 
blood transfusion [337], Some of the complications 
from cesarean hysterectomy are avoidable, espe
cially if they arise from perioperative haste or, para
doxically, from preoperative uncertainty and delay.

During cesarean hysterectomy, a meticulous sur
gical technique must be balanced with the demand 
for speed. Especially in emergencies, the surgeon 
must proceed methodically but relentlessly. Expo
sure is usually easy and the surgery straightforward 
unless hematomas or adhesions from prior surgery 
are present. The greatest difficulty is the decision to 
proceed to surgery, not in the actual performance of 
the operation.

When delays occur, most of the lost time 
occurs before beginning the operation, as clini
cians either debate treatm ent options or vainly 
hope for improvement while the clinical situation 
deteriorates. W hen there is real uncertainty, the 
accoucheur’s best option can be to immediately seek 
another opinion. The second practitioner, new to the 
clinical scene, is less influenced by prior events and

can often be more objective. W hat must be avoided 
is "paralysis by analysis.” Requesting another opin
ion delays any intervention and is not an excuse 
for failing to act if the situation is clearly worsen
ing, potentially threatening maternal survival. At 
one extreme is the cautious practitioner, wary of an 
unnecessary procedure and wishing for a clear sign 
to proceed. At the other is the aggressive, surgically 
oriented physician, pressing for immediate explo
ration. The former surgeon might permit events to 
go too far for patient safety. In contrast, the lat
ter physician permits him- or herself to go too far 
and too fast, risking an unnecessary surgery. Both 
approaches result in unnecessary morbidity, and best 
practice lies between these extremes.

In the setting of unanticipated cesarean hysterec
tomy, communication and explanation to patient 
and family are critical. Because the pregnant woman 
might be unable to comprehend explanations in the 
immediate postoperative state, the family should 
be closely counseled about the clinical problems, 
what occurred perioperatively, and the postoper
ative complications experienced or likely to bê  
encountered. Morbidity is high. In 2003, Baskett 
reviewed a series of emergency hysterectomies 
drawn from 110,537 deliveries over the interval 
1980 to 2001 reported the need for transfusion in 
84.4% and postoperative intensive care in 26.6% 
[336], Needless to state, a full discussion with the 
patient once she is fully able to comprehend is 
mandatory, as is an extensive note in the medical 
record.

Operations for Hemorrhage
Whenever severe and acute postpartum blood loss 
occurs, expert team assistance is required to ensure 
the best outcome. Initial management for postpar
tum  hemorrhage consists of several virtually simul
taneous actions: prompt recruitment of assistants, 
installation of large-bore intravenous catheters, 
placement of a Foley catheter, and prompt clin
ical evaluation for cause and definitive treatment 
[343,346,352-355,436,437], For recent reviews of 
the medical and surgical approaches to hemorrhage, 
readers are referred to the recent and excellent text 
by B-Lynch and coworkers [436],

Viewed in isolation, the incidence of hemorrhage 
at cesarean delivery is approximately 10% [344], 
The principal associated risk factors include those
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TABLE 18.13 Immediate Postpartum Hemorrhage: 
Possible Etiologies

Uterine atony
Genital tract lacerations: vaginal, cervical 
Secundines
Abnormal placenetal adherence 
Uterine rupture 
Uterine inversion 
Coagulopathy:

• Hereditary
• Acquired:
• Dead fetus syndrome
• Preclampsia
• Abruptio placentae
• Amniotic fluid embolism

associated with general anesthesia, chorioamnioni- 
tis, preeclampsia, and a prolonged active phase. 
Postpartum hemorrhage is due principally to atony, 
secundines, and undiagnosed lacerations. Less fre
quently the cause is coagulopathy. The incidence of 
atony can be modified by general obstetric manage
ment, specifically active management of the third 
stage of labor, including routine use of uteroton
ics, Controlled cord traction, and uterine massage 
postplacental delivery [345]. The principal causes 
for a coagulopathy are abruptio placentae or amni
otic fluid embolism. Additional causes are noted 
on Table 18.13. These possibilities for postpartum 
hemorrhage should be rapidly considered and either 
sustained or rejected, because proper therapy hinges 
on a prompt diagnosis.

Postpartum hemorrhage is best considered as a 
clinical sign. The hemorrhage immediately identi
fies an acute obstetric emergency that has a vari
ety of causes that vary both in pathophysiology and 
definitive treatment. As the maternal treatm ent of 
the hemorrhage commences, so does the search for 
a cause to arrest the original process [346],

The usual method of immediate maternal resus
citation is the rapid administration of balanced salt 
solutions and once available, blood products [347]. 
The situation can prove serious, and surgical explo
ration for vessel ligation or compression suturing, 
uterine packing, passage of compressing intrauterine 
balloons, administration of potent uterotonics, ves
sel embolization, or hysterectomy might be required 
for control [348,436],

The use of an antishock garment to compress the 
lower body and abdomen has also been shown to 
be helpful in maternal resuscitation. This device is 
suggested for use especially in developing countries 
where surgical and blood bank facilities are often 
not immediately available [349,350],

The principal surgical procedures for control
ling obstetric hemorrhage consist of hypogastric 
or uterine artery ligation, and various techniques 
for myometrial compression suturing [347,351 — 
353,436], O ther possible procedures include vessel 
embolization, uterine gauze packing, and the use of 
an intracavity balloon. The obstetric surgeon must 
approach the problem of postpartum or perioper
ative hemorrhage with flexibility, using the tech
niques best suited to the specifics of the given case. 
As Baskett [353,354] and others [351,355] point 
out, knowledge of several methods for hemorrhage 
control are prudent, because in difficult circum
stances, the success of any specific technique is never 
guaranteed.

Uterine Artery Ligation (O ’Leary Technique)
Uterine artery ligation is a rapid and often success
ful technique for controlling obstetric hemorrhage 
from uterine atony or lacerations. The technique 
was originally described by Waters in 1952 and pop
ularized by O ’Leary in the 1960s [356-360]. The 
operation is potentially less successful for high vagi
nal or cervical lacerations, because the feeding vessel 
might not arise from the uterine arteries. In these 
special circumstances, embolization, direct ligation, 
or hypogastric ligation can be required for control.

In the O ’Leary technique, a suture of No. 1 
chromic or polyglycolic acid/polyglactin is passed 
through 1 cm to 2 cm of myometrium, medial 
to the uterine artery at the approximate level 
where a transverse uterine cesarean incision is rou
tinely performed (Figure 18.19). This “low” liga
ture suture can be placed either slightly higher or 
lower, depending on the degree of exposure and 
the surgeon’s preference. Usually, placement of the 
suture is decided after the vesicouterine fold has 
been reflected, avoiding potential injury to the blad
der. The suture is passed through the myometrium 
anterior to posterior (or the other way around at 
the surgeon’s convenience), and then through a 
transilluminated clear space in the broad ligament, 
and firmly tied. Transillumination immediately
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closure Suture passes deep into
th e  m y o m e tr iu m  a nd  
then passes through the 
tra n s ilfu m in a te d  b ro ad  
ligament

FIGURE 18.19.
Obstetric hemorrhage: placement o f  high (left) and low 
(right). O ’Leary uterine artery sutures are depicted. 
These sutures can be placed bilaterally; i f  clinical 
circumstances require.

demonstrates broad ligament vessels and should be 
performed as the suture is passed to avoid injury to 
the large, thin-walled veins traversing this area. Time 
should not be wasted trying to visualize or specifi
cally identify the uterine artery. In most instances, 
the vessel is not directly seen but can be palpated 
by the surgeon. A reasonable (approximately 1 cm - 
2 cm) bite into the myometrium will include the 
artery. As the ligature is tied, the vessel is directly 
compressed. At times, during otherwise routine 
cesarean operations, one uterine artery is lacerated 
and retracts into the myometrium. In this situation, 
unilateral uterine artery ligation, with sutures placed 
above and below the hysterotomy site as required, 
usually suffices for control. If bleeding persists fol
lowing a unilateral ligation, the procedure can be 
rapidly repeated on the other side. A unilateral or 
bilateral high ligation of the ascending uterine artery 
or ligation of the uteroovarian connecting vessels is 
also possible. Alternatively, the uterine artery can be 
re-ligated below the original suture and the myome
trial wound if bleeding appears to arise from below. 
Hebisch has also described a technique for transvagi
nal direct uterine artery ligation, digitally guiding 
needle placement into the cervix and identifying 
the artery by palpation [358], After this somewhat 
startling technique, success was reported in twelve

or thirteen cases, with no reported complications 
directly related to the procedure. This approach will 
probably find few adherents, however.

When bleeding occurs from atony or lacerations, 
the best approach is a systematic and progressive lig
ation of feeding vessels until the hemorrhage stops 
[436], In uterine bleeding from atony or placenta 
previa, the surgeon begins by clamping bleeding 
edges of the cesarean wound, assuming a cesarean 
was performed. If the bleeding continues, one or 
both uterine arteries are ligated. This procedure is 
easily accomplished in only a few minutes and alone 
can be sufficient for control. If not, a “high” uterine 
artery or uteroovarian vessel suture to isolate the 
anastomosis between the uterine and ovarian arter
ies at the uteroovarian ligament is added [347], If 
vessel ligations prove insufficient to control bleed
ing, several important issues must be considered. 
If the hemorrhage arises from the uterus and the 
problem is persisting atony, uterine compression by 
a modified B-Lynch compression suture or another 
type of oversewing or localized compression suture 
is best. If all these procedures fail, hysterectomy is 
the final option. If the uterus is firmly contracted 
and the bleeding arises from at or about the cervix 
or high vaginal area, the feeding vessel might arise 
directly from the hypogastric artery or there is an 
occult laceration in the vaginal fornix or cervix. 
Even removing the uterus in this setting might not 
arrest the bleeding. This is the rare instance when 
either a direct or hypogastric ligation or the resort 
to embolization is the treatm ent of choice.

Complications
The principal complication of the direct uterine 
vessel ligation technique is failure to control the 
hemorrhage; however, this is not common. In a large 
series of uterine artery ligations for postcesarean 
hemorrhage, O ’Leary reported only 10 failures in 
265 patients with a 1% complication rate [359], 
Even with correct bilateral high and low vessel lig
ation, all blood flow to the uterus is not arrested -  
only the mean perfusion pressure is reduced. This 
reduction is usually sufficient to permit other 
hemostatic mechanisms, including coagulation and 
myometrial contractions, to act in concert to control 
the hemorrhage. In O'Leary’s reports, complications 
appeared to be associated with operator inexperi
ence [357,359,360], Broad ligament hematomas are
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possible if the ligature is not passed under direct 
vision (transillumination}. The theoretic risk of lig
ation of the ureter is avoided by following the pro
tocol for the proper level and technique of suture 
placement.

C o m m e n ts

The advantages of direct uterine ligation are that it 
is rapid, the exposure is simple, and complications 
minimal and inconsequential. In addition, the pro
cedure is frequently successful in controlling bleed
ing. Although this operation is not a substitute for 
either uterotonics or transfusion, it usually slows and 
can arrest blood loss. At a minimum, ligations per
mit time for other steps to be taken. This procedure 
can also be performed if an inadvertent laceration of 
the uterine artery occurs during the initial myome
trial incision of a cesarean delivery. In this setting, 
a prompt suture above and below the site of injury 
after the delivery of the baby usually rapidly con
trols the problem. Caution must be exercised with 
high ligatures to avoid trauma to the extrauterine or 
interstitial portion of the fallopian tube. The bilat
eral high and low suture technique is also well suited 
for patients with placenta accreta who wish to pre
serve fertility. Especially when multiple ligations are 
performed, the uterus might blanch despite remain
ing atonic. This is normal. The bleeding is usually 
controlled, and the uterus retains sufficient blood 
flow to avoid complications of ischemia. Subsequent 
menstrual flows as well as future fertility are unaf
fected. Even successful bipolar laparoscopic uter
ine vessel coagulation has been reported in delayed 
postpartum hemorrhage without serious complica
tion, attesting to the robustness of the collateral cir
culation [361 ].

There are new techniques for compression of 
the uterus as a means of hemorrhage control; 
these involve either the use of intrauterine balloons 
or methods for suturing the walls of the uterus 
together with an absorbable suture material. These 
techniques serve the same physiologic purpose as 
increasing uterine tone. W hen the uterus contracts 
firmly, the interdigitating and overlapping fibers of 
the myometrium form a multitude of minor "liga
tures’’ that pinch off vessels. Direct manual com
pression, operative procedures that compress the 
myometrium, or the intrauterine introduction of a 
balloon or classic uterine gauze packing all achieve 
the same result: the direct compression of vessels. As

long as the pressure exerted by sutures, myometrial 
tissue, balloon, pack, or external pressure exceeds 
the perfusion pressure, the lumen of the vessels 
remains occluded, and the hemorrhage is controlled. 
This permits time for the hemostatic mechanism to 
act, the surgeons to replace depleted volume, and 
the uterus to regain its normal tone.

Bimanual compression, although an important 
technique, is at best a temporizing measure. Biman
ual compression requires substantial pressure to 
execute properly; the technique is rapidly fatigu
ing to the operator, especially when performed from 
below, and for a conscious parturient, this maneuver 
is obviously uncomfortable. Furthermore, this tech
nique occupies both of the surgeon’s hands. This 
m ethod is not feasible for long-term hemorrhage 
control and should be viewed as an immediate stop
gap procedure while other preparations are made 
and assistants summoned. This said, bimanual com
pression is all too often not performed when indi
cated. The advantage of this procedure is that it 
is both simple and effective. It is folly to permit 
a woman to exsanguinate under observation when 
her losses can be markedly reduced by this simple 
maneuver, which can be performed by a birth assis
tant other than the primary surgeon.

The classic treatm ent for atony was uterine pack
ing with a continuous gauze strip, with or without 
presoaking the gauze with vasopressin (Pitressin). 
A limited role remains for packing in noncesarean 
cases if an intrauterine balloon is not available 
and immediate control is necessary while prepara
tions are underway for transfusion, embolization, or 
laparatomy on transfer.

Packing of the uterus for unresponsive postpar
tum hemorrhage has fallen from favor in recent 
decades. Its decline in popularity is mostly due 
to the introduction of potent uterotonics and the 
use of intrauterine balloon tamponade. When done 
properly, gauze packing is both safe and effective, 
however [362-365,365], The usual opposition to 
packing, infection and a risk of concealed hem 
orrhage, does not figure importantly in modern 
reports or in the authors’ clinical experience. When 
a pack is placed, potent uterotonics and broad- 
spectrum antibiotics are administered and the par
turient closely monitored. There is no consensus in 
the literature about when a pack should be removed. 
The authors usually keep packs in place for 12 hours 
or less, but 24 to 36 hours is traditional [362],
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Packing should be retained in the armamentarium of 
the obstetric surgeon [347,353], It might on occa
sion prove useful, especially in cases of lower seg
m ent placental implantation when bleeding persists 
despite vessel ligation, and when the administration 
of uterotonics and embolization is not immediately 
available. (See Chapter 11, The Third Stage.]

The best known of the myometrial compression 
techniques is the B-Lynch [351,366-369,436], This 
procedure is performed at laparatomy. As origi
nally described, the B-Lynch suture required that 
the uterus be open for its insertion. The authors 
have found the original technique for placement 
of the suture to be unnecessarily complex, how
ever. A simple anteroposterior puncture of the 
lower uterine segment with subsequent tying of 
a large-caliber chromic suture at the fundus is 
both simpler and faster and is currently the pre
ferred technique of the authors. The suture is 
passed directly through the myometrium at the 
same site as used for O ’Leary sutures and then 
passed externally over the uterine fundus and tied 
firmly in place, medial to the insertion of the 
fallopian tubes (Figures 18.20-18.23}.W hen one

Uterus

Posterior Anterior

Path of compression suture

FIG U R E  18.21.
Anteroposterior view o f  the postpartum uterus indicates 
the route for a simple vertical compression suture.

Vagina

Vertical
cempression suture

Horizantal 
cempression suture

Uterine artery

Ureter

FIG U RE  18.20.

Modified B-Lynch method: Uterine anatomy depicting placement site for vertical and horizontal 
compression sutures. See text for details.
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FIGURE 18.22.
Original Technique: B-Lynch compression 
suture. The initial suture placement is 
indicated. Note that placement follows 
cesarean delivery, and that the final tie is 
positioned below the original myometrial 
incision. See text for details.

FIGURE 18.23.
Appearance o f  the postpartum uterus after 
placement and tensioning o f  a B-Lynch 
compression suture. See text for details.

or more sutures is correctly placed on both sides 
of the uterus and tensioned, the uterus assumes an 
unusual “M” shape. The authors perform this pro
cedure with heavy chromic suture material (No. 
1), both for strength and to avoid cutting into 
the soft myometrium. There are several variants of 
the B-Lynch technique that use slightly different 
methods of suture placement or different suture

materials or sizes. They all employ the same gen
eral technique: myometrium-to-myometrium com
pression by direct tissue approximation, using an 
absorbable suture [351,367-370],

Several complications of compression sutures 
have been reported. The most serious include 
hematometrium, hematocolpos, pyometrium, and 
myometrial necrosis [371]. These problems pre
sumably result from interference with the drainage 
of lochia or the uterine blood supply. The most com
mon problem is failure to control the hemorrhage 
despite the correct suture placement and tension
ing. Because this suture is restricted to the body of 
the uterus, there is no risk of ureteric injury.

Another simple technique involves direct over
sewing of bleeding vessels at the placental implan
tation site [351], Oversewing is a valuable adjunct 
when partial control of hemorrhage is achieved 
and a principal source of the remaining blood loss 
arises from the placental base. This situation usu
ally occurs when the original placental implanta
tion site was in the lower uterine segment. In the 
oversewing procedure, discrete areas of bleeding 
are identified and directly oversewn using figure-of- 
eight stitches of large-diameter absorbable sutures 
[355,372]. The operator must carefully avoid over- 
tightening these sutures or the myometrium could 
be lacerated, potentially increasing the blood loss. A 
variant of this operation has the sutures placed in a 
“box” pattern, traversing the full thickness of the 
myometrium [370]. W hen through-and-through 
sutures are placed, care is needed to avoid inadver
tently striking a major surface vessel, or involving 
either the bowel or omentum. The operator must 
also avoid obstructing or occluding the cervix. If 
such sutures are placed in the lower uterine segment 
close to the cervix, passing an instrument such as a 
ring forceps through the vagina to ensure an open 
passage is prudent.

Oversewing techniques are best suited to when 
the number of actively bleeding sites is limited. If the 
entire placental bed is a sea of upwelling blood from 
profound atony with many open vessels, oversewing 
is unlikely to succeed. In this situation, the surgeon’s 
efforts are better directed toward vessel ligations or 
other types of compressive sutures.

A common but little-discussed problem is how 
to judge the extent of hemorrhage when the prob
lem is uterine atony and one or more surgical con
trol methods has been performed. This is especially
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an issue when a cesarean was not performed or 
the uterus has already been closed after a cesarean. 
When the uterus is open at cesarean and atony is 
diagnosed, the extent of bleeding can be directly 
observed. Vessels bleeding from the wound edge 
can be grasped by atraumatic clamps and tensioned. 
This exposure permits direct observation from the 
interior of the uterus. Individual bleeding sites from 
the wound edge can be oversewn to free up space 
otherwise inconveniently occupied by one or more 
instruments. The usual technique of methodical, 
progressive devascularization is then conducted. If 
bleeding slows appreciably but more control is desir
able, oversewing portions of the placental bed can 
be attempted, as previously discussed.

If the uterus has not yet been opened or has 
already been closed after a cesarean delivery, direct 
observation of the extent of bleeding from above 
is not possible unless the myometrial incision is 
reopened. In these circumstances, there are sev
eral acceptable approaches. The anesthesiologist can 
be queried about maternal vital signs such as arte
rial pressure, pulse rate, and urinary output. These 
parameters are more reflective of total bleeding, 
however, and only slowly and indirectly suggest how 
adequately the immediate hemorrhage has been 
controlled. Because this is not a reasonable tech
nique, the surgeon must act to directly assess the rate 
of blood loss. Bimanual compression of the flaccid 
uterus is first performed to expel clots and liquid 
blood. Potent uterotonics should then be admin
istered. The parturient’s legs are flexed; her feet 
placed together and then pressed cephalad, allow
ing her knees to separate widely. To judge loss, one 
surgeon goes beneath the drapes and conducts a 
vaginal examination while the assistant compresses: 
the myometrium from above. W ith a laparatomy 
sponge in hand, the lower operator swabs out the 
upper vagina with one hand while depressing the 
perineum with the other. At the same time, com
pression from above evacuates blood and clots into 
the vagina and the lower uterine segment. This dual 
technique expels most of the major clots and much 
of the liquid blood that might otherwise pool in the 
upper vagina and confuse the situation. Removal of 
clots from the lower uterine segment also relieves 
uterine distension, favoring contraction. Intravagi- 
nal collections of clots and unclotted blood might be 
due not to active bleeding but to earlier bleeding. To 
summarize the technique, when observation for the

rate of bleeding is performed, the surgeon should 
first remove old liquid and clotted blood and as well 
extend the observation over a reasonable interval of 
time to be certain that the rate of loss is accurately 
estimated.

Once the bleeding abates, the uterus is closed 
in layers if this has not already been performed. If 
oozing persists from the myometrial wound, a vac
uum drain such as a Jackson-Pratt can electively be 
inserted behind the vesicouterine fold and the peri
toneal reflection closed over the drain, as previously 
described. The drain is brought out through a sep
arate stab wound in the lower abdomen. Intraperi- 
toneal drainage can also be performed, but the out
put is usually copious and the drainage difficult to 
interpret. This technique is not recommended.

The parturient is next closely observed for sev
eral hours. Every half hour, for two hours, a vaginal 
examination is conducted to ensure that the uterus 
is firm, blood does not pool in the vagina, and to 
judge overall losses and review the vital signs. If 
all is stable after two to three hours, hourly eval
uations are then performed for the next two to four 
hours. In the interim, blood and blood products are 
administered, as required, along with balanced salt 
solutions to replace losses, maintaining circulating 
volume and ensuring a good urinary output. Utero
tonics are continued and a broad-spectrum first- 
generation antibiotic is administered. If bleeding 
has been severe, determination of a platelet count, 
the fibrinogen level, and other coagulation tests is 
appropriate. These data and clinical observations are 
used to judge the adequacy of fluid and blood or 
blood product replacement and the need for a pos
sible return to the operating suite. If bleeding per
sists after laparatomy, packing, balloon placement or 
vessel ligations, embolization, or hysterectomy need 
to be considered. In clinical settings when immedi
ate control is required, embolization is often not the 
best initial choice. This technique usually requires at 
least an hour or more in order to make the necessary 
arrangements and transport the parturient to a site 
where this procedure is performed. Thus, although 
embolization is certainly helpful, it is most practical 
when the acute bleeding is partially controlled, the 
patient is hemodynamic stable with her losses suc
cessfully replaced by transfusion or the infusion of 
crystalloids, and the delay to assemble the emboliza
tion team is not excessive. Obviously, availability 
and practicality of emergency embolization services
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vary among institutions, and the clinician must take 
these limitations into account as decisions are made.

Hypogastric Vessel Ligation
Ligation of the hypogastric artery was the principal 
vessel ligation procedure for obstetric hemorrhage 
before the introduction of techniques for direct uter
ine artery ligation [373]. In most services, owing 
to its technical difficulty, complications, and the 
time required for this procedure, hypogastric lig
ation is now performed only for limited indica
tions [352,373], In the usual case of uterine atony, 
hypogastric ligation has no advantages over direct 
uterine artery ligation and several serious drawbacks. 
The principal indication for this operation is in 
extensive high vaginal or cervical injury, with result
ing hemorrhage unresponsive to the usual vessel lig
ations or the presence of large pelvic hematomas, 
precluding another approach. Vessel embolization 
is usually the safer choice for such unusual or diffi
cult cases.

Procedure
The origin of the hypogastric artery from the com
mon iliac vessel is first located along the pelvic side
wall, and the vessel is dissected free from surround
ing tissues (Figure 18.24).

The hypogastric vessels are best exposed by incis
ing the peritoneum at the site where the ureter 
passes over the pelvic brim. The peritoneal reflec
tion is dissected medially with the attached ureter, 
using care not to disrupt the periurethral vessels. 
This reflection will expose the hypogastric vessels. 
The hypogastric artery has varying branches. It is best 
to ligate the vessel distal to the origin of the superficial 
gluteal artery, if this vessel can be identified. Prox
imal ligation interrupts the arterial supply to the 
superior gluteal vessel, which can result in a par
tial muscle slough. Once the ligation site is iden
tified, the anterior vessel is carefully dissected free 
of the connective tissue using a blunt right-angle 
clamp (e.g., a Mixtner). A space is dissected under 
the vessel, with close attention to not injuring the 
thin-walled (and difficult to control if lacerated) 
underlying hypogastric vein. A double ligature of 
nonabsorbable suture material -  classically heavy 
silk or umbilical tape -  is then drawn under the 
hypogastric vessel and firmly tied. The vessel is not 
severed. Surgical errors do occur, and dividing the

External iliac 
artery

Hypoqastric 
' artery

F IG U R E  18.24.
Obstetric hemorrhage. Ligation o f  the internal iliac 
(hypogastric) artery is depicted. A double strand o f  
heavy, permanent suture material (e.g., silk or umbilical 
tape) is used to ligate the vessel. Note that the artery is 
not severed.

vessel has no advantage over simple ligation. If by 
chance the incorrect vessel (or the ureter!) is lig
ated, it is much easier to remove a suture than to 
anastomose a major artery or the ureter.

Most obstetric surgeons rarely perform hypogas
tric ligations. In this operation, it is surprisingly easy 
to ligate the incorrect vessel (or the ureter). Thus, 
it is best to attain assistance from another experi
enced surgeon. If the situation is pressing, the clini
cian should “talk” their way through the procedure, 
verbally reviewing the anatomy with the assistant 
surgeon as each structure is encountered and iden
tified. As noted, meticulous care in the dissection 
around the artery is mandatory because of the risk(s) 
of hemorrhage if the thin-walled vein is inadver
tently injured. The presence of normal femoral and 
distal pedal pulses should always be confirmed both 
before and after ligating the chosen vessel.

Complications
Hypogastric ligation is a more complex and diffi
cult procedure than an O ’Leary type direct uter
ine artery suture [373-375]. Complications from 
internal iliac ligation can be divided into two 
categories: those associated with the incorrect
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identification of vascular anatomy and those of gen
eral technique. Accidental ligation of the external 
iliac artery leads to leg ischemia, requiring reexplo
ration and a good deal of professional embarrass
ment and an unpleasant time with the quality assur
ance reviewers. Careful identification of anatomic 
landmarks and palpation of distal extremity pulses 
before and after ligation should avoid this risk. An 
additional safety check occurs at the time of closure 
of the retroperitoneum before closing the abdomen. 
Before the final closure is the time to remind the 
operator to reevaluate pulses and look for any devel
oping hematomas that might have been missed.

As noted previously, great respect must be given 
to the thin-walled veins lying under the hypogastric 
artery because they are of formidable caliber. Pelvic 
hematomas from disruption of the hypogastric vein 
are particularly vexing and most difficult to control. 
In dissecting the site for the ligature, the tip of the 
right-angle clamp should be kept snugly against the: 
arterial vessel. The index finger of the other hand 
can often help to guide the tip around the artery. 
The ureter is attached to the medial leaf of the peri
toneum and can be easily located. Once identified, 
gentle medial retraction should keep it out of harm ’s 
way.

Comments
In selected cases, bilateral internal iliac artery liga
tion is occasionally performed in the effort to avoid 
hysterectomy when other methods are ineffective in 
controlling hemorrhage. As noted before, iliac ves
sel ligation is not the initial procedure of choice in 
obstetric hemorrhage, except in the unusual setting 
of a high vaginal or cervical laceration. This proce
dure has been largely superseded by direct uterine 
artery ligation and by embolization.

Although internal iliac artery ligation or other 
multiple vessel ligation causes profound hemody
namic changes, none of these procedures obliter
ates all pelvic circulation. Ligation alters the path
ways and reverses the direction of blood flow in the 
valveless arterial vessels but does not totally arrest 
flow to any site in the pelvis. There is extensive 
collateral circulation involving a rich network of 
interconnections between the major named pelvic 
vessels, including the lumbar-iliolumbar, middle 
sacral-lateral, sacral, and the superior hemorrhoidal- 
middle hemorrhoidal arteries. Vessel ligations work

by reducing the pulse pressure in these and other 
pelvic arterial vessels. This transforms what was orig
inally high-pressure arterial system into a venous- 
like, low-pressure system, blunting the pressure 
excursions that normally occur during systole, per
mitting clots to form, remain, and eventually stem 
the flow.

For the reasons already discussed, hypogastric 
artery ligation is not the best initial procedure for 
obstetric hemorrhage. Although ligations decrease 
mean arterial pressure by 25%, mean blood flow 
by 50%, and arterial pulse pressure by 85%, the 
overall success in controlling hemorrhage and avoid
ing hysterectomy is only approximately 50% [375], 
The exposure can be lengthy, since many obste
tricians are unfamiliar with retroperitoneal explo
ration. Serious surgical complications are possible, 
albeit relatively uncommon. The ligation also ren
ders a subsequent embolization difficult and at times 
impossible by precluding access to smaller vessels 
deep in the pelvis.

Fertility and obstetric performance after either 
compression sutures or major vessel ligations is of 
concern. There are small series reporting obstetric 
performance in women following uterine artery liga
tion [376] combined uterine and uteroovarian vessel 
ligation [377], hypogastric artery ligation [378], and 
placement of B-Lynch compression sutures [379]. 
The data are best for hypogastric vessel ligation. This 
procedure does not appear to have an adverse effect 
on menstrual/ovarian function or fertility. Outcome 
data ior the other ligations/compression sutures are 
limited and more difficult to interpret. An important 
variable is the initial reason for the obstetric hemor
rhage. As an example, unusual placenta adherence 
can be a recurrent problem in a subsequent preg
nancy and presents a greater threat of complica
tion than a prior history of simple atony. Long-term 
problems after even multiple vessel ligations are dis
tinctly uncommon.

Angiographic Embolization
W hen postpartum hemorrhage is sudden and exten
sive, the parturient must be stabilized and the bleed
ing stopped by using the most effective and rapid 
method. Simple atony usually responds to utero
tonics. Occasionally, an obvious vessel injury is the 
cause of the bleeding, and ligation or compres
sion is successful. W hen standard treatments fail
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and surgery is contemplated, selective angiographic 
embolization of injured vessels needs considera
tion [380-388,390,391]. Optimally, embolization 
should be used before hypogastric artery ligation 
or hysterectomy and not as a last resort; however, 
the question usually is one of practicality. Immedi
ate, severe hemorrhage is usually best handled by 
proceeding with uterotonics, packing an intrauter
ine balloon, standard vessel ligations, compression 
sutures, or hysterectomy, depending on the clinical 
circumstances. If one or more procedures has been 
attempted without complete success, or if control is 
incomplete, or if for any reason a laparatomy is con
sidered inappropriate, embolization has an impor
tant role. Embolization techniques are also useful in 
cases complicated by pelvic hematomas, high vagi
nal lacerations, or those involving abnormal placen
tal adherence.

Embolization involves cannulation of an artery 
(usually the femoral vessel) with the area under 
local anesthesia. Contrast material is then injected 
by means of a catheter and, under fluoroscopic 
guidance, the bleeding site is identified. Emboliza
tion is performed by first manipulating the catheter 
to lie within the feeding vessel. Embolic material 
(e.g., polyvinyl alcohol [PVA], absorbable gelatin 
sponge [Gelfoam], embosphere particles [starch 
microspheres]) is then injected to occlude the artery. 
A postembolization arteriogram confirms occlusion 
of the vessel. Both PVA and embosphere particles 
are permanent occlusive agents and are thus less 
desirable for use in patients in whom retention of 
fertility is desired. Gelatin sponge is generally rec
ommended for use in postpartum hemorrhage, since 
vessels embolized with this material will eventually 
recannulize. Even gelatin sponge embolization has 
been associated with neurotic injury to the uterus, 
resulting in amenorrhea, however [389].

Procedure-related complications include local 
hematomas, pelvic pain, arterial vessel thrombosis, 
and rarely, partial bladder or vaginal necrosis, small 
bowel injury, transient paresthesias, and perforation 
of the iliac or hypogastric artery [381,384,390]. 
No embolization-related maternal deaths have been 
reported.

Embolization does not preclude surgical manage
ment if bleeding continues; however, the reverse 
is not always true [352], The advantages of angio
graphic embolization include rapid recovery from 
the procedure and a high success rate. The proce

dure is minimally invasive and includes the poten
tial for retained fertility while avoiding the com
plications of major abdominal surgery [391]. Data 
in the literature about the long-term effects of 
vessel embolization are principally case reports or 
short series [392-395]. Many of the included cases 
involved procedures originally performed outside of 
pregnancy for treatm ent of leiomyomas. It appears, 
based on very limited data, that pregnancies follow
ing embolization for leiomyomas are more fraught 
with difficulty than those resulting from treatment 
for obstetric hemorrhage. Additional data are nec
essary before firm conclusions can be reached, how
ever [396].

The principal disadvantages to embolization 
include the requirement for a skilled team with easy 
availability, and a clinical setting that permits delay 
in achieving definitive hemorrhage control. Early 
identification of patients at high risk (e.g., abdominal 
pregnancy, placenta accrete/percreta) occasionally 
permit the prophylactic passage of catheters in the 
axillary or femoral arteries, to be used for emboliza
tion as proves necessary at delivery [390,397]. Such 
placement, when possible, potentially alleviates hur
ried and dangerous surgical maneuvers in high- 
risk settings. Despite the attractiveness of this idea, 
however, it has yet to be proved that prophylactic 
catheter placement actually results in lower blood 
loss or reductions in maternal morbidity when seri
ous complications such as placenta accreta are the 
indication for surgery.

Successful intrauterine or intracervical balloon 
tamponade for hemorrhage has been reported in sev
eral cases [398]. These cases have involved post
partum  hemorrhage from several causes, including 
atony, post-hysterectomy cervical stump or lacera
tion bleeding, and placental site bleeding. Several 
different types of balloons have been employed, 
including the Stenstoken-Blakemore tubes [398- 
401], urologic hydrostatic balloon catheters [403], 
modified condom-based balloons [402], Foley 
catheter balloons [404-407], and commercially pro
duced balloons especially designed for obstetric 
applications [408],

Condous and coworkers [401] have described 
what they termed the tamponade test to help 
judge which cases of postpartum hemorrhage 
require surgery for control. They reported 16 
cases of medically intractable obstetric hemorrhage 
unresponsive to the administration of oxytocin,
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ergometrine, or carboprost. Appropriate examina
tions for secundines and occult lacerations were con
ducted, and coagulopathy was excluded by standard 
testing. Thereafter, a Sengstaken-Blakemore tube 
(tip excised) was passed into the uterus through 
the cervix and then inflated with 70 ml to 300 
ml of warmed saline, sufficient to tamponade the 
uterus. With this technique, 14 of 16 parturients 
were (87.5%) successfully controlled by the bal
loon treatment alone. When the hemorrhage was 
controlled, the tube was allowed to stay for 12 to 
24 hours (longer in some cases), while both broad- 
spectrum antibiotics and uterotonics were admin
istered. Laparatomy for surgery control was per
formed in the two failed cases. One of the failures 
was due to an undiagnosed cervical tear, a compli
cation from a prior cesarean delivery. In this series, 
the original mode of delivery was cesarean in six 
cases and vaginal in the remaining ten. Ten of six
teen cases involved atony; four were complicated by 
retained products (secundines), and one had a cervi
cal laceration. The final case involved an unspecified 
hematologic abnormality.

Although this observational study is limited by 
an inconsistent and in some cases possibly inade
quate medical protocol for the treatm ent of hemor
rhage/atony, the results are notable. Two points are 
worthy of comment. First, direct myometrial bal
loon compression was an effective means of hemor
rhage control, and second, routine measures, specifi
cally an initial careful patient examination searching 
for occult problems (e.g., a clinically unanticipated 
unsuspected laceration) are mandatory in all cases 
involving a severe postpartum hemorrhage.

SYMPHYSIOTOMY

Although unusual in the United States, sym
physiotomy is still practiced in the nonindustrial
ized world as an alternative method of delivery 
when cesareans are not readily available [429-435], 
Although outwardly simple in execution, symphys
iotomy has several complexities, and should not 
be attempted without knowledge of the surgical 
anatomy of the symphysis and an understanding of 
the potential complications of the procedure.

Procedure

The technique is not complex but does require at 
least two assistants to conduct properly.

The technique as described is that suggested by 
Nichols [435], To commence the procedure, each of 
the wom an’s legs is firmly grasped by a birth atten
dant (Figure 18.25). Their principal assignment is 
to restrict lateral movement of the parturient’s legs 
to less than a 90° angle, avoiding undue stress on 
pelvic ligaments once the symphysis has been sepa
rated. This procedure can be performed under local 
anesthesia with simple xylocaine infiltration, or with 
epidural or spinal anesthesia, which ever proves 
acceptable in the specific clinical circumstances.

Initially, an indwelling (Foley) catheter is passed 
into the bladder, and the retention balloon is 
inflated. If an anesthetic has not already been admin
istered, 1% or 2% xylocaine without epinephrine is 
first injected superficially into the midportion of the 
mons pubis and then deep into the gap of the pubic 
symphysis, which normally is easily palpated. The 
surgeon then inserts one hand into the vagina and 
deviates the urethra laterally to avoid injury during 
the subsequent separation of the symphysis (Fig
ure 18.25B). The catheter tubing makes identifica
tion and lateral displacement of the urethra easy. A 
guide needle is then inserted vertically through the 
mons pubis and passed between the pubic bones, 
identifying the midline. Redirection of the needle is 
sometimes required until the joint space is located. 
With the needle as a guide:, a direct downward 
puncture wound is made with a scalpel in the skin 
overlying the mons. The scalpel is introduced with 
the blade toward the operator and directed straight 
downward until the tip is felt by the vaginal fin
ger (Figure 18.25C l and 18.25C2). The scalpel is 
then rocked upward (cephalad), cutting through 
the posterior ligaments of the symphysis. The knife 
is then removed, rotated 180°, and reinserted and 
the handle rotated downward (caudal) to sever the 
remaining portion of the connecting ligaments. Suf
ficient separation of the symphysis has occurred 
when the surgeon can introduce a vaginal finger into 
the defect between the pubic bones. During and 
after the severance of the ligaments of the symphysis, 
the attendants holding the mother’s legs must rigidly 
restrict the angle of separation between the knees to less 
than 9 0 \

If delivery is not spontaneous following the sym
physiotomy, it can be assisted by vacuum extrac
tion. After delivery, the surgical wound on the 
mons is closed and a pelvic binder is applied. The 
catheter is left in for four or more days. Full maternal
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FIGURE 18.25.
Symphysiotomy. A, The legs are held by 
assistants, with abduction limited to <90 \ 
B, With a Foley catheter in place, the 
urethra is deviated laterally. A  needle is 
inserted to identify the midline 
pubofibrocartilage and a scalpel is 
introduced vertically through a stab wound 
and swept anteriorly as indicated, severing 
the lower fibers. The vaginal finger limits 
the depth o f  the incision. The scalpel is then 
removed, rotated 1 SO , inserted into the 
stab wound, and then swept doumward, 
freeing the remaining symphysis ligaments. 
See text for details.

recovery can take 8 to 12 weeks. Potential compli
cations of this procedure include localized bleed
ing, which normally responds to simple compres
sion, fever, infection, abscess, urethral injury, urinary 
incontinence, and chronic pelvic instability. Accord
ing to Nichols [435], long-term orthopedic disabil
ity is uncommon. The incidence of the other com
plications has not been established.

Potential indications for symphysiotomy in West
ern practice include severe shoulder dystocia when 
other measures for delivery fail, or cranial entrap
ment in an unanticipated vaginal breech delivery. 
Because some of the complications of symphys
iotomy can be severe, this procedure should not 
be conducted without the presence of competent 
assistants and a surgeon who is aware of the basic 
technique. Performed by the uninitiated there is

a risk of injury to the bladder, urethra, or to the 
various pelvic ligaments and associated connective 
tissues.

COMMON ADP1TIONA1.. PROCEDURES 

Surgical Sterilization
Elective tubal ligation is a sterilizing procedure 
performed either at the time of a cesarean or 
after some interval postpartum following a vaginal 
delivery. The infant has been delivered, any vaginal 
lacerations have been closed, the uterine incision, 
if performed is sutured, the mother has stable vital 
signs, and general hemostasis is ensured.

At a cesarean, the fallopian tubes and ovaries are 
first evaluated for abnormalities and all pelvic organs
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Note surgeon 's  index finger 
devia tes urethra latera lly

FIGURE 18.25. 
(Continued)

carefully inspected. The surgeon then identifies each 
fallopian tube by tracing its course from the cor
nua to the fimbria. The tube is then ligated and 
severed by one of the procedures described below. 
After the ligation, the adnexa are closely inspected 
for hemostasis and adequacy of tubal interruption 
before the uterus is returned to the anatomic posi
tion and the abdomen closed. An excised segment 
of tube is submitted for subsequent histologic con
firmation.

T ubal ligations are also frequently performed 
after vaginal delivery, usually within 48 hours 
postpartum. In most cases, postpartum tubal liga
tions are performed through a subumbilical “mini
laparotomy" incision within a few hours of vaginal 
delivery. In terms of timing, the operation is easiest 
when performed before puerperal involutions have 
progressed to the point where access to the adnexa 
through a paraumbilical incision is difficult.

Counseling and Consent

Careful preoperative evaluation of women for puer
peral tubal sterilization is required. This evalua
tion includes the assurance of medical factors, such 
as hemodynamic stability the woman's acceptabil

ity for an intraperitoneal procedure, and anesthe
sia. Equally important is the clinical setting and the 
consent process. Medical instability of the neonate 
weighs against proceeding with immediate postpar
tum tubal sterilization unless this possibility was 
anticipated and carefully discussed before delivery. 
Patient uncertainty or extreme emotional lability 
during the puerperium should also prompt defer
ring a purely elective sterilization procedure.

Informed consent for any sterilizing operation is 
central, because the current availability of effective 
alternatives for contraception makes female steril
ization procedures elective. The obstetrician should 
make certain than the woman is aware of and has 
considered all of her options for fertility control. 
Counseling must scrupulously avoid either impos
ing a choice on the woman or arbitrarily denying her 
the opportunity for either permanent sterilization or 
temporary contraception because of age, parity, or 
social history. A well-thought-out sterilization deci
sion by a young woman of low parity whether or 
not she is married or otherwise in a committed rela
tionship, might be entirely reasonable and appro
priate for that person. Practitioners who think that 
they cannot adequately counsel certain patients or 
who are morally opposed to the patient’s decision
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should refer these women to another practitioner 
who is willing to consider performing the requested 
procedure.

Although consent of the patient’s partner is not 
legally required for a sterilization operation, it is 
prudent to determine if the partner has been con
sulted. If not, or more important, if the partner is 
opposed to the procedure, serious problems with 
the relationship are likely. If identified, such con
cerns should be frankly discussed. The woman must 
understand that the proposed sterilization proce
dure is intended to be permanent and not reversible. 
It must also be pointed out that permanent steril
ity cannot be guaranteed, since failures have been 
reported with all techniques. Specifically, the pos
sibility of sterilization failure with a resulting preg
nancy, especially an ectopic pregnancy, should be 
discussed. Finally, the risks of surgery and anesthe
sia must be reviewed if the sterilization does not 
accompany a cesarean delivery. These discussions 
should precede the onset of labor. It is best to com
plete the informed consent and obtain a consent for 
surgery well prior to the anticipated hospital admis
sion, following the requirements of the specific 
institution.

After hospital admission for labor and delivery, 
the woman’s birth control plans are reviewed and 
the desirability of permanent sterilization reconsid
ered. If the decision remains the same, it is wise to 
document this in hospital discussion in the medi
cal record and have the patient sign a second con
sent. The issue of neonatal status should be dis
cussed. Despite all best wishes and intentions, the 
normality and survival ability of the neonate can
not be absolutely predicted in the delivery room. 
The patient must understand the distinct limita
tions of an instant diagnosis that the child is “nor
mal." Because sterilization must be considered final, 
the decision to undergo this procedure on a prelim
inary report of the infant’s condition is fraught with 
potential problems and is to be avoided, if possible.

General Management and Incision
W hen a postpartum procedure is performed for a 
woman who has undergone a vaginal delivery, the 
most common site for the abdominal incision is sub- 
umbilical. At this location, the abdominal wall is 
thinnest because of the absence of intervening mus
cle, and the peritoneum closely approaches the rec

tus fascia. For entry, the laxity of the abdominal wall 
immediately after delivery often makes it possible 
to proceed through what seems at first to be a very 
small incision. Either a curved, transverse, or a short 
vertical midline incision of approximately 2.5 cm 
to 5.0 cm is made, just sufficient to introduce nar
row retractors. If exposure is inadequate, the inci
sion is extended as required. The surgeon should not 
struggle with an inadequate incision. If exposure is 
insufficient for safe access to the adnexa, the incision 
should simply be enlarged. Accurate identification 
of the f allopian tubes and atraumatic surgery are far 
more important than the goal of producing a small 
abdominal scar.

The subcutaneous tissue is next incised down 
to the fascia. The authors prefer to make a verti
cal midline incision in the fascia to minimize the 
potential for trauma to the paramedical subfascial 
vessels. These vessels are located far enough away 
from the midline, however, that the alternative, a 
small transverse subumbilical fascial incision, usu
ally does not place them at risk for injury. After the 
fascia is incised, the retrofascial tissues are then dis
sected down to the peritoneum, which is tented and 
entered as usual. At this point, some surgeons tag 
the peritoneum with a suture for easy subsequent 
identification. With retractors holding the wound 
open, the uterine fundus is identified and the cor
nua located. Each fallopian tube is grasped in turn 
with a noncrushing clamp, such as a Babcock, and 
then traced to its fimbriated end for positive identi
fication. In addition, each tube is closely inspected 
after the procedure to ensure that a complete trans
action has occurred, and that adequate hemostasis 
is present. The fascia and the skin are then closed 
in separate layers as usual, using absorbable suture 
material. A subcuticular skin closure is favored. 
Routine diet and activity may be resumed as soon 
as recovery from anesthesia is complete.

Madlener Technique
Introduced early in the 20th century, the Madlener 
technique is now infrequently performed [409]. In 
this procedure, each fallopian tube is first identi
fied in the usual manner. Then, a knuckle of tube 
is formed in the isthmic region. The base of the 
knuckle is next crushed by a heavy clamp. The crush 
site is subsequently ligated. In the original report, 
the ligation was performed with silk suture. This
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FIG URE 18.26.
Pomeroy Technique. See text for details.

procedure has been supplanted by other techniques 
because of its unacceptably high failure rate owing 
to spontaneous tubal recannulation. Pregnancy rates 
as high as 82 in 1,000 have been reported [410],

Pomeroy Technique

The Pomeroy procedure is the simplest and most 
popular technique for tubal sterilization. Pomeroy’s 
associates first described this technique in 1930 
[411], In this operation, each fallopian tube is iden
tified and then grasped at a relatively avascular seg
ment of the isthmic region, and drawn up into a 
knuckle of approximately 1 cm in length for each 
arm (Figure 18.26}. The base of the isolated loop is 
then doubly ligated. Various suture materials have 
been proposed for this ligation; the authors favor 
plain gut, 0 or 00. After placement of the ligature, 
the entrapped tubal loop is excised. The cut ends of 
the tube are then inspected to ensure that the prox
imal and distal lumina have been completed tran
sected, and that there is no bleeding. The ligating 
suture subsequently dissolves, allowing the cut ends 
to separate widely during the process of healing.

The objective of the Pomeroy procedure is to 
keep the cut ends of the tube ligated only long 
enough to achieve permanent hemostasis. As the 
tissue heals, the ends become covered by reperi- 
tonealization, occluding the lumen. Electrosurgical 
desiccation of the tube at the time of surgery is 
specifically not advisable, because eschar formation 
can fuse the ends together, paradoxically increasing 
the chances for spontaneous recannulation. Simi
larly, slowly resorbing or permanent suture material 
should not be used, because this delays the desired 
separation of the tubal stumps.

An alternative to the Pomeroy technique involves 
the direct placement of a Hulka [412-414] spring- 
loaded clip in the fallopian tube. This procedure is 
feasible at cesarean delivery but has the disadvantage 
of not providing a histologic specimen to prove tubal 
transaction, and thus has found few adherents.

Multiple studies of the Pomeroy procedure have 
been published [410], Failure rates of 2 to 4 in 1,000 
procedures are common. Prior concerns regarding 
the possibility that Pomeroy tubal ligations per- 
formed in conjunction with cesarean delivery were 
associated with a higher failure rate have not been 
confirmed [415],

Irving Technique

This technique, first described by Irving in 1924, 
is moderately popular [416]. The Irving operation 
involves first dividing each tube, then burying the 
proximal stump into the myometrium, and in the 
original version, also burying the distal tubal stump 
in the leaves of the broad ligaments (Figure 18.27}. 
In the procedure, each tube is identified and grasped 
sufficiently far away from the uterus to permit 
mobility of the proximal segment. An avascular area 
of the mesosalpinx is identified and punctured (Fig
ure 18.27^4}. Ligatures of chromic suture material 
are placed 2 cm apart around the overlying tubal 
segment. The proximal ligature is tied in the center 
of the suture, leaving two long ends, one with the 
attached needle.

The tubal segment isolated between the liga
tures is then excised. The cut ends are examined to 
ensure that hemostasis is adequate. A stab wound 
is then made in the uterine fundus with a sharp 
pointed clamp such as a hemostat, and a tunnel 
approximately 2 cm long is burrowed directly into 
the myometrium. A needle is attached to each end 
of the proximal tubal ligature and passed into the 
myometrial tunnel and out at its apex, with a 1- 
cm to 3-cm separation between the suture ends as 
they exit the uterus. The surgeon then inserts the 
proximal tubal stump into the myometrial tunnel as 
the suture is tied, this fixes the tubal stump within 
the uterine wall (Figure 18.275}. It is often neces
sary to insert one or more additional sutures at the 
site where the tube enters the myometrial tunnel to 
achieve hemostasis and prevent the tube from being 
dislodged.
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of fallopian tube is first identified and doubly lig
ated. After the intervening segment of tube between 
the ties is excised for histologic confirmation of 
the tubal separation, the proximal stump is buried 
within the mesosalpinx. The procedure positions 
the distal stump within the peritoneal cavity, thus 
permanently separating the segments. The potential 
reversibility of this technique depends on how much 
of the tube is excised as a surgical specimen (Figure 
18.28).

In the performance of the Uchida operation, each 
tube is identified as previously described. To open 
a potential space, the mesosalpinx overlying the 
chosen tubal segments is infiltrated with several 
milliliters of saline, hydrodissecting the peritoneum 
from the tube (Figure 18.28A).

A linear incision is made in the antimesenteric 
border of the mesosalpinx overlying the site of infil
tration, and a segment of the tube is dissected free 
of the submucosal tissue (Figure 18.28B). Fhe iso
lated tubal segment is then ligated with absorbable

FIGURE 18.28.
Uchida Technique. See text for details.

FIGURE 18.27.
Irving Technique. See text for details.

The Irving procedure is highly successful as a ster
ilization procedure. Failures are rare [417], Because 
only a small portion of the tube is excised, the 
potential for reversibility remains high. This proce
dure does have its limitations, however. Hemostasis 
at the site of the uterine perforation is a common 
problem, and this technique cannot be easily per
formed through a small paraumbilical incision. For 
these reasons, the Irving procedure is best suited for 
postcesarean tubal ligations, when exposure is not 
an issue.

Uchida Technique
The Uchida operation permanently separates the 
proximal and distal ends of the divided fallopian 
tube, exteriorizing one stump into the peritoneal 
cavity [418]. As with the Irving technique, a knuckle
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suture at its proximal and distal ends. The inter
vening segment is excised and retained for subse
quent histologic examination. The proximal end 
of the tube is allowed to retract into the sub- 
serosa of the mesosalpinx. A purse-string suture of 
absorbable suture isolates the proximal tubal seg
ment in the mesosalpinx, while the distal stump is 
left fixed in position in the peritoneal cavity (Fig
ure 18.28C).

The Uchida procedure is quite effective. In his 
personal series, Uchida reported no failures in 
20,000 cases [418]. There are no other independent 
reports of comparable series with which to evaluate 
this claim, however.

In the original procedure, a 5-cm segment of 
tube was excised; however, decreasing the length 
of the excised segment does not significantly jeop
ardize the long-term results. A shorter excised seg
m ent does reduce interference with the tubal blood 
supply. The greater the length of the residual tube 
after tubal sterilization, the greater the success rate 
of subsequent tubal reversal surgery [414], Because 
this procedure depends on the success of the isola
tion of the proximal and distal tubal ends, the length 
of the excised segment is immaterial to success. As 
a practical matter, there is no need to excise a longer 
portion than is necessary for histologic confirmation 
of complete tubal transaction.

Fimbriectomy

Fimbriectomy, a procedure popularized by Kroener 
[419], is a rapid and easily performed m ethod of 
sterilization. Fimbriectomy must be considered a 
permanent type of sterilization, because it is rarely 
reversible. If the Kroener operation is chosen, it is 
extremely important to identify the fimbriated end 
of each tube definitively and release it from adhe
sions to surrounding structures. Failures of this tech
nique can occur if the fimbria ovarica, a small strand 
of fimbria that connects the tube to the ovary, is not 
included in the pedicle. If the fimbria ovarica is not 
identified and specifically divided, it can maintain 
tubal patency and lead to subsequent pregnancy. To 
perform this sterilization, the portion of the tube 
distal to the isthmus is simply clamped and then 
excised. The residual tubal stump is then suture 
ligated with a delayed absorbable suture, such as 
chromic (Figure 18.29).

Line of 
incision

; Fallopian tube

FIGURE 18.29.
Kroener Technique. See text for details.

COMPLICATIONS

Possible immediate postoperative complications of 
surgical sterilization include infection, bleeding, 
intraoperative bowel or bladder injury, thromboem
bolism, and rarely, death. Serious complications fol
lowing tubal ligation are at best uncommon. Each 
procedure also carries the possibility of failure, with 
subsequent reconnection of the tube and restora
tion o'; a functioning lumen. The mortality risk for 
any of the sterilization procedures listed is very 
low, approximately 1 to 10 per 100,000 procedures 
[420,421], W hen fatal outcomes occur, most are 
due to complications from anesthesia or unantici
pated medication reactions. Losses due to surgical 
complications are at best very rare.

Long-term adverse effects of tubal ligation are 
controversial. Early concern that tubal ligation 
might adversely affect normal function by altering 
tubal structure or blood supply have been unsub
stantiated. Potential changes in premenstrual symp
tomatology [422], ovarian function [423], vagi
nal bleeding patterns [424,425], sexual response 
[426], and pelvic pain [427] have been investigated. 
None of the longitudinal studies of women under
going tubal sterilization has detected any signifi
cant differences in these parameters. Women who 
undergo tubal sterilization before the age of 29 years 
are at increased risk for hysterectomy compared 
with the general population, however [428]. This
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difference disappears when these women are com
pared with women of similar age married to vasec- 
tomized men. The observed differences apparently 
result from unidentified factors other than the tubal 
surgery.

Sterilization failures are often the result of either 
mistaken identification of some other intraabdomi
nal structure for the fallopian tube, or of incomplete 
occlusion of the tubal lumina. The potential for 
these errors is increased in postpartum procedures 
because of the alterations in the size and appearance 
of the tubes associated with pregnancy and the small 
incisions used to enter the abdomen, which restrict 
observation. Perioperatively, it is essential that each 
tube is definitely identified, and that care is taken to 
transect the entire tube.
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For this relief much thanks

W illiam  Shakespeare (1564-1616)

The Tragedy o f  Hamlet, Prince o f  Denmark, l,i

Urologic disorders during pregnancy m erit special 
consideration , because pregnancy induces extensive 
anatom ic and physiologic changes in b o th  th e  geni
tal and urinary  tracts. T hese alterations increase the  
suscep tib ility  o f  th e  urinary  trac t to  certain  diseases 
and  injuries. Labor and delivery also can resu lt in 
urinary  trac t dam age and possibly o th e r pelvic floor 
disorders. Additionally, th e  tre a tm e n t o f  m any con
ditions during pregnancy m u st be tem p ered  by con
siderations o f  fetal risk, including possible p rem a
tu re  delivery and th e  po ten tia l induction  o f fetal 
anom alies.

This ch ap te r review s conditions occurring  in 
th e  urinary  trac t during  pregnancy th a t place the  
m other, and often th e  fetus, at risk. This jeopardy  
is e ith e r a resu lt o f these  diseases or is due to  the  
clin ic ian’s a ttem p ts  a t trea tm en t. C onditions dis
cussed in th is ch ap te r th a t m igh t requ ire  surgery 
during  pregnancy include urolithiasis, urinary  trac t 
obstruction , accidental and iatrogenic low er urinary 
trac t in ju ry  u re th ra l diverticula, gen itourinary  fis
tulas, com plications o f  previous urologic surgery, 
and urinary  trac t carcinom a. This ch ap te r critically 
appraises th e  cu rren t lite ra tu re  and discusses con
tem p o rary  concepts o f diagnosis and m anagem ent 
o f  these  conditions specific to  pregnancy.

A N A T O M IC  C H A N G E S

In norm al pregnancy, each kidney elongates by 
approx im ate ly  1 cm  because o f  th e  increase in vas
cular vo lum e and in terstitia l space. As the  u terus 
enlarges, th e  b ladder rises o u t o f th e  pelvis and into 
th e  abdom en, th u s altering its re la tionsh ip  and th a t 
o f  th e  u re th ra  and u re ters to  th e  cervix and uterus. 
By th e  th ird  trim ester, th e  b ladder becom es m ore 
o f  an abdom inal th an  a pelvic organ. Normally, the  
u re te r  passes b en ea th  th e  u te rine  artery  1.5 cm  to  2 
cm  lateral to  th e  cervical isthm us as it courses m ed i
ally to  en te r th e  b ladder trigone. D uring  pregnancy, 
th e  u re te r  is displaced by th e  enlarging low er u terine  
segm ent and lies closer to  th e  u terus and cervix. The 
expanding  u te ru s  also elevates th e  b ladder trigone, 
m aking th is norm ally  concave s tru c tu re  convex, dis
placing th e  u re tera l orifices laterally (Figure 19.1).
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FIGURE 19.1.
Changing relationships o f  bladder base and  ureters to 
cervix and  lower uterine segment during the three 
trimesters o f  pregnancy, showing elevation o f  the trigone 
and lateral displacement o f  ureteral orifices. (From  
M attingly RF, B orkow fH I: Lower urinary tract injuries in 
pregnancy. In: Barber HRK, Graber EA (eds): Surgical 
Disease in Pregnancy. Philadelphia: WB Saunders, 1974; 
u’ith permission.)

The left ureter, moreover, is drawn anteriorly as a 
result of uterine dextrorotation. These changes, with 
the new abdominal position of the bladder, render 
the ureter, bladder, and the urethra much more sus
ceptible to accidental and surgical trauma [1-3].

Whereas changes in lower urinary tract anatomy 
associated with pregnancy predispose to injury, 
alterations in physiology explain the propensity 
for urinary tract obstruction [4]. Hydronephro
sis and hydroureter, ureteral elongation, dila
tion, and tortuosity commonly accompany preg
nancy. In the late third trimester, some degree 
of bilateral hydroureteronephrosis is present in 
90% of pregnant women [2,3]. This physiologic 
hydroureteronephrosis of pregnancy can be seen as 
early as 6 weeks of gestation (Figure 19.2). The kid
ney and ureters revert to their normal prepregnancy 
status by 6 weeks postpartum.

Theories proposed to explain these changes 
include both mechanical obstruction from the 
gravid uterus or adjacent vessels, and the physiologic 
effects of progesterone and prostaglandins, caus
ing decreased ureteral peristalsis and bladder atony. 
The mechanical theory is supported by the fact 
that, when present, hydroureter and hydronephrosis 
occur on the right side much more frequently than 
on the left. The propensity for right ureteral dila
tion results from a combination of uterine dextro-

FIG U R E 19.2.
Intravenous urogram in sixth week o f  pregnancy 
dem onstrates early dilation o f  upper ureters bilaterally. 
N ote that loiver ureter (a rrow ) retains its normal caliber. 
(From  Freed SZ, Herzig N  (eds): Urology in Pregnancy. 
Baltimore, Williams &  Wilkins, 1982; with permission.)

rotation, right ureteral compression by the engorged 
right ovarian vessels, and cushioning of the left 
ureter by the sigmoid colon and iliac arteries. A 
mechanical cause for upper urinary tract dilation is 
also favored by sharp termination of ureteral dilation 
at the pelvic brim, as documented by intravenous 
pyelography (IVP) [5]. In addition, ureteral dila
tion is most evident after 20 weeks of gestation, pre
sumably as a consequence of the gravid uterus com
pressing the ureter against the pelvic brim. Finally, 
hydronephrosis and hydroureter are not common 
in women with renal transplants or pelvic kidneys, 
lending further support to the mechanical obstruc
tion theory [5],
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Elevated progesterone levels were thought to be 
primarily responsible for smooth muscle relaxation, 
hypotonicity, and dilation of the renal pelvis and 
ureter in pregnancy; however, ureteral dilation does 
not occur even when large doses of synthetic proges
terone are used for chemotherapy [6]. Additionally, 
investigations of the amplitude and frequency of 
ureteral contractions reveal no changes during preg
nancy, and ureteral tone is actually increased [7]. For 
these reasons, progesterone and other pregnancy- 
related hormones probably play only a limited role 
in ureteral dilation during pregnancy. Mechanical 
effects are thought to predominate.

Bladder capacity increases progressively through
out the second and third trimesters of pregnancy. 
This change is thought to be a result of bladder 
atony because of the effect of progesterone, com
bined with partial urethral obstruction by the fetal 
head. Bladder capacity during pregnancy increases 
to 450 ml to 600 ml, compared with 400 ml in 
nonpregnant controls [3], Bladder volume in excess 
of 1,000 ml, which is not unusual during labor or 
the puerperium, predisposes the bladder to rupture 
from external trauma or neglected labor [4,8]. Preg
nancy can also affect the urethra. A urodynamic 
study on 14 healthy and continent primigravida 
women performed during the first trimester, late 
third trimester, and again 5 to 7 days postpartum 
showed an increase in total and functional urethral 
length as well as in urethral closure pressure [9]. 
Besides these anatomic changes in the lower uri
nary tract, it is evident that pregnancy and vaginal 
delivery can also affect the pelvic floor and predis
pose to stress urinary incontinence and pelvic organ 
prolapse [10-12],

PHYSIOLOGIC CHANGES

Many systemic changes are normal during preg
nancy, and many homeostatic mechanisms are 
altered. The kidney plays an important role in 
maintenance of water and electrolyte control, and 
its function is affected by pregnancy-related alter
ations in the cardiovascular and respiratory systems. 
Plasma volume increases nearly 50%, whereas red 
cell volume increases to a lesser extent, leading to 
physiologic anemia of pregnancy. Cardiac output 
increases early in the first trimester by 1 1/min to
2 1/min, an increase of 20% to 40% over normal val
ues [13], During pregnancy effective renal plasma

flow increases by 60% to 80% in the first and second 
trimesters, and then decreases in the third trimester. 
The glomerular filtration rate (GFR) increases 30% 
to 50% early in pregnancy and remains elevated until 
term  [13].

I here is cumulative retention of total body water 
throughout pregnancy, with a mean gain of 7 liters to 
8.5 liters over the 40 weeks of gestation. Through
out pregnancy, total osmolality is 10 mmol less than 
normal nonpregnant levels, and the plasma sodium 
concentration is decreased. Despite this change, 500 
mEq to 900 mEq of sodium is retained throughout 
pregnancy [13], The 50% increase in GFR results in 
a massive increase in the filtered sodium load. This 
increased filtration is accompanied by a concomitant 
increase in the amount of sodium reabsorbed.

With increased glomerular clearance, there is 
an increase in the excretion of protein and glu
cose, which can exceed the resorption capacity of 
the tubules. For this reason, proteinuria up to 300 
mg/day is considered normal in pregnancy. Two or 
more episodes of glucosuria are seen in 10% of preg
nant women, because the renal threshold for glu
cose decreases by 10% to 15%, to approximately 
140 mg/dl [ 14]. Because of the increase in GFR and 
the filtration fraction in the presence of unchanged 
production of creatinine and urea, serum creatinine 
and blood urea nitrogen levels decrease to 0.7 mg/dl 
and 10 mg/dl, respectively [15].

COMMON URINARY COMPLAINTS 

Urinary Frequency and Nocturia
The normal homeostatic changes involving the 
urinary tract are frequently responsible for the 
gravid woman’s urinary complaints. Other patho
logic changes, as a consequence of tissue damage 
either from pregnancy or labor, can accentuate these 
physiologic changes and result in persistent symp
toms, however:

The most common urinary complaint in early 
pregnancy is urinary frequency. The onset of fre
quency can be as early as the first trimester. This 
symptom can be explained by pressure on the blad
der from an enlarging, anteflexed uterus, and by 
increased urine production resulting from changes 
in GFR exceeding tubular reabsorption. Late in the 
third trimester, when the presenting part of the 
fetus enters the pelvis, urinary frequency can recur
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or worsen. Using a definition of frequency as more 
than seven daytime voids and more than one night
time void, Francis [16] compared 400 healthy preg
nant women with normal nonpregnant women and 
found that urinary frequency was reported by 59% 
in early pregnancy 61% in midpregnancy, and 81% 
in late pregnancy. Parboosingh and Doig reported 
that 66% of pregnant women experienced nocturia 
by the third trimester, using a definition of nocturia 
as at least three nighttime voids [17]. Another study 
on women in their first trimester of pregnancy found 
that 40% complained of frequency and 23% of noc
turia [18], The symptoms of urinary frequency are 
unrelated to the effect of posture or bladder capacity 
but are caused by polydypsia and polyuria of preg
nancy [16]. During the first trimester, both fluid 
intake and urine output are increased and remain 
constant until the third trimester, causing frequency. 
During the third trimester, a decrease in sodium out
put leads to a decrease in urine output; however, 
the large uterus exerts more pressure on the blad
der, and frequency persists. Sodium excretion and 
the mobilization of dependent edema at night were 
the major reasons for nocturia [17]. The antenatal 
symptoms of diurnal and nocturnal frequency m ight 
also be related to increased fluid intake combined 
with increased time spent in recumbency.

Voiding Difficulties
During the first and second trimesters, urinary hesi
tancy occurs in up to 27% of pregnant women [19]. 
Urinary retention can occur early during pregnancy 
in women with a retroverted uterus, or those hav
ing an enlarging fibroid or a pelvic mass. The reten
tion usually resolved by 16 weeks of gestation as 
the uterus grows out of the pelvis. Either bladder 
drainage or self-catheterization is sometimes needed 
to manage this problem. Alternatively, the obstruc
tion on the bladder neck can be relieved by manual 
reduction of the retroverted, incarcerated uterus or 
placement of a Hodge pessary [20].

Postpartum urinary retention is more common, 
with an incidence of 1.7% to 17.9% [1]. For women 
who received epidural anesthesia during labor and 
delivery the bladder can take up to 8 hours after 
the last dose to regain sensation. O ther risk fac
tors for postpartum retention include instrumental 
delivery a first labor, and a long duration of labor 
(>13 hours). Prolonged postpartum bladder disten

sion can lead to permanent detrusor dysfunction and 
altered bladder sensation [!]■ Hence, women with 
risk factors for postpartum urinary retention should 
be monitored carefully after delivery to ensure ade
quate voiding. If necessary, catheterization should 
be employed to avoid bladder overdistension.

Urinary Urgency and Urge Incontinence
Urinary urgency and urge incontinence are common 
in pregnancy In one study 62% of pregnant women 
reported the symptoms of urgency and 18% com
plained of urge incontinence [21]. In another study 
of a large number of nulliparous women (549 sub
jects), only 22.9% reported urgency and 8% urge 
incontinence during pregnancy [22]. When com
pared with their prepregnancy state, complaints of 
urgency and urge incontinence in pregnancy in this 
same group of women were 10 and 16 t imes higher, 
respectively. Urinary urgency and urge incontinence 
can also occur postpartum, with 7.8% of parturients 
reporting urgency and 2.2% reporting urge inconti
nence at as much as 12 weeks after delivery [22], As 
suggested by some published data [21,23], the etiol
ogy of urgency and urge incontinence in pregnancy is 
explained not by the development of detrusor insta- 
blity alone, but rather the combination of detru
sor instablity, low bladder compliance, and urethral 
instability.

Stress Urinary Incontinence
Urinary symptoms of stress urinary incontinence are 
also quite common in pregnancy. In some series, the 
symptoms of stress incontinence have been reported 
in up to 85% of pregnant women [16,24]. There is 
a poor correlation between symptoms and urody- 
namic findings for incontinence, however [25,26]. 
Although the symptoms of stress (32%) and urge 
incontinence (26%) were frequently reported by 
pregnant patients in one series, urodynamic stud
ies demonstrated genuine stress incontinence in only 
7%, and detrusor instability in 36% of these symp
tomatic women [25]. No significant differences 
in symptoms of frequency, nocturia, urgency, and 
urge incontinence were found in patients with or 
w ithout detrusor instability, indicating that these 
symptoms often occur in patients without urody
namic changes. Stanton and coworkers [19] have 
demonstrated no relationship between stress or urge
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incontinence with descent or engagement of the pre
senting part. Nonetheless, when present, symptoms 
generally increased to term.

Symptoms of stress incontinence usually disap
pear in the puerperium. At 3 months postpartum, 
however, 10% of patients who developed stress 
incontinence during pregnancy and 29% who devel
oped stress incontinence after delivery still com
plained of this symptom [27], At 1 year postpar
tum, these numbers decreased to 3.5% and 25%, 
respectively [24]. These findings suggest that stress 
incontinence developing after delivery carries more 
serious risk than that developing during pregnancy
[27], This supposition is corroborated by electro- 
physiologic data showing pudendal and perineal 
nerve damage as results of labor and vaginal delivery
[28], Stress incontinence that appears during preg
nancy seems to be caused by a different pathologic 
process from that developing after vaginal deliv
ery. Although urodynamic stress incontinence (pre
viously "genuine” stress incontinence) from partial 
denervation of the pudendal nerve appears to be 
responsible for most postpartum difficulties, detru
sor instability is likely the primary cause for the 
symptom of stress incontinence during pregnancy
[29], There is a significant correlation between the 
length of the second stage of labor and the devel
opment of stress postpartum incontinence [10- 
12], Viktrup and coworkers [24] reported that 7% 
of primigravida women developed de novo stress 
incontinence postpartum.

The exact cause of stress incontinence in the 
postpartum period is unclear; however, the etiol
ogy is most likely multifactorial, related to func
tional and structural changes, nerve damage to the 
lower urinary tract and pelvic floor, and collagen 
abnormalities. The mechanism for maintaining con
tinence during pregnancy, despite an increase in 
intravesical pressure, is thought to be related to the 
increases in both urethral length and maximal ure
thral closure pressure. Iosif and Ulmsten reported 
that during pregnancy, the absolute urethral length 
increased by a mean of 6.7 mm and the functional 
urethral length increased by a mean of 4.8 mm [30], 
The maxima] urethral closure pressure increased to 
93 cm H 2 O at 38 weeks and then decreased to 
the prepregnancy value of 69 cm H?O after deliv
ery. These changes were not apparent in pregnant 
women who complained of stress incontinence. The

increased blood volume during pregnancy could 
increase the urethral sphincter volume and ampli
tude of vascular pulsations in the urethral wall, and 
subsequently increase the urethral closure pressure. 
I he opposite effect has been demonstrated in preg
nant women with genuine stress incontinence, who 
had lower amplitude of vascular pulsations in the 
urethral wall than did their continent counterparts 
[1,30].

Some researchers have suggested that vaginal 
delivery, rather than pregnancy itself, predisposes 
women to stress incontinence. Wilson and cowork
ers reported that the risk of stress incontinence 
was significantly less in those who had undergone 
cesarean birth, whether elective or in labor, espe
cially primigravidas [31], The prevalence of stress 
incontinence in women who had three or more 
cesarean deliveries was similar to that of those who 
delivered vaginally, however (38.9% and 37.7%, 
respectively). Although the issue is still under 
debate, some authors propose that incontinence 
in this situation might be a result of nerve dam
age from bladder distension during cesarean deliv
ery [10-12,31]. After delivery, the urethral length 
and closure pressure were significantly higher in 
women who had cesareans than in those who deliv
ered vaginally [32], These data demonstrate that 
cesarean delivery might prevent or minimize the 
development of stress incontinence in the postpar
tum period.

Damage to the pudendal nerve and its branches 
has been demonstrated after childbirth [10-12,33]. 
Since the perineal branch of the pudendal nerve 
innervates the striated muscles of the urethra and 
pelvic floor, damage to this nerve in childbirth 
can lead to stress incontinence. Patients with gen
uine stress incontinence have been shown to have 
abnormal conduction in the perineal branch of the 
pudendal nerve [10-12], Snooks and coworkers 
reported that, at 2 to 3 days postpartum, prolon
gation of pudendal nerve terminal motor laten
cies was found in 42% of those delivered vaginally, 
but none in those delivered by cesarean [33], The 
pudendal nerve latency returned to baseline at 2 
months postpartum in 60% of the women with evi
dence o f nerve damage. Allen and coworkers found 
evidence of denervation injury in 80% of women 
after vaginal delivery [28], The degree of pudendal 
nerve damage correlated positively with the use of
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forceps, longer second stage of labor, larger baby, and 
multiparity.

Vaginal delivery can also lead to permanent dam
age to the urethral sphincter mechanism and subse
quently predispose to stress incontinence [10-12]. 
Sphincter weakness was caused not only by the 
loss of motor units but also by asynchronous activ
ity in those remaining. Trauma from vaginal deliv
ery might also cause urethral detachment, lowered 
bladder neck position, and increasing bladder neck 
mobility. Using nulligravid controls, Peschers and 
coworkers reported that bladder neck position was 
significantly lower and bladder neck mobility was 
significantly greater after vaginal delivery than after 
cesarean birth [34]. Significant lowering of bladder 
neck after forceps delivery was also reported [35], 
Alterations in urethral and bladder neck support and 
increases in bladder neck mobility that occur after 
vaginal or instrumental deliveries could lead to stress 
incontinence. (For additional discussion, see Chap
ter 23, Birth Injuries.)

Urinary Tract Infection
A major cause of urinary symptoms in pregnancy is 
acute cystitis, which complicates up to 15% of preg
nancies [1-3,36']. The prevalence of asymptomatic 
bacteriuria in pregnant women is similar to that 
in a nonpregnant population, bu t there is a three- 
to fourfold higher progression rate to bladder and, 
most notably, kidney infection [1,2]. The decrease 
in bladder tone and increase in ureteral volume, writh 
the faciliatory effect of estrogen, particularly in the 
growth of Escherichia coli, contribute to the risk of 
acute cystitis and pyelonephritis in pregnancy. Preg
nant patients with urinary tract infections, like their 
nonpregnant counterparts, complain of frequency, 
urgency, dysuria, suprapubic discomfort, and occa
sional gastrointestinal distress. The standard colony 
count for urinary tract infection is > 10 ' colony- 
forming units (CFU)/ml of urine; however, counts as 
low as 102 CFU/ml might represent active infection 
in pregnancy [36]. Two thirds of pregnant women 
with acute cystitis have a negative initial screening 
culture, underscoring the necessity for repeat peri
odic screening for bacteriuria in pregnancy [15,36] 
If found positive for bacteriuria, pregnant women 
should be treated even if they are asymptomatic. 
Antibiotic treatm ent for asymptomatic bacteriuria

can include amoxicillin, nitrofurantoin, or one of 
the cephalosporins. Trimethoprim should not be 
used in early pregnancy because it can affect neural 
tube development. Sulfonamides can also be admin
istered, but not in late pregnancy when they can 
increase the risk of kernicterus. Tetracyclines should 
be avoided because they cause bone and teeth dys
plasia and discoloration. If a woman treated with 
appropriate antibiotics for cystitis or pyelonephritis 
fails to respond or has recurrent infection, the pres
ence of a urinary tract anomaly or urolithiasis must 
be considered.

Acute pyelonephritis complicates 1% to 2% of 
pregnancies and is associated with maternal and fetal 
morbidity and mortality [2,3,37]. The patients typ
ically complain of fever, costovertebral angle ten
derness, and cystitis symptoms. Sepsis and respira
tory distress can occur in severe cases. Treatment 
should be aggressive, with hydration, analgesics, and 
intravenous antibiotics. Second- or third-generation 
cephalosporins and a short course of an aminogly
coside are usually employed.

URINARY CALCULI 

Epidemiology
Urolithiasis is an uncommon event, reported in 
0.03% to 0.53% of pregnancies, an incidence similar 
to that of nonpregnant women [38], Despite its low 
incidence, this problem is significant, because renal 
colic is the most common nonobstetric cause of pain 
necessitating hospitalization in pregnancy. Urolithi
asis can cause urinary tract infection, leading to 
compromised renal function, permanent renal dam
age, or promote preterm labor. Drago and Rohner 
report that two thirds of women with renal colic 
presented with preterm labor secondary to compli
cations of urolithiasis [39], Multiparous women are 
three times more likely to be affected by urolithiasis 
than are nulliparas. This increased incidence prob
ably is reflective of the increased predisposition to 
stone formation in older women [40], Urolithiasis 
occurs with equal frequency in all three trimesters, 
although this issue was formerly a question of con
siderable debate [41]. The diagnosis of urolithi
asis is more likely to be made in the second or 
third trimester, probably because ureteral dilation in 
late pregnancy leads to passage of renal and upper

ak
us

he
r-li

b.r
u



6 1 4  SCOTTI, YOUNG, HO

ureteral stones into the distal ureters, with resultant 
symptoms [40].

Etiology
The physiologic hydroureteronephrosis of preg
nancy was previously thought to be a major eti- 
ologic factor in the development of upper urinary 
tract stones. If this were true, however, one would 
expect to see a right-sided predominance, which 
is not the case. Many metabolic alterations occur 
in pregnancy, some of which predispose to stone 
formation. Gestational hypercalcinuria is normal, 
with a magnitude up to two- to threefold greater 
than in nongravid women. Hypercalcinuria has been 
attributed to enhanced placental formation of 1,25- 
dihydroxycholecalciferol with suppressed parathor
mone levels [42], The hypercalcinuria of pregnancy 
is attributed to the 50% increase in GFR or to the 
increase in clearance of uric acid. Urine in pregnancy 
is also supersaturated with calcium oxalate and cal
cium carbonate, increasing the likelihood of precipi
tation probably resulting from the relatively alkaline 
urine that characterizes pregnancy [41].

Despite these factors, there is no increase in the 
incidence of stone formation during pregnancy. Fur
thermore, pregnancy does not increase the risk of 
urolithiasis in women who are known to be “stone 
formers,” probably because of increased excretion of 
citrate, magnesium, and other crystalline inhibitors 
[41], In addition, calcium oxalate crystal growth 
is inhibited by acidic glycoproteins, which are 
excreted in increased amounts during pregnancy 
[43], Although the relatively alkaline urine of preg
nancy predisposes to calcium carbonate lithiasis, it 
also results in a protective effect on uric acid stone 
formation. This combination of multiple protective 
metabolic alterations apparently offsets the factors 
predisposing to urolithiasis. In pregnant stone for
mers, there is an increased incidence of struvite or 
“infection stones" (13.%]; however, the composition 
of stones in pregnant patients and in their nonpreg
nant counterparts is similar [2], The composition 
of urinary calculi is calcium, 90%; uric acid, 5% to 
10%; and cystine, 3% [44],

There is a recognized but unexplained associa
tion between calcium urolithiasis and habitual abor
tion, which imparts even greater concern for the 
stone-forming patient who is pregnant or desiring 
pregnancy [45]. Because of this association, other

complications of urolithiasis, and the many ramifi
cations of management associated with pregnancy, 
some experts recommend that gravid patients be 
treated for asymptomatic calculi.

Underlying systemic disease leading to urolithia
sis must be considered in the pregnant as in the non
pregnant patient. Recurrent calcium stone forma
tion can result from primary hyperparathyroidism, 
destructive bone disease, renal tubular acidosis, or 
sarcoidosis. For uric acid stones, hyperuricemia can 
be caused by gout, polycythemia vera, myeloid 
metaplasia, lymphoma, or leukemia. Cystine stones 
are seen with inborn errors of metabolism. If 
present, these primary systemic conditions, rather 
than urolithiasis alone, carry a higher risk for the 
pregnancy. Although the possibility of primary 
conditions in calcium stone formers should be elim
inated by a metabolic evaluation in the postpar
tum  period, most patients are found to have idio
pathic hypercalcinuria without underlying systemic 
disease.

Diagnosis
W ith a few exceptions, symptoms of urolithiasis 
in pregnant women are the same as those in non
pregnant women. Nausea, vomiting, and severe 
flank pain are the most common complaints, mim
icking acute pyelonephritis, but usually without 
fever. Because of pregnancy-induced ureteral dila
tion, renal colic is less common in the second 
and third trimesters. For the same reason, gross 
hematuria is less common, although microscopic 
hematuria occurs in 60% to 90% of cases [3]. Hema
turia is not a specific indicator for calculi in preg
nancy because it can result from vascular dilation 
from both collecting system enlargement and local 
hormonal changes [46], O ther common symptoms 
and signs of urolithiasis include frequency, dysuria, 
groin pain or tenderness, and pyuria. Occasion
ally, the patient with a renal stone, or even with 
a ureteral calculus, after initial colic, may be com
pletely asymptomatic.

Because of the obscurity of the presentation in 
pregnancy, diagnosis of urolithiasis is frequently 
delayed. Alternatively, urolithiasis can present solely 
as an unresponsive or recurrent urinary tract infec
tion. In these instances, a high index of suspicion 
must be maintained to arrive at the correct diag
nosis. An evaluation for urolithiasis is warranted in
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any patient who, after being treated for urinary tract 
infection with appropriate parenteral antibiotics, 
remains febrile after 48 hours. Symptomatic women 
with previous episodes of urolithiasis, those with 
a family history of urolithiasis, or those who have 
undergone prior urologic surgery are at increased 
risk for stone formation.

Because the typical signs and symptoms of 
urolithiasis are often obscured by pregnancy, the 
physician is frequently faced with a diagnostic chal
lenge. The diagnosis is suspected on physical exam
ination when tenderness is elicited over the cos
tovertebral angle, flank, lower abdomen, or groin, 
although the clinical picture is frequently confused 
with that of pyelonephritis. Hematuria, pyuria, 
bacilluria, and a moderate leukocytosis without 
fever can all be signs of urolithiasis.

Current opinion on the optimal diagnostic tech
nique for urolithiasis has undergone evolution over 
the past few years and is not uniform. Traditionally, 
a limited or “one-shot” IVP or modified excretory 
urography has been accepted as the preferred test 
and is still recommended by many authorities [3]. A 
limited IVP in pregnancy typically consists of a scout 
film, a 20-minute film and, if delayed excretion is 
present, a 60-minute film (Figure 19.3). These films 
result in less than 0.6 mGy of radiation exposure to 
the fetus and maternal ovaries. This dosage is well 
below the 5-mGy to 15-mGy dose, which is associ
ated with a 1% to 3% risk of congenital anomalies in 
the first trimester. The risk of carcinogenesis is less 
than 1% with x-ray exposures under 1 mGy. Flu
oroscopy, with rare exception, should be avoided 
during pregnancy.

An IVP is warranted if renal colic and gross hema
turia exist; if there is persistent nausea, vomiting, or 
fever; if there is a positive culture after administering 
parenteral antibiotics for 48 hours; or if the blood 
urea nitrogen (BUN) and creatinine levels increase, 
suggesting complete obstruction. A single abdomi
nal radiograph, carrying a fetal exposure of 0.2 mGy, 
is recommended prior to IVP. W hether or not a 
radiopaque calculus is seen, a limited excretory uro
gram is indicated to evaluate function and to elimi
nate the possibility of obstruction [41].

A review by Stothers and Lee of the management 
of 80 pregnant patients with renal colic demon
strated that delayed films were of no benefit when 
the IVP did not show the location of the calcu
lus after 20 minutes [47]. Impaired visualization

P j i

FIG U R E 19.3.
Ureteral calculus (arrow ) dem onstrated in right d istal 
ureter on IVP. (From  M acNeily AE, Goldenherg SL, Allen 
GJ, et al: Sonographic visualization o f  the ureter in 
pregnancy. J Urol 1991; 146: 299; with permission.)

of the calculus was attributed to overlying fetal 
bony structures, overlying maternal pelvic bones, 
and poor bowel preparation. In cases of nonvisual
ization, the diagnosis was made by retrograde pyel
ography, which the authors recommended as the 
next step in the evaluation process, in lieu of delayed 
IVP films, which they found only added additional 
radiation exposure to the fetus.
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Because of the inherent risk of radiation exposure 
to the fetus, many physicians view roentgenographic 
studies, however limited in dosage, as being rela
tively contraindicated in pregnancy. Whereas some 
authorities think that ultrasonography is of virtu
ally no value in the detection of ureteral calculi, 
others think of it as the initial diagnostic method 
of choice [2,38,48], In Hendricks and colleagues’ 
series, in 10 of 15 pregnant patients, the diagnosis 
of urinary tract calculi was established by ultrasonic 
scan [48], Eight of these ten patients were in the 
third trimester of pregnancy, attesting to the value of 
ultrasonography in the diagnosis of urolithiasis, even 
in advanced pregnancy. In addition to lacking radi
ation exposure, ultrasonography has the advantage 
of being an accurate noninvasive means of detecting 
hydronephrosis.

Ultrasound scan is nonspecific because of 
its inability to distinguish pregnancy-induced 
hydronephrosis from hydronephrosis secondary to 
ureteral calculi. MacNeily and coworkers describe a 
technique to differentiate physiologic from patho
logic dilation of the renal collecting system in 
pregnant patients by combining routine ultra
sound scan with color flow Doppler. In physiologic 
hydronephrosis, the distal ureter extends down to 
the level of the common iliac artery, leaving the 
pelvic ureters unaffected unless there is also patho
logic obstruction. Using ultrasound scan with color 
flow Doppler, the iliac artery can be easily differ
entiated from the dilated pelvic ureter, establishing 
the correct diagnosis (Figure 19.4],

In summary, a review of the literature demon
strates ample support for the use of ultrasonog
raphy, transabdominally and transvaginally, as an 
initial diagnostic technique for the detection of uri
nary stones. If radiographic studies are performed, 
an initial IVP film and one at 20 minutes after 
dye injection are best. X-ray evaluations (i.e., the 
limited intravenous or retrograde pyelogram) are 
reserved for women in whom ultrasound diagnosis is 
not definitive. Renal function assessment and urine 
microscopic studies should also be undertaken.

Management
In complicated cases, expectant management of 
urolithiasis in pregnant patients, just as in nonpreg
nant subjects, is the best initial treatm ent [50]. Only 
50% of pregnant women, however, compared with

FIG U R E 19.4.
A , O n sagittal view, real-time ultrasound scan 
demonstrates dilated ureter (sm all arrows) over and  
beyond iliac vessels (large arrow ). The distal ureter (D ) 
courses tow ard the right side o f  scan. B, A sagittal view o f  
the bladder (B) demonstrates a stone (large arrow) at the 
ureterovesical junction (ureter, small arrowsj. (From  
M acNeily AE, Goldenberg L, Allen GJ, et al: Sonographic 
visualization o f  the ureter in pregnancy. J Urol 1991; 146: 
300; with permission.)

80% of nonpregnant women, are likely to undergo 
spontaneous passage of ureteral calculi with a com
bination of hydration, analgesia, and, with infected 
stones, antibiotic therapy [41,48,50], If hydration 
and analgesia fail to result in passage of calculi, 
segmental epidural anesthesia can be attempted. 
In the literature over the past three decades there 
have been occasional reports of the successful use 
of epidural anesthesia to facilitate the passage of 
impacted ureteral stones, presumably by decreasing 
ureteral spasm [48],

Surgical management of renal lithiasis is indi
cated for the following conditions: intractable renal 
colic unresponsive to conservative management, 
concomitant premature labor refractory to tocoly
sis, persistent massive hydronephrosis with impaired 
renal function, calculus pyelonephritis, urosepsis, 
or obstruction of a solitary kidney. The operative 
management of pregnant and nonpregnant patients 
with urolithiasis has changed radically since the 
mid-1980s, with the advent of new techniques 
for endoscopic and extracorporeal manipulation 
of calculi. The use of extracorporeal shock wave 
lithotripsy (ESWL) has revolutionized the treat
ment of ureteral calculi in nonpregnant patients.
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The difficulty in modulating the energy dispersed 
from the lithotripsor to the enlarged uterus and 
fetus, compounded by the potential difficulty of 
localizing calculi, which necessitates prolonged ion
izing radiation exposure, makes pregnancy an abso
lute contraindication to the use of ESWL.

Because of the close anatomic relationship 
between the distal ureter and the uterus and ovaries, 
concern has been raised regarding the possible m uta
genic effect or a decrease in female fertility from 
lithotripsy [51]. As a result, many centers regard 
ESWL of lower ureteral calculi as contraindicated in 
all female patients in the reproductive years. A first- 
trimester spontaneous abortion was also reported in 
a woman after lithotripsy of a distal ureteral calcu
lus [51 ]. In a retrospective review, Vogel concluded 
that lithotripsy did not affect female fertility and did 
not lead to increased teratogenic risk [52]. This find
ing is not unexpected, considering the energy levels 
involved in this procedure. The exposure through
out the urinary tract from ESWL varies from 100 
mSv to 300 mSv, with the gonadal dose being esti
mated at 30% of these figures. According to pub
lished guidelines, a gonadal dose of less than 100 
mSv is insignificant, whereas a dose of greater than 
200 mSv is considered a possible indication for ter
mination of pregnancy [52],

The treatment of choice for distal ureteral calculi 
in pregnant patients who require intervention is cys- 
toscopic examination, followed by either passage of 
a ureteral stent to relieve obstruction (Figure 19.5), 
or ureteroscopy with calculus manipulation [48,53- 
55]. Stents can displace calculi proximally, allow
ing definitive therapy to be postponed until after 
delivery. Rittenberg and Bagley recommend stent 
placement for any pregnant woman at the time a 
ureteral calculus is diagnosed [54]. Internal stents 
usually can be placed under radiographic guidance 
with or without local anesthesia. The disadvantage 
of internal stents, aside from the possible risk of 
radiation exposure, is incrustation, which necessi
tates stent changes every 4 to 8 weeks, according 
to some authorities [56], Goldfarb and cowork
ers theorize that the increased tendency for stent 
incrustation is related to the physiologic hypercal
cinuria and hyperuricosuria associated with preg
nancy [57]. For this reason, some researchers recom
mend restriction of dietary calcium in pregnancy for 
patients with ureteral stents or known urolithiasis 
[56],

F IG U R E  19.5.
A rrow s indicate ureteral calculi, the cause o f  obstruction 
bypassed with bilateral ureteral stents in a gravid patient. 
Although the upper ureters are dilated, the lower ureters 
are o f  norm al caliber. (From Freed SZ, Herzig N  (eds): 
Urology in Pregnancy. Baltimore: Williams & Wilkins,
1982; with perm ission.)

Wolf and colleagues described a new technique 
for ureteral stent placement during pregnancy using 
endoluminal ultrasound [58], This technique uses an 
interventional ultrasound system (IVUS), consisting 
of a 20-MHz transducer attached to a flexible 6.2-Fr 
catheter, which is passed to the renal pelvis without 
need for ureteral dilation. Once the IVUS catheter 
is in place, an indwelling stent is passed beside it, 
and the IVUS catheter is removed. This technique 
has the advantage of traditional stents but does not 
require the use of a roentgenogram to ensure correct 
placement.

In practice, however, most stones are manipu
lated retrograde using a cystoscope or ureteroscope 
[59], After the ureteral orifice has been dilated
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with a balloon dilator catheter, a ureteroscope is 
passed into the distal ureter. This technique is eas
ier for stones in the lowermost ureter, especially in 
advanced pregnancy, because the fetal head usu
ally compresses the bladder, limiting access to the 
upper ureter [59], The potential risks of this pro
cedure include ureteral perforation (17%), ureteral 
stricture formation (5%), sepsis, and mucosal lacer
ation with extravasation of contrast material [60]. 
Ureteroscopy with basket extraction is relatively 
contraindicated in patients with active urinary tract 
infections, sepsis, ureteral strictures, calculi larger 
than 1 cm in diameter, multiple calculi, and solitary 
kidneys [59].

Both retrograde ureteral catheterization and 
ureteroscopy can be difficult or impossible owing to 
distortion of the distal ureter by the enlarged uterus. 
If efforts to decompress from below are unsuccessful 
because of advanced pregnancy, proximal drainage 
with percutaneous nephrostomy becomes the pro
cedure of choice [61]. This procedure can be per
formed with the patient under local anesthesia using 
ultrasound guidance. Problems with this technique 
include difficulties resulting from positioning the 
gravid patient into a prone position, and the risks 
of premature delivery [61 ] and external drainage 
[55], External drainage has the disadvantages of 
patient discomfort, bacterial colonization, potential 
tube dislodgement, erosion, and bleeding [55]. To 
avert some of these complications, patients under
going initial nephrostomy drainage can sometimes 
be converted to a stent later in pregnancy. Percuta
neous tubes do have advantages over internal stents, 
in that bladder discomfort from indwelling stents 
is avoided, and incrustation of tubes is thought to 
be less likely owing to their accessibility for peri
odic irrigation. Kavoussi and coworkers report tube 
occlusion with debris in five of six patients with per
cutaneous drains, however, necessitating changing 
drainage catheters every 6 weeks [62].

Rarely, the aforementioned methods are unsuc
cessful, and more invasive surgical procedures 
are needed. These operative techniques, which 
carry greater fetal and maternal morbidity, include 
ureterolithotomy, pyelolithotomy/pyelostomy, and 
partial nephrectomy [3], The optimal time for 
surgery is usually considered to be the second 
trimester, but it often is not possible to delay 
urologic intervention, endoscopic or open. Ideally, 
if one of the temporizing measures mentioned

previously is feasible, further intervention is best 
delayed until the postpartum period. Asymptomatic 
renal calculi that are present before pregnancy 
can become symptomatic during pregnancy, as a 
result of dislodgement brought about by physio
logic hydronephrosis. To avoid this complication and 
its ramifications for treatm ent options during preg
nancy, and for the well-being of the pregnancy, some 
authorities have suggested prophylactic ESWL of 
asymptomatic caliceal stones in women of child
bearing age who are planning pregnancies [55],

The xanthine oxidase inhibitor allopurinol has 
been used in nonpregnant patients with increased 
serum or urine levels of uric acid, who have either 
uric acid or calcium oxalate stones. Allopurinol 
is a class C drug in pregnancy. Animal studies 
have shown adverse effects, but no human stud
ies have been performed. D-Penicillamine, used to 
treat cystinuria, is known to be teratogenic in rats 
and is rated a class D (unsafe) drug in pregnancy. 
Some authorities emphasize that both drugs have 
been used successfully and safely in pregnancy with 
little evidence of fetal harm, however [2]. O th
ers think that their unknown effects on the human 
fetus contraindicate their use [41]- Because the 
safety of these drugs is not fully validated, they are 
best avoided. Thiazide diuretics have been used in 
pregnancy to reduce urinary calcium excretion in 
patients with recurrent calcium oxalate stone for
mation. Considered a Class B drug (presumed safe 
based on animal studies), hydrochlorothiazide has 
been used in pregnancy but carries some risk of fetal 
thrombocytopenia, hypoglycemia, and hypona
tremia [63,64]. If thiazide diuretics are adminis
tered to these high-risk patients, close monitoring is 
mandatory.

LOWER URINARY TRACT OBSTRUCTION 

Ureteral Compression
Acute ureteral obstruction is uncommon in preg
nancy, and when seen is usually not due to intrin
sic blockage (e.g., by calculi, sloughed renal papil
lae or other conditions) but to direct compression 
by the gravid uterus as the ureters cross the pelvic 
brim [65]. Extrinsic ureteral compression, caused 
by pelvic, masses, uterine prolapse, or leiomyomas, 
has been reported. Pelvic neoplasms are thought 
to cause retention by interfering with bladder neck
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relaxation. Extensive ureteral compression can also 
be caused by an overdistended uterus from multiple 
gestation or hydramnios. Ureteral obstruction from 
intrinsic or extrinsic sources can result in severe pain 
from acute hydronephrosis, renal infection, sepsis, 
or preterm labor.

The treatment for extrinsic ureteral obstruction 
in pregnancy depends on its etiology. Hydram
nios, for example, can be managed by repeated 
drainage of amniotic fluid or by induction and deliv
ery after fetal pulmonary maturity has occurred. 
The obstructed ureter can sometimes be decom
pressed simply by placing the patient on bedrest 
in the lateral recumbent position. If conservative 
management fails, a double-pigtail ureteral stent is 
placed, with removal 4 to 6 weeks postpartum [65], 
If stent placement is technically impossible, a tem 
porary percutaneous nephrostomy is warranted if 
obstruction is severe or complete.

Impacted or Incarcerated Uterus
The gravid uterus infrequently causes urinary tract 
obstruction when it is in a retroverted position by 
incarceration in the true pelvis during the second 
trimester [20,66,67]. In this situation, the cervix 
presses against the trigone, obstructing the urethra 
and causing frequency, overflow incontinence, or 
urinary retention, depending on the degree of com
pression. Although unusual, this condition must be 
recognized and treated promptly. Rarely, death has 
been attributed to a retroverted, impacted, gravid 
uterus [67], Spontaneous miscarriage is also a pos
sible complication. Treatment consists of empty
ing the bladder, followed by manual replacement 
of the uterus, with the patient in either the dorsal 
lithotomy or knee-chest position, and the applica
tion of slow, steady transvaginal or transrectal pres
sure. Anesthesia is rarely needed to permit these 
manipulations. Subsequent intermittent or contin
uous bladder drainage by catheterization and place
ment of a pessary to retain normal positioning is also 
sometimes necessary until the uterus enlarges suf
ficiently, rising out of the pelvis, thereby avoiding 
reincarceration.

Urinary7 Retention in Labor
Urinary retention occurs in 10% to 15% of postpar
tum women, usually as a result of minor trauma to

the bladder or its nerve supply; however, retention 
is actually more common antenatally [68]. A factor 
that contributes to urinary retention in pregnancy 
is the physiologic yet significant drop in intraves
ical pressure during voiding [68], In labor, com
pression of the bladder neck by the engaged fetal 
head is a possible mechanism. During the second 
stage of labor, compression of the bladder and ure
thra between the fetal head and the pubic symph
ysis can cause edema and irritation to the bladder 
nerves and detrusor muscle, leading to temporary 
retention.

Postpartum, trauma and pain from injuries to the 
perineum can cause reflex contraction of the vol
untary (striated) muscle around the lower urethra 
[16]. This condition, added to the effects of epidu
ral anesthesia, can lead to impaired voiding [69]. 
The mechanism of urinary retention after cesarean 
delivery is thought to be a disturbance of the auto
nomic nerve fibers during mobilization of the blad
der, which results in inertia of the detrusor muscle 
[8]-

Recognition of bladder distension during labor 
is important in avoiding obstructed labor, postpar
tum  retention, bladder rupture, and tissue necrosis 
leading to fistula formation. Gentle, firm suprapubic 
pressure (Crede maneuver) usually facilitates blad
der emptying, but if this is unsuccessful, catheter
ization is warranted. Because indwelling catheter
ization can produce local irritation, interfere with 
subsequent voiding, and initiate a cycle of reten
tion, further catheterization, and infection [68,69], 
indwelling catheters are best avoided unless abso
lutely necessary. If relief is required, and the Crede 
maneuver does not empty the bladder, intermit
tent catheterization using meticulous technique is 
best.

A pelvic kidney is a rare cause of obstructed labor. 
The incidence of patients with pelvic kidney in labor 
over a 21-year period at Johns Hopkins Hospital 
was 1 in 4,886 deliveries [70], The coincidence of 
a solitary pelvic kidney and pregnancy is much less 
common [71]. In these cases, injury during deliv
ery would be disastrous, because this kidney is the 
sole renal excretory organ. In these women, cesarean 
delivery is recommended. Because preterm infants 
are less likely to disrupt the kidney, a trial of labor in 
carefully selected cases is permissible [68]. Antepar
tum  ultrasonography is helpful in establishing the 
correct diagnosis.
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LOWER URINARY TRACT INJURIES 
AND TRAUMA 

Accidental Trauma
Accidental trauma complicates as many as 5% to 
10% of pregnancies [72]. Although most of these 
accidents are inconsequential, trauma is respon
sible for more maternal deaths than any other 
pregnancy-related disease. The most common seri
ous injury to the pregnant woman is blunt trauma 
from motor vehicle accidents, often resulting in mul
tiple injuries, and responsible for 80% of pelvic frac
tures [73].

A pelvic fracture is the most common cause of 
urethral injury during pregnancy [4], W hen the 
patient presents to the hospital, she is often seen 
by emergency department physicians who might be 
unfamiliar with obstetric management or, alterna
tively, by obstetricians unacquainted with manage
ment of her injuries. Delays in diagnosis and man
agement in this setting are not uncommon. In a 
series of 2,000 reported cases of pelvic fracture, 
Orkin reported the combined incidence of bl adder 
and urethral rupture of 15% [74], Despite this sub
stantial incidence, urethral and bladder injuries in 
trauma patients with pelvic fractures are frequently 
not suspected and often overlooked. Perry and Hus- 
mann, in their review of urethral injuries in female 
subjects after pelvic fracture reported a missed diag
nosis rate of 50%, resulting in significant morbidity 
[75]. Although 80% of patients with known pelvic 
fracture had blood at the vaginal introitus, only 50% 
underwent vaginal examination! W hen the diagno
sis of bladder injury is missed, significant morbidity 
can result from extravasated, infected urine, which 
can lead to necrotizing fasciitis, septic shock, or car
diovascular collapse.

Urethral injury should be suspected if there is dif
ficulty with urethral catheterization, or if the patient 
is anuric after a Foley catheter is removed. Addition
ally if the gravida experiences difficulty voiding or 
has vulvar edema (resulting from direct trauma or 
extravasation of urine) after catheter removal, one 
should suspect urethral trauma.

Evaluation of suspected urethral injury includes 
cystourethroscopy and radiographic evaluation with 
retrograde urethrography. Pregnant trauma patients 
at 20 or more weeks of gestation are best brought 
directly to the labor and delivery suite for obstet
ric evaluation. After fetal evaluation by electronic

monitoring and evaluation of the uterus and its 
contents by ultrasonography a careful vaginal exam
ination should be performed if pelvic fracture is sus
pected or documented. Obviously specialized con
sultation and treatm ent are required in these cases. 
Surgical management of pelvic fracture and urethral 
injuries is beyond the scope of this chapter. Obstet
ric co-management is the rule.

As pregnancy advances, the bladder progressively 
becomes more of an abdominal organ. Its capac
ity steadily increases in the last two trimesters to 
a volume greater than 1 liter [4]. These changes, 
in addition to partial urethral obstruction from a 
deeply engaged presenting part, predispose to blad
der overdistension and possible rupture. When blad
der rupture occurs, it is usually extraperitoneal 
and can result in blood loss and shock. Trauma to 
the bladder and urethra can result from accidental 
injury, labor, obstetric manipulations, and surgery 
(e.g., cesarean delivery, cesarean hysterectomy and 
termination of pregnancy).

INTRAPARTUM INJURIES

In modern practice, prolonged labor, usually involv
ing some degree of disproportion, occasionally 
results in compression necrosis of the posterior ure
thra between the fetal head and pubic symphysis. 
This condition is common in remote areas of devel
oping countries, particularly where trained special
ists and hospitals are not immediately unavailable, 
and obstructed labor continues for several days. In 
this situation, a urethrovaginal or vesicovaginal fis
tula develops. With the low incidence of prolonged 
labor and a concomitant increase in the cesarean 
birth rate, obstetric injuries to the bladder and ure
thra have become rare in the Western world. In 
the past, severe, prolonged pelvic compression occa
sionally resulted in partial or complete destruction 
of the urethra, accounting for 5% of the obstetric 
fistulas requiring repair. Postoperative sequelae of 
corrected fistulas included urethral stricture in 12% 
and persistent stress urinary incontinence in 16%
|4 |.

Difficult forceps applications and forceps rota
tions, with their inherent risk of injury to the 
urethra as it is compressed behind the unyielding 
pubic symphysis, can cause injury, including com
plete urethral transection. Forceps lacerations and, 
less commonly, the effects of prolonged labor with
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unremitting pressure of the presenting part on the 
bladder can also result in vesicovaginal fistulas. Such 
heroic deliveries, however, have essentially disap
peared in modern practice, and such complications 
remain at best rare. Infrequently, precipitate labor 
results in an anterior vaginal laceration that includes 
the urethra, bladder, or distal ureter. W hen lacera
tion of the anterior vaginal wall occurs, repair can 
inadvertently incorporate the bladder floor in the 
vaginally placed sutures, resulting in a vesicovaginal 
fistula or ureteral ligation.

Advances in obstetric care have minimized some 
factors predisposing to bladder injury, while increas
ing others. Until recently, spontaneous rupture of 
the bladder associated with uterine rupture during 
labor was described frequently, with bladder injury 
accompanying 22% of uterine ruptures [76]. Today, 
most reports of uterine rupture come from develop
ing countries. In the developing world, the incidence 
of uterine rupture is 1 in 92 hospital admissions, in 
contrast to the incidence in the United States of 1 
in 1,000 to 1 in 1,500 deliveries [77,78]. In modern 
practice, most ruptures occur in scarred uteri during 
spontaneous or oxytocin-induced labor in patients 
with a prior cesarean delivery scar (i.e., vaginal birth 
after cesarean [VBAC]).

Spontaneous lacerations will probably be on the 
rise in the future as a cause for injury to bladder 
and ureter. The increase in the number of patients 
with cesarean uterine scars, the performance of 
VBACs, widespread use of oxytocin augmentation 
and induction, and prostaglandin cervical ripening -  
all predisposing to scar separation -  will likely 
increase the frequency of uterine rupture. In addi
tion, transverse cesarean incisions, although asso
ciated with one fifth the incidence of dehiscence 
compared with classic incisions (l% -2%  vs. 5%), are 
more likely to be associated with extension into the 
bladder if catastrophic rupture occurs [79].

Although obstructed labor is likely to result 
from dystocia, including malpresentation and 
cephalopelvic disproportion, an overdistended blad
der rarely can be a cause as well, potentially leading 
to bladder necrosis and fistula formation. As previ
ously discussed, a laboring woman who cannot void 
is best managed by the Crede maneuver, with the 
application of gentle suprapubic pressure. If the par
turient is still unable to void after these maneuvers, 
intermittent catheterization is best. Indwelling blad
der catheters are not routinely used because of the

risk of infection and the possibility of damage to the 
bladder base and urethra with descent of and com
pression by the presenting part [4],

Occasionally obstetric lower urinary tract injury 
results as a complication of placenta percreta. In 
placenta percreta, penetration of chorionic villi 
through the myometrium can result in uterine rup
ture, bladder invasion and rupture, or massive hem 
orrhage. Placenta percreta involving the bladder 
is almost always associated with placenta previa. 
The likelihood of previa is strongly related to prior 
obstetric events, including previous cesarean birth, 
prior dilatation and curettage, and grand multi
parity [79], The placenta accreta/increta/percreta 
syndrome should be suspected in a pregnancy at 
risk when on ultrasonic scan, there is loss of the 
usual subplacental sonolucent area, consistent with 
absence of the decidua basalis; and when multiple 
echofree "lakes” are observed within the placenta, 
among other findings. (See Chapter 18, Cesarean 
Delivery, and Chapter 11, The Third Stage.}

Case reports in the literature describe manage
m ent of placenta percreta by cesarean delivery, hys
terectomy, and segmental resection of the blad
der [80]. At delivery, hemostasis can be aided by 
ligation or embolization of the anterior branches 
of the hypogastric artery, with concomitant trans
fusion of blood and blood products as required 
[80,81 ]. Placenta accreta diagnosed antepartum has 
also been managed by uterine artery embolization 
with hydroxycellulose (Gelfoam). This treatment 
has resulted in limited blood loss at cesarean delivery 
with uterine conservation in a nulliparous woman 
[81].

Surgical Injuries
In the last 30 years, the percentage of cesarean 
deliveries has increased from below 10% to 30% 
or more, with a concomitant decrease in the num 
ber of urethral and trigonal injuries from pro
longed labor and difficult forceps procedures. The 
increasing number of cesarean deliveries has been 
accompanied by a greater number of intraoperative 
injuries to the bladder dome and ureters, however. 
Injury to the bladder is the most common surgi
cal injury of the lower urinary tract, complicating 
0.5% to 1.0% of abdominal procedures [82], The 
incidence of ureteral injuries is about 0.1% [83], 
Whereas the diagnosis of bladder injuries can be
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made immediately, recognition of ureteral injuries 
is often delayed, and these injuries should be sus
pected if the patient has persistent flank tenderness 
and unilateral hydronephrosis postpartum.

BLADDER INJURY AND MANAGEMENT 

Bladder Injuries
During labor and delivery, the bladder is vulnera
ble to trauma and injury. Mucosal congestion, sub
mucosal hemorrhage, and capillary oozing around 
the trigone have been observed cystoscopically after 
delivery [ 1 ]. Physician haste, failure to catheterize 
the bladder prior to cesarean delivery and adhesions 
from prior surgery are common causes of bladder 
laceration on entering the abdomen. Routine pre
operative catheterization reduces this risk. In addi
tion to decompressing the bladder, catheterization 
allows for easy identification of the bladder base by 
palpation of the catheter bulb. The currently pop
ular low transverse uterine incision is more likely 
to be associated with injury to the bladder and 
ureters compared with vertical incisions, because of 
anatomic proximity of these structures to the lower 
uterine segment. If the lower uterine segment is not 
well developed, such as in patients who undergo 
cesarean deliveries before the onset of labor, the 
bladder also can be less well demarcated and thus 
more vulnerable to injury.

One of the most common associations with blad
der injury is prior cesarean delivery. Previous surgery 
often results in dense adhesions between the bladder 
and lower uterine segment (the vesicouterine fold), 
with superior advancement of the bladder over the 
uterus. The normal anatomic planes can be obscured 
by such adhesions. The increased vascularity of the 
bladder and lower uterine segment in pregnancy 
adds to the risk of inadvertent cystotomy. Blunt dis
section in the vesicouterine fold at the bladder base 
in attempts to mobilize the bladder flap with vigor
ous use of a sponge stick or finger can cause inadver
tent injury. Newton reports a threefold likelihood of 
bladder injury with repeat cesarean deliveries com
pared with primary operations (0.6% vs. 0.19%), 
with most of these, occurring during attempts to dis
sect the adhesions between the bladder and lower 
uterine segment [3]. The risk of bladder injury is 
increased to 1.5% after four or more previous uter
ine incisions. To avoid injury, careful sharp dissec

tion is recommended. Additionally, repeat cesarean 
delivery is also associated with a greater incidence of 
vesicovaginal fistula compared with a primary oper
ation, 0.6% versus 0.31 % [2]. This increased risk for 
vesicovaginal fistula is related to probably inadver
tent bladder injury.

Another cause of bladder injury during cesarean 
delivery is incision into the vagina rather than the 
lower uterine segment. A markedly effaced and 
dilated cervix can be difficult to distinguish from 
the vagina, which is then unintentionally incised. 
Although the bladder can be easily dissected from 
the lower uterine segment, it is not as readily sep
arated from the vagina and can be entered inadver
tently [84],

Plauche and coworkers reported inadvertent 
operative cystotomy in 3 of 100 cesarean hysterec
tomies by [85]. In Plauche’s review of 5,185 cases 
of cesarean hysterectomy, he reported a 0.46% inci
dence of vesicovaginal fistula [86], Bladder injury 
during cesarean hysterectomy can be avoided in 
most cases by careful separation of the bladder from 
the cervix and upper vagina, avoidance of lateral dis
section into the base of the broad ligament, and slow 
sharp dissection. After cesarean hysterectomy, if 
there is any uncertainty concerning a cystotomy, the 
authors recommend testing the bladder to ensure 
its integrity. This test is performed by distending 
the bladder with 300 ml to 400 ml of saline con
taining indigo carmine or methylene blue dye. If an 
injury is detected, it should be promptly closed in 
layers and the catheter left in place for a minimum of 
7 days.

Less common fistulas include the vesicocervical, 
vesicouterine, and urethrovaginal. Vesicocervical fis
tulas usually occur during cesarean birth from insuf
ficient separation of the bladder from the uterus. 
Like the vesicovaginal fistula, this defect is demon
strated by leakage of blue-stained dye after an indigo 
carmine solution is instilled retrograde into the blad
der with a tampon or gauze placed in the vagina. In 
another unusual entity, vesicouterine fistula, urinary 
leakage might not occur at all. Patients with vesi
couterine fistulas can present with amenorrhea and 
cyclic hematuria [87].

Bladder Repair
Inadvertent cystotomy recognized during surgery is 
rarely a cause of patient morbidity and is easy to

ak
us

he
r-li

b.r
u



Urologic Complications 623

repair. The dome of the bladder is the site most 
frequently injured. If the injury is limited to the 
dome of the bladder, the defect is simply closed 
in two layers with 2-0 or 3-0 running absorbable 
suture on a small needle. The first stitch can incor
porate all layers including bladder mucosa, although 
many surgeons attempt to omit the bladder mucosa 
and include only the submucosa and muscularis lay
ers [82,88]. The second imbricating layer may be 
either a parallel Lembert or a perpendicular Connell 
stitch. Filling the bladder with sterile milk, methy
lene blue, or indigo carmine dye solution can reveal 
other bladder defects. Although the bladder repair 
need not be watertight, a reasonable effort to iso
late major defects and produce a layered closure is 
required [88]. Bladder drainage by transurethral or 
preferably suprapubic catheter for 7 to 10 days is 
recommended. If the injury is not clearly in the blad
der dome but leakage has been documented, ver
tical extension of the cystotomy should be imple
mented, with the injection of indigo carmine dye 
intravenously to ensure ureteral integrity. Injuries 
extending into the trigone or ureteric orifices might 
require ureteric implantation or stenting.

Vesicovaginal Fistula Repair
Vesicovaginal fistulas are rarely seen in the United 
States, but they are more common in develop
ing countries. If the labor is obstructed, necrosis 
can develop in the anterior vaginal wall and the 
bladder, predisposing to fistula formation. For the 
treatment of vesicovaginal fistula, current therapy 
is either an immediate repair or, alternatively, a 
delayed repair after inflammation has resolved [89— 
91]. A vesicovaginal fistula is repaired immediately 
if the diagnosis is made, within 2 to 3 days of the 
precipitating injury -  usually gynecologic surgery 
or obstetric trauma. If the fistula is detected more 
than 3 days after injury, a 1- to 3-month wait
ing period with continuous drainage is necessary 
before attempting a repair. Spontaneous closure can 
be expected in 20% to 30% of cases during this 
period of observation. A vesicovaginal fistula can 
be repaired either vaginally or abdominally [90,91]. 
The preferred route is transvaginal, but an abdomi
nal route is sometimes necessary, depending on the 
site and extent of the fistula. The location of the fis
tula in relation to the ureteral orifices is especially 
important. There should be sufficient exposure to

excise scar tissue and place two rows of suture with
out encroaching on the ureteral orifices or ureters. 
Ureteral catheterization can be used during surgery 
to mark the ureters and to avoid their inadvertent 
ligation or injury. If there is doubt about the use of 
a vaginal approach to provide satisfactory access for 
suturing, an abdominal transvesical approach is pre
ferred.

Definitive vesicovaginal fistula repair by the 
transvaginal approach involves excision of the fis
tulous tract and scar tissue, with mobilization of 
the tissue planes beyond the scar tissue, followed 
by a layered closure. Healing of the repaired fis
tula depends on good vascularization of the edge 
of the dissection, and the absence of tension at the 
repair site. The vaginal epithelium should be sepa
rated from the bladder at least 2 cm circumferen- 
tially around the fistula. The bladder is then closed 
in two layers, taking care to avoid stress at the site 
of reapproximation (Figure 19.6).

FIG U R E  19.6.
Vaginal closure o f  vesicovaginal fistula. After excision o f  
fistula tract, the bladder is closed in two vertical layers. 
The figure illustrates the vaginal epitheliutn being closed 
in a horizontal p lane a t right angles to the bladder 
closure. (From Plauche WC, M orrison JC, O ’Sullivan M J 
(eds): Surgical Obstetrics. Philadelphia: WP> Saunders,
1992; with perm ission.)
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FIG U R E 19.7.
M artius bulbocavernosus fa t p a d  graft fo r  fistula from  
vagina to urethra or bladder. A , Lateral labia majora  
opened vertically a n d  fa t p a d  next to muscle mobilized, 
preserving vascular peda l inferiorly. B and  C, Fat p a d  
tunneled beneath labia m inora a n d  vaginal mucosa and  
sutured to fascia o f  urethra and  bladder. D, Vaginal 
mucosa and  vulvar incision closed separately without 
tension. (From  Thom pson JD, Rock JA: TeLinde’s 
O perative Gynecology. Philadelphia: JB Lippincott,
1992: p. 815; with permission.)

If the blood supply is suboptimal or supportive 
tissues are weak, a vascular pedicle such as a Martius 
flap of bulbocavernosus muscle and fat can be inter
posed between the bladder and vaginal epithelium 
(Figure 19.7). The bulbocavernosus interposition is 
performed by tunneling under the dissected vagi
nal epithelium deep to the labium majorum. The 
distal bulbocavernosus muscle, transected to create 
a vascular flap, is rotated through the tunnel and 
sutured over the repair. The resultant pedicle graft, 
with its proximal blood supply intact, improves vas
cularization and healing. The fistula repair is com
pleted by closing the vaginal epithelium horizon
tally, preferably at right angles to the line of bladder 
closure. Athough suprapubic drainage is preferable 
for avoiding infection, Foley transurethral catheter 
drainage is reasonable, provided that the bulb does

not rest on the repair site. Loose vaginal packing for 
1 day and bladder drainage for 7 to 10 days are rec
ommended. Although this technique is suitable for 
closure of simple vesicovaginal fistula, more compli
cated fistulas require different urologic techniques, 
which are beyond the scope of this chapter.

Repair of Other Vesical Fistulas
Surgical repair of vesicocervical and vesicouterine 
fistulas includes separation of the bladder from 
the uterus or cervix, and careful identification and 
removal of the fistulous tract. The repair is per
formed in a meticulous, dry, layered-closure method 
through an abdominal incision [90,91],

URETHRAL INJURY AND MANAGEMENT 

Urethral Injuries
Compression injuries to the urethra often go unde
tected when they occur, and patients then present 
with urethrovaginal fistula formation, usually 5 to
7 days after the original trauma. If the urethrovesi- 
cal junction is involved, incontinence can result. In 
either case, cystourethroscopy and cystourethrogra
phy are advisable to define the extent of the injury or 
fistula and to exclude the presence of other fistulous 
tracts.

Urethral Repair
Urethral injury should be repaired at the time 
of diagnosis by reapproximation over a urethral 
catheter or stent. A two-layer repair, closing mucosa 
and muscularis separately with interrupted 3-0 
absorbable sutures transversely, prevents urethral 
constriction during healing. Once suturing is com
pleted, the urethral catheter can be replaced by a 
suprapubic bladder catheter to prevent continued 
trauma and pressure on the suture line, with possi
ble resultant pressure necrosis and fistula formation. 
Voiding trials can be begun 3 to 7 days after repair, 
depending on the severity of the injury.

Urethrovaginal Fistula Repair
Repair of a urethrovaginal fistula should be per
formed only after resolution of edema and inflam
mation, usually 6 weeks to 6 months after the date of 
the injury. If the fistula is small, it might resolve with
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decompression and suprapubic catheter drainage 
while under observation. Repair of urethrovaginal 
fistulas is generally performed in the same manner 
as that for urethral injuries [90,91].

U R E T E R A L  IN JU R Y  A N D  M A N A G E M E N T  

G e n e ra l C o n s id e ra t io n s

Ureteral injury resulting from vaginal birth or oper
ative delivery is unusual, and the consequences are 
potentially serious. Unilateral ureteral injury, espe
cially if unrecognized, can lead to kidney loss. Bilat
eral damage or ureteral damage with a solitary kid
ney can be life threatening. Trauma is a major cause 
of injury to the lower urinary tract. W hen trauma 
results in injury to the ureter, it frequently occurs 
where the ureter crosses the pelvic brim. Ureteral 
injury, however, is much more likely to happen dur
ing gynecologic or obstetric surgery [74],

Rarely, ureteral injury occurs during vaginal deliv
ery as a result of precipitate delivery or a diffi
cult forceps application. More frequently, however, 
attempts to repair extensive lacerations of the cervix 
or vagina can ligate, lacerate, or transect the lower 
ureter. This type of injury is usually not recog
nized immediately postpartum, and ureterovaginal 
fistula formation can appear 4 to 6 weeks later. If 
the lower ureter was injured by forceps, in most 
cases the lateral margin of the uterus and the adja
cent uterine vasculature were also damaged. In this 
instance, an emergency hysterectomy might be nec
essary to control the resulting hemorrhage [4], The 
ureteral injury might go unrecognized during surgi
cal attempts to control hemorrhage, because atten
tion is focused on maintaining hemostasis. In these 
instances, the ureter therefore should be visually 
inspected and checked, if necessary, for patency 
perioperatively by the passage of a stent.

With the increase in the number of low transverse 
cesarean incisions compared with classic incisions, 
there has also been an increase in the occurrence of 
ureteral trauma. Lateral extension of the cesarean 
incision into the broad ligament with concomitant 
bleeding from uterine vessels is the usual scenario. 
During hurried attempts at controlling blood loss, 
the ureter is cross-clamped or inadvertently incor
porated into the uterine artery pedicle in a mass 
ligature. The key to avoidance of ureteral injury is 
careful identification of the uterine and hypogastric 
arteries. Eighty to ninety percent of ureteral injuries

involve the distal ureter from its location beneath 
the uterine vessels to its entry into the trigone [82]. 
Applying pressure with a sponge stick proximally 
to stop blood flow until an accurate identification 
of these structures is made is a useful maneuver 
when suturing near the pelvic sidewall is required 
to control hemorrhage. The lateral parietal peri
toneum is opened to expose the hypogastric artery. 
The hypogastric artery is then ligated distal to the 
superior gluteal artery. Alternatively and preferably, 
the uterine artery is directly ligated by the O ’Leary 
method, avoiding the problem entirely. (See Chap
ter 18, Cesarean Delivery and Surgical Steriliza
tion.) The ureter is usually easy to identify positively 
at the pelvic brim. Its course can then be directly fol
lowed into the pelvis. If there is a problem, this step 
should not be omitted.

Cesarean hysterectomy is associated with a 0.44% 
incidence of ureteral injury and a 0.09% incidence 
of ureterovaginal fistula [88]. Conditions present 
at cesarean hysterectomy predisposing to ureteral 
injury include distortion of pelvic anatomy from 
the enlarged uterus, the presence of edematous tis
sues in the lower pelvis, and adhesions from prior 
cesarean births or laparotomies [89], Increased vas
cularity also increases the risk for brisk bleeding, 
especially from the uterine arteries, which are close 
to the ureters. In addition, distortion (caused by 
hematomas or pelvic tumors) and cervical dilation 
further increase the risk of ureteral injury. Aside 
from the risk of ureteral injury at the level of the 
uterine vessels, the ureter is also vulnerable to injury 
at the juxtavesical region during vaginal angle clo
sure. The vaginal cuff is large, edematous, friable, 
and well supplied with vessels. Recurrent bleed
ing from the cuff or the cardinal ligament is com
mon, and repeated suturing is usually required for 
control. Ureteric injury can be avoided by metic
ulous technique, with close attention to avoiding 
blind clamping or suturing. If there is any uncer
tainty, the ureters should be simply traced directly 
into the pelvis as previously described. Stents can be 
placed if ureteral patency is uncertain. A better sur
gical technique is to avoid cervical removal during an 
emergency postpartum hysterectomy. (See Chapter 
18, Cesarean Delivery and Surgical Sterilization, for 
additional discussion.)

Injury to the ureter either with a vacuum 
aspirator or a sharp curette occurs rarely during 
surgical interruption of pregnancy. The literature 
contains at least one report of uterine perforation
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during sharp curettage, with the segment of ureter 
discovered by the pathologist in the specimen along 
with products of conception [92]: Complete avul
sion of the ureter after termination of pregnancy 
with a vacuum aspirator, with delayed appearance in 
vaginal discharge, has also been reported [93]. Most 
uterine perforations are caused by efforts at cervi
cal dilation. Because there has been an increase in 
two-step termination procedures with cervical dila
tion by Laminaria prior to curettage, a concomitant 
decrease in uterine perforations and their sequelae is 
expected. (See Chapter 6, Pregnancy Termination, 
for a discussion of recommended techniques.)

When a urologic injury or abnormality is sus
pected, an IVP is indicated and a retrograde uretero
gram is sometimes required [93-96]. Cystoscopy is 
performed after one ampule of indigo carmine dye 
has been given intravenously. Passing a ureteral stent 
should also be attempted but might be unsuccessful. 
If a ureterovaginal fistula is suspected, giving indigo 
carmine intravenously should result in staining of a 
tampon in the vagina, whereas bladder instillation 
of the dye does not cause tampon staining. If an 
attempt at retrograde stent placement is successful, 
the stent is left in place for 6 weeks to allow for the 
possibility of spontaneous closure. In ureterovagi
nal fistulas, Dowling and colleagues, however, report 
successful ureteral catheterization in only 5% of 
cases [97]. If a trial of stent passage from below fails, 
an attempt to pass a stent antegrade through a per
cutaneous nephrostomy should be made. The stent 
is removed 6 weeks later, and serial IVPs every 3 
months for 1 year are obtained to ensure patency of 
the ureter. The timing of ureterovaginal fistula repair 
is controversial. Although some physicians suggest 
a waiting period of 4 to 8 weeks, most recommend 
early repair [89,95].

Several types of ureteral injuries occur and are 
discussed separately below: ligation injuries, with or 
without urine leakage; a needlestick or incision into 
the ureter; and complete transection of the ureter. 
Management of injuries is optimal at the time of 
surgery, or in general, as soon as the injury is diag
nosed.

Crush Injuries, Suture Ligature, Incision, 
and Needle Puncture
If the ureter is inadvertently included in a clamp or 
ligature, release of the ureter should be followed by

several minutes of observation for ureteral peristal
sis and return of normal color. A ureteral stent can 
be placed for 5 to 7 days if observation is not reassur
ing. Some authorities recommend stent placement 
only if there is a question of tissue viability. In the 
authors’ opinion, if the ureter appears normal, man
agement need include only suction drainage adja
cent to the site of ligation to prevent formation of a 
urinoma [95], Many experts favor a simple nonsuc
tion Penrose-type drain, theoretically to avoid suc
tion drainage of the ureter with resultant trauma. If 
further surgery is required, ureteroneocystostomy is 
preferred, with ureteroureterostomy being reserved 
for damage to the midureter. A small incision or 
needle puncture to the ureter can be repaired with 
interrupted 5-0 absorbable sutures, and a suction or 
nonsuction drain of operator’s preference left prox
imal to the injury for a few days.

If ureteral obstruction is diagnosed postoper- 
atively, cystoscopically guided ureteral catheteri
zation is recommended. Ureteral fistulas can be 
managed similarly, possibly obviating the need for 
further surgery. If a ureteral catheter cannot be 
passed to the renal pelvis, the catheter should 
be left in place to facilitate identification of the 
level of obstruction during subsequent surgery or 
nephrostomy. If tissue edema and inflammation 
are extensive, renal decompression by percutaneous 
nephrostomy is sometimes a necessary temporizing 
measure, followed by delayed reconstruction. If 
complete ureteral obstruction is diagnosed within 
48 to 72 hours of the original injury immediate 
repair is preferable if technically possible; however, 
some surgeons prefer delaying the repair for 6 to
8 weeks. Many patients, if given a choice, prefer 
immediate repair, and their preferences should also 
be considered in surgical decision making.

Ureteral Transections
For complete severance of the ureter within 8 cm 
of the bladder, the repair of choice is ureteroneo
cystostomy. For injuries above this area, ureter
oureterostomy is sometimes necessary. Uretero
neocystostomy involves transecting the ureter just 
above the site of distal ligation and spatulating the 
proximal ureter distally with 4-0 or 5-0 absorbable 
pilot sutures placed at the site of spatulation (Figure 
19.8). A cystotomy is then performed. A small inci
sion is then made in the posterior bladder, just large
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FIGURE 19.8.
Submucosal tunnel technique o f  ureteroneocystostomy. A, 
An incision is made in bladder mucosa near original 
ureteral orifice. B, A 2-cm submucosal tunnel is created 
with curved clamp; the cut end o f  the ureter is tagged and  
pulled into bladder lumen. C, After the distal ureter is 
spatulated and everted, it is sutured in four corners to the 
bladder mucosa. The ureter is also sutured to the bladder 
adventitia. (From Walters MD, Karram MM: Clinical 
Urogynecology. St. Louis: Mosby-Year Book, 1995; with 
permission.)

enough to admit the spatulated ureter and its pilot 
sutures. The ureteral sutures are sewn to the blad
der wall and tied with the knots outside the bladder 
mucosa. The periureteral tissue is reapproximated 
to the bladder muscularis. The anterior cystotomy 
is closed with 2-0 chromic gut sutures, and the pre
vesical space is drained.

Another type of ureteroneocystostomy, designed 
to be an intentional antireflux technique, involves 
creating a 2- to 3-cm submucosal tunnel in the blad
der wall (Figure 19.8). Only an experienced surgeon 
should perform this procedure. Although a nonre- 
fluxing tunnel of bladder muscularis is preferred, 
this might not be technically possible. Most patients 
with the anastomosis, without bladder tunneling 
described previously, have experienced no reflux or 
other significant problems [96].

If the ureter is transected above the pelvic junc
tion, it is best repaired by end-to-end anastomosis. 
An alternative procedure, performed when >10 cm 
of distal ureter has been damaged, is transureter
oureterostomy [96]. This technique is performed by 
anastomosing the short transected ureter to the nor-

FIGURE 19.9.
Psoas hitch technique for relief o f  tension on suture site 
in ureteroneocystostomy. The bladder is drawn cephalad 
i f  tension exists near the distal ureteral repair. (From 
Walters MD, Karram MM: Clinical Urogynecology. St. 
Louis: CV Mo shy, 1999; with permission.)

mal contralateral ureter, end to side. Despite a very 
low complication rate, many surgeons are reluctant 
to adopt this procedure, for fear of compromising 
the healthy ureter [96],

A tension live anastomosis is essential to the suc
cess of ureteral implantation. Tension between the 
ureter and bladder can be relieved by incising the 
parietal peritoneum on the involved side and mobi
lizing the bladder. The superior lateral aspect of the 
bladder wall is then fixed to the psoas fascia [98], 
This psoas hitch is illustrated in Figure 19,9. Another 
technique, which can bridge a gap of up to 10 cm, is 
the Boari flap procedure. This procedure uses a wide- 
based bladder flap to create a tube into which the
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ureter is anastomosed [99,100]. O ther more radical 
techniques for bridging a long ureteral gap include 
the interposition of an isolated segment of bowel and 
autotransplantation of the kidney with preservation 
of its blood supply and collecting system into the 
pelvis [100,101]. These more complex operations 
should be reserved for the highly experienced uro
logic or urogynecologic surgeon and should never 
be attempted by less-experienced surgeons without 
immediate, expert assistance readily available.

URETHRAL DIVERTICULUM 

Etiology
A suburethral diverticulum in pregnancy, although 
an uncommon finding, can complicate gestation. 
Its asymptomatic development almost always ante
dates the pregnancy. The etiology of suburethral 
diverticulum is either congenital or acquired as a 
result of infection and microabscess formation in the 
urethral glands. In pregnancy, recurrent suburethral 
diverticulitis is aggravated by edema and thickening 
of the urethral wall. Retrograde contamination of 
the bladder can result in recurrent episodes of acute 
cystitis or ascending pyelonephritis.

is best managed conservatively during pregnancy. 
The diverticulum is not considered an indication 
for cesarean delivery, although Allen and cowork
ers have reported obstructed labor from a urethral 
diverticulum [103]. More than 50% of urethral 
diverticula regress postpartum. Repeated urethral 
massage, diverticular aspiration, and broad-spec- 
trum antibiotic therapy can aid regression, how
ever. Incision and drainage have also been employed 
[102]. Surgical treatment is best postponed until 3 
to 6 months postpartum because of the high fail
ure rate during pregnancy that is associated with 
surgery on the edematous, inflamed, friable, and 
highly vascular urethral mucosa and paraurethral tis
sues. The diverticulum is repaired transvaginally by 
opening the mucosa, partial removal of the divertic
ular sack, and layered closure. Partial removal of the 
sack is advocated to leave sufficient urethral mucosa 
in situ for a closure without undue mucosal tension 
or stenosis. There is no contraindication for vagi
nal delivery in these women; however, diverticu
lar aspiration might be needed during the second 
stage of labor to aid the delivery and to prevent 
urethral damage or rupture of the diverticular sac 
[102],

Diagnosis
In four cases reported by Moran and coworkers, 
the clinical presentation of urethral diverticulum in 
pregnancy includes the palpation of a paraurethral 
mass, irritative urethral symptoms, urinary inconti
nence, urinary tract infection, voiding difficulty, or 
urethral pain and discharge. The diagnosis of ure
thral diverticulum is always suspected when the dis
charge of purulent exudate from the urethral mea
tus is observed during urethral massage. Palpation 
of a tender suburethral mass and visualization of 
the diverticular orifice on urethroscopy suggest this 
diagnosis as well. Transvaginal ultrasonography can 
also be successful in patient evaluation. Definitive 
radiographic diagnosis by double-balloon urethrog
raphy using a Tratner or Davis catheter should be 
delayed until after delivery.

Management
Because of the inherent risk of repair breakdown 
and fistula formation, a suburethral diverticulum

PREVIOUS UROLOGIC SURGERY
Advances in surgical management of many urinary 
tract abnormalities, congenital and acquired, have 
led to an increased number of pregnant women 
who have had previous surgery on the urinary tract. 
These operations include augmentation cystoplasty 
(for intractable detrusor instability or myelodys
plasia), urinary diversion procedures (ileal conduit 
or ureterosigmoidostomy), ureteral reimplantation 
(usually for vesicoureteral reflux), and incontinence 
procedures (retropubic urethropexy, suburethral 
sling, tension-free vaginal tape, transobturator tape, 
or artificial urinary sphincters).

In the past, patients with abnormal urinary tracts 
were managed primarily by cutaneous diversion. 
These patients often sustained a resultant decline in 
physical appearance and self-image, making repro
duction a less desirable option. The replacement 
of cutaneous diversion by continent internal diver
sion procedures, in combination with intermittent 
catheterization, has no doubt made pregnancy a 
more realistic possibility for these women.
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For all pregnant patients with a history of surgically 
altered urinary tracts, close monitoring for infection 
by monthly culture and suppressive antibiotic ther
apy (e.g., macrocrystalline nitrofurantoin, 100 mg 
nightly) are advisable. Symptomatic infections are 
treated with an appropriate antibiotic for at least 10 
days; thereafter, suppressive treatment is resumed. 
Management includes meticulous patient instruc
tion, frequent clinical visits, bedrest, and pelvic 
examinations as clinically indicated. Patients should 
be informed of the risks of urinary tract infection, 
as well as of preterm labor, and carefully advised 
of warning signs. Monthly BUN and serum crea
tinine determinations should be performed, with 
close monitoring for other symptoms and signs of 
ureteral obstruction. Roxe recommends measure
ment of 24-hour creatinine clearance and urine pro
tein levels instead of simple measurement of BUN 
and serum creatinine, since the latter provide only 
crude indices of renal function [104], More than 
50% of renal function must be lost before either 
BUN or creatinine levels reflect an abnormality or 
before any symptoms of renal insufficiency develop.

Most patients with prior urinary tract surgery 
usually can deliver vaginally. Exceptions include 
patients with urinary diversion to the sigmoid colon, 
or those who have undergone vesical neck eleva
tion or surgery for sphincter repair. If a patient 
has had extensive urologic surgery such as entero
cystoplasty, an experienced urologic surgeon should 
be immediately available if cesarean delivery is 
required or elected.

Enterocystoplasty
Infection, obstruction, and trauma at cesarean deliv
ery are potential complications for all pregnant 
patients because of the changes in pelvic anatomy 
caused by the enlarging uterus. The altered uri
nary tract anatomy in patients who have undergone 
ileocecal cystoplasty bladder augmentation presents 
additional antepartum and intrapartum risks. The 
enlarging uterus has the potential to compromise 
the mesenteric blood supply, leading to ischemia 
or hemorrhage [105], In the event of amniocen
tesis or cesarean delivery, special care is necessary 
to recognize and not disturb the mesenteric blood 
supply of the augmented bladder. Clinicians should 
recall that marked adhesions from previous exten

General Recommendations sive abdominopelvic surgery are frequently present 
in these, patients.

Pregnancies in women who have had prior aug
mentation cystoplasty are often complicated by uri
nary tract infections or pyelonephritis (60%) and 
premature labor (26%) [106], Hill and Kramer's 
review of 1 5 pregnancies in 15 women after aug
mentation cystoplasty reported 10 vaginal births and 
5 cesarean deliveries [106]. Two of these operations 
were performed for obstetric indications, and three 
were performed electively to preserve vesical neck 
or artificial sphincter construction. One patient who 
was continent before delivery became incontinent 
after vaginal delivery. In a retrospective study of 19 
pregnancies in 18 women who have undergone clam 
enterocystoplasty, vaginal delivery was found to be 
a safe option, even in those who had had an anti
incontinence procedure in addition to enterocysto
plasty [107], Women who have undergone entero
cystoplasty are not at increased risk for incontinence 
and should undergo vaginal delivery if possible to 
avoid the risk of surgical injury to the augmented 
bladder. If cesarean delivery is necessary for these 
women, the authors recommend that a urologic sur
geon experienced in augmentation cystoplasty be 
present at the time of the laparatomy.

Artificial Urinary Sphincters
Some researchers have recommended that patients 
who have undergone reconstruction of the vesi
cal neck or implantation of an artificial genitouri
nary sphincter undergo cesarean delivery to avoid 
disruption of the continence mechanism. Fishman 
and Scott have suggested that the obstetrician 
who best understands the clinical case should indi
vidualize the mode of delivery for patients with 
an artificial urinary sphincter [108], I hey report 
seven patients with artificial urinary sphincters who 
underwent nine deliveries: five vaginal and four 
cesarean. All patients who underwent vaginal deliv
ery remained dry, whereas one patient who experi
enced slight leakage during pregnancy underwent 
a cesarean and continued to leak after delivery. 
Hill and Kramer think that vaginal delivery is con
traindicated in patients who have undergone artifi
cial sphincter placement and augmentation cysto
plasty and that elective cesarean delivery is the 
best management for such patients [106]. For preg
nant women with artificial urinary sphincters, it is
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recommended that broad-spectrum antibiotics be 
administered in the immediate perinatal period and 
that the urethral cuff of the implant be deflated fre
quently in the third trimester and during labor and 
delivery [108,109]. In addition, if cesarean deliv
ery is necessary, abdominal ultrasonography should 
be used to locate the components of the device to 
avoid perioperative injury, Efectrocautery should be 
avoided or restricted to the tissues superficial to the 
uterus to avoid injury to the silicone tubing of the 
implant.

Long-term efficacy of artificial urinary sphinc
ter and the impact of pregnancy on three young 
female patients were reported recently [110]. These 
three patients had a good long-term outcome with 
the artificial urinary sphincter, including one patient 
with two pregnancies that ended in a normal vaginal 
delivery. An artificial urinary sphincter also does not 
appear to affect the pregnancy and can be consid
ered as a favorable option in young women who have 
intrinsic sphincter deficiency and who are planning 
future childbearing.

Anti-incontinence Procedures
Bladder neck reconstruction, when performed for 
incontinence, is usually deferred until after child
bearing is completed to avoid potential damage 
to the repair during childbirth. When pregnancy 
occurs after incontinence surgery, the question arises 
about the optimal mode of delivery. Cutner and 
coworkers [111] advocate urodynamic investigation 
to guide this decision. Vaginal delivery is often con
sidered the best choice if the patient develops severe 
genuine stress incontinence antepartum, because 
the urethral sphincter mechanism might already 
be damaged. Reliance on symptomatology alone is 
inadequate, however, because incontinence in preg
nancy can be due to detrusor instability [25,26], 
Therefore, optimal management of patients with 
previous anti-incontinence procedures is controver
sial. Most clinicians recommend routine cesarean 
delivery, although others permit a trial of vaginal 
birth. In a questionnaire survey, 40% of the 149 sur
veyed clinicians reported that they would always 
perform cesarean delivery, whereas 28% thought 
that a trial of labor and vaginal delivery was indi
cated in patients who have undergone previous anti
incontinence procedures [112], In this survey, post
partum continence was preserved in 73% of the 
women with vaginal delivery as opposed to 95%.

of those having undergone Cesareans, Because no 
prospective or validated data are available for either 
choice, a legitimate case can be made for either 
mode of management. Patient counseling regard
ing potential risks of each type of delivery is essen
tial for proper informed consent. A detailed note in 
the medical record outlining the issues and the rea
sons for the approach taken is prudent. The patient’s 
preferences should also be honored.

In recent years, tension-free vaginal tape (TVT) 
and transobturator tape (TOT] have become popular 
suburethral sling procedures [113,114], In one Case 
report, the patient became pregnant after the TVT 
procedure, and ultrasound assessment during preg
nancy revealed an unchanged location and topog
raphy of the polypropylene (Prolene) tape [115]. 
Cesarean delivery was performed at term, and the 
position of the tape continued to be unchanged in 
the postpartum period. Most clinicians recommend 
cesarean deliveries for women who have had previ
ous TVT procedures; however, spontaneous vaginal 
delivery at term was reported on a patient w'ho had 
had a TVT procedure before pregnancy [116], At 
5 months postpartum, this patient was continent, 
and urodynamic evaluation showed normal urethral 
pressure profiles and sufficient maximal urethral clo
sure pressure. The position of polypropylene (Pro
lene) tape was unchanged as shown by introital 
ultrasound. This case suggests that vaginal delivery 
could be an option for women who had tension-free 
suburethral slings such as TVT or TOT; however, 
no definitive recommendation can be made owing 
to the lack of validated data.

Urinary Diversion
Potential problems associated with pregnancy for 
patients after urinary diversion include premature 
delivery (20%-50%), pyelonephritis (15%), urinary 
obstruction (13%), and intestinal obstruction (10%) 
[ 105], In patients who have had previous ureterosig- 
moidostomy, cesarean delivery is indicated to main
tain continence of the sphincter. In a. series of four 
patients with ureterosigmoidostomy, reversible dila
tion of the upper urinary tract was observed, and 
with antibiotic prophylaxis, each of these patients 
did have one episode of urinary tract infection 
during pregnancy [117], O ne patient developed 
preeclampsia, three patients underwent Cesarean 
birth, and one patient underwent vaginal deliv
ery. During pregnancy, urologic examinations were
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performed every 4 weeks by renal ultrasound scan, 
calculation of the resistive index, blood gas analy
sis, and blood tests for electrolytes, BUN, and cre
atinine levels. No postpartum or neonatal com
plications were reported. In another series, severe 
upper urinary tract infections during pregnancy 
were reported in two patients, with existing ileal con
duits who had discontinued antibiotic prophylaxis 
[1 18]. These cases suggest that antibiotic prophy
laxis is mandatory throughout the duration of the 
pregnancy.

Many women who have undergone urinary diver
sion procedures have done so because of congenital 
bladder exstrophy. This abnormality, w7hich is due 
to a defect in structures derived from infraumbilical 
mesenchyme, is accompanied by a wide separation 
of the pubic rami. This weakens the pelvic floor, 
leading to uterine prolapse. Because vaginal delivery 
can put the patient at greater risk for prolapse, Freed 
recommends cesarean delivery in this unique clin
ical setting to prevent pelvic relaxation [8]. In the 
authors’ experience, the liberal use of serial ultra
sound examinations during pregnancy, and judicious 
timing and use of cesarean delivery is a reason
able method of management. Co-management by 
and consultation with urologic and perinatatal col
leagues is advisable.

Another obstetric consideration in patients with 
corrected bladder exstrophy is fetal malpresenta
tion. The separation of the pubic rami can divert the 
presenting part away from the vaginal canal. In 25% 
of these women, the lie is transverse or the presen
tation is breech. If pregnant patients with corrected 
bladder exstrophy are candidates for vaginal deliv
ery, perineorrhaphy is often necessary because of the 
usual presence of a high posterior vaginal wall. In 
many of these patients, the vaginal introitus is imme
diately below the urethra. In some cases, accompa
nying vaginal stenosis has made cesarean delivery 
necessary.

U retera l R eim plan tation

Ureteral reimplantation has been performed rou
tinely for primary vesicoureteral reflux for more 
than 50 years. Austenfeld and Snow retrospectively 
reviewed complications occurring in pregnancies 
established at least 15 years after the original pro
cedure [119], In 30 women having 64 pregnan
cies, urinary tract infection was present in 48% 
after reimplantation, and in 57% during pregnancy.

Pyelonephritis occurred in 17% during pregnancy, 
compared with 4% in the nonpregnant state. The 
authors attributed the high rate of pyelonephri
tis not to recurrent reflux during pregnancy but 
to occult bacteriuria missed on prenatal screening. 
Spontaneous abortions occurred in 8 of 64 preg
nancies (13%) between 9 and 21 weeks of ges
tation. Urinary tract infection was present in six 
of these eight cases. In a larger series, Mansfield 
and coworkers retrospectively reviewed 141 preg
nancies in 62 women who had childhood ureteral 
reimplantation and found that 40% of these preg
nancies were complicated by urinary tract infec
tions and 15% resulted in spontaneous abortion 
[120], Recently, in another series of 47 pregnant 
women with childhood ureteral reimplantation, uri
nary tract infection was present in 28%, preeclamp
sia in 7%, and transient gestational ureteric obstruc
tion in 0.05% (2 patients) [121], Another two 
cases of late gestational ureteral obstruction were 
reported in patients who had had a successful 
Politano-Leadbetter ureteral reimplantation 17 to 
22 years earlier [122], The obstructions required 
urinary drainage by percutaneous nephrostomies 
during pregnancy and gradually subsided postpar
tum. These data demonstrate the high risk of uri
nary tract infection and the utility of antibiotic pro
phylaxis during pregnancy. In these women, the risk 
of spontaneous abortion is not significantly differ
ent from that of the general population. Ureteral 
obstruction, although rare, should be recognized 
and promptly treated.

The authors of these studies did not provide rec
ommendations for mode of delivery or descriptions 
of any difficulty during vaginal or cesarean delivery. 
It was suggested that after reimplantation, occult 
urinary infection might be a precursor to sponta
neous abortion and ascending infection. For these 
high-risk patients, more aggressive urinary screen
ing and prompt treatment of infection during preg
nancy, in addition to antibiotic prophylaxis, are rec
ommended.

GENITOURINARY MALIGN ANCY 

Epidemiology
Genitourinary malignancies reported during preg
nancy include cancers of the bladder and kidney
[123,124], Such tumors presenting during preg
nancy are rare, because most patients with these

ak
us

he
r-li

b.r
u



632 SCOT, i. YOUNG, HO

diseases are more than 50 years old and male (male- 
to-female ratio of 3:1). Fewer than 50 cases of kid
ney tumors [125] and 27 cases of bladder can
cer [126] have been reported in pregnant patients. 
When seen in Western practice, bladder cancer is 
transitional cell in origin in over 90% of cases [127], 
Cancer of the bladder is more common in the Far 
East because of chronic schistosomal bladder infec
tion. Such bilharzia-related carcinomas are usually 
squamous cell in origin [127],

Etiology
The bladder is sensitive to induction by carcino
gens, including tobacco smoke, dyes, and organic 
chemicals. O ther agents capable of tumor initia
tion include phenacetin, which can cause intersti
tial nephropathy, and foreign bodies or infections, 
which can cause chronic bladder irritation. Long
term indwelling catheters and bladder schistosomia
sis are associated with chronic inflammation and can 
predispose to squamous cell carcinoma. Laurie and 
coworkers have reported adenocarcinoma in urachal 
remnants in the bladder dome. Renal malignancy, a 
relatively uncommon cancer, represents about 3% 
of all carcinomas in adults. In contrast to bladder 
cancer, no known relationship exists between renal 
cancer and industrial or occupational carcinogens. 
It has been postulated that renal cancer present
ing during pregnancy might be linked to the relative 
state of systemic immunosuppression in pregnancy. 
Impaired immune surveillance in pregnancy could 
allow malignant cells to proliferate [ 129]. An expla
nation for the rarity of renal cancer is not satisfied 
by this theory, however, and the etiology of this dis
order remains unknown.

Diagnosis
Hematuria, the most common clinical symptom of 
bladder Cancer in pregnancy, can be mistaken for 
cystitis, urolithiasis, or vaginal bleeding. Hematuria 
was present almost universally in one report but 
absent in two of three patients according to another
[123,124], Hematuria during pregnancy should be 
evaluated by a catheterized urine specimen; this 
sample should be examined microscopically and by 
culture. The most common cause of hematuria in 
pregnancy is cystitis. Thus, if the patient’s signs and 
symptoms are consistent with a urinary tract infec

tion, initial conservative management of hematuria 
with antibiotics is best. Failure of the hematuria to 
resolve after appropriate antibiotic therapy requires 
cystoscopic evaluation, regardless of the period of 
gestation. When unresolved hematuria appears in 
the third trimester, the differential diagnosis of pla
centa percreta should be entertained, particularly 
in patients who had undergone previous cesarean 
birth. If the source of bleeding is not identified at 
cystoscopy, a renal ultrasound is warranted, followed 
in sequence by urinary cytology magnetic resonance 
imaging (MRI), a restricted-exposure IVP, and cys
tography [125,127],

Cystoscopy with topical anesthesia is tolerated 
well in pregnancy and without any fetal adverse 
effects. Cystoscopy also provides the added advan
tage of tissue biopsy for subsequent analysis. Ultra
sonography is a valuable tool because it is noninva- 
sive. In the case of upper urinary tract pathology, 
renal ultrasound scan might delineate a renal mass 
or hydronephrosis. Ultrasound scan can also detect 
bladder tumors with a 95% detection rate for lesions 
greater than 2 cm; however, for tumors less than
0.5 cm in diameter, the rate of detection falls to 
less than 33%. MRI has the advantage of not expos
ing the fetus to ionizing radiation. The technique 
has proved useful in establishing the extent of the 
malignancy and the nature of the tumor.

Management
Bladder carcinoma can be treated at any time in 
pregnancy by transurethral resection if the lesion 
is superficial, papillary, and low grade in appear
ance [127,130]. Although the number of case 
reports is limited owing to the rarity of the dis
ease, transurethral resection has been reported to 
be safe in pregnancy. This procedure also provides 
tissue samples for histologic analysis and could be a 
potential cure for a superficial tumor. For invasive 
bladder cancer, the management is based on gesta
tional age and the patient’s wishes. In the first and 
second trimesters, pregnancy can be terminated and 
the cancer managed per standard protocol. If the 
patient is in the third trimester or in second trimester 
and desires to proceed with the pregnancy, a mod
ified metastatic work-up with MRI, chest radiogra
phy, and bone scan can be performed first to guide 
the decision [127], Muscle-invasive bladder cancer 
without evidence of metastasis is managed surgically
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by cystectomy and urinary diversion, in combina
tion with a hysterectomy or a cesarean hysterectomy 
[123]. Metastatic bladder cancer carries a poor prog
nosis and, although systemic chemotherapy has pro
duced some encouraging results, the fetal effects of 
these regimens are unknown. Chemotherapy should 
be delayed until the immediate postpartum period 
[127 ,129],

Radical nephrectomy is the treatm ent for renal 
carcinoma regardless of pregnancy status. Although 
nephrectomy should be performed soon after diag
nosis, a 2- to 3-Week delay while awaiting fetal m atu
rity in the third trimester is acceptable. With current 
medical advances, more than 90% of infants deliv
ered after 2 7 -2 8  weeks survive and have a good 
prognosis. Recently, laparoscopic radical nephrec
tomy for renal cell carcinoma has been used effec
tively and safely in the first or Second trimester, and 
the patients delivered vaginally at term [131 ,132]. 
Adjunctive radiation therapy any time during preg
nancy is contraindicated, and there is no effective 
chemotherapy.

CONCLUSION
Although urologic and urogyneCologic complica
tions can present unique opportunities for prob
lem solving and challenging diagnostic dilemmas for 
the practicing obstetrician, most conditions can be 
managed with care and precision when principles 
of systematic rational decision making are followed. 
Liberal use of consultants and evidence-based man
agement plans can be expected to produce opti
mal outcomes. In conditions where compelling evi
dence basis is unavailable, particularly in deciding 
the mode of delivery, the individual patient’s pref
erences should be strongly considered and hon
ored. All discussions with the patient and all man
agement decisions should be amply documented. 
Any changes in the patient’s condition or proposed 
changes in management should likewise be care
fully discussed and documented. Adherence to these 
guidelines should ensure the safest best practice.
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Shaun M. Kunisaki 
Russell W. Jennings

. . .  material is not lacking -  particularly in this 
vast field of Medicine -  in which to prove one's 
ability, that is, by perfecting things which have 
been left incomplete and untouched by the 
ancients or others and by making new 
contributions to knowledge.. .

Gaspare Tagliacozzi (1547-1599)

De curtorum chirurgia per insitionem (c 1597)

A. Read (trans.)

London: Jones, 1867.

Most disorders identified in the fetus are best man
aged in the early postnatal period. Over the last 25 
years, however, fetal surgery has emerged from the 
realm of medical curiosity into an exciting, multidis
ciplinary specialty now capable of improving patient 
outcomes for a wide variety of diseases. Recent 
technologic progress now allows clinicians to both 
diagnosis and treat many fetal anomalies accurately 
while maintaining a high level of maternal safety. 
As expectant parents become increasingly educated 
about the potential benefits of fetal surgery, obstetri
cians must become familiar with some of the more 
recent, state-of-the-art advances that are currently 
shaping the field.

The purpose of this chapter is to provide an 
overview of the principles of modern operative fetal 
intervention. To this end, the authors outline the 
basic ethical and diagnostic issues pertinent to the 
practice of fetal surgery and describe the major oper
ative approaches to gain access to the fetus. The 
discussion then turns to some of the established as 
well as experimental prenatal therapies that are cur
rently being employed for several lethal and non- 
lethal anomalies (Table 20.1).

Fetal Ethics and Informed Consent
Because of the unique physical relationship between 
m other and fetus, prenatal surgical therapies inher
ently place two patients at risk for potential com
plications. Only one patient (the fetus) can derive 
any direct benefit from the surgical intervention, 
however. Thus, before considering any fetal surgical 
procedure, clinicians involved in the care of these 
patients should be cognizant of potential maternal- 
fetal conflicts and prepared to discuss these ethical 
issues openly with expectant mothers during prena
tal counseling sessions.

According to many groups, including the Ameri
can College of Obstetrics and Gynecology (ACOG), 
the moral imperative of any fetal intervention is to 
respect the mother in her decision regarding the 
treatment of her fetus [1,2]. Although every reason
able effort should be made to protect the fetus, they 
argue that the previable fetus has no independent

ak
us

he
r-li

b.r
u



Fetal Surgery 639

TABLE 20.1 Fetal Interventions

Procedure Approach Disorder

Ablation of placenta vessels Fetoscopic TTTS*

Umbilical cord occlusion/division Fetoscopic T IT S
TRAP sequence* 
Discordant twins

Ex-utero intrapartum treatm ent (EXIT) Open Massive airway obstruction

Thoracoamniotic shunt Percutaneous Primary hydrothorax
Cystic adenomatoid malformation

Lobectomy Open Cystic adenomatoid malformation

Teratoma resection Open Sacrococcygeal teratoma 
Pericardial teratoma

Vesicoamniotic shunt Percutaneous Bladder outlet obstruction

Posterior urethral valve ablation Fetoscopic; Bladder outlet obstruction

Tracheal occlusion Fetoscopic Diaphragmatic hernia

EXlT-to-ECM O Open Diaphragmatic hernia

M y elomen i n gocel e closure Open Myel o men i n gocele

Amniotic band release Fetoscopic Amniotic band syndrome

Aortic valvuloplasty Percutaneous Aortic stenosis

Atrial septoplasty Percutaneous Aortic stenosis with restrictive septum

Pacemarker insertion O pen Com plete heart block

T IT S , twin-twin transfusion syndrome; TRAP, twin reversed arterial perfusion; I.X I'i , e \-u tcro  intrapartum  treatm ent, 
KGMO, extracorpo,ncal m embrane oxygenation.
’ See text lor « ’tails.

moral status. Expectant mothers therefore should be 
under no obligation to undergo fetal therapy, even 
if the treatment is deemed to have a favorable risk- 
benefit ratio. In contrast, groups such as the Ameri
can Academy of Pediatrics (AAP) have vouched for 
an ethical framework that holds a stronger consider
ation for the welfare of the fetus [3]. Proponents of 
this view have articulated that the moral imperative 
is for the pregnant woman to take some responsibil
ity and willingness to undergo some degree of phys
ical harm for the sake of fetal well-being.

In practice, maternal safety has remained the 
highest priority in fetal surgery. Some have sug
gested that pregnant women are a particularly vul
nerable group of patients who might have a low 
threshold to consent to highly invasive fetal ther
apies, even if the benefits to their unborn children 
could be small [4], In light of this, the establish
ment of government-sponsored clinical trials has 
played an important role in fostering new fetal ther
apies while preserving maternal well-being [5,6]. 
For example, many experimental fetal procedures 
are available in the United States only through 
controlled trials performed at experienced centers

that have demonstrated sufficient resources, com
mitment, and expertise to execute these fetal ther
apies properly and safely. (See Chapter 26, Ethical 
Issues.)

A key component to ethical fetal care is a detailed 
explanation of surgical risks and benefits through 
the informed consent process. This process should 
be performed by a multidisciplinary care team that 
has a good, evidence-based understanding of the 
effectiveness of a given prenatal intervention when 
compared with expectant management. There are 
many instances in which the risk-benefit ratio seems 
clearly unfavorable, such as in cases when fetal 
demise is imminent (e.g., placentomegaly, severe 
hydrops), leading to what is known as the maternal 
mirror syndrome (Ballantyne syndrome). In these 
situations, early clinical experience has shown that 
fetal intervention is never appropriate and that 
mothers should be counseled accordingly [7], For 
cases in which the fetus already has relatively mature 
lungs, thereby giving the patient a reasonable chance 
of remaining viable outside of the womb, preterm 
delivery with postnatal surgical intervention is usu
ally the best management option.
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O f course, risk-benefit quantification is not 
always an easy task given the experimental nature 
of many fetal therapies. In these circumstances, 
a nondirective counseling approach remains vital 
to the informed consent process. For cases in 
which fetal surgical intervention is contemplated, 
all maternal risks should to be discussed openly and 
candidly. These risks include preterm membrane 
rupture, preterm labor, wound infections, chorioam- 
nionitis, uterine hemorrhage, loss of uterus, and 
damage to adjacent organs. For some procedures, 
a maternal blood transfusion is necessary. Preterm 
labor can subject the m other to prolonged periods 
of bedrest and expose her to the risks of aggressive 
tocolysis, including pulmonary edema [8]. Open 
fetal procedures generally require a nonclassic hys
terotomy, which mandates that a cesarean be per
formed for all subsequent deliveries to minimize 
the theoretical risk of uterine rupture during active 
labor. Moreover, mothers must be aware that no pre
natal intervention is universally successful in terms 
of improving fetal well-being. Finally, the morbidi
ties associated with the delivery of a premature baby 
cannot be overestimated.

Fortunately fetal surgical interventions have a 
good overall track record in terms of minimizing 
maternal risk [9], To the authors’ knowledge, there 
have been only 3 maternal deaths in over 400 fetal 
procedures performed over the last 25 years, yield
ing an overall maternal mortality risk of less than
0.9%. In a large series of women who underwent 
ex-utero intrapartum treatment (EXIT) to salvage 
fetuses with airway compromise, short-term mater
nal complications, including blood loss, were com
parable to those observed after standard cesarean 
delivery [10]. The uterine rupture rate after open 
fetal surgery has been found to be similar to rates 
seen after a conventional lower uterine segment hys
terotomy [11]. Finally, women can be informed that 
there is currently no evidence that fetal interven
tions, whether they are performed by open hystero
tomy or by minimally invasive techniques, have an 
adverse effect on future fertility [12],

Preoperative Diagnosis
In 1963, the first successful fetal surgical procedure 
was performed when Liley, a New Zealand perina
tologist, transfused blood into the peritoneum of 
a hydropic fetus afflicted with severe Rh disease

FIGURE 20.1.
T2-weighted fetal M RI o f  a left-sided diaphragmatic 
hernia. This coronal view showed the presence o f  abdo
minal viscera into the chest cavity with mediastinal shift.

[13]. Liley made the diagnosis without imaging by 
analyzing the amniotic fluid with spectrophotome
try. From these early beginnings, fetal therapy has 
witnessed numerous major advances in noninvasive 
diagnostic technologies. Current imaging modal
ities, particularly high-resolution ultrasonography 
with Doppler interrogation and ultrafast magnetic 
resonance imaging (MRI), can now characterize 
many fetal anomalies with a high degree of accuracy 
and in exquisite detail (Figure 20.1) [14,15].

It is the opinion of the authors that fully trained 
pediatric radiologists play a vital and essential role in 
the evaluation of all referred cases. Because patients 
are often misdiagnosed or incompletely diagnosed 
by the referring institution, pediatric radiologists 
must review all diagnostic imaging and suggest addi
tional studies if they can be deemed helpful in 
facilitating an accurate diagnosis and prenatal care 
plan. Furthermore, the expertise of our radiology 
colleagues is indispensable during fetal procedures, 
since ultrasonography is an important perioperative 
tool used in all percutaneous, fetoscopic, and open 
surgical procedures [16].

A listing of common inclusion and exclusion cri
teria used for considering a patient for fetal therapy 
is shown in Table 20.2. No preoperative workup 
for a fetal intervention is complete without a
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TABLE 20.2 Fetal Surgery C rite ria  

Inclusion C rite ria

Petal anomaly in which prenatal intervention offers a 
favorable risk-benefit ratio 

Normal fetal karyotype 
Maternal age jg 18 years 
Exclusion C rite ria

Gestational age suggestive of likely viability ex utero 
Associated severe fetal anomalies 
Multifetal pregnancy (unless TTTS, TRAPS, imminent 

death in a discordant twin)
Placenta previa or history of placental abruption 
Cervical insufficiency 
Significant medical comorbidities 
Inadequate support networks
Inability to comply with travel and medical follow-up

TITS, twin-twin transfusion .syndrome; TRAP, twin reversed 
arterial perfusion.

formal evaluation looking for other anomalies.: 
Because many fetal disorders are associated with an 
increased risk for karyotype abnormalities, a diag
nostic amniocentesis remains essential to eliminate 
the possibility of chromosomal defects that would 
be a contraindication to fetal intervention. Addi
tionally, fetal echocardiography might be indicated 
for some disorders, such as in diaphragmatic her
nia, because concomitant cardiac disease portends a 
much worse prognosis [17,18].

General Operative Approaches
The operative approaches in fetal surgery are 
uniquely challenging because of the small working 
environment and the fact that the fetus is encased 
within multiple layers, including the maternal 
abdominal wall, uterus, and chorioamniotic mem
branes. Three basic operative approaches, namely 
open procedures, fetoscopic procedures, and percuta
neous interventions, have evolved and are all cur
rently used for the surgical management of fetal dis
orders.

OPEN FETAL SURGERY
The principles of modern open fetal procedures 
were pioneered in the late 1970s and 1980s by Har
rison, a pediatric general surgeon at the University 
of California, San Francisco [19-23], Open surgery 
requires a cadre of specialists, each with a defined

role within the operating suite. A pediatric surgeon, 
assisted by the patient’s perinatologist, should per
form these types of interventions.

Preoperative preparation typically begins several 
hours before the procedure, with the administra
tion of indomethacin 50 mg per rectum to minimize 
perioperative preterm labor. All mothers should 
receive a lumbar epidural catheter to minimize 
postoperative pain and uterine irritability. Deep 
general anesthesia (approximately 2 minimum alve
olar concentration [MAC]) with isoflurane or des- 
flurane is used to decrease uterine tone, thereby 
preserving maternal-fetal gas exchange at the pla
cental interface. A roll should be placed under the 
woman's right side to partially relieve inferior vena 
cava compression by the uterus. Common periop
erative maternal monitoring includes an invasive 
arterial line, continuous echocardiography and pulse 
oximetry, and an end-tidal carbon dioxide moni
tor. The placement of two large-bore intravenous 
lines is standard. Aggressive fluid resuscitation with 
crystalloid is generally avoided because of the risk 
of postoperative pulmonary edema associated with 
tocolytic agents, particularly magnesium sulfate.

After the m other is prepped and draped from 
midthorax to midthigh, a low transverse abdom
inal incision is made. In the setting of a poste
rior placenta, a vertical midline fascial incision is 
extended from the umbilicus to the pubic symph
ysis. In cases of an anterior placenta, the rectus mus
cles and underlying fascia must be divided trans
versely so that the uterus can be rotated out of the 
abdomen to enable a posterior hysterotomy. A large 
abdominal ring retractor is placed to facilitate bet
ter exposure. The position of the placenta is mapped 
by ultrasound scan and marked on the surface of the 
uterus.

At this point, the inhalational anesthetic is 
adjusted to ensure complete relaxation of the gravid 
uterus. Ephedrine is given to maintain adequate 
maternal blood pressure. A hysterostomy site is then 
identified by locating an area along the upper uterine 
segment that is at least 5 cm away from the placenta. 
Two large monofilament stay sutures are then placed 
in parallel to the proposed hysterotomy site to help 
facilitate a bloodless entry into the uterus. A 2-cm 
hysterotomy is made with electrocautery to allow 
for positioning of a specially designed uterine sta
pler device containing lactomer staples (U.S. Surgi
cal Corp.). The stapler helps to create an 8- to 10-cm
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FIG U R E 20.2.

A, In all open fetal surgery cases, a maternal hysterotomy is performed using a specially designed uterine stapler device 
containing lactomer staples. B, Proper exposure o f  the fetal thorax in preparation for a left fetal thoractomy and 
lobectomy. A transcutaneous pulse oximeter is a useful adjunct for perioperative fetal monitoring. For color reproduction, 
see Color Plate 4.

bloodless hysterotomy and maintains the integrity 
of the fragile chorion and amnion in a setting of 
complete uterine relaxation (Figure 20.2/1]. Back
biting uterine clamps can further facilitate adequate 
hemostasis.

Once the uterus is opened, medications can be 
given for fetal analgesia (e.g., fentanyl .10 mg/kg- 
.20 mg/kg IM) and neuromuscular blockade (e.g., 
vecuronium 200 mg/kg IM). Only the necessary 
fetal anatomy required for surgical manipulation 
is removed from the uterus. To maintain uterine 
distension, a red rubber catheter connected to a 
level I-type rapid infuser is placed deep into the 
amniotic cavity for continuous infusion of warm 
lactated Ringer’s solution at 400 ml/min. A ster
ile transcutaneous pulse oximeter that is typically 
used for micropremature infants is placed around 
the palm and protected from light interference using 
aluminum foil (Figure 20.2B). In more extensive 
operative procedures (e.g., teratoma resection), fetal 
intravenous access should be attained to enable 
appropriate resuscitation if required [24], During 
the fetal portion of the operation, normal fetal 
oxygen saturation readings should be maintained 
between 60% and 75%. Any oxygen saturation level 
of less than 50% suggests fetal hypoperfusion sec
ondary to low cardiac output or kinking of the 
umbilical cord. At the conclusion of the proce

dure, antibiotics (e.g., nafcillin 500 mg) are infused 
into the amniotic cavity. A meticulous closure of 
the hysterotomy is essential because the presence 
of amniotic fluid between the membranes and the 
myometrium is a powerful stimulus to preterm 
labor. The uterus is typically closed in two layers, 
using full-thickness interrupted 0 polydioxanone 
(PDS) and a second layer of running 2-0 PDS. Some 
institutions have used fibrin glue on the hysterotomy 
incision to help to ensure adequate hemostasis. Par
enteral tocolytic therapy begins at the time of uter
ine closure, using a 6-g bolus of magnesium sulfate 
followed by a continuous infusion at 2 g/hr. The 
maternal abdomen is closed in layers in the standard 
fashion.

Postoperatively, fetal well-being and uterine 
activity are recorded externally with a tocodynamo- 
meter. Magnesium and indomethacin are contin
ued for at least 2 days. Few data currently support 
the improved efficacy of nitroglycerin as a long
term tocolytic agent [25,26], Daily fetal echocar
diograms are performed to assess for possible tri
cuspid regurgitation and premature closure of the 
ductus arteriosis because of the indomethecin. 
Mothers are maintained on strict bed rest and tran
sitioned to a subcutaneous terbutaline pump or 
oral nifedipine until delivery. Because preterm labor 
occurs in 100% of all open fetal procedures, the

ak
us

he
r-li

b.r
u



Fetal Surgery 643

median interval between the fetal operation and 
delivery is only about 5 weeks.

Fetoscopic Surgery
Transabdominal fetoscopy was developed in the 
early 1970s for the purposes of diagnosing certain 
genetic disorders, including hemoglobinopathies, 
myelomeningocele, and Duchenne's muscular dys
trophy [27]. As one could imagine, these early feto- 
scopes were quite cumbersome and offered poor 
optical resolution. By the early 1980s, interest in 
fetoscopy waned as ultrasonography became a rou
tine part of obstetric practice. Moreover, there were 
initially some concerns that the bright lights emit
ted from the endoscope might be harmful to the 
developing visual pathways, but this has never been 
substantiated [28].

Over the last decade, fetoscopy has enjoyed a 
resurgence among pediatric surgeons and perinatal- 
ogists alike. Mostly because of incremental advances 
in surgical technique and instrumentation, the 
current endoscopes are lightweight, offer higher- 
resolution capabilities, and have an expanded ther
apeutic repertoire (Figure 20.3) [29,30]. Although 
the tasks performed during fetoscopic surgery are 
usually not as complex as those performed dur
ing open fetal surgery, fetoscopy still demands a 
high level of operator expertise. In all fetoscopic 
cases, intraoperative ultrasound scan provides addi
tional real-time guidance. Excellent communication 
between the surgeon and sonologist remains essen
tial.

FIGURE 20.3.
Fetoscopy after a maternal laparotomy. For color 
reproduction, see Color Plate 5.

Preoperative preparation for fetoscopic surgery 
is done in a fashion similar to that used in open 
fetal surgery. Placement of an epidural catheter 
and intensive blood pressure monitoring are not 
routinely indicated, however [31], Fetoscopy can 
be performed under regional or standard general 
anesthesia, based on patient and institutional pref
erences. Deep general anesthesia is not required 
because profound uterine relaxation is not manda
tory in these cases. The mother is typically posi
tioned in a modified lithotomy position, with the 
knees low enough to allow the operator to work 
between the abducted legs. As in open fetal surgery, 
tilting the patient to the left can help to minimize 
obstruction of the inferior vena cava.

If the placenta is located anteriorly, a minila- 
paratomy can be a useful adjunct to allow for for
ward uterine displacement and a transfundal trocar 
puncture. A lateral approach is discouraged in this 
setting because of the course of the uterine vessels. 
For a posteriorly located placenta, a fully percuta
neous approach is often feasible after a 1- to 2-mm 
incision is made in the maternal abdominal wall. The 
uterus is usually entered using a diamond-cut radi
ally expanding trocar rather than a Veress needle, 
because a diamond-cut trocar minimizes tenting and 
separation of the uterine membranes. Multiple ports 
are sometimes required for saline irrigation and for 
performing more complex surgical tasks. Because 
the fetus is free floating in amniotic fluid, transab
dominal or transuterine fixation of the fetus can be 
of help during the procedure.

Unlike many other areas in medicine that use 
surgical endoscopy, fetoscopy is performed within a 
fluid-filled cavity. Carbon dioxide is not a commonly 
used distension medium because it has been asso
ciated experimentally, even at low pressures, with 
air embolism, fetal acidosis, and placental insuf
ficiency [32,33], In addition, a liquid medium is 
ideal for transmitting clear sonographic images. One 
drawback to operating in a liquid medium is that 
visualization can often be difficult through turbid 
amniotic fluid, which is common with advancing 
gestational age. Visualization can be improved with 
the placement of an extra port for the infusion of an 
isotonic, optically neutral solution [34], Excessive 
amnioinfusion should be avoided, however, because 
it can place undue stress on the gestational mem
branes, thereby increasing the risk of premature
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membrane rupture. Formal closure of smaller trocar 
sites is generally not required, although larger tro
car sites should probably be closed using absorbable 
figure-of-eight sutures. Tocolytic therapy should be 
initiated at the conclusion of the procedure.

Fetoscopy offers several distinct advantages when 
compared with open fetal surgery. First and fore
most, endoscopes enable the operator to induce 
much less trauma to the maternal abdominal wall 
and uterus, thereby reducing uterine irritability, 
tocolytic requirements, and preterm labor. The cur
rent instruments measure between 1.2 mm and 
5 mm in diameter and are typically about 1 8 cm in 
length. A theoretical benefit of fetoscopy is better 
preservation of fetal homeostasis [35], Finally, the 
fetoscopic approach does not preclude the opportu
nity for a subsequent vaginal delivery.

Despite these advantages relative to open fetal 
surgery, the endoscopic approach can have signifi
cant drawbacks, depending on the clinical scenario. 
For example, there can be considerable difficulty 
performing an operation in a tiny working space. 
Moreover, performing some of the more complex 
tasks can still be next to impossible with the cur
rently available instruments. The emerging field of 
robotics has yet to be applied clinically in fetal 
surgery but could prove to be a valuable tool for 
selected fetal cases in the future [36],

Percutaneous Approaches
Percutaneous fetal therapies began in the early 
1980s, when Frigoletto and others began placing 
ventriculoamniotic shunts for the treatm ent of fetal 
hydrocephalus f3 7]. These procedures proved to 
be technically feasible and enjoyed a brief period 
of enthusiasm at multiple centers worldwide. Min
imally invasive neurologic interventions were soon 
abandoned, however, because they were associated 
with a high procedure-related death rate and were 
never able to demonstrate improved neurologic out
comes [38],

Currently, percutaneous interventions play an 
important role in draining other space-occupying, 
fluid-filled structures, such as the pleural space and 
bladder (Figure 20.4) [39,40],

These procedures are generally performed in 
an outpatient setting under continuous ultrasound 
guidance and require minimal maternal sedation

FIGURE 20.4.
Percutaneous procedure under ultrasound guidance. For 
color reproduction, see Color Plate 6.

(e.g., diazepam, morphine). In selected cases, fetal 
muscle blockade is required by intramuscular injec
tion or through the umbilical vein.

Needle aspirations can often be performed using a 
20- or 22-gauge spinal needle. Although these pro
cedures usually do not achieve a long-term thera
peutic result because of fluid reaccumulation within 
48 to 72 hours, they can be helpful for diagnostic 
purposes and can be useful just prior to birth for 
facilitating an easier delivery and resuscitation post- 
natally.

For long-term drainage, percutaneously placed 
catheters provide superior long-term decompres
sion. In such cases, a 2.5-mm trocar assembly is 
placed into the cavity of interest. The sharp tro
car is then withdrawn into the introducer sleeve 
and replaced with the shunt catheter. Finally, the 
introducer sleeve is withdrawn, leaving the proxi
mal end of the catheter in the amniotic space. The 
most commonly used shunts are 2.1-mm Silastic 
catheters with pigtails that end at 90 degrees to 
each other, such as the KCH fetal bladder catheter 
(Rocket Medical, Washington, UK) or the Harrison 
fetal bladder stent (Cook Urological, Bloomington, 
IN). The double-pigtail design helps to minimize 
shunt dislodgement.

Outpatient tocolytics are commonly used in the 
early postoperative period. Weekly ultrasound scans 
are recommended to assess for shunt function and 
to determine general fetal well-being. Overall, there 
is a 10% to 15% rate of obstruction and a 20% 
to 30% rate of migration. Although percutaneous
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approaches are the least invasive of all operative 
interventions, premature rupture of the membranes 
remains a risk, although to a lesser degree than in 
other approaches. Most fetuses are born in the early- 
to-middle third trimester.

ESTABLISHED APPLICATIONS 

Twin-Twin Transfusion Syndrome
Anomalous vascular connections are common in 
monochorionic twins. In about 15% of these ges
tations, these vascular connections can lead to a sig
nificant imbalance of blood flow between the twins, 
a condition known as twin-twin transfusion syndrome 
(TTTS). Chronic TTTS can be seen sonographically 
by a discordance in weight and amniotic fluid vol
ume, resulting from a relative hypovolemia in the 
donor twin and a relative hypervolemia in the recip
ient twin [41]. The release of vasoactive mediators, 
including endothelin, might also be involved in the 
pathophysiology of TTTS [42],

In untreated TTTS cases diagnosed before 26 
weeks’ gestation, mortality rates exceed 80% to 
90%, with most deaths occurring in the recipient 
twin secondary to high-output cardiac dysfunction 
and hydrops [43], In addition, neurologic seque
lae, including cerebral palsy, hemiparesis, and spastic 
quadriplegia, frequently occur in the surviving twin 
[44], The mechanism for the neurologic impair
ment is not completely understood but is thought to 
be secondary to either a release of tissue throm bo
plastin or a sudden drop in vascular resistance when 
the co-twin dies [45,46],

Until recently, serial amnioreduction was the 
mainstay of therapy in virtually all severe cases of 
TTTS. Amnioreduction is helpful in relieving the 
hydramnios that can precipitate preterm labor and 
can improve uteroplacental blood flow by decreas
ing pressure on the chorionic plate [43]. Unfortu
nately, this approach has had limited impact on min
imizing neurologic morbidity.

Fetoscopic laser photocoagulation of the aber
rant placental vessels has emerged as the preferred 
therapy in many c a s e s  of TTTS. Although the pro
cedure was originally described through a mater
nal laparatomy, laser ablation can now be accom
plished using a completely percutaneous approach 
[47], Most approaches employ a 2-mm fetoseope

and a neodynamium:YAG (Nd:YAG) laser, which is 
used to photocoagulate nonpaired placental vessels 
adjacent to placental cotyledons on the chorionic 
plate. Curved endoscopes and instruments can be 
used in cases with an anterior placenta [48], The 
effectiveness of selective versus nonselective abla
tion of aberrant vessels has been debated [49].

The first-line effectiveness of fetoscopic laser 
ablation when compared with Serial amnioreduc
tion before 26 weeks' gestation was recently sup
ported by a randomized trial based in Europe [50]. 
In this study of over 140 patients, short-term sur
vival of at least one twin after fetoscopic ablation 
and therapeutic amnioreduction was 76% and 56%, 
respectively. In addition, neurologic morbidity at 6 
month s occurred in only 31 % of patients who under
went ablation, compared with 52%; in those who had 
serial amnioreduction. Data from another prospec
tive trial, sponsored by the National Institutes of 
Health had more equivocal results [50a],

There are currently insufficient data to determine: 
whether fetoscopic laser ablation is a preferred ther
apy for TTTS beyond 26 weeks’ gestation. It is also 
unclear whether treatment should be customized 
(i.e., amnioreduction versus laser ablation) accord
ing to the stage of TTTS, as was articulated by 
Quintero [51,52], In practice, perinatologists often 
perform an amnioreduction as an initial therapy to 
check response, particularly in cases detected later 
in gestation. Amnioreduction has the advantage of 
being extremely safe, cheap, and readily available. 
In contrast, expertise in fetoscopic ablation surgery 
is currently available in only a few centers, which 
continues to limit enthusiasm for its use.

O ther alternative interventions for the manage
ment of TTTS can be considered in certain sit
uations. Endoscopic cord occlusion is indicated 
when death is imminent for one twin (e.g., severe 
hydrops), to minimize neurologic morbidity in the 
surviving twin [53]. Needle septotomy of the inter
twin amniotic membrane has also been advocated 
as an alternative approach to repeat amnioreduc- 
tions [54], Theoretically, septotomy allows for equi
libration of the amniotic fluid volumes and might 
minimize the need for multiple procedures. A 
recently published randomized trial has shown no 
improvement in terms of perinatal survival after 
septotomy when compared with serial amniore
duction, however [55]. Furthermore, critics of
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septotomy have expressed concern about the the
oretical risk of cord entanglement that might occur 
following the procedure [56],

Twin Reversed Arterial Perfusion Sequence
The twin reversed arterial perfusion (TRAP] 
sequence is a rare complication of monochorionic 
twin gestations, occurring in approximately 1% of 
all cases. In this condition, a nonviable (usually acar
diac and acephalic) twin receives its blood flow by 
reversed perfusion by the umbilical artery directly 
from the normally functioning twin (also called 
the pump twin) [57], The natural history of the 
TRAP sequence varies, with some pump twins 
surviving to delivery under conservative manage
ment or with pharmacologic agents such as digoxin 
and indomethacin [58], The added perfusion bur
den placed on the structurally normal twin leads 
to high-output cardiac failure and fetal demise 
in approximately 50% to 70% of cases, however. 
When the weight discordance between the twins is 
greater than 75%, the mortality rate, approaches 90%
[57).

Currently, the favored therapeutic approach in 
most cases of TRAP sequence is selective feticide 
of the anomalous twin by fetoscopic umbilical cord 
occlusion [59], Since the first successful case reports 
[60,61], a variety of fetoscopic methods for suc
cessful cord occlusion have been described, includ
ing suture ligation, monopolar diathermy, bipolar 
diathermy, YAG laser, and radiofrequency ablation 
[62], In the setting of a monoamniotic pregnancy, 
the cord of the anomalous twin should also be cut 
to minimize the risk of cord entanglement. Survival 
rates after fetoscopic cord occlusion are now greater 
than 80% in most reported series [59,63],

Several other methods for selective termination 
in the TRAP sequence have been described. One 
needle-based approach that appears to be a reason
able option is intrafetal ablation of pulsatile tissue, 
a procedure that has been advocated at some cen
ters because of its technical simplicity [64], Open 
hysterotomy with removal of the anomalous twin 
(sectio parva) has also been performed but is largely 
now of historical interest because of high mater
nal morbidity, including abruptio placenta, preterm 
labor, and pulmonary edema associated with tocol
ysis [65], Direct injection of toxic substances into 
the cord of the anomalous twin is not performed

because of the risk of inadvertent transmigration of 
the infusate into the pump twin.

Airway Obstruction
fetal airway obstruction can be caused by intrin
sic defects within the larynx or trachea, or more 
commonly, by extrinsic compression from a mas
sive oropharyngeal teratoma or cervicomediastinal 
lymphatic malformation. Current, state-of-the-art 
imaging by ultrasound scan and MRI can be used to 
estimate the degree of obstruction and the prob
able difficulty of managing the airway with con
ventional orotracheal intubation at delivery (Figure 
20.5} [15,66-68],

In severe eases of airway obstruction and hydrops 
in the previable fetus, fetal tracheostomy has been 
performed [69,70], In most instances, however, the 
fetus with airway obstruction can survive until late 
in gestation, at which time open fetal surgery with 
control of the airway can be done prior to umbilical 
cord clamping. This procedure is now commonly 
termed EXIT.

The management of the fetal airway immediately 
prior to delivery was first described over 15 years ago 
[71,72], In these early reports there was no attempt 
to prevent uterine contraction and placental separa
tion, however, resulting in likely cessation of utero
placental gas exchange. Over time, the techniques 
employed in the EXIT procedure have become stan
dardized, enabling surgeons to perform procedures 
under controlled conditions while the fetus remains 
on uteroplacental bypass [73,74], In cases of air
way obstruction, the EXIT procedure has proved 
to be very useful because it avoids the hypoxia, 
brain injury, and death that can be associated with 
a neonatal airway crisis (Figure 20.6) [15,75,76].

The EXIT procedure begins with the administra
tion of deep maternal general anesthesia. A mater
nal laparotomy and low transverse uterine segment 
hysterotomy are performed using the standard tech
niques of open fetal surgery. The fetal head and tho
rax are then exposed, while keeping the fetus con
nected to the umbilical cord. Uterine distension is. 
maintained with a continuous instillation of normal 
saline into the amniotic cavity. Endotracheal intuba
tion is usually attempted using a Miller 0 or 1 blade, 
or with a 2.5-mm rigid bronchoscope (Figure 20.7). 
Once the airway is secured, the umbilical cord is 
then cut, and the fetus is delivered to the awaiting
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FIG U R E 20.5. 
T2-weighted fetal M RI o f  
an airway obstruction 
secondary to a massive 
oropharyngeal teratoma.

Fetal Airway Obstruction

Fetal Tracheostomy 
and/or Resection

Potential EXIT Options:
• Orotracheal Intubation
• Tracheostomy
• ECMO
• Intrapartum Resection
• Postnatal Resection

No Progression

Term EXIT Procedure
FIG U R E 20.6. 
Algorithm for the 
management o f  fetal 
airw ay obstruction.
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Bronchoscope

Broviac catheter

2.5 Endotracheal

oximeter

Cord blood 
access

F IG U R E  2 0 .7 .
Ex-ntero intrapartum treatment (EXIT).

F IG U R E  2 0 .8 .
A tracheostomy during the EXIT procedure, performed 
for massive airway obstruction. For color reproduction, 
see Color Plate 7.

neonatology team. When endotracheal intubation 
is impossible, the surgeon still has abundant time to 
perform a tracheostomy, because most fetuses can 
be maintained on placental bypass for 45 to 90 min
utes (Figure 20.8). In the rare case in which gas

exchange might still be impossible, another viable 
option is to proceed directly to placement on extra- 
corporeal membrane oxygenation (ECMO) prior to 
delivery [68],

Currently, the EXIT procedure for airway 
obstruction is the most common intervention using 
the techniques of open fetal surgery. The mater
nal morbidity of this procedure has been evaluated, 
showing comparable maternal outcomes relative to 
standard cesarean section [10]. The only exception 
is the wound infection rate, which is slightly higher 
after the EXIT procedure.

Thoracic Anomalies
Primary hydrothoraces are uncommon, with an esti
mated incidence of 1 in 12,000 pregnancies. Based 
on some of the larger clinical series, the overall sur
vival is approximately 50% for untreated fetuses 
[77-79]. Fetal surgical intervention for this condi
tion was first reported in 1988 [80], Although there 
have been no large, prospective studies comparing 
fetal intervention with expectant management for 
this disorder, prenatal intervention is advised in cases 
of early hydrops in fetuses less than 32 weeks’ ges
tation [78]. Some centers also advocate fetal inter
vention in all hydrothoraces identified before 24 
weeks, because of the increased risk for significant 
pulmonary hypoplasia. For all effusions that reaccu- 
mulate within 48 to 72 hours after an initial tho
racentesis performed under ultrasound guidance, a 
thoracoamniotic shunt should be inserted. Survival 
after shunt placement is estimated to be about 70% 
[78,79],

Congenital cystic adenomatoid malformations 
(CCAMs) are benign hamartomatous masses that 
might have bronchial atresia as part of their under
lying pathophysiology [81]. Adzick has classified 
CCAMs based on gross anatomic and sonographic 
features. Macrocystic lesions contain cysts greater 
than 5 mm in diameter, whereas microcystic lesions 
are predominantly solid with cysts less than 5 mm 
[82], Although some studies have suggested that the 
natural history of CCAMs remains relatively unde
fined [7,83,84], experience from the authors’ cen
ter has shown that most macrocystic and micro- 
cystic CCAMs tend to decrease in size relative to 
thoracic cavity volume after about 25 weeks’ gesta
tion. Therefore, most prenatal CCAMs have good 
outcomes under expectant management [85,86],
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Fetal Cystic Adenomatoid Malformation

Thoracoam niotic  
Shunt with Postnatal 

Resection

ln-utero Em ergent Delivery and  
Resection Postnatal Resection

Term  D elivery and 
Postnatal Resection

F IG U R E  2 0 .9 .
Algorithm for the management o f  fetal cystic adenomatoid malformations.

Unfortunately, there remains a small subset of 
fetuses with CCAMs who develop profound pul
monary compression secondary to mass effect 
on the developing lung [85], Furthermore, these 
space-occupying lesions can obstruct the esoph
agus, resulting in polyhydramnios. More rarely, 
large CCAMs can compress the inferior vena 
cava and heart, leading to hydrops and in-utero 
demise.

Currently, there is no consensus on the opti
mal antenatal management for large macrocys
tic CCAMs. A common management algorithm 
is shown in Figure 20.9. Some: institutions have 
used the cystic adenomatoid volume ratio (CVR), 
defined as the volume of the CCAM divided by the 
head Circumference, to identify ideal candidates for 
fetal shunting [87]. The CVR has yet to be widely 
embraced as a reliable; prognosticator of outcome. At 
the authors’ institution, fetuses less than 30 weeks’ 
gestation, with enlarging macrocystic lesions asso
ciated with significant mediastinal shift or everted 
hemidiaphragms, are considered good candidates 
for a thoracoamniotic shunt. Again, well-designed 
prospeirtive studies are lacking, but survival after 
thoracoamniotic shunt placement is approximately 
70% based on some of the larger reported case series 
[78,88],

Rapidly enlarging solid lung lesions, including 
bronchopulmonary sequestrations and microcystic 
CCAMs, are not amenable to catheter drainage. 
In such cases, various ablation devices, including 
lasers and coagulators, have been used [86], Unfor
tunately, these devices have not been shown to be 
effective because they all have a tendency to induce 
significant local edema in the immediate postproce
dural period [89], Thus, for the fetus less than 30 
weeks' gestation in early hydrops, fetal lobectomy is 
the only reliable mass reduction therapy.

This procedure was first reported by Harrison in 
1990 and requires an open hysterotomy and fetal 
thoracotomy through the fifth intercostal space (Fig
ure 20.10} [90]. The pulmonary hilar structures are 
individually ligated or transected using a TA-30 vas
cular stapling device (U.S. Surgical Corp.). The peri
operative morbidity associated with this procedure 
can ba high, but overall survival rates have been 
reported to be approximately 50S: to 60% [82,91 ].

For the fetus presenting with a massive CCAM 
beyond 34 weeks’ gestation, the ability to oxy
genate and ventilate the patient after delivery can 
be severely compromised. At the authors’ institu
tion, one viable option can be EXIT-to-ECMO, fol
lowed by immediate postnatal lung resection once 
the patient is stabilized. Another approach, fetal
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F IG U R E  2 0 .1 0 .
Fetal lobectomy for a cystic adenomatoid malformation. 
For color reproduction, see Color Plate 8.

lobectomy during the EXIT procedure, has been 
described by the Children's Hospital of Philadelphia 
group and appears to have low rates of maternal- 
fetal morbidity and mortality [92],

Sacrococcygeal Teratoma
Sacrococcygeal teratomas (SCT) are rare tumors with 
an incidence of 1 in 40,000 births. Although malig
nancy rates for prenatal SCT are low, these lesions 
can be associated with significant arteriovenous 
shunting in a subset of patients. Noncystic SCTs

have a tendency to have a rich blood supply and 
therefore some fetuses are at significant risk for high- 
output cardiac failure and hydrops. In-utero disrup
tion of the aberrant vascular physiology remains the 
only option for salvage of the fetus [93],

Fetuses are followed closely by serial ultrasound 
scans and echocardiograms looking for evidence of 
high-output cardiac failure (Figure 20.11). Many 
fetuses with SCTs never develop high-output car
diac failure on serial imaging and are delivered close 
to term by a cesarean.

Prenatal surgical intervention is entertained only 
in cases of early hydrops before 26 weeks' gestation. 
Experience has shown that these tumors are best 
approached by open fetal resection (Figure 20.12) 
[24,94], An umbilical tape tourniquet or vascular 
stapling device can be used to minimize blood loss. 
In addition, a red rubber catheter is typically placed 
into the rectum to facilitate the dissection. Other 
less invasive approaches, particularly radiofrequency 
ablation, have been tried and have yet to achieve 
consistent results to date because of problems asso
ciated with iatrogenic thermal injury [95,96], In 
theory, these ablative approaches might also be asso
ciated with significant risk for the tumor lysis syn
drome [97],

For the preterm fetus after 26 weeks’ gestation, 
betamethasone administration followed by cesarean 
delivery allows an alternative to fetal surgery. At the 
authors institution, these SCT patients are allowed

Fetal Sacrococcygeal Teratoma

In-utero Resection Emergent Cesarean 
Section with Postnatal 

Resection

Term Cesarean 
Section with 

Postnatal Resection

FIG UR E 20.11. 
Algorithm for the 
management o f  fetal 
sacrococcygeal teratoma.
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FIG U R E 20.12.
Sacrococcygeal teratoma prior to fetal resection. For color 
reproduction, see Color Plate 9.

to grow and develop in the neonatal intensive care 
unit until they develop early signs of infection, at 
which time the SCT is resected.

Bladder Outlet Obstruction
Bladder outlet obstruction is currently the only gen- 
itourologic condition that is amenable to fetal sur

gical intervention. The obstruction is usually sec
ondary to posterior urethral valves, although ure
thral atresia and prune-belly syndrome are also well- 
described entities that can cause this condition [98]. 
Important diagnostic signs of a high-grade, lower 
urinary tract obstruction are an enlarged bladder, 
thickening of the bladder wall, and hydroureter in 
association with a dilated upper urethra. The sono
graphic appearance of the kidneys should be noted 
but might not be predictive of renal function in 
this setting. Obstructive uropathy in the presence of 
oligohydramnios is particularly worrisome because 
it is associated with high perinatal mortality sec
ondary to severe pulmonary hypoplasia and renal 
dysplasia.

Patients with bladder outlet obstruction are con
sidered good candidates for a prenatal intervention if 
they have a male karyotype, have documented oligo
hydramnios, and show relatively preserved renal 
function as demonstrated on serial vesicocenteses 
(Figure 20.13) [98]. There is currently no role 
for a fetal procedure in the setting of a normal 
amniotic fluid volume. If serial fetal urine sam
pling every 48 to 72 hours reveals hypotonic urine 
(typically defined as sodium <100 mEq/1; chloride 
<90 mmol/1; osm <200 mmol/1; and microglobulin 
<6 mg/1), the fetus is likely to have adequate renal

Fetal Bladder Outlet Obstruction

Postnatal R epair Repair

FIG UR E 20.13.
Algorithm for the 
management o f  fetal 
bladder outlet obstruction.
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function and is a suitable prenatal surgical candidate 
[ " ] .

The first fetal procedures for the treatment o f 
bladder outlet obstruction were performed using 
open fetal surgical techniques [ 100]. Given the mor
bidities associated with an open vesicostomy, how
ever, vesicoamniotic shunting using a double-pigtail 
catheter has now become the treatm ent of choice 
for appropriately identified patients. The ideal loca
tion for shunt placement is below the umbilical 
cord insertion and slightly lateral to the midline. 
Decompression of the urinary tract and improve
ment in the lung hypoplasia can be achieved in 
most cases. Unfortunately, periprocedural morbidity 
remains high [40], Although there is now reasonable 
long-term postnatal data demonstrating good uro
logic function after fetal urinary tract decompres
sion, up to one third of all children develop renal 
railure and require dialysis or renal transplantation 
[ 101,102],

Several other approaches can be appropriate in 
selected cases of bladder outlet obstruction. Simple 
aspiration of the bladder contents is an option that 
can be particularly useful as an initial therapy for 
fetuses less than 20 weeks gestation. One interest
ing experimental approach is fetal cystoscopy with 
ablation of the posterior urethral valves through a 
1.3-mrn endoscope [103,104], This approach offers 
several theoretical advantages when compared to 
vesicoamniotic shunting, but the results to date have 
been mixed, mostly because of technical difficul
ties using currently available instrumentation. Open 
vesicostomy remains largely of historical interest but 
can be considered if vesicoamniotic shunting fails to 
resolve the oligohydramnios.

EXPERIMENTAL APPLICATIONS 

Diaphragmatic Hernia
C jmgcmtai diaphragmatic hcniiti (CDH) occurs in 
approximately 1 in 2,500 live births and has 
long been a disease of significant interest for fetal 
intervention because of its association with severe 
pulmonary hypoplasia [105,106']. In several large 
clinical series, postnatal survival rates for prena- 
tally diagnosed cases of severe CDH patients remain 
below 50%j despite the use of state-of-the-art tech
nologies, including permissive hypercapnea, nitric 
oxide, and ECMO [107-110]. In addition, the pul

monary morbidity among many survivors born with 
CDH continues to be significant [111,112],

The basis for fetal surgery in CDH was origi
nally established through careful studies in animal 
models by Harrison and colleagues [113]. Subse
quent findings led to the first human attempts at 
open fetal CDH repair, which were initiated in
1989. These operations required an open mater
nal hysterotomy, fetal thoracotomy, and a subcostal 
laparotomy to reduce the abdominal contents and 
repair the diaphragmatic defect [114], Although 
this approach proved to be technically feasible, 
open diaphragmatic repair was ultimately aban
doned because of a failure to demonstrate improved 
postnatal outcomes when compared with standard 
postnatal care [115], In addition, open repair could 
not be safely performed in the most severely affected 
fetuses, namely those with liver herniation, because 
of kinking of the umbilical vein when the liver 
was reduced back into its normal anatomic position 
[116], O ther methods to reduce the abdominal vis
cera, such as the creation of a gastroschisis in utero, 
have been described but are associated with sub
stantial and unnecessary morbidity [117],

Currently, the most promising approach for the 
prenatal treatment of CDH remains temporary 
tracheal occlusion, a procedure that induces lung 
hyperplasia by preventing, the egress of lung liq
uid secreted by fetal pulmonary epithelium. Wil
son and colleagues at Children’s Hospital, Boston, 
first introduced the concept of tracheal occlusion 
as a means of inducing fetal CDH lung growth 
[118]. In a series of subsequent experiments, they 
demonstrated that suture ligation of the trachea pre
vented lung hypoplasia in fetal lambs with surgically 
created diaphragmatic hernias [119,120], Work by 
Harrisons group [121] made significant advances 
on this principle, which led to human application 
using a titanium clip [122], and more recently, the 
deployment of a detachable intratracheal balloon 
placed endoscopically [101,123], The balloon was 
later removed during an EXIT procedure [76], and 
the actual diaphragmatic defect was repaired post- 
natally.

Thus far, clinical outcomes of fetal tracheal occlu
sion for the treatment of CDH have been mixed 
[124-126], The results of a single-center U.S. ran
domized controlled trial sponsored by National 
Institutes of Health (NIH) were recently pub
lished [126], In this study, successful endoscopic
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deployment of the tracheal balloon was achieved 
after a maternal laparotomy was performed at 25 
weeks’ gestation. This resulted in an impressive sur
vival rate of 73% in a cohort of patients with liver 
herniation and a lung-to-head ratio of less than
1.4. This survival rate did not prove to be signif
icantly different when compared with those who 
were treated with aggressive postnatal management 
(survival rate =  77%).

There are several important points worth men
tioning about the NIH trial. First, the success of the 
control group emphasizes that ongoing progress in 
the postnatal management of diseases like CDH will 
continue to raise the bar against which fetal thera
pies should be judged. An alternative interpretation 
of the observed survival rates in this study raises 
the question of whether the sonographic lung-to- 
head ratio is a reliable prenatal predictor for identify
ing patients with high mortality under conventional 
management [127], Finally, the trial highlighted the 
continuing problem of preterm labor and the subse
quent long-term patient morbidity that is common 
in all survivors [128],

Although enthusiasm for tracheal occlusion has 
tempered after the results of the NIH study became 
known, the fetal tracheal occlusion approach contin
ues to be explored worldwide. The currently ongo
ing Eurofoetus trial in Europe, led by Deprest and 
colleagues, has yielded some very promising results 
in a cohort of CDH patients [129], In this study, 
fetuses with liver herniation and a lung-to-head 
ratio of less than 1.0 undergo tracheal occlusion 
at a median gestational age of 26 weeks using a 
single, percutaneous 3.3-mm port. Interim results 
have demonstrated a 50% survival rate in a cohort 
of patients considered to have a less than 10% 
survival under conventional postnatal management
I no].

Unfortunately, the Eurofoetus trial has several 
flaws, including the lack of a randomized design. 
There is also no standardization of postnatal care. 
Moreover, a comparison with a group of patients 
treated with state-of-the-art, postnatal therapy as 
practiced at the major American referral cen
ters is probably be necessary before direct trans
lation of the European approach could be justi
fied in the United States. Nevertheless, the lessons 
learned from the European experience, with ongo
ing research in postoperative tocolysis, surgical tech
nique, and control of fetal lung growth through the

use of intrapulmonary adjuncts, might eventually 
produce clinical results that could justify tracheal 
occlusion in the most severe cases [131-134],

Finally, a more recent perinatal intervention, 
EXIT-to-ECMO, is currently being employed in at 
least three U.S. centers as an alternative approach 
in the resuscitation of patients with severe CDH 
identified in utero. During the EXIT procedure^ 
fetuses are placed on ECMO if they fail a trial of 
ventilation. The rationale for this approach is that 
by transitioning the patient directly from placental 
support to ECMO support, the hypoxia, acidosis, 
hypotension, and barotrauma associated with vigor
ous neonatal resuscitation can be avoided. Although 
the early data from the authors’ center are encour
aging, whether this approach is superior to conven
tional postnatal therapy in terms of mortality and 
morbidity remains to be determined [134a],

Myelomeningocele
A myelomeningocele (MMC) is a relatively common 
and nonlethal neural tube defect, with estimated 
incidence of 1 in 1,500 births. Depending on the 
level of the MMC, patients face lifelong disabilities 
secondary to paraplegia, urinary and fecal inconti
nence, Sexual dysfunction, and skeletal malforma
tions. In addition, most of these children require 
multiple operations to treat the hydrocephalus that 
occurs in association with the Chiari II malforma
tion [135]. The current standard of care for MMC 
remains elective cesarean at term followed by early 
postnatal closure of the spinal cord defect, ventricu- 
loperitoneal (VP) shunting if necessary, and aggres
sive rehabilitation. An alternative approach, fetal 
closure of the MMC defect, has been under intense 
clinical investigation in recent years, however.

The rationale for in-utero MMC repair is that 
closure of the defect as early as possible could 
arrest ongoing neural destruction, thereby allow
ing improved neurologic function according to the 
"two-hit hypothesis,” originally described by Hef- 
fez and colleagues [136], This theory suggests that 
the spinal cord damage is caused by 1) a primary 
defect in neurulation at the fourth week of gesta
tion, and 2) secondary injury from chronic expo
sure to urea and other toxic components contained 
within the amniotic fluid. Detailed pathologic eval
uations of human MMC cord specimens, as well as 
sonographic observations that some MMC fetuses
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have decreased lower extremity activity as gesta
tion progresses, both lend support to this hypoth
esis [137,138], Another rationale for in-utero 
closure has been to minimize: cerebrospinal fluid 
leakage, thereby preventing further brain maldevel- 
opment, including hindbrain herniation and ven- 
triculomegaly [137],

Initial animal work on closure of surgically cre
ated fetal spinal cord defects proved to be very 
promising, demonstrating improvements in both 
distal spinal cord function as well as brain devel
opment [139,140], Based on these results, the first 
human fetal MMC repairs were initiated [141]. 
Early approaches attempted in-utero repair by 
maternal laparotomy with fetoscopic coverage of 
the defect using a maternal split-thickness skin graft 
[142], The minimally invasive approach has since 
been abandoned, however, because it proved to be 
too cumbersome and difficult to perform. In addi
tion, feta! mortality and morbidity in these early 
cases were high [143], Since 1997, an open hys
terotomy approach, with closure of the fetal spinal 
cord defect in multiple layers under an operating 
microscope, has been employed [144],

The current results of fetal MMC repair are based 
on observational data from 3 U.S. centers -  Vander
bilt University Medical Center, Children’s Hospi
tal of Philadelphia, and the University of California 
at San Francisco Medical Center. Their combined 
experience has demonstrated a consistent resolu
tion in hindbrain herniation as well as a decrease 
in the incidence of shunt-dependent hydrocephalus 
among infants when compared with historical con
trols [145-149], The results of this procedure have 
not been as favorable as the animal studies have 
shown, however. There does not appear to be a sig
nificant benefit of fetal repair on distal neurologic 
function [150], Furthermore, in-utero repair poses 
an increased risk for prematurity, and several fetal 
deaths have been reported [145-148]

In an effort to ensure patient safety and to assess 
better whether the observed reduction in shunt- 
dependent hydrocephalus might simply be a reflec
tion of confounding factors such as physician bias, 
the effectiveness of fetal MMC repair is currently 
being evaluated in an NIH-sponsored trial, known 
as the Management of Myelomeningocele Study 
(MOMS). In this trial, fetuses are randomized to 
undergo either fetal closure or standard postna
tal therapy. Other U.S. institutions have agreed

not to perform any fetal MMC repairs pending 
these results. Fo be eligible, all fetuses must present 
before 25 weeks’ gestation and have a MMC defect 
between T1 and SI. Hindbrain herniation should 
be demonstrated on fetal MRI. Accrual rates have 
been slow, but over 100 subjects have now entered 
the trial.

Regardless of the findings of the MOMS trial, 
many questions regarding in-utero MMC repair are 
likely to remain unanswered. W hat are the long
term neurologic outcomes associated with in-utero 
repair? W hat is the best way to close the defect? 
Does a modest decrease in the need for a ventricu- 
loperitoneal shunt justify the maternal-fetal risks of 
open fetal surgery for a nonlethal condition? Would 
a fetal intervention earlier in gestation lead to greater 
improvements in distal neurologic function? All of 
these questions, as well as the impact of robotics on 
enabling a less invasive fetoscopic repair, must be 
carefully evaluated to determine the ultimate utility 
of fetal repair for the large number of MMC fetuses 
identified each year [151].

Aortic Stenosis
The natural history of critical aortic stenosis fol
lows a predictable pathophysiology in the develop
ing fetal heart [152], Left ventricular outflow tract 
obstruction results in ventricular overload, which 
then progresses to chronic myocardial wall ischemia, 
and eventually to myocardial fibrosis. Within Weeks, 
the left ventricle becomes unable to support sys
temic circulation, a condition referred to as the 
hypoplastic left heart syndrome (HLHS).

Given the irreversible damage incurred by the 
fetal heart, prenatally diagnosed aortic stenosis has 
been associated with significant mortality and mor
bidity at birth [153], Currently, most HLHS chil
dren undergo a series of staged surgical reconstruc
tions (known as the Norwood procedure), but up 
to 25% of these infants die during or soon after 
their first operation [154], Additionally, these pro
cedures do not alleviate the central problem of a sin
gle ventricle circulation. As a result, many affected 
patients face a lifetime of cardiac and neurologic 
morbidity. Cardiac transplantation has the advan
tage of restoring two-ventricle physiology; however, 
available donor organs are scarce, and transplanta
tion itself is associated with substantial long-term 
morbidities because of chronic immunosuppression.
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Although increasingly rare, compassionate care still 
remains an option at a few centers.

In-utero aortic valvuloplasty is a relatively new 
and emerging therapy that aims to prevent, reverse, 
or minimize the degree of left ventricular hypoplasia 
associated with fetal aortic stenosis. Although the 
procedure was first reported in 1991, there were 
few cases performed initially in part because early 
results proved to be disappointing [155,156]. In a 
review of these cases published in 2000, postproce
dural and long-term mortality were 58% and 92%, 
respectively [157], Only recently has a large clinical 
experience accumulated, particularly at Children’s 
Hospital, Boston, where over 60 such aortic valve 
procedures have been performed to date [158],

Patients are selected based on various echocardio- 
graphic parameters, including flow across the aortic 
valve, as well as left ventricular size and contractil
ity. Under continuous ultrasound guidance, the fetus 
is paralyzed with an intramuscular agent. A trocar 
is passed directly into the left ventricle, and a wire is 
inserted and passed across the stenotic aortic valve 
(Figure 20.14], A 3-mm balloon catheter is then 
passed over the wire, and the balloon is inflated. The 
procedure can be performed through a maternal 
laparotomy or as a fully percutaneous intervention, 
if fetal positioning allows. Thus far, early results have 
shown that a technically successful aortic valvulo
plasty can be accomplished in most patients before 
29 weeks’ gestation [158,159]. Ongoing left heart

growth can be seen following aortic valvuloplasty, 
and a two-ventricle physiology develops in about 
one third of all live-born infants. Most patients who 
do not develop a fully functional left ventricle after 
aortic valvuloplasty remain candidates for standard 
postnatal operative repair.

Fetal cardiac interventions could also prove to be 
useful for a distinct subset of aortic stenosis fetuses 
presenting with premature closure of the atrial sep
tum, a condition referred to as a restrictive atrial 
septum. These fetuses are at a much higher risk for 
subsequent mortality and morbidity [160]. Theo
retically, decompression of the left ventricle might 
allow for improved pulmonary venous return to the 
right heart. In addition, left atrial decompression 
might allow time for pulmonary remodeling. On 
this basis, fetal atrial septoplasty has been performed 
and has been shown to be technically feasible [161]. 
The heart is entered directly through the right atrial 
wall, and a wire is passed through the septum and 
into the left atrium. Either a 3-mm balloon or a YAG 
laser can be used to create channels in the atrial sep
tum [162],

Despite some of these promising early results in 
management of fetal aortic stenosis, the effective
ness of these procedures relative to conventional 
postnatal therapies must be better defined. Issues of 
patient selection, perioperative fetal imaging, tim
ing of intervention, and operative technique are all 
undoubtedly important in determining the precise 
role of these therapies in the near future [ 159j.

CONCLUSION

Although most prenatally diagnosed anomalies are 
best managed after birth, several disorders have pre
dictable, irreversible, and devastating consequences 
under expectant prenatal management. In some of 
these situations, fetal surgical therapies now have 
something to offer. The recent increase in the num 
ber of fetal care centers being established worldwide 
is a testament to the growing acceptance of fetal 
interventions among both health professionals and 
the lay public alike.

As rapid advances in prenatal imaging and min
imally invasive instrumentation continue, improve
ments in existing and emerging applications seem 
inevitable. Specialists across the maternal-fetal spec
trum  should remain hopeful of the future but also 
must understand the enormous ethical, diagnostic,

FIG URE 20.14.
Intraoperative ultrasound demonstrating successful 
needle entry into the fetal heart in preparation for the 
aortic valve balloon dilatation.
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and therapeutic challenges involved in the Fetal ther
apeutic enterprise. Physicians must also remain cau
tious about the precipitous introduction of prena
tal interventions of unproven value. Maternal safety 
should always remain paramount, and therapies 
that do not prove to be effective in appropriately 
controlled clinical studies must be abandoned in a 
timely manner.
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Kevin Giordano

Time is that wherein there is opportunity, 
and opportunity is that wherein there is no 
great time.

Hippocrates (c. 460-377 B.C.E.)

Precepts (ch. I)

W. H. S. Jones (trans.)

London: Loeb Classic Library 

1923-1931, 4 vols.

Pregnancy, labor, and delivery expose the mother 
to a considerable risk of complications, resulting 
in the potential for injury or even death. During 
pregnancy, advancements made in prenatal testing, 
including ultrasound techniques, have created the 
opportunity to diagnose many fetal injuries in utero 
and provide a greater understanding of the devel
opment of the fetus. Improving the capability of 
diagnosing fetal abnormalities has also raised the 
specter of increased maternal risk when intervention 
or treatm ent of the fetus is possible. With advanced 
knowledge of the development of the fetus while 
in the womb comes a greater understanding of 
the impact of maternal behavior on fetal develop
ment [ 1 ].

Most pregnant women are willing to accept 
remarkable levels of bodily intrusion or invasion, 
increased costs, and time-consuming medical inter
ventions to ensure the most successful outcome for 
their infants. As observed by the American Academy 
of Pediatrics, “women almost always are willing to 
accept self-sacrifice to the benefit of their fetus” 
[2], 'The proposition that a pregnant woman will 
undergo self-sacrifice and expose herself to remark
able intrusion is not universal, however. Not only 
are some women unwilling to go to such lengths to 
give their babies the best chance, it is also true that 
many women practice risky behaviors that jeopar
dize the health of their fetuses. According to the 
Office of Applied Studies’ report on drug use dur
ing pregnancy, in 2002 to 2003 it was found that 
approximately 4% of pregnant women ages 15 to 44 
years used illicit drugs during their pregnancy [3]. 
Additionally, approximately 4% of pregnant women 
reported binge drinking (consuming five drinks or 
more at a single sitting), with nearly 10% reporting 
that they had consumed alcohol within the month 
prior to being involved in the study. O f pregnant 
women between the ages of 15 and 25 years enrolled 
in the study, 27.6% had smoked during pregnancy, 
whereas 10.8% of pregnant women ages 26 to 44 
smoked cigarettes. In a separate study undertaken 
by the National Advisory Council on Drug Abuse, 
the researchers estimated that 5.2% of the 1,632
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pregnant women from four areas across the coun
try (Los Angeles, CA; Des Moines, IA; Tulsa, OK; 
and Honolulu, HI) had used methamphetamines at 
some point during their pregnancy [4],

When a patient presents who is unwilling to go 
to the lengths of accepting any recommendations to 
give her baby the best chance, or worse is practicing 
risky behaviors jeopardizing the infant’s health, eth
ical and legal quandaries are presented. Although 
rare, maternal-fetal conflicts Create divided physi
cian obligations to m other and fetus and capture 
the most poignant of ethical and legal controversies. 
At issue is the right of any person to refuse invasive 
medical treatment derived from the right to privacy, 
bodily integrity and, in certain situations, religious 
freedom. In situations of matern al refusal of recom
mended care, however, this debate is whether the 
impact to the fetus, the dependent variable in the 
conflict, has any legal relevance.

Maternal rights advocates argue that attempts 
by the state to regulate the m other’s behavior to 
protect the fetus involve enormous and unaccept
able intrusions into personal privacy. These advo
cates cite Roe v. Wade as establishing a wom en’s 
constitutional right to be free from state interfer
ence and unwarranted bodily intrusion, as Well as 
rely on other legal precedent that protects privacy 
rights in regard to procreation and the family [5,6], 
In Roe, the Supreme Court held that a fetus is not 
a “person” within the meaning of the Fourteenth 
Amendment of the Constitution, even though the 
court recognized the state’s interest in protecting the 
fetus in the third trimester. Consequently, propo
nents of maternal rights argue that pregnant women 
have the same rights to bodily integrity and per
sonal autonomy as any other citizen and should be 
allowed the right to refuse care even if that refusal 
might result in harm to the fetus. In furthering 
their argument, they cite that courts have refused 
to order immediate family members or other rela
tives to submit to organ donation procedures even 
when such a procedure will save the life of who 
has instituted the lawsuit. For instance, in the case 
of McFall v. Shrimp [7], the plaintiff suffered from 
aplastic anemia. After investigation and testing, the 
only suitable donor was the plaintiffs first cousin. 
Although he found it morally indefensible for the 
defendant to withhold consent, the judge refused 
to order the defendant to submit to a bone mar
row aspiration procedure to serve as a donor to the

plaintiff, despite evidence that the plaintiff would 
die without the donation. In the decision, the judge 
wrote, "For our law to compel the defendant to sub
mit to an intrusion of his. body would change the 
very concept and principle upon which our society 
is founded. To do so would defeat the sanctity of the 
individual, and would impose a rule which would 
know no limits, and one could not imagine where 
the line would be drawn.” [7], Consequently, advo
cates of maternal rights argue that equal protection 
would support that similarly, a mother has no legal 
duty to rescue her fetus through medical interven
tion .

Fetal rights advocates distinguish the maternal- 
fetal relationship as unique, and thus a distinct obli
gation exists, removing the situation from the ordi
nary duty to rescue. Interestingly, proponents of 
fetal rights similarly rely on Roe if. Wade and also the 
Supreme Court’s decision in Planned Parenthood a 
Casey that altered the trimester framework under 
Roe and emphasized the state’s interest in the pro
motion of potential life [8], In both Roe and Casey, 
the Supreme Court recognized “ . . .that the State 
has a legitimate interest from the outset of the preg
nancy in protecting the health of the woman and 
the life of the fetus that may become a child”. (See 
Appendix 1 for a more thorough analysis of Roe v. 
Wade and its progeny.) These proponents argue that 
the legal principles that are more applicable than the 
line of cases cited by the maternal rights advocates 
are those that arise out of child abuse and neglect 
laws and abortion law. They cite that child abuse and 
neglect statutes are frequently used by obstetricians, 
prosecutors, and juvenile courts as the basis for com
pelling a pregnant woman to submit to treatment 
to preserve the life of the fetus [9]. In this setting, 
the problematic issue is whether a fetus falls within 
the state’s definition of a “child ' or “minor.” Recog
nizing that absent a legal duty, no person is required 
to come to the aid of another, the advocates for fetal 
rights point to the fact that the long-held principle is 
not without qualification. In circumstances in which 
a special relationship exists (i.e., parent and child), 
a person does have Certain responsibilities;;

The legal landscape for delineating maternal ver
sus fetal rights is far from clear. Analysis of the 
maternal-fetal relationship that is provided by the 
courts is still evolving. The most publicized cases 
in recent years have involved court-ordered obstet
ric interventions on behalf of the fetus and criminal
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prosecutions of pregnant women for drug addiction 
or alcohol abuse. At issue is whether the state’s inter
est in thg life or health of the fetus supersedes the 
autonomy of the pregnant woman. Courts therefore 
struggle with the question of whether a m other’s 
right to refuse treatment is abrogated because of 
potential harm to the fetus. This issue has been 
considered with varied results. Jefferson v. Griffin 
Spalding County Hospital was one of the first cases 
to review this conflict [10]. Two weeks before her 
delivery date, the plaintiff was diagnosed with a pla
centa previa. The plaintiff was refusing a recom
mended cesarean delivery because of her religious 
belief. The hospital petitioned the court for an order 
to perform a cesarean. The court ruled in favor of the 
hospital and held that the intrusion was outweighed 
by the state's interest to protect a live but unborn 
human being from dying. The case was appealed 
to the Supreme Court of Georgia, which affirmed 
the decision in favor of the hospital, although by 
the time the appeal was decided, the placenta had 
apparently migrated and the patient delivered her 
child naturally.

A similar rationale was followed in the case of 
Pemberton i>. Tallahassee Memorial Regional Hospital 
[11]. Pemberton involved a patient who refused a 
cesarean delivery and in whom vaginal birth would 
pose a substantial risk of uterine rupture, result
ing in the death of the baby. Following a court rul
ing, a cesarean operation was performed, resulting 
in delivery of a healthy baby boy. The m other suf
fered no complications. Following the events, the 
mother filed a civil lawsuit seeking an award of dam
ages against the hospital. The plaintiff claimed that 
the forced cesarean violated her substantive consti
tutional rights and that the procedure that led to 
entry of the order violated her right to procedu
ral due process. In dismissing her claims, the Court 
stated that the balance tipped far more strongly in 
favor of the state because the full-term baby’s birth 
was imminent, and more important, the m other 
sought to avoid only a particular procedure for giv
ing birth, not to avoid giving birth altogether. Weigh
ing the respective interests against the Roe frame
work, the court held that bearing an unwanted 
child is a greater intrusion on the m other’s consti
tutional interests than undergoing a cesarean deliv
ery to deliver a child that the m other affirmatively 
desires. Relying on the trimester framework, the 
Court determined that because the fetus was in the

third trimester, the state's interest in preserving the 
life of the fetus was greater than the maternal inter
est of the right to choose between a vaginal delivery 
and a bodily intrusion through the cesarean opera
tion.

In the Matter of Angela C., the appellate court for 
the District of Columbia came to a different result, 
supporting patient autonomy [12]. The case arose in 
1987, when a pregnant woman at 26 weeks of ges
tation was dying of cancer. The hospital obtained 
a court order to perform a cesarean delivery, over 
the objections of the m other’s family. The mother 
had given conflicting statements about her desire 
to have the surgery. The patient’s competency was 
compromised by her advanced disease and sedation 
at the time the hearing was conducted in the hos
pital. During the hearing, expert testimony estab
lished that the fetus’s chance of survival was declin
ing daily. The judge ordered the surgery to proceed. 
The child was delivered but died 3 hours after birth. 
The mother died 2 days later.

The case was subsequently heard on appeal by 
the Court of Appeals for the District of Columbia. 
The court noted that at the time the case was heard, 
the decision was not capable of altering the events 
but proceeded with rendering a decision because of 
the potential that the situation was “capable of rep
etition." The appellate court determined that issues 
such as the patient's competency, informed consent, 
and substituted judgment were not adequately con
sidered by the trial judge at the time the cesarean 
delivery was ordered. The court determined that the 
cesarean should not have been performed, holding 
that the highest value must be placed on the right to 
bodily integrity. Specifically in regard to the weigh
ing of the maternal-fetal interests regarding a court- 
ordered cesarean delivery, the court stated th a t" . . .  a 
fetus cannot have rights in this respect superior to 
those of a person who has already been born.” In the 
aftermath of that decision, the survivors of Angela 
C. filed a lawsuit against the hospital on behalf of 
her estate. The hospital settled the case for an undis
closed amount and promised to enact policies pro
tecting pregnant women’s rights.

Similarly, in a case that occurred in Chicago in 
1993, Cook County officials sought a court order to 
compel a 22-year-old woman to undergo a cesarean 
delivery because of placental insufficiency [13]. The 
mother was a born-again Pentecostal Christian and 
did not agree to a cesarean delivery for religious
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reasons. The parties to the case agreed to. certain 
facts, including that

1. The fetus was 36V2 weeks and capable of living 
outside the womb without the assistance of med
ical technology.

2. Because of medical complications, the chances 
of the unborn child surviving natural childbirth 
were close to zero.

3. If the child were able somehow to survive child
birth, he would be severely impaired.

The Illinois Appellate Court upheld a lower court 
ruling that the patient could not be forced to submit 
to a cesarean delivery. The court recognized that the 
fetus has the legal right to begin life with a sound 
mind and body, assertable against third parties after 
it has been born alive. The court stated that such 
right, for unintentional infliction of prenatal injuries, 
is not assertable against its mother, however. Thus 
the court reasoned that although third parties might 
have a legal obligation toward a fetus, a woman is 
under no duty to guarantee the mental and physical 
health of her child at birth, and thus she cannot be 
compelled to do or not do anything merely for the 
benefit of her unborn child [13].

Similarly, there are contradictory outcomes in 
cases in which maternal behavior during preg
nancy places, the fetus at risk. For instance, the 
Supreme Court of the United States refused to hear 
a m other’s appeal, thus keeping in place her mur
der conviction pursuant to a state statute for killing 
her child through the use of cocaine while preg
nant [14], The Supreme Court also refused to con
sider cases on South Carolina’s definition of a fetus 
as a person for the purposes of criminal prosecu
tion in nonabortion cases. By not hearing the cases 
described, the Supreme Court in effect upheld the 
state's interest in the life of the fetus in nonabortion 
cases. In its denial to hear the case regarding the 
definition of a fetus as a person, the Court stated,
". . .  we do not think any fundamental right of [the 
patient’s] -  or any right at all, for that matter -  is 
implicated under the present scenario.” The Court 
noted that the use of crack cocaine is not a pro
tected fundamental right; therefore, it saw no rea
son to attach an additional criminal penalty to an 
already illegal act because of its effect on the fetus 
[ II ] . In Ferguson v. City of Charleston, however, the 
Supreme Court was asked to consider the specific

issue of whether a fetus has a right to be protected 
against prenatal injury resulting from the mother's 
conduct, specifically illicit drug use [16], In Fergu
son, a hospital had instituted a policy of testing the 
urine of pregnant women for cocaine use, with the 
primary goal of referring the patient to substance 
abuse treatment. Under certain circumstances, test 
results were provided to law enforcement officials. 
The Supreme Court ruled that testing urine samples 
from pregnant patients for cocaine and reporting 
positive results to the police constituted a “search” 
within the meaning of the Fourth Amendment. The 
court rejected the view that the searches were justi
fied by a public policy “special need," that need being 
to coerce pregnant women to participate in sub
stance abuse treatment. The Supreme Court con
cluded that although the ultimate goal of the pro
gram might well have been to get the women in 
question into substance abuse treatment and off 
drugs, the immediate objective of the searches was 
to generate evidence for law enforcement purposes 
to reach that goal.

The legal issues present in the conflict between 
maternal rights and fetal rights clearly have not 
been fully resolved. Advances in medical technol
ogy are most likely only to increase this conflict. The 
American College of Obstetricians and Gynecology 
(ACOG) Ethics Committee has reviewed maternal- 
fetal conflict and charges the responsible clinician to 
be certain that the mother (as a patient) has a real
istic understanding of any proposed procedures and 
its potential benefits and risks [17], There is a fur
ther requirement to explore the potential unspoken 
fears, concerns, or outside pressures on the woman 
to correct errors or assumptions that have led her 
to refuse treatment. In this sense, the ACOG Com
mittee emphasizes the need for medical caregivers 
to be sure that all elements of autonomy are present. 
Specifically, they must ensure that the patient can 
correlate, consider, communicate, and evaluate the 
quality-of-life differences, in the absence of undue 
outside interference.

The interaction between patient and physician 
has multiple dimensions, and these affect the frame
work from which the physician or caregiver presents 
the information as well as the ability of the patient 
to choose rationally rather than from intuition [18], 
Caregivers must recognize these issues. Recruit
ing a second opinion for another point of view is 
often helpful. Although the m other’s decision holds
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primacy, the physician has the obligation to clarify or 
correct erroneous or eccentric views. Informed con
sent does not necessarily imply that the ultimate 
choice that the patient reaches is the one that is 
viewed as either “good" or “reasonable" by the physi
cian [19], Appeal to the courts for a court order, 
which seems on the Surface to be a “fair” resolu
tion to a difficult situation, usually provides a vehicle 
for approval of the physician’s choice [20]. This is 
not necessarily the most ethical or legally acceptable 
outcome. The use of the legal system to force mater
nal compliance is discouraged by ACOG, except in 
compelling circumstances.

SURGERY IN PREGNANCY

Most surgical conditions that occur in the non
pregnant patient also occur in pregnancy. Pregnant 
women suffer from acute abdominal conditions, suf
fer trauma, and develop neoplastic diseases. Among 
the difficulties that confront the practitioner in the 
clinical evaluation of gravid patients is that preg
nancy induces a variety of mechanical, hormonal, 
and chemical alterations that can confuse and mis
lead even the' most experienced physician. Most 
often delay occurs, however, because when faced 
with a pregnant patient experiencing nonspecific 
pain, some practitioners could have a misconcep
tion about the risk of injury to the fetus that clinical 
investigation or surgical intervention poses, and thus 
are reluctant to pursue the standard course of eval
uation [21 ].

It is important to put these risks into perspec
tive, Since the early 1 990s, the number of live births 
in the United States has ranged from 3.88 to 4.12 
million per year [22], Appendicitis and cholelithi
asis are the two most common surgical problems 
during pregnancy. Appendicitis occurs in 0.05% to
0.1% of pregnant women, but the rate of occurrence 
is the same when pregnant women are compared 
with nonpregnant women and is roughly equal [23], 
The incidence is approximately the same in all three 
trimesters. Although pregnant women are not any 
more likely to suffer from appendicitis than the non- 
gravid, actual rupture of the appendix occurs two 
to three times more frequently during pregnancy, 
largely from atypical presentation and delays in 
intervention [24], Furthermore, although the mater
nal mortality rate is quite low, of all surgical prob

lems during pregnancy, appendicitis causes the most 
fetal loss [25].

After appendectomy, cholecystectomy is the 
most common nonobstetric surgery performed in 
pregnant women. Cholecystectomy is performed 
between three and eight times per 10,000 pregnan
cies, and the incidence of symptomatic gallstones in 
women is approximately twice that in men [26, 28], 
The incidence and prevalence of cholelithiasis vary 
greatly among geographic regions and ethnic groups 
[27, 28], In the United States, cholesterol stones 
account for 70%. to 80% of the 475,000 cholecys
tectomies performed per year for cholelithiasis [29].

Malignancies, although the occurrence is quite 
uncommon, are nonetheless an important consider
ation. The incidence of cancer in pregnant women 
ranges from 0.07% to 0.1%, although benign neo
plasms are also seen. Within malignancies, those 
most often seen in pregnancy include cervical, 
breast, melanoma, lymphoma, and leukemia. As the 
trend for women becoming pregnant in later repro
ductive years continues, it is likely that the incidence 
of cancer complicating pregnancy will increase [30].

Legal liability often arises in these cases because 
of the difficulty that exists in sorting out the clinical 
presentation of a pathologic state from the normal 
physiologic changes of pregnancy. For example, nau
sea and vomiting during the first trimester might be 
attributed to hyperemesis gravidarum and not be 
recognized as symptoms of cholecystitis or appen
dicitis. A bowel obstruction might not be recognized 
in a timely fashion because constipation is deemed 
either a physiologic event associated with normal 
pregnancy or the problem is viewed as mechanical 
compression by the gravid uterus. Delay in diagno
sis also occurs because of the perceived risks asso
ciated with clinical work-up or treatment. Delays 
in the diagnosis and treatment of acute abdominal 
pathology or delayed diagnosis of malignancy leads 
ultimately to an increased number of unfavorable 
outcomes and legal difficulties.

Once a diagnosis of a nonobstetric condition is 
made, a physician has the responsibility to exercise 
reasonable care in recommending a surgical pro
cedure, meaning that there must be a reasonable 
basis in the history, physical, or laboratory find
ings to warrant the recommendation. Complica
tions arising from nonobstetric surgery are relatively 
uncommon, occurring in only 1% to Wk, of preg
nancies [31], As in all medical considerations, the
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recommendation of surgery necessitates a risk- 
beiiefit analysis.

For a surgical problem that arises during preg
nancy, the urgency of surgical treatment must be 
balanced against the risk that such treatment poses 
to the mother and the fetus. The decision to recom
mend a procedure is complicated by a pregnancy, 
and the timing of surgical intervention becomes 
an important consideration. Any procedure that is 
considered urgent in a nonpregnant woman (e.g., 
appendectomy) should be carried out in the usual 
timely manner in a pregnant woman, because the 
risks to both mother and fetus outweigh the risks 
of miscarriage and preterm labor [25], Timing 
becomes much more of a consideration in weigh
ing the decision in the less acute or "semi-elective” 
and elective procedures, however. During the first 
trimester,, surgical procedures are associated with a 
miscarriage rate of 12%; during the second trimester, 
this rate falls to 0% to 5.6%-, The incidence of 
preterm labor with surgical procedures is 5% in the 
second trimester but rises to 30% to 40% in the third 
trimester [32], Consequently, most often less acute 
procedures are generally best performed during the 
second trimester, whereas elective procedures are 
usually delayed until 6 weeks after delivery.

Whenever surgery is performed, there is a poten
tial for injury to viscera or other structures. In 
pregnancy, this risk is increased because of lim
ited exposure, since the uterus occupies much of 
the intraabdominal space in the second and third 
trimesters. Contributing risk factors for injury are 
obesity, distortion of the anatomy by the patho
logic process or adhesions from previous surgery, 
inadequate anesthesia, haste during surgical emer
gencies, inexperience of the surgeon, and failure 
to follow sound surgical technique. Similar to any 
type of medical injury, prevention or recognition 
and prompt treatment of the problem at the time of 
the original surgery are best. Prevention by careful 
case selection and close attention to detail avoids 
most surgical misadventures, thereby reducing 
immediate perioperative and postoperative morbid
ity, long-term sequelae, and eventual medicolegal 
consequences.

I he rare occurrence of a serious surgical com
plication leads to the potential argument of pre- 
ventability had appropriate surgical technique been 
followed. A surgical complication does not auto
matically translate into legal liability, however. The

patient must prove that the complication occurred 
because of the failure of reasonable surgical care. 
Such proof usually focuses on the failure of the sur
geon to take some recognized precautionary mea
sure -  a measure intended to minimize the risk of 
the complication.

Finally, when surgical complication occurs that 
is a known risk of the procedure, liability can arise 
for any additional injury that results from the fail
ure to recognize and treat the complication in a 
timely manner. During abdominal surgery, iatro
genic injuries commonly involve the gastrointestinal 
and urinary tracts. Vascular injuries are uncommon, 
and eyen less common are neurologic injuries. Most 
iatrogenic lesions result from the inadvertent lac
eration, crushing, ligation, or transection of various 
structures, or by thermal injury from electrosurgical 
units [33]. Because the surgeon’s duty does not end 
at the threshold of the operating suite, he/she must 
remain vigilant during the postoperative period to 
detect and promptly treat complications.

The surgeon’s attention to detail needs to begin 
in the operating suite and before closing the surgi
cal wound is closed. Initially, a careful inspection 
of the surgical field with attention to possible per
sisting bleeding or injury to structures adjacent to 
the primary surgical site is a requirement. There
after, close observation continues during the postop
erative period, with appropriate examinations, tests, 
and instructions to the nursing and house staffs, all 
of which are documented. If an injury occurs despite 
careful attention to detail, the risk of complications 
is significantly lessened by its immediate recognition 
and repair.

The surgeon has a duty to instruct the patient 
appropriately on the necessary safeguards to avoid 
postoperative Complications after discharge. From a 
medicolegal standpoint, failure to anticipate post
operative complications and provide appropriate 
instruction to a patient who subsequently develops 
complications will most likely result in legal liability. 
The instructions should be provided to the patient in 
writing, not only to promote compliance but also to 
document the content of the instruction provided. 
At the tim e of discharge, the record should doc
ument that written instructions were provided to 
the patient. More important than the documenta
tion, however, is the process during which the patient 
was educated about potential signs and symptoms of 
postoperative complications.:
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Many surgeons choose to have a resident, physi
cian’s assistant, or even a member of the nursing staff 
provide ongoing instructions. Such delegation might 
not insulate the physician from ultimate responsi
bility for improperly given instructions, however. 
The person providing the instructions can be consid
ered an agent of the physician, or the responsibility 
of providing instruction could be deemed a “non- 
delegatable” duty of the operating surgeon. Either 
conclusion pulls the operating surgeon back into the 
chain of culpability.

The obstetrician should consider the following:

• Surgical treatment for pregnant woman is accept
ably safe if appropriate attention is given to cer
tain key perioperative considerations -  namely 
fetal monitoring, radiologic investigation, anesthe
sia, and the timing of the operation.

• Liability rarely attaches when the surgical recom
mendation requires the weighing of competing 
patient interests, as long as the risks and benefits 
were appropriately considered. This weighing of 
risks and benefits, however, requires knowledge of 
the potential complications of the procedure as 
well as the reasonable alternatives, including no 
surgery at all.

• Gestational age and fetal well-being play a piv
otal role in all surgical decision making for a preg- 
nant patient. Preoperative ultrasonography can 
also approximate gestational age when an accu
rate history cannot be obtained. Fetal monitoring, 
including measuring uterine contractions with a 
tocodynamometer, fetal HR with a Doppler trans
ducer, and fetal movement and tone with ultra
sonography, provides potential indicators of fetal 
health that can be used to evaluate fetal condition.

• An ancillary component of an appropriate surgical 
recommendation is informed consent. The patient 
is entitled to make an informed decision whether 
to undergo surgery. It is during this process that 
the obstetrician must be cognizant of the divergent 
interests between mother and fetus that might be 
presented by the particular clinical situation.

• Given the potential risks of whichever course of 
treatment is taken, the final management decision 
is ultimately best defended by a note in the medi
cal record documenting the decision-making pro
cess.

• If an inadvertent surgical injury occurs, the sur
geon must ensure a satisfactory repair. If the dam
aged viscus or structure is outside the area of 
expertise of the obstetrician, it is advisable to con
sult a surgeon with more experience immediately, 
or one from another specialty for advice and help 
on how best to manage the problem.

• In all cases of a perioperative injury, the event must 
be reported in the operative note, including the 
mechanism and extent of injury and a descrip
tion of the repair. Soon after the surgery, the 
patient and, when appropriate, her family must 
be informed of the injury. Attempts to conceal an 
injury are unethical and only lead to more ques
tions, anger, and potential litigation. When appro
priate, the surgeon can stress complicating factors 
that led to the injury and the expected good out
come from the repair. It is always best to begin 
with an open and frank approach to the patient 
and seek appropriatexonsultation, while fully doc
umenting all events.

INSTRUMENTAL DELIVERY

Instrumentally assisted delivery by either forceps 
or vacuum extractor remains controversial [35], 
Depending on the preference of local practitioners, 
as few as one delivery in five or ten is now accom
plished by forceps or the vacuum extractor. After 
a considerable period of critical review, there has 
been a recent resurgence of interest in assisted deliv
ery [34,35,36]. Current obstetric literature andlegal 
case reports reveal that obstetric forceps and the vac
uum extractor are coming back into the mainstream 
of obstetric practice. Instrumental delivery is being 
considered more frequently owing to the increas
ing perception that such deliveries are largely a safe 
and efficacious means of overcoming dystocia in the 
second stage of labor.

With the use of antibiotics to combat postoper
ative infection after cesarean procedures and oxy
tocin to augment the forces of weak labor, mem
bers of the obstetric community began to call into 
question both the safety and the necessity of certain 
traditional obstetric procedures, especially midfor
ceps operations. By the 1960s and 1970s, there were 
many articles published in the obstetric literature 
that condemned midforceps procedures because of 
the reportedly high incidence of infant morbidity
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and mortality. In a survey article entitled "Forceps” 
published in 1983 in Clinics in Perinatology, Varner 
summarized critical observations concerning instru
mental delivery [33]. In response to the authors 
who condemned obstetric forceps out of hand, a 
series of articles followed from opposing writers 
who attempted to place a more benign cast on 
the adverse outcomes associated with some for
ceps deliveries. These authors argued that when 
instrumental deliveries were performed by skilled 
operators who adhered to rigid protocol, significant 
fetal injuries were rare. Furthermore, it was sug
gested that certain types of birth injury were essen
tially unavoidable^ even when an elective cesarean 
delivery procedure was performed; that is, some 
instances of perinatal asphyxia or neurologic injury 
occurred in utero, even before hospital admission, 
and thus could not be ascribed simply to the deliv
ery method. Despite these rebuttal arguments, mid
forceps operations declined rapidly in popularity in 
favor of cesarean delivery, a technically less demand
ing procedure than a midpelvic forceps operation. 
Although the total number of midforceps proce
dures actually performed in this country rapidly 
declined, the procedure never completely disap
peared. By 1981, however, it was uncommon, and 
in some centers rare, for an obstetrician to per
form an elective true midpelvic forceps operation 
[35],

More recently, obstetricians have come under 
scrutiny and criticism with respect to the rate of 
cesarean deliveries. Multiple factors have been iden
tified as causing or contributing to this increase. 
Among the identified influences driving the cesarean 
epidemic are the following: uncertainty in the pro
fession about appropriate management for certain 
obstetric problems (e.g., dystocia, breech presenta
tion), physician fear of lawsuits, maternal anxiety 
over fetal safety, and the physician’s economic 
advantage. An important issue was the failure of 
physicians to properly consider the significantly 
increased maternal morbidity associated with cesa
rean delivery procedures.

In the wake of such criticism, and following a 
close reexamination of data from the outcome of 
instrumental deliveries, modern practitioners have 
seriously reconsidered the option of instrumen
tal operative delivery by either forceps or vacuum 
extraction as an alternative to at least some cesarean 
operations. This interest is evidenced by old forceps

textbooks being published as new editions [34,36] 
and the fact that ACOG, which had not discussed 
forceps procedures since 1965, found it appropri
ate to publish a series of updated technical bul
letins on these procedures beginning in 1989 [37- 
39], The updated technical bulletins clearly advo
cate the position that midforceps procedures are still 
accepted practice in modern obstetrics for properly 
trained practitioners. Furthermore, the authors of 
recent ACOG Bulletins have modified terminology 
previously used to classify or code forceps opera
tions. These new coding guidelines established three 
categories of operations: outlet, low, and midfor
ceps. Rotational procedures on the pelvic floor (up 
to 45 ) are now defined as outlet procedures, and a 
new category of loiv forceps procedures was added 
despite the fact that previous coding recommenda
tions had automatically included all rotational and 
nonoutlet procedures in the (presumably] higher 
risk category of midpelvic procedures. (See Chap
ter 1 7, Instrumental Delivery.]

Some critics of this ACOG Bulletin suggest that 
these redefinitions are merely an effort to inhibit 
malpractice lawyers from effectively using the old 
literature condemning midforceps procedures as a 
basis for critical attack on modern practitioners. The 
counterargument is that there are actual differences 
in risk that are procedure specific -  differences lost 
in the previously applied coding definitions. Regard
less, ACOG has clearly affirmed instrumental pro
cedures, including midpelvic forceps and vacuum 
extraction operations, as legitimate operations in 
modern obstetric practice.

With this increasing trend toward greater num 
bers of forceps operations and vacuum extractions, 
it is reasonable to anticipate that the number of 
traumatic fetal and maternal injuries associated 
with these procedures will also increase. Despite 
advances in electronic fetal monitoring and other 
methods of intrapartum surveillance, most of the 
factors that caused or contributed to significant fetal 
injury in the 1960s and 1970s remain unchanged 
in modern times. The single and most significant 
exception is physician skill. In a survey of Cana
dian and United States hospitals’ obstetric residency 
training programs conducted in 198:1, I leak and 
Laufe reported that " . . .  a resident in training may 
see as few as three to four midpelvic procedures a 
year even in major university hospital setting" [40], 
Furthermore, there is a significant variance in the
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depth and experience on the part of the principal 
instructor(s) in residency programs. Because inade
quate skill, training, and experience are undeniably 
factors that cause or contribute to significant fetal 
and maternal injury in this procedure, this inade
quacy will probably will be the focus of future law
suits involving instrumental delivery.

The fact that various segments of the obstet
ric community have again embraced instrumental 
deliveries in general and forceps procedures in par
ticular does not remove the long-standing stigma 
and suspicion attached to midpelvic operations with 
any instrument and forceps rotation procedures at 
all pelvic levels. Some authorities still condemn 
these procedures as unreasonably dangerous, yet 
many competent obstetric surgeons testify as to 
their continued clinical necessity. Midforceps opera
tions with appropriate indications cannot be judged 
as malpractice per se. Nonetheless, such procedures 
almost certainly will be subjected to critical scrutiny 
whenever a mother or newborn is. seriously injured 
by instrumental trauma. Vacuum extractor oper
ations, which have gained grudging but increas
ing acceptance with American obstetricians, prob
ably will continue to be evaluated and critically 
analyzed for evidence of as-yet unconfirmed long
term neurologic and developmental complications 
[35,36],

Obstetricians should consider the following:

• The indications for operative vaginal delivery are 
either maternal or fetal. The principal maternal 
indications include either an arrested descent, pro
longation of the second stage of labor, or shorten
ing of the second stage for maternal benefit. The 
principal fetal indication is the suspicion of fetal 
compromise (immediate or potential).

• The most Significant and pivotal aspect of using 
either a forceps or vacuum delivery occurs dur
ing clinical judgment making, when the obste
trician is determining if a trial of instrumental 
delivery should be undertaken, and if SO, the plan 
for its implementation. The physician’s failure to 
gather clinical information properly, assess its sig
nificance, and judge the feasibility and safety of 
implementation is the predicate to serious mater
nal/fetal injury or death. This critical turning point 
is also the central focus of most lawsuits in which 
the physician is found liable for negligent conduct.

• The importance of clear, precise, and detailed doc
umentation of an instrumental operative proce
dure is most keenly experienced when the physi
cian must explain and justify his/her actions as the 
defendant in a malpractice; suit. This documenta
tion should include but is not limited to a precise 
and detailed description/discussion of

• Indication(s) for the procedure

• Anesthesia used

• Personnel present

• Instrument(s) used and in which order

• Course of labor, before the application of the 
instrument

• Application of the instrument

• Station, position, and deflection of the fetal head 
at commencement of the operation

• Amount of effort exerted by the operator: 
quantifying the force and duration of traction 
(with vacuum extractors this should include the 
amount of vacuum force applied and duration 
of use) and the progress of the fetal head after 
traction efforts.

• Condition of the infant at delivery and all steps 
taken in neonatal resuscitation

• All critical comments detailing actions taken and 
conditions observed during the labor/delivery 
should have dated and timed entries. The 
well-executed operative report should accurately 
reflect what the operating physician did and why. 
The documentation should not be sdf-serving; 
however, the facts should be detailed to estab
lish the decision-making process that justified per
forming the instrumental delivery.

• The weakness of current obstetric residency train
ing programs, which have arguably failed to pro
vide adequate training in instrumental delivery 
techniques to many young obstetricians, could 
continue to be the Achilles heel of a new gen
eration of practitioners who choose to practice 
vaginal operative obstetrics. Academic institutions 
must identify and develop methods to train obstet
ric residents in the art of instrumental delivery. 
(See Chapter 25, Education and Certification).
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CESAREAN DELIVERY

Cesarean delivery has been a major tool to assist 
the obstetrician in improving pregnancy outcome. In 
modern obstetrics, with the development of regional 
anesthesia and improved techniques,, cesareans have 
been remarkably safe, particularly in nonemergency 
circumstances. Consequently the rate of cesarean 
delivery has dramatically increased in the last 20 
years. The factors contributing to this increase 
include the increasing number of elective repeat 
cesarean deliveries and the observation that prior 
cesarean delivery is a major risk for placental previa 
and abnormal placenta adherence. O ther important 
reasons for cesarean delivery include poor progress 
in labor, perceived fetal jeopardy, and suspected fetal 
macrosomia, There is, however, wide and inconsis
tent variation in identifying criteria for performing 
a cesarean. This is due in part to cesarean deliveries 
that occur during the course of delivery often arise 
from data that has limited predictive value, With 
regard to cesarean deliveries in which the decision 
is made before labor, the decision is based upon per
ceived risk factors that often are not predictive of 
outcome in any one particular case.

Recently, another controversy has surrounded 
cesarean delivery. This controversy can be broken 
down in two issues: IJ whether a woman having no 
medical indications for a cesarean should nonethe
less be given the option of cesarean as an alternative 
treatment to vaginal delivery during the informed 
consent discussion of the birth plan, (patient choice 
or elective cesarean delivery) and 2) the physician’s 
responsibility to support a patient’s choice of elec
tive surgery as the mode of birth for a healthy preg
nancy. ACOG s Opinion 289 states that if the physi
cian believes that performing a cesarean delivery 

. . . promotes the overall welfare of the woman 
and her fetus more than vaginal birth, he or she 
is ethically justified in performing a cesarean deliv
ery” [41 ]. This opinion has been construed by some 
to support a patient’s choice to have a cesarean 
even though vaginal delivery presents no increased 
risk.

1 he movement toward elective cesareans is based 
on the belief that maternal morbidity might be 
improved by surgical delivery instead of a spon
taneous or instrumentally assisted vaginal delivery. 
It is argued that normal vaginal delivery damages 
the pelvic floor and genital tract and in contrast,

that instrumental vaginal delivery is associated with 
slower recovery. In contrast, a long-term benefit 
of cesarean delivery is protection of the maternal 
pelvic floor from parturition-related injury [42,43], 
In addition, there is evidence to suggest that vaginal 
delivery is an important risk factor for the increasing 
stress urinary incontinence and fecal incontinence in 
the aging female population [44],

Proponents of "cesarean on demand" also argue 
that the increased resort to cesarean delivery will 
reduce the fetal morbidity associated with vagi
nal delivery. The claim is that intrapartum events 
account for about 10% of all babies with cerebral 
palsy, and although elective caesareans cannot guar
antee a normal baby, it does avert the birth trauma 
caused by intrapartum events.

Opponents meanwhile argue that cesareans, 
despite being relatively safe procedures are still a 
major abdominal operation that is not without com
plications and consequences. Maternal risks include 
hemorrhage, infection, ileus, wound-healing prob
lems, and potentially dangerous complications such 
as pulmonary embolism among others. Estimated 
blood loss in vaginal delivery is believed to be 
500 ml, whereas estimated blood loss in a cesarean 
postpartum is 1000 ml [45], In addition, they cite 
the prevalence of hysterectomy because of hemor
rhage after a cesarean as ten times that after vagi
nal delivery, f'urther, the risk of maternal death is 
increased up to 16-fold [46].

Adversaries of “cesarean on demand" also argue 
that cesarean sections can compromise future 
obstetric performance [46,47]; a primary cesarean 
usually means repeat cesareans in the future, which 
increases associated risks of the procedure [48], 
and furthermore, with each cesarean the incidence 
of placenta previa and placenta accreta increases 
[49],

Although it is true that the failure to discuss 
risks of proceeding with vaginal delivery and offering 
cesareans as an alternative have been the source of 
medical malpractice litigation, this has not been in 
the context of a normal healthy pregnancy. In fact, 
courts have been clear in not articulating a standard 
that can set a precedent for requiring cesarean on 
demand. Consider the case of Schreiber v. Physi
cians Ins. [50], In Schreiber, the patient was a gravida 
3 para 2, and both prior deliveries were by cesarean. 
The indication for performing the cesarean deliv
ery in her first pregnancy was insufficient progress
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during a 1 7-hour labor. The indication for perform
ing a cesarean in the second delivery was that, at the 
time, it was standard procedure to perform an elec
tive repeat operation because of the patient’s prior 
cesarean. When the plaintiff became pregnant with 
her third baby, vaginal trials after cesarean deliv
ery (VBAC) were becoming more accepted in the 
medical community. The obstetrician discussed the 
alternative modes of delivery and the risks of each 
procedure. The patient elected VBAC. The obste
trician testified at trial that the patient was advised 
that her vaginal delivery would be treated like any 
other labor, and that a cesarean would be performed 
if medically indicated.

At term, she began labor and was admitted to 
the hospital shortly after 04:00. The defendant first 
evaluated her at about 08:00, and at that time the 
plaintiff told him that she had changed her mind and 
wanted a cesarean. The obstetrician did not grant 
her request. At about 08:30, the doctor performed 
an amniotomy, after which the plaintiff began to 
experience severe upper abdominal pain unlike any 
she had felt in her prior deliveries, and that she did 
not associate with her contractions. Analgesia was 
provided, with limited success.

At 13:00 the defendant concluded that the plain
tiff was making insufficient progress in labor; he 
failed to discern the cause of her pain but con
cluded from his examination that there was not any 
impending danger to the m other or child. He recog
nized that he could not completely rule out uterine 
rupture or placental separation, however. Because 
of her intolerance to the pain, the patient again 
requested a cesarean. The defendant responded to 
the- effect that if he “ ...gave a section to every 
woman who was in labor who wanted one, they’d 
all do it." He testified that although he knew that 
his patient was experiencing abdominal discom
fort and irregular contractions, and he understood 
that she would have chosen a cesarean if given the 
choice, he did not grant her request because he 
felt that a cesarean was not medically indicated at 
the time, About 14:00 the patient was in a hypo
tonic uterine contraction pattern. Despite the recent 
request for a cesarean, the doctor encouraged to 
her to continue with labor. Pitocin was adminis
tered in increasing amounts until 15:40, when the 
fetal heartbeat dropped. Shortly after 16:00, an 
emergency cesarean was performed. The baby was 
injured and was eventually diagnosed with a spas

tic quadriplegia. Given the medical evidence, it was 
stipulated at trial that had the baby been born by 
cesarean prior to 15:29, she would have been born 
healthy and normal.

The court concluded that based on the specific 
facts of this case, the defendant violated his duty 
to obtain informed consent in refusing to comply 
with the patient's request for a cesarean. In deciding 
the case, however, the: court was clear to articulate: 
“We do not believe our decision today will lead 
us.... toward the perceived dangers of a treatment- 
on-demand system.” Instead, what was important 
to the court was the fact that although the VBAC 
trial was accepted, cesarean was an alternative that 
was appropriately recommended when the physi
cian discussed the original delivery plan. The fact 
that she chose one alternative but then reconsidered 
her decision because of her perception of events is 
not rising to the level of “cesarean on demand.” As 
the court saw it: “This is a case involving a patient 
who [had] been given a free choice by her doc
tor between two medically viable treatment options 
prior to labor, initially chooses one, but then changes 
her mind in the face of an unexpected change of 
circumstances that is inconsistent with or outside 
the patient's previous experience in similar circum
stances,” It is noted in the court’s opinion that the 
patient was requesting a medically viable alternative 
that had been offered to her by this doctor earlier, 
and the physician had the capability to follow the 
patient's wishes; thus, in essence, it was concluded 
that he ignored his patient and substituted his own 
choice for hers.

The important factor to the court is not that a 
patient has the right to demand certain care, but 
that when recognized alternative exists, it is the 
patient’s right to determine the path taken. It can
not be overemphasized that the law holds the right 
to informed consent/refusal, particularly for pregnant 
women, as paramount. Courts are critical of any 
course that abrogates the patient's right of self- 
determination. Furthermore, it is a misconception 
that informed consent cases arise only out of the fail
ure to recommend a medical or surgical procedure. 
Specific to labor and delivery, issues of informed 
consent arise not merely in the context of failing to 
advise a patient of the option for a cesarean delivery 
either before the onset of labor due to the existence 
of risk factors, or during the course of labor due 
to some change or manifestation of an acute risk.
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Conversely, lawsuits have stemmed from instances 
in which an elective cesarean was performed, and 
the patient alleged that the baby should have been 
delivered vaginally. In one reported case, Meador 
v. Stabler and Gheridian [51], a woman success
fully sued her obstetricians for not providing her 
the option of vaginal delivery. The lawsuit alleged 
that the plaintiff was pregnant with her fourth child. 
Her most recent past pregnancy had resulted in a 
Cesarean, and she wanted to avoid that mode of 
delivery for her current pregnancy. She sought and 
found an obstetrician who agreed to assist in vaginal 
delivery. Two weeks before her due date,, however, 
the physician advised her that he was going on vaca
tion and wanted to schedule a cesarean. When she 
objected, the defendant told her that labor would 
be risky to her and the baby. It was also alleged by 
the plaintiff that the obstetrician had compared her 
uterus to a "hydrogen bomb.” The defendant denied 
ever mentioning a hydrogen bom b” but agreed that 
he was concerned that if she did not go into labor 
soon, the baby being might be endangered by going 
past the due date. Between her last office visit with 
the obstetrician and her date of confinement, the 
plaintiff unsuccessfully sought to find a physician 
who was willing to take over her care and deliver 
her baby vaginally. When she was admitted to the 
hospital for delivery, she claimed that she asked the 
covering physician to deliver her vaginally but that 
that request was denied.

Although the baby was delivered healthy, the 
mother developed severe complications from the 
Cesarean procedure. The jury found in favor of 
the plaintiff and awarded her $400,000. Juries are 
very sensitive to issues surrounding patient deci
sion making. In this case, the jury believed that the 
patient and the doctor had agreed on a mode of 
delivery, and that there were no significant events 
that occurred that were unforeseeable to the physi
cian at the time he agreed to that mode of delivery. 
Thus, there was no justifiable reason for the physi
cian to unilaterally change the plan of care, except 
perhaps inconvenience to the physician.

As the cases: of Schreiber and Meador illustrate, it 
is of utmost importance, particularly in determining 
the mode of delivery, for the patient and the physi
cian to have been on the same page, particularly 
in the event of an adverse outcome. In most cases, 
physicians and their patients agree on the treatment 
plan. In fact, it has been noted that patients agreed

with physicians' recommendations 98% of the time 
[52], 1 hat study is hollow if the agreed-upon treat
ment plan was not obtained with proper inlormed 
consent. (See Appendix 1 for a more detailed dis
cussion of informed consent.) The discussion should 
include alternatives and the risks of each alternative 
and should be undertaken in an unbiased and unco
erced fashion. The process of informed consent that 
was undertaken in any particular case is most sig
nificant in defending cases in which informed con
sent is the issue. In cases in which the mode of 
delivery elected and undertaken is a central issue, 
informed consent properly obtained establishes that 
the patient accepted the risk of the course that was 
followed. The jury will disregard the patient’s con
sent if it was obtained through coercion, improper 
influence, or if it determines that the evidence sup
ports that the patient was uninformed. This was the 
issue that was presented in the Schreiber case dis
cussed previously. In Schreiber, a defense was raised 
by the physician that the harm that occurred to 
the plaintiff was a recognized complication and had 
been explained to her prior to performing the pro
cedure. The evidence during trial established that 
after her request for vaginal delivery was denied, 
the patient agreed to proceed with a cesarean. The 
physician’s defense also relied upon the fact that the 
patient did not dispute that she was advised of the 
risks of cesarean delivery or that her written con
sent was obtained. The physician’s defense that the 
injury was the result of a complication to which the 
patient had given informed consent was rejected, 
however. In characterizing the situation in which the 
plaintiff found herself, the plaintiff's expert, a highly 
regarded obstetrician, testified that he thought it 
was sad that the patient had no alternatives when 
her agreement with her doctor broke down and she 
was then in a situation where there was no offered 
alternative. Thus the jury could conclude that that 
her decision was not the product of her autonomous 
right to make healthcare choices but instead was 
made reluctantly, with no alternative available.

The obstetrician should consider the following;

• Primarily, accepted indications for cesarean deliv
ery arise from clinical conditions that are identified 
prior to the onset of labor or arise due to condi
tions that arise during labor. In the setting where 
the conditions are identified before parturition, 
potential indications include a previous cesarean,
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a multiple gestation, or a malpresentation, among 
others. Perinatally, indications include presumed 
fetal jeopardy, intrapartum hemorrhage, cord 
prolapse,, and failure to progress, to name a 
few.

• VBAC trial is still a safe and available method of 
delivery. It can be argued that the philosophy of 
“once a cesarean, always a cesarean” deprives the 
patient of her right to self-determination unless 
other factors precluding a trial of labor exist. In the 
event of a VBAC trial, the physician should be able 
to provide appropriate technical support to mon
itor labor and to have experienced staff available 
should a prompt cesarean delivery become neces
sary. The physician must be immediately available 
at all times.

• Purely elective cesarean delivery (cesarean 
on demand) remains controversial. The large 
percentage of pregnant women prefer vaginal 
delivery. The physician’s bias, or that of the 
institution, should not supplant the patient’s right 
of self-determination.

• Informed consent requires providing adequate 
information to the patient, ensuring that she 
understands that information, and that ultimately 
it is her voluntary decision to choose a course of 
treatment.

• In the event that a physician must employ either 
negotiation methods or respectful persuasion, the 
obstetrician cannot substitute his or her judgment 
for that of the patient. Undue influence or coer
cion merely creates disharmony and is a potential 
source of discontent should there be a bad out
come.

• The prenatal period is not static and therefore 
the discussion of strategies and risks cannot be 
either. On-going dialogue can serve to continu
ally educate the patient as well as to identify 
areas of patient concern. Any concerns should be 
addressed in a timely manner; these concerns can 
also provide the physician with important infor
mation should an emergency arise.

• In the event that elective cesarean delivery is 
an option, the obstetrician should describe the 
risks/benefits associated with the operation. Fur
thermore, to avoid patient misconception, it 
should be emphasized that a cesarean delivery

does not necessarily ensure a healthy baby. In the 
event that VBAC is considered, or in instances 
of breech presentation, the physician should out
line both the documented risks and benefits for 
the available delivery options and explain any bias 
or beliefs that he/she might have about certain 
obstetric approaches.

• Documentation is very important, with particular 
attention to instances when the patient chooses a 
riskier course or refuses certain care.

UROLOGIC COMPLICATIONS

Urologic injuries occurring during the course of 
pregnancy or more commonly during surgical or 
instrumental delivery, can result in serious and 
potentially life-threatening complications to both 
the m other and the unborn infant. Anatomically, 
the bladder is situated immediately adjacent to the 
uterus, whereas the ureters are located close to the 
female reproductive organs throughout their course 
from the pelvic brim to the bladder. Both cesarean 
delivery and abdominal hysterectomy necessarily 
involve procedures and instrumentation that require 
the obstetrician to work close to the bladder and 
ureters. Because the physiologic changes of preg
nancy distort the anatomy, there can be consider
able difficulty in the accurate identification of these 
structures. (See Chapter 19, Urologic Complica
tions.)

Most urologic injuries from vaginal or abdomi
nal surgical procedures on pregnant women involve 
some form of direct mechanical injury or Compro
mise to the bladder or ureters. Although surgical 
trauma to the lower urinary tract (urethra) is well 
documented, it is far less common and is generally 
associated with a favorable prognosis. Predictably, 
the overall incidence of urinary tract injuries as 
the result of forceps procedures has significantly 
decreased with the decline in popularity of the 
more difficult midpelvic and rotational forceps oper
ations during the past three decades. Pelvic lacer
ations resulting from forceps rotations remain an 
uncommon but well-documented potential source 
of trauma to the bladder, ureters, and lower urinary 
tract, however.

Vacuum extraction, a relatively newer procedure 
in American obstetric practice, also can be asso
ciated with traumatic injury to the lower urinary
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tract. This is particularly true when the obstetrician 
fails to remove redundant maternal tissues from 
beneath the vacuum extractor cup as the instru
ment is applied to the fetal head. It should be noted, 
however,, that both the incidence and severity of 
urinary tract injuries are Consistently reported to 
be substantially less with vacuum extraction when 
compared with forceps rotation and extraction 
procedures.

Although the statistical incidence of seriously 
debilitating or lethal complications is rather small, 
urologic injuries remain one of the most common 
reasons for medical negligence actions being brought 
against obstetricians and gynecologic surgeons. A 
review of available data from medical publications, 
legal publications, and court files indicates that the 
types of injuries that have led to malpractice claims 
include

• Renal damage (compromise or failure) resulting 
from unrecognized ureteral injury or obstruction, 
with possible complications of uremia, shock, or 
maternal death

• Injuries to the urethra and adjacent tissues result
ing in incontinence

• Fistula formation involving the bladder, ureters, or 
lower urinary tract

• Severe infection (e.g., sepsis, septic shock, or 
death)

• Bladder injuries (resulting in compromised elimi
nation function or incontinence)

More often than not, the allegations of negligence 
that are brought against the defendant physician 
critique the technique that was employed during 
delivery. The difficulty for the plaintiff in establish
ing liability is the ability to prove substandard care. 
Certainly it must be acknowledged that urinary tract 
injuries can be caused by negligent conduct of the 
physician in performing the surgery; however, injury 
to one or more of these structures is a well-described 
risk and can occur even in the hands of the most 
skilled provider. Often in such eases it is impossi
ble to point to any particular aspect of care to dis
tinguish the injury caused by negligence from the 
injury caused by known morbidity. As the burden 
of proof lies with the plaintiff to establish breach of

duty, the plaintiff’s experts can face a difficult chal
lenge in any given case. In the nonemergent case, 
that difficulty is amplified if there is evidence that 
the patient was aware of the risks of surgery. Conse
quently, plaintiffs employ a circular argument that 
ultimately sounds like res ipsa loquitur (“the thing 
speaks for itself"). Thus, despite the injury’s being 
a known risk, had the obstetrician been more dili
gent in identifying the specific structures, the injury 
would not have occurred (for a more detailed dis
cussion of res ipsa loquitor, please see Appendix I). 
To assist in proving their case, the plaintiff will look 
for errors in dictation, untimely dictation, or mis
statements of technique.

It is also common that in addition to surgical tech
nique, plaintiffs will allege untimely diagnosis. This 
is especially true if the complication is not identi
fied at the time of surgery or appropriate consulta
tion was not obtained in a timely fashion, thereby 
delaying treatm ent and resulting in a detrimental 
impact on outcome.. An example of the twofold 
approach is seen in the case of Seats v. Lowery [53], 
In Seats, the plaintiff had undergone a hysterec
tomy and salpingoophorectomy. During the course 
of this operation, the surgeon inadvertently ligated 
a ureter. As a result, it was necessary for the plain
tiff to undergo several subsequent medical and sur
gical procedures and to incur considerable medical 
expenses for repair of this injury.

At trial, in responding to the questions from the 
plaintiff s counsel,; the plaintiff’s expert testified as 
follows:

Q: Does the standard of care -  tell me whether
or not in your opinion the standard of care 
requires the surgeon to anticipate that the 
ureter itself may be adhered to other 
structures or itself may not be in its normal 
location?

A: Absolutely. Flat out yes,
Q: Tell me whether or not -
A: Let me dispel something.. A surgeon is a

little bit more than a mechanic. H e’s also a 
doctor. So he’s got to think a little. . . .We're 
not considered right bright in the staff; you
know. You still got to think a little.

Q: Tell me whether or not the standard of care
requires the surgeon at the beginning of the 
case, at the beginning of the surgery to  be 
conscious of the fact that it may become
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necessary during the surgery to actually 
physically identify the ureter?

A: Yes, sir, it does. This operation should never
be done by anyone unwilling to do that and 
anyone who doesn’t have the judgment to 
know when to do that.

Q: Tell me, doctor, whether or not the standard
of care requires that the surgeon be aware 
and conscious of the ureter and its location 
throughout this entire surgical procedure?

A: Yes. And after his gloves are off and he’s
standing in the room, he has to think about 
it then. Is there any way in the world that 
I could have hurt one of those ureters?
H e’s got to say that to himself. And if there 
is any suggestion or thought or fleeting 
thought that that might have occurred, he 
should get a urologist shoot that scope up 
there and take two pictures or shoot some 
dye and look and make absolutely sure that 
[it] hasn’t [been] hurt.

Q: As far as preparation for the case and
thinking about having to find the ureter, was 
there a statement made by the defendant in 
his deposition?

A: Yeah. He said he doesn’t  ever look for it,
that you don’t have to look for it, that you 
do this procedure this way, and based on 
doing this procedure this way, this doesn’t 
very often happen but it can happen. Well, 
isn’t that nice?

Q: Does this happen very -
A: If you’re careful this does not have to

happen at all. It does not at all, ever. And if 
it does happen, there’s something 
wrong with you when you’re doing it.
I don’t know what it is and don’t care what 
it is, but something's wrong with you. Slop 
talk like that, lift something up, put a 
clamp on, cut it out -  I don’t wfant any part 
of it.

The Seats case exemplifies that frequently the 
issue of negligence becomes a battle of the experts. 
Most often, however, it is the defendant’s atten
tion to detail and diligence in identifying compli
cations that affects the outcome. Using the surgical 
note, which is the defendant’s ability to recreate the 
events during surgery, including the visualization of 
important anatomy, is an important component to 
the defense of such cases.

No one can seriously dispute that prompt recog
nition of any injury is the surgeon’s greatest ally 
in performing a successful repair and avoiding sig
nificant and at times potentially lethal complica
tions. The principal danger in delayed diagnosis and 
treatm ent in a ureteric injury is the risk of perma
nent impairment or complete loss of renal function. 
Ureteral obstruction once surgically relieved is not 
without complications including urosepsis or fistula 
formation. In the unusual instance when ureteral 
compromise is bilateral or the patient has only one 
functioning kidney to start with, a delayed diagnosis 
can result in uremia, shock, and even death. Unfor
tunately, a diagnosis of ureteral injury is usually 
made postoperatively and establishing that there is 
an injury may be difficult. Symptoms of fever, flank 
pain, and abdominal distension occurring within 48 
to 72 hours after surgery however, should alert the 
clinician to possible ureteral injury.

The important principles for practice include the 
following:

• Meticulous surgical technique and a high index of 
suspicion are the surgeon’s greatest allies in avoid
ing surgical trauma and making appropriate and 
timely diagnoses of urologic compromise.

• When surgical trauma to urinary structures is 
essentially unavoidable, clear and precise docu
mentation within the operative records is essential 
to the effective defense of any potential malprac
tice suit.

• The obstetrician must be vigilant in postopera
tive patient evaluation. Obstetricians should never 
place themselves or their patients at risk by assum
ing that they have sufficient knowledge and skill to 
address the entire range of complex and esoteric 
demands of urologic surgery, infectious disease, 
and renal physiology. Timely referral is impor
tant in the defense of these matters, both in 
establishing the existence of any injury and in its 
repair.

• Given that these cases become a battle of the 
experts, the defendant’s presentation is very 
important. A timely surgical note, one that is com
plete and without the appearance of being self- 
serving, is important in defending a case of urinary 
tract damage. Even in the routine case, the surgi
cal note should describe the anatomy and discuss
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the visualization of important structures when 
the surgery either involves or is adjacent to the 
ureters.

FETAL SURGERY

Innovations in ultrasound technology, fetoscopy, 
and related procedures have had a dramatic impact 
on neonatal and child health. The inefficacy and 
safety are well established. The benefits these tech
niques have, however, are in establishing a diag
nosis. Most are not therapeutic [54], The efficacy 
of in-utero therapeutic intervention is much less 
established. Open fetal surgery, although possible, is 
accompanied by substantial risks of fetal mortality 
and often serious maternal morbidity. (See Chapter 
20, Fetal Surgery.)

Fetal endoscopic surgery shows promise for 
selected problems. This procedure offers several dis
tinct advantages when compared with open fetal 
surgery; however, the endoscopic approach has sig
nificant drawbacks including difficulty performing 
an operation in a tiny working space. Some of the 
more complex tasks are very difficult with currently 
available instruments. Percutaneous fetal therapies 
typically can play an important role in draining 
space-occupying, fluid-filled structures, such as the 
pleural space and bladder. Not all intervention has 
proved beneficial, however. The performance of a 
number of neurosurgical procedures has been either 
curtailed or abandoned due to a combination of 
associated procedure-related deaths and the inabil
ity to demonstrate improved outcomes from these 
interventions.

In-utero surgical treatment procedures have been 
performed for various fetal afflictions. For spina 
bifida, in-utero repair has been performed in the 
attem pt to decrease nerve damage and improve out
comes at birth, with uncertain success. In cases of 
diaphragmatic hernia, procedures have been per
formed involving surgical repair of the herniated 
diaphragm or temporary ligation of the fetal trachea. 
Percutaneous vesicoamniotic fetal shunting, open 
fetal surgery, and, more recently, endoscopic fetal 
surgery are possible fetal interventions for lower uri
nary tract obstruction. In multiple gestations, laser 
ablation of anastomotic vessels in severe twin-twin 
transfusion syndrome has been successfully per
formed when the condition is severe enough to war
rant intervention. With continued improvements in

technology, there is optimism that the ability to 
correct at least some congenital anomalies in utero 
will have a significant impact on neonatal and child 
health.

Presently, except for prenatal steroids to prevent 
hyaline membrane disease, and antiviral treatment 
for the prevention of perinatal HIV, the standard of 
care for most congenital anomalies identified during 
the prenatal period is either abortion or early post
natal intervention. Furthermore, for most prenatal 
interventions, efficacy has not been proved nor the 
risks fully defined. Part of the problem is that the 
natural history of many uncommon conditions has 
not been sufficiently studied, and in many cases an 
adequate experimental animal model has not been 
identified or the available models do not mimic 
human physiology closely enough to be helpful. 
Much more basic work must be done before most in- 
utero surgical procedures exceed their experimental 
status.

To date, the courts have not fashioned any mean
ingful or definitive legal criteria to allow physicians 
to assess when a particular experimental or inves
tigational therapy has reached the status of stan
dardized medical therapy. Essentially this is a matter 
determined by the shared or common understand
ing of practicing physicians. Because this consensus 
of collective physician opinion accrues informally 
and over time, it is usually impossible to identify a 
precise moment in history when a particular treat
m ent or technique achieves the status of standard 
medical therapy (for a more detailed discussion of 
this topic, see Appendix I).

During the “twilight zone” that exists between 
the time that experimental treatment is recognized 
as having a potential benefit and when it is consid
ered no longer experimental, complex legal issues 
can arise. O f all the issues, however, most impor
tant is the need for informed consent before imple
menting any fetal procedure that is not generally 
accepted. Many innovations have not been sub
jected to prospective clinical trials. Thus, often there 
are uncertainties such as lack of data, imprecision 
in diagnosis, and lack of experience on the part 
of the surgeon. Institutional bias can also preju
dice a provider’s recommendations. Meanwhile, a 
patient s ability to weigh the available information 
objectively can be affected by the clinical situa
tion, particularly when the treatment is considered 
a “last resort.” Ultimately, the best and least biased
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information, although critical to a good decision, is 
difficult to obtain mostly because the technology is 
new and rapidly evolving [55].

Because of this, is the standard of care for 
informed consent any different in the clinical setting 
when experimental treatment is being considered? 
This issue has been the object of considerable 
debate, and there is no clear consensus. This issue 
surrounds whether a physician is required to discuss 
the experimental nature of the procedure if those 
risks that are material to the procedure itself have 
been adequately explained. One legal commentator 
framed the debate this way:

The attempt to delineate research and treat
ment has deep implications for the informed 
consent requirement. If the distinction [of a 
procedure as innovative or experimental] is 
viewed as superfluous, then a uniform stan
dard of disclosure arguably would apply in 
both contexts. On the contrary, if they remain 
distinct, then there is reason to believe that the 
nature of the intervention will dictate different 
standards, according to the level of protection 
needed [56].

Another legal commentator, however, framed the 
debate differently: advocating for the notion that 
withholding the experimental nature of the proce
dure violates the principles of informed consent, he 
advocated for the idea that some more fundamental 
legal duty would be violated as well. This commen
tator stated t ha t " . . .  the individual doctor trying out 
new techniques is undeniably engaged in medical 
experimentation. It is unacceptable . . .  to place the 
burden of this experimentation upon the patient by 
confining his right of recovery in relation to consent 
to the tort of negligence” [57],

This debate was addressed in the case of Adams 
v. Arthur [58]. The specific issue was whether the 
physician’s failure to disclose the use of an exper
imental technique created a cause of action for 
anything other than lack of informed consent. The 
reason for the plaintiff’s determination to draw a 
distinction was that the statute of limitations had 
run on any informed consent claim. The plaintiff 
therefore was seeking to articulate an alternate the
ory of recovery, so as not to be barred from bringing 
the lawsuit. In Adams, the patient claimed that the 
physician should have disclosed that he intended to

use a novel or experimental graft material in her 
spinal surgery. The physician had informed her that 
he would use a “synthetic material” from Switzer
land as a graft material, that after it was implanted 
“everything would grow together,” and that he had 
not had any problems in prior surgeries with the 
material. The plaintiff argued that the act of not 
advising her of the experimental nature of the “syn
thetic material” constituted a fraudulent conceal
ment, thus providing an avenue around the statute 
of limitations. The court refused to frame the issue in 
anything other than the physician’s legal obligation 
to provide adequate informed consent. It concluded 
the physician did not make any statements that mis
represented the appropriateness of the product’s 
use in the human spine. In its holding, the court 
determined that the merits of whether the failure 
to disclose the experimental nature of the m ate
rial was determined by the legal principles involved 
in an informed consent claim and nothing more. 
Thus the plaintiff was incapable of pursuing her 
case.

The Adams decision has been criticized by some. 
As one judicial authority commented: " . . .  [the 
Adams decision] creates no distinction between the 
garden-variety informed consent cases and the sit
uation in which, as in the instant case, a med
ical provider, without the knowledge or consent 
of a patient, in effect conducts an experiment on 
the pa tien t. . .  [M]edical providers are now free 
to conduct experimental medical procedures upon 
their patients, without any disclosure whatsoever 
of the experimental nature of the treatment, and, 
unless any resulting harm is manifested within the 
two-year medical malpractice limitations period, 
without any concern for the consequences...” 
!5‘! l-

As innovative technology continues to develop 
expeditiously, issues will come more to the forefront 
of cases that have had an adverse medical outcome 
after the use of an innovative or experimental pro
cedure. Most jurisdictions are expected to resolve 
these issues by applying the elements that com
prise an informed consent case. The harsh result that 
some legal commentators have argued can occur by 
applying only the principles that are used in "gar
den variety” informed consent cases to cases involv
ing experimental medical procedures will probably 
be an issue in only a few cases. The Same harsh 
result can occur even in a garden variety case if the
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harm remains unknown throughout the applicable 
period during which a patient can sue for breach 
of informed consent claim. O ther potential claims, 
such as intentional misrepresentation as in the 
Adams case, require a much higher burden of proof 
The cause of action, when considering disclosure in 
such cases, will rest with informed consent. The pri
mary issue, apart from the risks and available alter
natives, is the materiality of advising a patient that 
the therapy is experimental or novel.

The obstetrician should consider the following:

• The patient has a legal right to receive material 
information concerning the available therapies, 
including detailed information about the risks and 
benefits of therapeutic alternatives to the, treat
ment option that is being recommended.

• W hen obtaining an informed consent for new and 
innovative procedures, the physician should be 
Conservative in his or her statements and con
duct extensive discussions with the patient. The 
FDA guidelines for obtaining an informed consent 
are a reasonable framework for physician use. In 
addition, providing the patient with literature that 
discusses and explains the procedure and its 
potential risks is often an effective means of com
bating potential allegations of improper or inade
quate disclosure.

• Some physicians are reluctant to continue using 
the word experimental in consent forms once a par
ticular procedure has progressed to the level of 
investigational status, for fear that it might cause 
reluctance on the part of potential patients and 
because this label implies that there is no reliable 
evidence of efficacy.

The prudent course is to indicate candidly within 
the written consent form that although some inves
tigators are still of the opinion that this therapy 
remains experimental, the physician provider thinks 
that the recommended therapy has demonstrable 
safety and efficacy.
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Part IV

SPECIAL ISSUES

Barry S. Schifrin 
Wayne R. Cohen

If significant gains are to be m ade . . .  a reliable 
means of accurately determining reversible ‘fetal 
distress’ must be found.. .It is hoped that the 
use of modem instrumentation methods may 
aid in the elucidation of clinical fetal distress.

Edward H.G. Hon (1917-)

Fetal monitoring can be understood as gather
ing and interpreting information from the fetus 
about its well-being. This chapter focuses primar
ily on surveillance during the intrapartum period 
using electronic fetal heart rate (FHR) monitor
ing and, to a lesser extent, ancillary techniques of 
fetal evaluation, including capillary blood sampling, 
pulse oximetry, and automated electrocardiographic 
(ECG) analysis of ST waveform changes (STAN®1, 
Neoventa Medical AB, Molndal, Sweden) in refin
ing the evaluation of moderately abnormal FHR pat
tern. The discussion also covers the controversy over 
the value of fetal monitoring and the pitfalls that 
interfere with realizing its benefits.

Since its introduction into clinical obstetric care 
in the early 1970s, electronic FHR monitoring 
(EFM) has become an almost universally applied 
technology during labor. By 2004, more than 85% 
of parturients were so monitored [1], The intro
duction of EFM over 30 years ago was accompa
nied by the anticipation that by the timely detec
tion and intervention in the presence of certain FHR 
features, EFM would reduce the intrapartum still
birth rate, enhance neonatal condition, diminish the 
risk of long-term disability, and reduce the rate of 
cesareans performed because of fetal distress [2], 
Although indeed the fetal and neonatal death rates 
have fallen considerably, the risk and severity of neu
rologic handicap could be increasing [3,4], and the 
cesarean delivery rate has risen considerably. Fur
thermore, both maternal and infant mortality rates 
appeared to have leveled off and could be rising 
(according to the Morbidity and Mortality Weekly 
Report). Not all the benefits of EFM envisioned by 
its early purveyors have been realized, which has 
sparked considerable controversy.

Reservations about the value of EFM have been 
fostered by the comparisons to intermittent aus
cultation (IA) in several randomized controlled tri
als (RCTs) [5,6,8], The study designs, the num 
bers of patients studied, the nomenclatures of FHR
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patterns, the diagnostic and management for fetal 
distress, and the results have varied so widely that 
they permit almost any conclusion about the ben
efit or lack thereof of EFM. For example, in one 
large “randomized" trial, there was no description 
of the FHR “abnormalities” used to determine fetal 
distress [9|. Universally lacking from these studies 
are evaluations of the appropriateness and timeliness 
of intervention and, most important, the determina
tion of fetal well-being or normalcy at the outset of 
monitoring.

In retrospect, it seems clear that undertaking the 
RCTs was premature [10,11]. They were conducted 
before meeting criteria of reliability for the iden
tification, interpretation, and management of pat
terns. There had been no validation, except gener
ally, that there was an association between specific 
FHR patterns and the adverse outcomes (neuro
logic or otherwise) to be prevented. It was assumed 
that hypoxic injury occurred as a result of pro
gressive hypoxia and that early intervention would 
be beneficial. There was no validation of the abil
ity of specific interventions to effect improvement, 
however; nor was there any understanding of the 
rapidity or the contributions of other mechanisms 
of hypoxic injury. With regard to intra- and interob
server error, there was a disappointingly low agree
ment in both interpretation and management, even 
among experts and even when the classification 
was agreed upon [12-15], Intraobserver reliability 
for the interpretation of FHR patterns using kappa 
statistics is about 0.7, reflecting fairly substantial 
but by no means complete agreement. For case 
management, the kappa value is about 0.58. For 
intraobserver error, the kappa values are 0.4 for pat
tern interpretation and 0.37 for case management
iU<>|.

These problems notwithstanding, there is 
extraordinary agreement on the ability of the 
"reassuring” FHR pattern to define the absence of 
hypoxia. Alternative strategies for the evaluation 
of the abnormal tracing have been introduced in 
this setting, including fetal scalp blood sampling for 
pH, fetal pulse oximetry to determine fetal oxygen 
saturation, and computerized evaluation of the 
fetal ECG to reveal fetal myocardial stress (Table 
22.1) [1,17 19] Each of these techniques relies on 
the interpretation of FHR patterns to determine 
their application; none aspires to replace EFM as 
the primary mode, of surveillance:.

TABLE 22.1 Measurement Objectives of Fetal/ 
Neonatal Surveillance Techniques*

Technique Physiologic. Events

FHR patterns F.nd-organ response (heart, brain)
pH Acidosis -  metabolic/respiratory
O j Saturation Acidemia, blood flow
ST-ECG analysis Myocardial hypoxia, Stress
Doppler analysis Blood flow, resistance
NRBC count Hypoxia, anemia, growth

abnormalities, etc.
Placental anatomy Nutrition, anemia, hypoxic stress
Neuroradiology Location, timing, severity, function
Neurologic Function, disability

examination

FHR, fetal heart rate; SI-ECG, stress tt^relectrocardiograph; 
NRBC, neonatal red blood cell§
*§ee text for details.

Despite the obvious questions about the rele
vance of EFM, the reproducibility and meaning of 
FHR patterns, and some articles calling for its out
right abandonment, this technique is still almost 
universally applied during labor, with no obvious 
practical alternative [20],

METHODS OF SURVEILLANCE 

Intermittent Auscultation (IA)
Prior to the advent of EFM, fetal surveillance dur
ing labor was limited to IA of the FHR and noting 
the presence of meconium. The information was 
difficult to ascertain accurately, and the data col
lected are not reproducible [15,21-26], The auscul
tatory criteria for fetal distress (i.e., detection of a 
FHR above 160 beats/min or below 100 beats/min) 
had not been modified for more than half a cen
tury. Based on a study of more than 25,000 deliver
ies, IA was simply inadequate for the early detec
tion of fetal distress [27], The intrapartum fetal 
death rate was high, but more important, apparently 
many deaths occurred without warning. Thus, until 
the fetus was actually delivered, there could be no 
reassurance that it was healthy, modestly compro
mised and grateful for the rescue, hopelessly mori
bund, or dead. IA has never been subjected to any 
randomized trial comparing it with a program of 
no heart rate surveillance, and the practice is diffi
cult to implement clinically [28], This fact would
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seem to make the recommendations about the 
comparability of EFM and IA less than certain. 
Equally disturbing is the notion that EFM is imple
mented so widely not because of any perceived ben
efit but because of "legal vulnerability” [16,20].

Notwithstanding its limitations, electronic mon
itoring has several practical and clinical advantages 
over auscultation. Electronically obtained data give 
a continuous record of heart rate information. EFM 
is more easily and reliably obtained than IA. Its 
major clinical advantage, which was unsatisfactorily 
tested in the RCTs, appears to be that it restricts 
the use of potentially compromising strategies (e.g., 
augmentation/stimulation of labor, regional anes
thesia) to the demonstrably normal fetus. Indeed, 
some RCTs have shown benefits in reductions in 
neonatal seizures and asphyxial deaths [5,6,29]. The 
authors are unaware of any example of a fetus dying 
in labor without revealing significant and prolonged 
abnormalities of the FF1R pattern beforehand [30], 
W ith EFM, no data are lost, trends are easily iden
tified, and even subtle changes: become recogniz
able with experience. The monitor creates a hard 
copy of the data for real-time collaborative analy
sis, as well as retrospective analysis, teaching, and 
research, in which the tracings can be interpreted 
in light of known outcomes. These resources can 
only assist in the development of rational clinical 
policies.

Electronic Fetal Monitor Functions
Before the interpretation and management of indi
vidual EFM tracings are presented, it is necessary 
to describe what the device does and how it is 
used.

Heart Rate
The fetal monitor obtains two channels of informa
tion by either external or internal transducers and 
records them continuously on a moving strip chart 
recorder or electronically. With a direct scalp elec
trode, the fetal ECG complex acts as a trigger to time 
the fetal heartbeat. External devices use ultrasound 
signals to detect the motion of the fetal heart, elec
tronically converting the processed electronic signal 
into a heartbeat. Regardless of the transducer, the 
device then calculates the interval between consec
utive beats and then plots a "rate" on the moving

strip chart recorder, as if all intervals in one minute 
were exactly the same as the detected interval. If the 
device determines that the interval between consec
utive beats is 1 second, it calculates that there would 
be 60 beats in 1 minute -  as if all the beats in 1 
minute were 1 second apart. W hen it detects a new 
interval, it discards the last interval. If the next inter
val were 0.8 seconds, the device calculates a rate of 
75 beats/min as if all the intervals in 1 minute were 
the same; plotting an “instantaneous rate” for each 
interval on a graph without averaging reveals the 
rhythm of the FHR (or the FHR pattern). Although 
an “average rate” can be discerned easily with the 
naked eye, the interpretation of EFM strips is essen
tially unrelated to the rate, but to the pattern or rhythm 
of the changes. If the pattern were shifted upward on 
the graph (higher rate) or lower (lower rate), there 
would be no difference in the appearance or, for the 
most part, the interpretation of the pattern.

Uterine Contractions
The second channel of the monitor strip pro
vides information about the duration and inten
sity of uterine contractions and, to some extent, 
fetal and maternal activity. Uterine contractions 
are measured either directly with a fluid-filled or 
transducer-tipped catheter placed into the uterus, 
or indirectly by a tocodynamometer placed on 
the m others abdomen. The internal catheters 
record changes in intrauterine pressure; the tocody
namometer responds to alterations in the contour 
of the m other’s abdominal wall. Although external 
devices permit the detection of only relative differ
ences in baseline tone and intensity, under most cir
cumstances this suffices clinically. When more pre
cise information about contractility is required, an 
intrauterine catheter can provide quantitative infor
mation about baseline uterine tone and amplitude 
of contractions.

The Effects o f Contractions
Detecting contractions is an important part of the 
fetal monitoring scheme. Uterine contractions exert 
several physiologic effects. Most important and con
sistent is the adverse effect of contractions on uter
ine blood flow (UBF), in which maximal flow is 
obtained with low resting tone between contrac
tions [31,32], The contraction decreases UBF in
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direct proportion to the intensity and duration of 
the contractions. Indeed, above about 50 mm Hg 
of intrauterine pressure, UBF essentially stops and 
there is no option for further exchange between 
mother and fetus of oxygen, carbon dioxide, nutri
ents, and heat across the placenta. This reduction in 
oxygen availability probably occurs for a short time 
during most normal uterine contractions in active 
labor. In a healthy fetus, the effect is generally well 
tolerated and not cumulative. Excessively prolonged 
orfrequendy occurring contractions can jeopardize even 
the most robust fetus, however. More important, a 
fetus whose placental reserves, are already impaired 
by some preexisting problem (e.g., anemia, infec
tion, abruption, preeclampsia) can develop consid
erable hypoxemia during even normal uterine con
tractions.

Contractions also stimulate the fetus and increase 
intracranial pressure within the fetal head, especially 
as descent occurs, but also in the breech presenta
tion. To counteract the effect of increased intracra
nial pressure with contractions, the fetus’s blood 
pressure increases proportionally to the uterine con
traction. As a result, during a contraction, umbil
ical and cerebral blood flows (CBF) are normally 
maintained. An active fetus signals the onset of a 
contraction by making truncal movements and fre- 
quently, especially at high stations, accelerations. 
These diminish as the, contraction peaks. At the end 
of the contraction, the fetus often exhibits “breath
ing movements,” reflected as a brief diminution of 
the FHR with somewhat increased variability. There 
are FHR patterns associated with various aspects of 
fetal behavior (behavioral states), including breath
ing, sucking, and mouthing movements [33-35], 
When contractions are excessive, or especially in 
association with pushing or descent, their effects 
are augmented, potentially to the embarrassment 
of CBF. Under these circumstances, contractions, 
abetted by forceful maternal pushing, can further 
increase intracranial pressure, reduce CBF below 
critical values, and induce heart rate decelerations. 
This is especially common in the presence of fetal 
malposition, such as the occiput posterior position 
or face presentation [36-41,44],

By influencing the station or position of the 
fetus, contractions can also facilitate compression 
the umbilical cord, thus reducing umbilical blood 
flow proportional to degree and duration of the cord 
compression.

Comparing the surveillance systems used for the 
fetus with the adult in a coronary care unit (or the 
fetus monitored by IA) offers useful perspective. In 
the coronary care unit, the patient is usually at rest. 
The role of all the attached devices is to detect any 
perceived abnormality of homeostasis, rhythm, or 
ECO pattern quickly and alert the qualified health
care provider so that proper intervention is as timely 
and appropriate as possible. The FHR-based system 
is quite different. The fetus is not at rest; rather, it 
is obliged to deal with the provocations and impo
sitions of the frequently recurring contractions and 
maternal bearing-down efforts, with their manifold 
effects on blood flow and other systems. EFM there
fore represents the fetus’s answer to the recurrent 
question: “How did you like that contraction?" It 
would doubtless enhance the sensitivity of EFM if 
there were an arrangement with the fetus in such 
a way that decelerations or some other telling sign 
would appear only when the fetus was truly in trou
ble. Unfortunately for those conducting the surveil
lance, nature provided the mature fetus with too 
many resources for manipulating its heart rate and 
cardiac output. Although the fetus does not fail to 
respond to the least hypoxemic stress during labor, 
it also produces decelerations and changes in vari
ability under a bewildering array of behavioral con
ditions mentioned previously that have nothing to 
do with any threat to health or well-being. This hap
pens to such an extent that any notion of using a sin
gle short-lived feature of the tracing to assess fetal 
well-being can result in undesirable interventions 
and terror in both the providers and the mother.

trinciples of Fetal Heart Rate Monitoring
Anyone using the technique must understand the 
physiologic principles of FHR monitoring, as well 
as the technical and logistical pitfalls that impede 
the ability to realize the objectives originally vouch
safed for EFM. FHR patterns before and during labor 
depend on numerous factors, including gestational 
age and behavioral state of the fetus, as well as 
medication, infection, anomalies, arrhythmias, and 
maternal disease [42,43], Beyond these, FHR pat
terns during labor are also influenced considerably 
by contractions and expulsive efforts of the mother, 
as well as the station, position, attitude, molding of 
the fetal head, and a host of other local factors such 
as infection (Table 22.2) [44-47],
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TABLE 22.2 Factors Influencing Fetal Heart Rate Pattern

Gestational age Behavioral state -  stimulation
Hypoxia/ischemia Drugs
Infection/fever Anemia
Arrhythmias Anomalies
Maternal bearing-down Uterine contractions

efforts Seizures, other CNS events
Position of the head

CNS, central nervous system

BASELINE HEART RATE

The normal baseline FHR is defined as the per
sistently stable rate in the. absence of contractions 
or other provocations [45]. The baseline rate can 
be considered a very narrow range, perhaps 5 to 
10 beats/min at best and is usually characterized 
according to the rate to the nearest 5 beats/min, 
die stability of the rate, and the presence of short- 
and long-term variability in the interval between 
contractions [45], As gestation progresses, matura
tion of the autonomic nervous system occurs, with 
increasing vagal dominance in control of the heart 
and a gradual decrease in rate. The mean heart 
rate is somewhat higher early in gestation than at 
term, but rates above 160 beats/min are unusual in 
healthy fetuses at any time after 24 weeks of gesta
tion. The normal fetus establishes a unique baseline 
rate at any particular time during pregnancy, usu
ally contained within the population-derived nor
mal range between 110 and 160 beats/min [46], For 
the purposes of monitoring the individual fetus dur
ing labor, its baseline rate (and variability) should 
be established in early labor (hereinafter referred 
to as the basal rate) and retained as the reference 
point for comparisons with later determinations of 
the baseline rate.

Tachycardia and Bradycardia
The definitions of baseline tachycardia (rapid heart 
rate) and bradycardia (slow heart rate) are fre
quently described as single values outside the range 
of “normal" (e.g., 110-160 beats/min) that last for 
at least 10 minutes [47], A more physiologic and 
clinically important approach uses the fetus as its 
own control and assesses changes in the baseline rate 
over time, regardless of whether the rise of fall in the

rate has exceeded a unique threshold, for example, a 
fetal rate that begins at 155 beats/min in early labor 
and rises to 160 beats/min (tachycardia by the pre
vious definition) represents much less of a problem 
than a rise from 110 beats/min to 155 beats/min 
(technically does not qualify for tachycardia) from 
a baseline of 110 beats/min. The authors refer to 
these changes as relative tachycardia or bradycardia. 
For this purpose, it is necessary to use the term basal 
heart rate, established on admission, as the refer
ence point for subsequent changes, and not simply to 
allow the baseline to increase or decrease over time 
with periodic revision of “the baseline rate.” Thus, 
if the basal fetal heart rate on admission were about 
135 beats/min, a rise to a persistent 150 beats/min 
should be considered a relative tachycardia, whereas 
a fall in heart rate to a persistent 120 beats/min, even 
with normal or increased variability, would repre
sent relative bradycardia. Neither should be consid
ered part of the normal range of this particular fetus 
(see Table 22.2).

Several factors, some benign, can increase the 
heart rate, including fever, cardioactive drugs, mater
nal dehydration, arrhythmia, and hypoxia (with 
decelerations). In a m other with a fever, the fetus has 
both a higher temperature and an elevated rate pro
portional to the maternal fever. If the fetal tachycar
dia persists despite the reduction in maternal fever, 
then the fetal tachycardia is no longer passive but 
likely reflects fetal infection.

There are dramatic differences in the speed with 
which tachycardia or bradycardia can develop. The 
authors attempt to both classify and illustrate these 
differences in the ensuing tables, illustrations, and 
text (Tables 22.3 and 22.4). The development of 
tachycardia during labor can represent the slow, pro
gressive rise in baseline that has occurred over many 
hours and, without decelerations, can be related 
to the development of dehydration, maternal fever, 
use of epidural anesthesia, medications (e.g., terbu- 
taline, atropine). Fetal tachycardia developingin asso
ciation with fetal hypoxia invariably is associated with 
decelerations before the rise in the heart rate. It is 
unlikely, however, that the rise in rate accompa
nying tachycardia will be above about 160 to 170 
beats/min. When the tachycardia reaches higher 
levels, maternal fever or drugs such as ephedrine are 
usually implicated. Conversely, a sudden, sustained 
increase in rate could represent either an arrhyth
mia, or, especially in the second stage of labor with
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I ABLE 22.3 Potential Causes of Fetal Tachycardia* TABLE 22,4 Potential Causes of Fetal Bradycardia*

Causes C om m ent Causes Comments

Decelerations absent
• Evolutionary -  over 

many minutes/hours 
Maternal fever 
Fetal infection

Medications

Anemia (chronic)

■ Progressive -  over 
minutes 

Maternal anxiety 
Atropine

administration
Abrupt
Tachyarrhythmia 
Neurologic injury 
Terminal tachycardia

Decelerations present
• H ypoxia

• A nem ia

Passive tachycardia 
Unrelated to maternal 

tem perature 
Narcotics, tranquilizers, 

barbiturates, Ivtam im etu 
ephedrine -  saltatory 
pattern 

Sinusoidal - highly variable 
response

Can be preceded by 
decelerations, but no 
decelerations with 
tachycardia

Associated with decreased 
variability 

Recent, more severe loss but 
not exsanguination

“%tee text for details,

a problematic tracing, or a neurologic injury sepa
rate from any effects of fetal hypoxia [48,49], The 
authors have identified these tracings as terminal 
tachycardias.

Sustained, low baseline rates, in the range of 50 
to 80 beats/min, especially when lacking variabil
ity, can be the consequence of profound asphyxia 
or the manifestation of an arrhythmia, most com
monly congenital heart block (Table 22.4), Con
genital or acquired heart block, which can be diag
nosed by ultrasonography or direct evaluation of 
the fetal ECG obtained from the scalp electrode, 
is seen as a stable baseline rate in the range of 
50 to 80 beats/min with no decelerations. About 
20% of affected fetuses have structural congenital 
heart disease, and a considerable number of moth-

Asphyxial -  severe

• Cord prolapse

• Uterine rupture
• Medication -  anesthetics

(intoxication)
• Severe fetal hemorrhage
• Maternal hemorrhage or

profound hypotension
• Uterine tetany/abruptio

placentae 
Other causes
• Maternal hypothermia
• Congenital heart block
• Head compression

• Cord Compression

Previously normal rate or 
tachycardia and 
decelerations 

Prolonged decelerations, 
often abrupt onset

Absent FHR variability 
Usually with prolonged 

pushing -  second stage 
Increased variability -  

stScond-stage bradycardia

FHR, fetal heart rate 
’See text for details.

ers have a connective tissue disease, most com
monly systemic lupus erythematosus [50-56], Peri
natal infections such as cytomegalovirus as well as 
hypoglycemia have also been implicated as causes of 
fetal bradyarrhytbmias [57-60], When bradycardia 
represents severe asphyxia (really a prolonged decel
eration) then, in addition to absent variability, the 
fetus is often unable to maintain a stable heart rate, 
and decelerations might not be present or might be 
too difficult to classify in such situations.

The irregular fluctuations observed in heart rate 
pattern recordings reflect the variability of the FHR 
around the baseline rate. The seemingly random 
irregularity of the heart rate pattern results from 
the various inputs competing at different frequen
cies, influencing the rate through autonomic path
ways [61-64], Autonomic input and control of the 
heart comes from the medulla oblongata controls.
1 he heart functions in response to a complex array 
of inputs from the hypothalamus and cortex. As 
the fetus matures, variability increases, and periodic 
fluctuations in heart rate, fetal activity, and other 
features of the fetal state become more complex 
and better organized into epochs of rest and activity
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that are generally known as behavioral states [35,65- 
68]. These biologically programmed variations in 
fetal activity are most obvious in antepartum mon
itoring, but they persist into labor in most fetuses 
and can be recognized despite competing inputs 
from uterine activity and other factors associated 
with labor [34,35], Recognition of these spon
taneous shifts in the character of the FHR pat
tern (which are accompanied by state changes in 
fetal movements, EEG patterns, and other physi
ologic events) is an important aspect of the clin
ical interpretation of heart rate patterns, one that 
has not previously received sufficient emphasis. 
This understanding of the impact of behavior on 
the FHR pattern anticipates the use of these pat
terns to infer abnormal fetal behavior from imma
turity, sedation, or injury in the absence of hypoxia 
[69-72],

Superimposed on the intrinsic rhythm of the 
sinoatrial node (which can itself be altered by 
catecholamines, body temperature, pharmacologic 
manipulation, hypoxia, and other factors) are ser- 
vocontrol mechanisms mediated through barorecep- 
tors and chemoreceptors. These receptors are located 
in several areas of the central circulation and alter 
heart rate through brain or spinal cord reflex mech
anisms. In this manner, respiratory sinus arrhyth
mias, intrinsic oscillatory mechanisms in the barore- 
flex loop, and peripheral resistance all influence 
FHR variability [62-64]. Temporary or permanent 
brain injury can reduce variability, as can neuro
toxic agents, hypoxia, and perhaps hypercapnea 
and acidosis [61]. The responses of variability to 
hypoxia are complex. Acute decreases in P0 2  can 
increase it, but chronic hypoxia reduces variability 
[62,63],

Although it has been recommended that only 
a single measurement of variability be used clini
cally, in fact, at least two components of baseline 
variability can be identified (Table 22.5) [73,74]. 
Short-term variability is a consequence of the irregu
larity in intervals between consecutive pairs of heart
beats (average perhaps 1-2 beats/min/beat). This 
variability is produced primarily by small, seemingly 
random fluctuations in efferent vagal tone [75,76], 
Long-term variability represents the broader, more 
predictable oscillations in heart rate that occur with 
an amplitude of 5 to 15 beats/min and a frequency 
of approximately 2 to 6 cycles/min. These oscilla
tions are probably influenced primarily by changes

TABLE 22.5 Classification of Variability

Classification Interpretation

Absent Amplitude range undetectable
Minimal Amplitude range detectable, but

5 beats/min or fewer
Moderate (normal) Amplitude range 6-25 beats/min
Marked Amplitude range greater than

25 beats/min

in sympathetic activity and numerous other inputs 
that do not influence short-term variability per se. 
Increasing the heart rate (acceleration or tachycar
dia) diminishes variability.

In circumstances in which both sympathetic tone 
and vagal tone are increased, the effect of the vagus 
will predominate and produce a lower rate and 
increased variability. Indeed, it is likely, at least 
in Cephalic presentation, that contractions increase 
both sympathetic tone and parasympathetic tone 
[77],

Although long- and short-term variability gen
erally change simultaneously, sometimes they can 
vary independently. Short-term variability is the more 
important indicator of fetal well-being. Variability 
should be viewed clinically as a reflection of the 
ability of the fetus to adjust heart rate to the need 
for subtle changes in cardiac output. Variability 
should not be interpreted in isolation but rather 
as a component of longer periodic changes related 
to fetal state (rest-activity cycles), fetal breath
ing movements, and circadian or ultradian rhythms 
[78-81],

Decreased variability is a consequence of an aber
ration in the normal autonomic control of heart 
rate and has several causes (Table 22.6). Premature 
fetuses normally have reduced variability compared 
with those at term. All barbiturates, tranquilizers, 
anesthetic agents, and narcotics, as well as parasym
pathetic blocking agents, have the capacity to reduce 
fetal heart rate variability when they are given to the 
m other [82],

This is a predictable pharmacologic response, 
the duration and extent of which vary in direct 
proportion to the amount of drug administered. 
Whereas acute hypoxemia can transiently increase 
baseline variability, significant chronic reductions 
in P0 2  are associated invariably with diminished
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TABLE 22.6 Abnormalities in Fetal Heart Variability*

Observation: Possible 
Causes Comment

Decelerations absent:
* Neurologic injury
• “Sleep states" Reflect normal variation in 

behavioral state
• Maternal fever Associated with tachycardia
* Fetal infection Unrelated to maternal 

tem perature
* Medications Narcotics, tranquilizers, 

barbiturates, betamimetics. 
Atropine

• Anemia -  chronic Sinusoidal pattern: highly 
variable response

• Anxiety Usually with tachycardia
• Tachycardia Any cause
• Congenital anomaly Common with neurologic, 

cardiac anomalies
• Arrhythmia Including tachyarrhythmia 

with heart block during

Decelerations present: deceleration

• Hypoxia Associated with decelerations, 
and rise in FHR baseline of 
some duration

• Agonal pattern Unstable baseline, nondescript 
decelerations, 
electromechanical

Increased variability:
(saltatory pattern)

• Ephedrine effect
• Active labor
• Second stage

dissociation

I®  tdxt.for details;

short-term variability. W ithout accompanying 
decelerations, however, decreased baseline variabil
ity during labor should not be interpreted as oxygen 
deprivation.

As emphasized previously, the most common 
explanation for diminished variability in well- 
oxygenated fetuses is a period of reduced arousal, part 
of the normal sequence of state changes. Stimulation 
of such fetuses by pressing on their head during 
a vaginal examination, pushing on them through 
the m other’s abdominal wall, or performing a scalp 
blood sample often provokes a transient increase in 
variability and sometimes a FHR acceleration. These 
responses indicate that the diminished variability is

probably not indicative of either severe hypoxia or 
extant brain injury.

A fetus entering labor with persistent lack of vari
ability cannot b^ defined as having normal neu- 
rologic potential. If there has been no preceding 
testing, then the differential diagnosis is broad and 
includes! drug effect, placental insufficiency, infec
tion, genetic disorders, anemia, neurologic injury 
(e.g., infarction, hemorrhage, asphyxia), congenital 
anomaly, or CNS tumor. If the preceding FHR pat
tern has been reactive, then, absent any other clini
cal condition or medication, there is a presumptive 
diagnosis of neurologic injury.

Patterns with increased baseline variability (>25 
beats/min) are sometime referred to as saltatory or 
jumping patterns. These patterns appear in about 
4% of term tracings and are singularly uncom
mon in preterm fetuses. They are most commonly 
seen during active labor, after high-dose parenteral 
ephedrine administration (>30 mg), with uterine 
hyperstimulation, or too-frequent expulsive efforts 
in the second stage. Normal variability is usually 
demonstrated both before and after the saltatory 
pattern episode. Increased variability (the saltatory 
pattern) is no more normal’ than is decreased vari
ability. It should be viewed as a period of stress for 
the fetus and can auger obvious decelerations. In the 
absence of abnormal periodic FHR changes, and in 
conjunction with short-term and long-term variabil
ity, the saltatory FHR pattern is considered “benign” 
from an acid-base standpoint (see discussion later) 
[83], With abnormal features, including no vari
ability, decelerations, and tachycardia, they repre
sent additional adverse commentary [84], In some 
instances, markedly increased or bizarrely exagger
ated variability can represent fetal seizures (Table 
22.6).

In the absence of decelerations, loss of variability 
during labor is most likely a response to drugs, dehy
dration, or a behavioral state change and very unlikely 
to represent fetal hypoxia.

When only short-term variability is present, how
ever, the tracing is usually considered acceptable. 
When only long-term variability is present, at its 
extreme, it represents a “sinusoidal” pattern and 
can represent something ominous, such as severe 
anemia or neurologic injury. Whereas most atten
tion has been paid to the abnormalities associated 
with decreased (<5 beats/min) or absent (<2 beats/ 
min) long-term variability, increased variability
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(>25 beats/min -  frequency >5 cycles/min or 
saltatory) is no more normal than is decreased 
variability. The National Institute of Child Health 
and Human Development (NICHD) classifies vari
ability only as long term but considers the sinusoidal 
pattern separately from long-term variability [45].

HEART RATE PATTERNS AND 
FETAL WELL-BEING
The normal term FHR pattern reveals numer
ous features corresponding to various behavioral 
states (Figure 22. IA and B). These include a stable

WHpr

A

FIGURE 22.1.
Reactive tracings. A, Normal variation in FHR pattern: accelerations, normal variability, and cyclic changes reflecting 
the fetal behavioral state (sequence: quiet sleep, REM sleep, and active sleep). B, EFM tracing with coalescence of 
accelerations and a “sinusoidal” pattern. These sinusoidal oscillations correspond to fetal sucking and are benign. See 
text for details.
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baseline rate and no decelerations and alternat
ing epochs of 1] decreased variability and absent 
accelerations (sleep/rest), and 2) average variability 
and accelerations associated with fetal movement 
(awake/active] [66,74,85], These features, includ
ing the cyclic activity, permit the assessment of both 
normal fetal behavior (neurologic integrity) and the 
absence of hypoxia. They represent the fundamen
tal property of the normally functioning fetus that 
will not deteriorate from hypoxia, sepsis, or trauma 
without obvious changes in baseline rate or variabil
ity, often but not invariably associated with decel
erations. As mentioned previously, not all changes 
in rate and variability represent hypoxia or deteri
oration, and if only brief segments of the tracing 
are analyzed, some of these normal features of the 
rest cycle could be interpreted as indicating adverse 
conditions. Thus, brief periods of no variability (fetal 
sleep) and sinusoidal heart rate pattern (fetal suck- 
ing) should not be confused with fetal abnormality.

With no decelerations during labor, these patterns 
can be observed for reasonable periods before one 
considers intervention.

In estimation of fetal well-being, the two most 
important considerations of the baseline are stability 
and the presence of nomicil variability (not increased 
or decreased) -  even in the presence of decelerations. 
In any tracing review, look at the beginning of the 
tracing to establish the basal rate, the variability, and 
any epochal changes associated with normal fetal 
behavior.

FETAL DETERIORATION 
WITHOUT HYPOXIA

As the fetus deteriorates before the onset of labor, 
the behavioral cycles become disrupted with length
ening sleep cycles; the variability disappears, and 
the baseline can rise somewhat (Figure 22.2/1). 
Only then do accelerations disappear; decelerations

A

B

FIGURE 22.2.

I n d n o T l  °fn0nref aCtiVf  patternS- \ Note nonreactive pattern with occasional accelerations, minimal variability
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FIGURE 22.3.
Agonal patterns: Tracing, A, Long-standing asphyxia with absent variability, unstable baseline rate, and bradycardia 
occurring just prior to death. B & C, The baseline is unstable and falls with nondescript periodic changes 
(electromechanical dissociation and shock). The infant was profoundly hypoxic and died shortly after birth. See text 
for discussion.

appear with contractions (Figure 22.3/1), the base
line becomes unstable, it falls, and the fetus dies 
(Figure 22.3B and C) [78]. The fetus represented 
in Figure 22.3 had a true knot in the umbilical cord. 
An emergency cesarean delivery at tracing outset is 
highly unlikely to have resulted in a different out
come.

FETAL DETERIORATION FROM HYPOXIA

The classification of decelerations and their pro
posed mechanism appears in Tables 22.7 and 22.8. 
It is critical to the understanding of FHR pat
terns that in the presence of uterine contractions, 
any fetal hypoxia is reflected by the appearance of
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TABLE 22.7 Patterns of Fetal Heart Rate Decelerations* 

Early deceleration
• In association with a uterine contraction, a gradual 

(onset -  nadir >30 Sec) decrease in FHR with return to 
baseline

• Nadir coincident with the peak of the contraction 
Late deceleration
• In association with a uterine contraction, a gradual 

(onset -  nadir >30 sec) decrease in FHR with 
return to baseline

• Onset, nadir, and recovery occur after the beginning, 
peak, and end of the contraction, respectively.

Variable deceleration
• An abrupt (nadir <30 sec), decrease in the FHR below 

the baseline
• Decrease in FHR of >15 beats/min, with a duration 

>1 5 sec but <2 min
Prolonged deceleration
• Decrease in the FHR below the baseline
• Deceleration is >15 bpm, lasting >2 min, but <10 min -  

onset to return

6 9 4  SCHIFRIN, COH EN

FHR, fetal heart rate
* See -test for details.

TABLE 22.8 Mechanism and Physiologic Responses with 
Decelerations

Deceleration Type

Lates Vari able/Prol onged

Stimulus Systemic
hypoxia

Regional ischemia

"Dive reflex” Absent, BP - Present, BP -
decreased increased

Baseline/ variability Present and Depends on
change required hypoxia/inj ury

Relation to injury Uncommon, Common, can be
late early

Clinical examples Frequent uterine 
contractions

Cord compression

Maternal
hypotension

Head compression

decelerations before a rise in the baseline rate or 
decrease in variability (Figure 22.4) [86,87]. With 
continued mild-to-moderate hypoxia, the decelera
tions persist, accompanied by a rising baseline heart 
rate and a diminution in baseline variability (and 
developing acidosis). As the hypoxia increases, it 
eventually leads to a fixed elevated rate (rarely above 
160 beats/min; Figure 22.5).

As the fetus approaches death, the baseline falls 
and becomes unstable; decelerations can be less 
obvious and less easily separable into type, that is, 
late or variable. With severe or profound hypoxia, 
the initial response can be a prolonged deceleration 
or bradycardia (see Figure 22.3C).

To indicate fetal hypoxia, therefore, transient 
decelerations must provoke a rise in a previously nor
mal baseline rate and a decrease in baseline variabil
ity between contractions, and not in the deceleration 
itself. If the fetal baseline rate is already increased or 
the initial baseline variability is diminished, these 
features might not change. Regardless of the decel
eration pattern (i.e., late, variable, prolonged) , tran
sient decelerations unaccompanied by these baseline 
changes cannot represent developing tissue hypoxia or 
troublesome ischemia. Late-appearing decelerations 
associated with a stable baseline rate and normal 
variability often represent a totally benign behav
ioral pattern of normal fetal breathing (Figure 22.6) 
[88], Thus, in the absence of changes in baseline 
rate and variability, there is no meaningful distinc
tion among late, variable, even prolonged decelera
tions (Figure 22 ./). Prolonged decelerations arising 
from a previously normal FHR patterns are rarely 
of (acid-base) consequence if the deceleration sta
bilizes at 80 beats/min or above, and especially 
if variability is maintained within the deceleration 
(see later discussion and Figure 22.8) [89,90], In 
clinical circumstances, such as occur in this case, 
responsible care requires cessation or modification 
of pushing, and curtailment of oxytocin. It is rea
sonable to anticipate a normal outcome. Similar pat
terns occur in the first stage of labor following epidu
ral anesthesia and uterine hyperstimulation related 
to oxytocin or abruptio placentae.

If decelerations are accompanied by a rising base
line and decreasing variability, the prognosis becomes 
guarded regardless of the type of decelerations, vari
able or late (Figure 22.9). In this case, at the start 
of the second stage of labor, the FHR pattern 
was normal, without decelerations. With pushing, 
variable decelerations with progressively decreas
ing variability and tachycardia occur. These decel
erations represent recurrent ischemic events with
out specific diagnosis of injury. The frequency 
of contractions should be diminished and expul
sive efforts moderated. A similar approach is 
taken with prolonged decelerations that fall below 
80 beats/min and lose variability (Figure 22.10,4
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A

W 1

FIGURE 22.4.
Late decelerations. A, The previously normal fetus develops late decelerations following epidural anesthesia and 
maternal hypotension. B, This pattern recovers rapidly once the hypotension resolves. Note the rising baseline and  
decreasing variability.

FIGURE 22.5.
Late decelerations. Decelerations are combined with tachycardia and absent variability.
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FIGURE 22.6.
Spurious late decelerations. A, These changes represent breathing movements with induced contractions B Fetal
breathing movements are reflected on the uterine contraction channel as high-frequency, low-amplitude oscillations 
1 tie pattern is entirely benign.

FIGURE 22.7.

f o r 'a d d i t i o Z u i l Z s io ? 6 ^  remains stahle’ and variability is maintained despite decelerations. See text
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LEFT SIDE SUPINE LEFT SIDE Tr*ndel*nb«rg

FIGURE 22.8.
Prolonged decelerations. The pattern is initially normal, but excessive uterine activity occurs because o f  oxytocin and  
compulsive second-stage pushing. Notice the maintenance o f  variability.

FIGURE 22.9.
Variable decelerations -  deteriorating status.

and B). Especially in Figure 22.1 OC, note that in this 
essentially normal tracing, with the onset of pushing, 
recurrent variable decelerations appear that extend 
beyond the contractions. Relentless pushing precip
itates prolonged decelerations that do not recover. 
Urgent delivery (rescue) is indicated. This tracing 
does not permit the diagnosis of injury only that 
an acute and rather profound ischemic event just 
before delivery has occurred. More responsible con
trol of the pushing probably would have eliminated 
both the ischemic assault and the need to rescue the 
fetus.

The pattern of decelerations provides impor
tant insights into the mechanisms and physiologic 
responses of hypoxia: The fetus can suffer hypoxia 
that is related either to 1) a decreased availability of 
oxygen (hypoxemic hypoxia], or 2) a decreased blood 
supply related to interference with blood flow to 
the brain or placenta, and only secondarily to inter

ference with oxygen availability (ischemic hypoxia]. 
The authors consider those changes associated with 
late decelerations hypoxemic, whereas those associ
ated with variable or prolonged decelerations of sud
den onset ischemic (see Table 22.8). The bases for 
this distinction are derived from numerous clinical 
and experimental research publications [86,87,91- 
96,97-109]. The distinction is important because of 
the markedly different ways that the fetus responds 
to such oxygen limitations, in both the speed of dete
rioration and relationship to subsequent injury.

Late decelerations represent an early response to 
fetal hypoxemia, even before the rise in baseline 
rate and diminution in baseline variability. When 
associated with a rising baseline rate and decreas
ing variability, these decelerations are accompanied 
by a transient hypotension during the deceleration 
and a slow decrease in oxygen availability and CBF 
[110,111]. They can be tolerated for many hours
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FIGURE 22.10.
Prolonged decelerations. A, This previously normal EFM tracing develops a prolonged deceleration without 
either stabilization or variability. This is an acute ischemic/hypoxic event, for which intervention is mandatory.
B, C, In this tracing, variable decelerations progress to a prolonged deceleration during second-stage labor. 
Note the frequent contractions (11 in 15 minutes!) and exuberant pushing. Note also the initially stable 
baseline rate, average variability, and no decelerations in the upper panel. See text for details.

ak
us

he
r-li

b.r
u



Fetal Assessment 6 9 9

while the fetus accumulates a systemic metabolic 
acidosis [ 112]. As the hypoxia and acidosis increase, 
the FHR becomes fixed (no variability) usually with 
tachycardia (relative) and continuing decelerations. 
The decelerations at this time might be quite mini
mal in amplitude but are usually discernible because 
of the marked reduction in the amount of both long- 
and short-term variability.

Eventually the severity of the acidosis and the loss 
of energy substrate conspire so that the fetus can no 
longer maintain cardiac output. As a result, perfu
sion of the brain and other vital organs diminishes, 
and injury supervenes as the fetus approaches death. 
The monitor shows this as an unstable, diminishing 
heart rate, less obvious decelerations with no vari
ability, and ultimately asystole (so-called agonal pat
tern) . This is the "pure" sequence of hypoxic changes 
that most likely result in severe acidosis at birth, 
prolonged low Apgar scores, and severe neonatal 
encephalopathy [113]. The initial appearance of 
late decelerations is an early marker of hypoxia, even 
before the appearance of acidosis. As such, it is, early 
in the course, a poor marker for subsequent poor 
outcome at delivery or long-term outcome [114]. 
Factors associated with the early appearance of late 
decelerations include fever, frequent or prolonged 
uterine contractions, maternal hypotension or hypo
volemia, placental disease, and anemia. Late deceler
ations with persistently diminished variability appear
ing in a fetus early in labor suggest a previously injured 
fetus unable to tolerate the stresses of uterine contrac
tions.

Conversely, variable and prolonged decelerations 
are acute anticipatory responses to any diminution 
in cerebral or umbilical blood flow (ischemia). The 
rapidity of the onset and the depth of the decel
eration result from an exuberant increase in fetal 
peripheral resistance and a rise in blood pressure, 
with redistribution of blood flow within the fetus 
so that flow to the vital structures in the organ
ism (i.e., the brain, the adrenals, the heart, and the 
placenta [99,115,116]), are maintained, and flow 
to less critical areas (i.e., the gut, skin, and mus
cles) are sacrificed. This situation is analogous to the 
dive reflex and is similar to that found in a diving 
mammal, including humans [117,118]. Whereas 
with late decelerations there is no interference with 
the circulation, no redistribution of blood flow, and 
hypotension during the deceleration, with variable 
decelerations the fetal blood pressure is elevated

(to overcome the obstruction to flow), and there 
is a redistribution of blood flow. Under these man
ifold responses and redirection of blood flow, spe
cific areas of the fetus from which blood has been 
shunted or where flow has been inadequate can suf
fer injury in a short time, even without ongoing 
systemic hypoxia [119,120]. Variable decelerations 
deteriorate with much the same baseline changes 
as late decelerations (i.e., decreasing variability and 
rising baseline rate) but the time is much more vari
able.

For these physiologic adaptive reflexes to pro
tect the brain, meaningful obstructions to blood 
flow must be overcome. As the result of frequent 
contractions, expulsive efforts, malposition of the 
fetal head, and nonprogressive labor, CBF can some
times be diminished beyond the capability of the 
fetus to adapt. The functional embarrassment of 
the fetus during variable decelerations is more likely 
to occur with contractions occurring frequently and 
are revealed by a host of “atypical” features. “Typ
ical” responses include pre- and postdeceleration 
accelerations, when variable decelerations with nor
mal baseline variability are preceded and followed 
by small accelerations, sometimes termed shoulders 
(see Figure 22.7). In these circumstances, the fetus 
maintains a stable baseline rate and normal variabil
ity. In the study by Kazandi, for example, there was 
no danger of a deteriorating fetal hemodynamic sta
tus when decelerations were typical and contrac
tion frequency was normal [91]. The risk of fetal 
hypoxia/damage and admission to a neonatal inten
sive care unit [NICU] was quite high when con
tractions came more frequently or atypical variable 
decelerations were present [91]. Atypical features 
include 1) slow return of the fetal heart rate 
to the baseline; 2) loss of variability during the 
decelerations; 3) loss of initial and/or secondary 
accelerations; 4) persistence of secondary acceler
ation (overshoot); 5) continuation of the baseline 
FHR at a lower level; and 6) biphasic decelerations. 
These atypical features, however, can be grouped 
more simply by determining whether the deceler
ation has an observable impact on either the base
line rate or its variability. For example, the erratic 
accelerations that precede or follow variable decel
erations can be considered benign when the base
line rate and variability are maintained. Conversely, 
smooth accelerations after variable decelerations 
or overshoots associated with persistently absent
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FIGURE 22.1 1.
Variable decelerations, "overshoot," and no variability.

variability and no preceding accelerations are clearly 
associated with adverse outcome, both immediate 
and long-term drop in heart rate [91-94,121], In the 
latter situation, the overshoot following a variable 
deceleration of any amplitude connotes an abnor
mality of neurologic control over FHR and can be 
seen in the neurologically injured fetus or after 
atropine administration (Figure 22.11) [ I 21 ]. Refer
ring to the illustration, notice the stable baseline rate 
during the tachycardia. This ominous pattern in a 
fetus with a previously reactive pattern represents 
fetal injury and is associated with poor outcome. 
The degree of acidosis is highly variable, and inter
vention at anytime is unlikely to alter outcome.

When the rate at the nadir of a variable or 
prolonged FHR deceleration falls below about 90 
beats/min, cardiac conduction defects, in the form 
of nodal or junctional rhythms, are common. Tran
sient episodes of fetal cardiac asystole lasting sev
eral seconds can also develop in this context [122], 
Nodal rhythms produce flat heart rates at the nadir 
of the deceleration. A brief period of loss of vari
ability at this time does not imply more severe oxy
gen deprivation; it is simply a function of the usu
ally transient change in cardiac pacemaker from the 
sinoatrial node to the area of the atrioventricular 
node. If the duration of this flat heart rate at the 
bottom of the deceleration exceeds 1 to 2 minutes 
(prolonged deceleration), however, preparations for 
intervention should be begun.

Recovery of prolonged decelerations is usually 
associated with a prompt resumption of variabil
ity, but there sometimes are late decelerations or 
tachycardia during the recovery period. The extent 
and duration of these reactive tachycardias reflect 
the severity of the hypoxemia that developed during 
the period of reduced heart rate. In other words, the

more rapidly the heart rate returns to its previous 
rate and variability, the more limited the hypoxic 
insult has been during the deceleration. The authors 
have observed sustained tachycardia out of propor
tion to the duration or severity of the deceleration in 
the presence of acute fetal intracranial hemorrhage 
and other cerebral injuries during labor [48],

Epidural anesthesia can induce late or prolonged 
decelerations and decreased variability [123-126], 
These changes occur most frequently when mater
nal hypotension or excessive uterine activity devel
ops and are largely preventable through adequate 
prehydration and proper maternal positioning to 
avoid aortocaval compression by the uterus, or by 
withholding an epidural in the case of preexist
ing pathologic decelerations or uterine hyperstim
ulation. Even without the development of a doc- 
umentable fall in blood pressure, the sympathetic 
blockade that accompanies epidural anesthesia can 
result in a redistribution of maternal cardiac out
put, which will preserve flow to vital organs at the 
expense of the uteroplacental unit. This effect is 
most obvious if intravascular volume is marginal or 
reduced. In most patients with FHR changes follow
ing an epidural, the tracing will return to normal 
even without therapy [126].

As mentioned previously, a prolonged deceler
ation can sometimes evolve into a serious acute 
asphyxial (ischemic] emergency. In such cases, the 
FHR is flat after several minutes, and the rate spi
rals subsequently gradually downward. These situa
tions often have a clinical explanation for the prob
lem, such as extensive placental abruption, fetal 
exsanguination from a vasa previa, or a massive 
fetal-maternal hemorrhage. Persistent bearing-down 
efforts in the presence of a malposition can pro
duce a similar heart rate pattern. When prolonged
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decelerations occur in the terminally asphyxiated 
fetus, they usually have been preceded by a long 
sequence of late or variable decelerations and no 
variability. Under these circumstances, bradycardia 
is a very late sign of fetal hypoxia.

When recurrent decelerations coexist with reduced 
variability, a major degree of fetal oxygen deprivation 
very probably exists. Relative baseline tachycardia is 
common but is rarely above 160 beats/min unless 
maternal fever is present. Ominous patterns occur 
in the late stages of acute oxygen deprivation but 
can also be observed when central neurologic injury 
already exists. Although using all possible efforts 
to optimize uterine blood flow and to release cord 
compression is appropriate, recovery from these pat
terns is unlikely, and most often expedient delivery 
is necessary. Urgent intervention does not ensure 
delivery of a child that will survive or be neurologi- 
cally intact, however.

D E C E L E R A T IO N  R E C O V E R Y

In the evaluation of decelerations, recovery from a 
deceleration sequence means a return to the prej 
viously normal baseline rate and variability. When 
the fetus recovers from even significant hypoxia or 
ischemia, first the decelerations diminish in ampli
tude, then disappear; only then do the baseline rate 
and variability return to normal. Disappearance of 
decelerations alone or the apparent maintenance 
of FHR variability of the baseline is insufficient 
to declare the fetus “recovered.” Regardless of the 
type or duration of the deceleration, recovery, as 
defined here, appears to make it highly improbable 
that brain injury has occurred during the episode. 
Abnormalities in the recovery of the individual vari
able or prolonged deceleration, whether because of 
late recovery or increased variability (i.e., atypical) 
variables, represent yet-uncompensated responses 
to the hemodynamic changes associated with head 
or umbilical cord compression.

Many classify the severity of decelerations based 
on their duration and the amplitude but not on 
recovery [47], These former features have not been 
shown to be predictive of adverse outcome, and 
although some have suggested a benefit to mea
suring the duration or amplitude of the deceler
ations [127], for the most part, there appears to 
be little clinical benefit to making these distinc
tions. Paul and colleagues showed that the sever

ity of the acidosis with late decelerations was pri
marily a function of the amount of variability in 
the baseline and not reasonably of the amplitude 
or the duration of the deceleration [128]. Zalar 
and Quilligan and Visser and others showed that 
pH was almost invariably normal in fetuses with 
poor variability, providing there were no decelera
tions [129]. Kubli and colleagues showed a similar 
dichotomous division of pH results with fetal tachy
cardia [130], Those fetuses with tachycardia and no 
late decelerations had normal pH values, whereas 
those with late decelerations were more likely to 
be acidotic. Fetuses with persistent bradycardia dur
ing the second stage of labor are usually normal 
[62,75,90,131-135], Thus, in the spirit of preven
tive care, there seems no reason in waiting until sig
nificant decelerations (those with early abnormali
ties of baseline rate or variability) reach a certain 
amplitude or duration before undertaking (usually 
conservative) methods of intervention.

Those experienced in reading EFM tracings are 
invited to look again at Figures 22.4, 22.7, and 
22.9. Instead of looking at the entire tracing, how
ever, imagine that the dotted boxes are opaque 
and that they begin with the onset of the contrac
tion and cover the entire contraction along with 
the associated decelerations. Based only on the lim
ited information available with the opacification of 
the fetal response to the contraction, the reader 
should attem pt to answer the question of whether 
the description of the amplitude, duration, and type 
of deceleration makes a meaningful impact on the 
interpretation of the tracing. In Figure 22.7, the 
decelerations are variable and occur frequently, with 
every contraction. Indeed, the fetus spends more 
time decelerating than it does at baseline (see rec
ommendation about pushing later). Notice also that 
despite the high frequency and amplitude of these 
variable decelerations, the baseline rate and the vari
ability, which can be determined after each and 
every contraction, are maintained. Under these cir
cumstances, what is being observed is probably the 
effects of intermittent head compression (in this 
case in an occiput posterior fetus), in which there is 
no basis to believe that the fetal condition is deteri
orating or that the fetus is acidotic. These intermit
tent ischemic events are well tolerated by the fetus. 
No intervention is required as long as there is good 
progress in labor and reasonable expectation of safe 
vaginal delivery.
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In Figure 22.9, there are recurrent late decelera
tions without variability and (relative) tachycardia. 
Does information about the duration, amplitude, 
or type of deceleration affect the interpretation or 
the need for intervention? In the authors’ opinion, 
once decelerations are present in such a baseline pat
tern, intervention is required regardless of the type, 
amplitude, or duration of the decelerations. In this 
example, the fetus is hypoxic, acidotic, and might be 
injured. Immediate delivery is indicated but might 
not prevent a devastating outcome.

The tracing in Figure 22.4 is of a fetus with vari
able decelerations and a rising baseline with decreas
ing variability. The reader should ask, “Which fea
ture in the deterioration of this tracing appears first? 
Is it the loss of variability, the rise in baseline rate, or 
the extension of the deceleration beyond the time 
of pushing?” The authors think that each feature is 
important, and that in the presence of any one of 
them, the deceleration has not been recovered. In 
the authors’ opinion, when any of these features is 
encountered during the second stage of labor, push
ing should be temporarily suspended, rather than 
attempting to “outrace" the fetal distress by request
ing even more forceful pushing from the mother. 
(See Figure 22.10, B, C.) As an aid to recognizing 
these important features of the tracing, the authors 
encourage the user to duplicate the strategy of opaci
fication of the events of the contraction as explained 
earlier by using a straight edge to highlight the pre
vious baseline and then having the observer use 
his/her fingers to cover the contraction to determine 
how much if any residual deceleration or change in 
variability persists after the contraction or pushing.

According to these concepts, most decelerations 
developing during labor either represent no signifi
cant difficulty for the fetus or are remedial with con
servative care (especially, in the second stage, with 
the temporary cessation of pushing). Thus, careful 
control of contraction frequency, avoiding exces
sive uterine activity (with or without oxytocin or 
prostaglandin [PG]), and regardless of any adverse 
response by the fetus, minimizing supine hypoten
sion associated with maternal position or epidu
ral anesthesia, and observing the fetal response to 
pushing in the second stage of labor can forestall 
decelerations from appearing in the first place. Even 
when decelerations are progressive, the change from 
a developing and usually recoverable hypoxia to per
sistent unrecoverable hypoxia is. more or less grad

ual, partly related to the strength and frequency of 
contractions and the amount of head or umbilical 
cord compression from descent and maternal expul
sive efforts. In most instances, therefore, decelera
tions are correctable or failing that, permit timely 
intervention. Occasionally, most especially in the 
second stage, the transition can be abrupt, especially 
if the previous caveats have not been observed (see 
Figure 22.10/1).

There are two patterns of “fetal distress" from 
which clinical recovery has not been documented 
and for which there can be no optimism about a 
salutary outcome: the pattern of injury and the ago
nal pattern preceding death. The pattern of injury 
consists of persistently absent variability and small 
variable decelerations with overshoot (see Figure 
22.11) when there has been a previously reactive 
or reassuring nonstressed test (NST). The reversion 
of this pattern to a normal pattern is an extraordi
narily rare event, although it has been seen in the 
presence of severe maternal ketoacidosis. The pat
tern appears in about 0.2% of all patients undergo
ing monitoring; however, it occurs in about 50% of 
fetuses (in cases reviewed for allegations of malprac
tice) subsequently developing neurologic disability 
(cerebral palsy) [136]. Even in a group of patients 
evaluated for malpractice, about one half of the 
fetuses will have suffered injury prior to labor [121], 
Most patients with this pattern will have normal 
pH values; only those whose patterns show obvi
ous decelerations also show acidosis. Thus, when 
one encounters this pattern under the circumstances 
described previously, it seems reasonable to antic
ipate a significant problem with the baby and to 
understand that even the most aggressive and timely 
management might not change the outcome.

The agonal pattern (see Figure 22.3B and C) 
demonstrates absent variability, an unstable baseline 
rate, and decelerations of varying type and sever
ity, This pattern normally requires intervention as 
rapidly as possible with reasonable safety for mother 
and fetus [47], Although failing to intervene surely 
results in fetal death, the fetus suffering from this 
pattern might die following delivery or be found to 
already be seriously handicapped regardless of the 
speed of intervention.

Distinguishing between the features of the sud
den bradycardia or prolonged deceleration (see Fig
ure 22.10/1) and the agonal pattern (Figure 22.3C) 
is important. In the prolonged deceleration pattern
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FIGURE 22.12.
Second-stage EFM changes with a fetus in occiput posterior position. See text for discussion.

as seen on Figure 22.10A, the preceding fetal heart 
rate pattern was normal or contained minimal decel
erations unassociated with a rising baseline rate or 
decreased variability. The appearance of the sud
den prolonged deceleration does confirm an acute 
ischemic stress, but it might not by itself be used 
to infer injury. At least as important, prompt inter
vention in the face of a sudden deceleration of this 
type could produce an intact child. As the legends 
for the individual tracings in this chapter empha
size, the sudden appearance of a dramatic bradycar
dia in the absence of obvious predisposing factors (i.e., 
hypotension, uterine tetany) represents the only pat
tern in which the "crash" cesarean delivery seems jus
tified without qualification. In all other situations, 
there might be reason to anticipate recovery with 
correction of a predisposing factor. If the tracing 
is agonal, all in attendance must be reminded that 
although expedited delivery is reasonably dictated 
by the standard of care, intervention might be futile, 
and death or injury are inevitable and probably not 
preventable.

T H E  S E C O N D  STA G E  O F  L A B O R

The second stage of labor begins when the cervix 
has reached full dilation, that is, it has retracted 
around the fetal head. Too frequently, however, 
this is accompanied by instructions to the patient 
to begin compulsive, closed-glottis pushing (bear
ing down). There is universal agreement that the 
frequency of decelerations increases dramatically in 
the second stage of labor, probably because of the 
effects of frequent uterine contractions and mater
nal expulsive forces on the fetal head and the cord.

In the first stage of labor, variable decelerations often 
reflect umbilical cord compression; in the second 
stage it is more likely to result from head com
pression [44,100], These decelerating patterns are 
far more common in the occiput posterior position. 
Intermittent variable decelerations in the first stage 
of labor, the recovery of which should be antic
ipated, tend to recur with greater frequency and 
severity in the second stage.

Although no pattern seems absolutely unique to 
the second stage, increased variability, prolonged 
decelerations (i.e., second stage, or end-stage brady
cardia), and rising baseline are especially common, 
as are variable decelerations (Figure 22.12, 22.10C) 
[75,90,131-135,137], In Figure 22.12, an example 
of an occiput posterior-presenting fetus, variabil
ity, exaggerated accelerations, and recurrent variable 
decelerations accompany active second-stage push
ing. In certain instances, a baseline cannot be estab
lished between contractions and pushing. Immedi
ate modification of the pushing strategy is needed 
and will probably moderate these potentially con
fusing changes.

Alterations of the baseline, especially tachycar
dia, increase the likelihood of associated acidosis 
[90,133,138-141], findings that are confirmed in 
the bovine model [142], Baseline bradycardia is 
not uncommon in the second stage; it is frequently 
related to the pushing strategy and only infrequently 
associated with adverse outcome or acidosis, espe
cially if variability is maintained.

It is widely believed that FHR patterns during 
the second stage of labor are more common and 
more “abnormal” than those in the first stage. In the 
Dublin randomized control trial of monitoring, 40%
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of second-stage patterns could not even be classi
fied [5], Indeed, several investigators have even sug
gested that second-stage FHR patterns require their 
own classification [143-145],

The authors' opinion is that the principles of 
interpretation of FFIR patterns apply regardless of 
the timing of the tracing (i.e. , antepartum, first stage, 
second stage], FHR patterns, the  authors believe, 
including accelerations and decelerations during the 
second stage, are made more difficult to classify, 
not because of the inherent changes in their appear
ance but because of the frequency of contractions, 
but most important with the onset and conduct of 
maternal pushing [143], In the first stage of labor, 
decelerations usually induce treatm ent to diminish 
the frequency of contractions and avoid additional 
stresses. In the second stage of labor, maternal push
ing is often sustained despite decelerations. In this 
circumstance, there might be no opportunity for the 
ietus to recover from one contraction before the 
next one begins. It might not even be possible to 
determine the fetal baseline rate between contrac
tions. As a result, decelerations pile one on top of 
the other, creating virtually any type or duration of 
deceleration pattern, including prolonged decelera
tion. The authors think that the need to assess the 
baseline rate and the variability after each decelera
tion is a critical part of monitoring, especially during 
the expulsive phase of the second stage of labor. In 
the interests offetal safety, there can be no. excuse for the 
maintenance of pushing when there is an unrecovered 
deceleration or the baseline rate or variability is either 
abnormal or undetermined.

Focusing specifically on the second stage helps 
to draw attention to the role of such factors as 
head position, compression, and reduction in CBF, 
as well as pushing strategy in the etiology of fetal 
cardiac decelerations during this period. Fetuses in 
the occiput posterior position, for example, demon
strate an increased likelihood of decelerations and 
adverse outcomes [64],

Excessive Uterine Activity

Observations of the frequency and regularity of con
tractions also assist in the estimation of the feasibil
ity of safe vaginal delivery (see later discussion) and 
whether there is excessive uterine activity. There are 
unfortunate and unnecessary disagreements about 
nomenclature and the need for intervention with

TABLE 22.9 Diagnosis: Excessive Uterine Activity*

Parameter Definition

Frequency >5 PC in 10 min or preferably 
(>7 UC in 1 5 min)

Duration of UC Contractions longer than 90 
seconds

Interval between UC <2 min from peak to peak
Tonus With intrauterine pressure 

catheter -  tone between 
contractions >20 mm HG 

With tocodynamometer -  
coupling, tripling of 
contractions or baseline tone 
• • * > ( )  m .-c  between UC

Duty cycle* <50%

*Note: Any param eter is sufficient to establish the diagnosis. S*a* 
ttext for details.

tDuty-ieyele: term  borrowed from mechanical engineering 
referring to the cycle of operation, starting, running, and 
stopping, that a m otor on interm ittent duty performs each time it 
runs. In this instance; the percentage o f time (in 10 minutes) that 
the intrauterine pressure is aboye the resting tone.

excessive uterine activity [1], For the purposes of 
this chapter, the authors do not use terms such 
as hyperstimulation (excessive uterine activity with 
or without an adverse fetal response), tachysystole, 
polysystole, or hypertonus but instead strictly define 
the several potential components of excessive uter
ine activity (Table 22.9) with the understanding that 
any of the abnormalities represents excessive uterine 
activity, and regardless of any fetal response should 
be scrupulously avoided if at all possible. Excessive 
uterine activity threatens the oxygen supply to the 
fetus, subjecting the fetus to excessive mechanical 
forces that could result in molding, intracranial hem
orrhage, and trauma, and does not reasonably make 
the labor go any faster [146,147],

Many of the cases in which the fetus deteriorates 
during the second stage are related to excessive fre* 
quency of contractions and unrestrained maternal 
pushing. Safety requires that contractions appear no 
more often than every 2 minutes, or more prefer
ably, no more than seven contractions in 15 minutes, 
and that pushing with the contraction should be 
resumed only if the baseline heart rate and variabil
ity have recovered to their previously normal level 
(see previous definition of recovery). Determining 
the significance of second-stage decelerations is best
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approached by analyzing the decelerations without 
maternal pushing. To do this requires curtailing both 
the frequency of contractions (by reducing the oxy
tocin infusion rate] and the m other’s pushing. If the 
deceleration lasts beyond the end of the contraction 
or the baseline rate rises (or cannot be determined) 
between contractions, the mother must modify her 
expulsive efforts temporarily. This might require 
considerable effort and discipline, especially if the 
mother is not receiving analgesia or epidural anes
thesia.

Preferably, if contractions are close together, it 
is best in this situation to encourage the patient 
to push only with alternate contractions. As men
tioned previously, without attending to the decel
eration recovery practitioners sometimes resort to 
even more exuberant pushing, trying to “outrace” 
the fetal distress. Such a strategy often precipitates 
either prolonged decelerations or the decision to 
perform a difficult and perhaps unsuccessful opera
tive delivery. The first obj ective of fetal surveillance 
is to eliminate the fetal distress and then decide on 
the urgency and route of delivery. It is far more: 
appropriate to keep the fetus out of harm ’s way than 
to rescue it afterward.

Complications and Risks
In the absence of factors that place the m other at 
high risk for infection, internal monitoring prob
ably plays a minimal role in fetal or maternal 
infection. Although monitoring might not be an 
important contributor to intrapartum or postpar
tum  uterine infection, it seems reasonable to assume 
that pathogenic bacteria could be introduced into 
the uterine cavity by insertion of these devices 
and produce or promote infection in susceptible 
patients. Uncommonly, trauma to the uterus or the 
placenta has also been reported, with induction of 
maternal bleeding, abruption, or, most rarely, amni
otic fluid embolism. Multiple attempts of insertion 
should be avoided, and restraint is advised in advanc
ing the catheter too firmly into the uterus. There 
have also been wayward applications of the scalp 
electrode. Its application should be limited to the 
occiput, rarely the buttock, and not over the face or 
to an extremity. The authors emphasize that in most 
instances, the external devices are quite sufficient for 
satisfactory monitoring of both FHR and uterine con
tractions. When tracings are inadequate, the invasive

devices should be used, not for better quantification 
of any feature, but for the purpose of obtaining a 
reliable tracing. A direct electrode along with direct, 
continuous recording of maternal pulse is manda
tory if there is any question of whether the pattern 
on the tracing is maternal or fetal [69,148—150].

More important than infection or direct injury 
from fetal monitoring devices are the consequences 
of interventions prompted or provoked by misinter
pretation of monitoring data. Overreaction to abnor
mal but not serious FHR pattern features can lead to 
unnecessary and ill-advised surgical delivery. Simi
larly, failure to appreciate FHR pattern abnormal
ities can result in a failure to intervene appropri
ately and can contribute, to perinatal mortality and 
morbidity. Clinicians willing to commit to under
standing the nuances and pitfalls of fetal monitoring 
will be able to interpret monitoring data, minimiz
ing inappropriate interventions and maximizing the 
probability of good obstetric outcomes.

Pitfalls
Given all the insights that fetal monitoring provides 
about the condition of the fetus, why is it subjected 
to so much criticism and skepticism about its value? 
Rather than further analysis of RCTs, the merits and 
limitations of which have been discussed elsewhere 
[10,11,151,152], instead the discussion now focuses 
on those relevant technical and philosophical issues 
that have received broad discussion in the literature.

NOMENCLATURE

Although several attempts have been made to stan
dardize nomenclature, diverse systems of limited 
compatibility are in vogue throughout the world 
[44,153-156], It is also clear that these classifica
tions function primarily to direct attention to phe
nomena about the tracing (e.g., decelerations, vari
ability, tachycardia}. In each case, the classification 
is deemed relevant only to the detection of and 
response to the hypoxia and acidosis, eschewing 
available insights into fetal behavior and neurologic 
injury (see later discussion).

These drawbacks have doubtless contributed to 
the current official disparagement of the term fetal 
distress. As the term is commonly employed by 
clinicians, fetal distress is an abnormal FHR pat
tern thought to represent oxygen deprivation. The
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TABLE 22.10 Electronic Fetal Monitoring: Technical Problems

Problem Comment

Half-count

Double-count 
Variability 
Modified counting
• With ultrasound scan

• With Scalp electrode

Misidentification
• With ultrasound scan

• With fetal scalp monitoring

Generally rates over 180—200 beats/min, external
Rates over 210-240 beats/min, depending on device used
Generally rates below 80-90 beats/min
Can be diminished with external transducers or increased with older transducers

Arrythmia detection in edit mode: Monitor will not detect rapid changes in beat to beat if 
interval difference >30 beats/min/beat

Complex fetal ECG
Maternal-fetal Conduction: normally about one fourth
(Maternal ECG always present on fetal ECG tracing]

Misdirection of transducer to record second twin or, less frequently, a maternal vessel.
Common in early labor: usually there is an obvious distinction between maternal and fetal 

(much higher] rates
Maternal heart rate displays as fetal heart rate with a dead fetus, under unique 

circumstances

ECG, eleetroeardiograph

distress is seldom qualified further or quantified at 
all. In addition, there are clearly other kinds of stress, 
some potentially as devastating to the fetus as sys
temic hypoxia, including infection, anemia, arrhyth
mia, anomaly, and localized ischemia of the brain 
or other organs related to perfusion or mechani
cal problems. The terms fetal intolerance to labor 
and nonreassuring fetal status, however, surely under
score the vagrancy of current classifications to pro
vide insight into the mechanism(s] of the problem, 
the likelihood of recovery, the interaction among 
various FHR patterns or a basis on which to relate 
the events of labor to subsequent outcome. This 
lack of uniformity in classification also explains why 
there are no computerized models for the interpre
tation of intrapartum FHR patterns and even why 
“alarm" systems once installed are so readily aban
doned [68],

The problem of nomenclature is best illustrated 
by a brief discussion of the requirements for a reac
tive NST. In designating a pattern as “reactive/’ 
physicians do not mention the specific baseline rate 
if it is in the normal range, or the amount of vari
ability, or the fact that there are periods when the 
baseline variability is poor or absent. The entire pat
tern has a name. Except perhaps for the agonal pat
tern, no other combination of features has a specific 
namej the pattern is simply described by its various 
features, including the amplitude and duration of 
accelerations or decelerations in

Technical Issues

Technical issues must be understood as well (Table 
22.10}. Tracing abnormalities are found predomi
nantly during the expulsive phase of labor (second 
stage}, when technical difficulties are most likely 
to interfere with proper registration. The source of 
the FHR and UC signals (internal or external} influ
ences both the accuracy of the interpretation and the 
potential for misrepresentation of the baseline rate 
and the variability. The monitor might even misrep
resent the maternal heart rate pattern for the fetal 
pattern, with potentially catastrophic results (Fig
ures 22.13 and 22.14} [69,148-150,157], In the 
latter instance, a low Apgar fetus underwent a vac
uum extraction after prolonged second-stage labor. 
Subgaleal and subarachnoid hemorrhages were diag
nosed after delivery. The otherwise normal, 3,000- 
g infant died at 10 days of age. On review of the 
tracing, several experts opined that the tracing was 
normal in every respect and that no obvious expla
nation of the injuries was forthcoming. This trac
ing is indeed normal -  for the mother. The nor
mal fetus descending through the birth canal in the 
second stage is unlikely to have symmetric accel
erations such as are noted on this tracing; much 
more likely, it would show significant varying decel
erations. The nurse's notes of the m other’s vital 
signs confirmed that her heart rate was 140 to 160 
beats/min, coinciding with the values on the fetal
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FIGURE 22.13.
Fetal/maternal/double count (upper panel). Two different rates are recorded. This is a single fetus with single 
tachycardia (180 beats/min). A, The excursions to 90 beats/min represents a half-count, an artifact with an external 
transducer. The diagnosis was confirmed after the application o f  a direct scalp electrode with simultaneous maternal 
heart rate monitoring with a pulse oximeter. The increased rate, lack o f  decelerations, and frequent contractions seen in 
A suggest a nonhypoxic mechanism -  probably maternal fever. B, Indicates a sudden shift from maternal to fetal heart 
rate due to readjustment o f  the external monitor. See text for discussion.

V ret-'

FIGURE 22.14.
Artifact: Maternal tracing believed, in error, to be fetal. This was associated with a fetus born with remarkably low 
Apgar scores after prolonged second-stage labor and vacuum delivery. Case was also complicated by subgaleal and 
subarachnoid hemorrhages. See text for additional details.
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monitor. Notice that the baseline is quite stable, and 
that the smooth symmetric accelerations in the trac
ings coincide with the m other’s pushing efforts. The 
difficult to discern and occasional snatches of only a 
second heart rate trace on the tape probably repre
sent the true FHR -  in a pattern of deceleration or 
prolonged bradycardia.

To understand the relationship of abnormal out
comes and FHR tracings, the clinician must be cer
tain that the recorded tracing is indeed that of the 
fetus and not the mother. This cannot be done reli
ably by palpating the maternal pulse. Both tracings 
must be affirmatively demonstrated as should easily 
be demonstrated on a modern monitor. As a mini
mum, if there is any question about the source of 
the tracing, the mother must cease pushing until the 
true state of affairs is established.

Note in particular Figure 22.13 and Figure 22.14. 
Both panels reflect artifactual patterns, one involv
ing the maternal heart rate. Figure 22.13 reflects a 
technical problem, or half count. Note Figure 22.13, 
in which the tracing initially records the maternal 
heart rate pattern then reverts to the FFIR follow
ing readjustment. The appearance of the maternal 
heart rate pattern on the fetal tracing is a common 
occurrence during fetal monitoring. It is more com
mon and potentially dangerous in the second stage, 
when alterations of transducer position are common 
as the result of pushing efforts. In this circumstance, 
the sudden shift from one stable baseline to another 
with a markedly different rate and a different pattern
oi normal variability establishes the correct diagno
sis. If the rates were closer, the distinction might 
not be as obvious. Indeed, the authors’ experience 
suggests that the misinterpretation of the maternal 
heart rate pattern in the second stage of labor is 
becoming one of the more common allegations of 
failure in malpractice claims.

Fetal Blood Sampling

In the adult, tissue pH is maintained normally within 
a narrow range by both pulmonary and renal mecha
nisms. The fetus must rely on placental function for 
respiratory gas transfer and elimination of bicarbon
ate and organic acids, however. Under normal condi
tions, gradients for hydrogen ion and carbon dioxide 
acioss the placenta are small. As a consequence of 
factors discussed previously (i.e., enhanced affinity 
of fetal blood for oxygen, high fetal cardiac output 
and systemic blood flow rates, anatomic uniqueness

of the fetal circulation), oxygen availability to fetal 
tissues is maintained under a wide range of circum
stances. Despite its low prevailing plasma PQj level, 
tissue oxygen consumption in the fetus is thus sus
tained at rates that are as high as or higher than those 
of an adult.

Acute interruptions in placental respiratory gas 
transfer occur most commonly during labor because 
of interruption of uterine or umbilical blood flow. 
Brief impairment in flow on either side of the pla
centa results in a primarily respiratory acidosis. More 
prolonged oxygen restriction provokes anaerobic 
metabolism and the production of lactate, resulting 
in a combined respiratory and metabolic acidosis. 
Respiratory acidosis is generally rapidly reversible 
once placental perfusion resumes, or, if delivery has 
occurred, respiration is initiated in the newborn. 
Metabolic acidosis resolves more slowly and can 
linger following a hypoxic insult even after the fetal 
PO2 has returned to normal.

The most direct information about fetal acid- 
base homeostasis is obtained by fetal capillary blood 
sampling. This technique was first introduced by 
Saling in the 1960s to screen fetuses for acido
sis [83], It is now used infrequently, primarily as 
a corollary technique to FHR monitoring. When 
heart rate patterns are equivocal, or further infor
mation is required to determine the trend in fetal 
condition, scalp blood sampling can be useful. The 
technique is not absolutely required for the clini
cal interpretation of FHR patterns, but some prac
titioners find it refines their ability to identify 
hypoxemia that requires intervention. Experienced 
personnel and properly maintained equipment 
must be available for accurate and reproducible 
results.

Fetal Blood Sampling Technique
Blood is obtained from the presenting part of the 
fetus, generally the scalp, which is visualized with 
a conical vaginal amnioscope. To obtain the blood 
sample, membranes must be ruptured and the cervix 
dilated more than 2 cm. After a site for punc
ture away from fontanels and sutures is identified, 
the skin is dried with a cotton swab and a thin 
layer of silicone lubricant is applied over the antic
ipated puncture site. The incision is made with a 
guarded lancet, which prevents penetration beyond
2 mm. Blood is collected in a heparinized capillary 
tube, and measurements of pH and blood gases are
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determined by standard microtechniques. To obtain 
the most meaningful results, the sample should be 
taken between contractions, with the patient in the 
lateral position. After the blood is obtained, it is pru
dent to maintain pressure over the incision at least 
until the next contraction has abated. The site is 
then observed to ensure that bleeding has stopped.

The measurement of pH in fetal capillary blood 
samples is the most reproducible measurement. If 
the sample is of sufficient volume and laboratory 
facilities are available,; a complete set of blood gas 
analyses is desirable; this allows one to distinguish 
the respiratory from the metabolic component of 
acidosis and reduces the risk of unnecessary inter
vention.

During labor, most normal fetuses have scalp 
blood pH values between 7-25 and 7.40. It is, how
ever, a mistake to assume that pH values below 7.25 
indicate significant central acidosis and risk of neu
rologic compromise. In fact, it is quite unusual to see. 
asphyxial tissue injury with a cord artery pH above 
7.15 at delivery, and there is no pH value at which 
injury is universal [84,85], The pH tends to remain 
stable or to diminish minimally during the first stage 
of labor. Although some studies suggest that the pH 
drops much more rapidly during the second stage 
of labor, this fall can be prevented or minimized by 
having the mother avoid the supine position during 
the second stage [86],

Most obstetricians consider fetal scalp capillary 
blood values less then 7.20 to be abnormal and 
requiring further evaluation, although the exact 
level is controversial [87], Low or equivocal results 
should be repeated immediately and at subsequent 
intervals if confirmation of a trend is important 
to guide decision making. Occasionally, a simulta
neous maternal blood gas sample is necessary to 
rule out passive acidemia resulting from placen
tal hydrogen ion transfer during maternal acido
sis [88], If fetal blood gas analysis indicates that 
a nonremedial primary fetal metabolic acidosis is 
present, or if the pH is found to fall despite 
efforts to improve the situation, prompt delivery is 
indicated.

Scalp blood sampling is necessary in only a small 
percentage of cases. It is of little value to obtain a 
baseline scalp blood pH when the FHR pattern is 
normal, even if meconium is present or the preg
nancy is otherwise at high risk. Most fetuses whose 
acid-base status deteriorates, during labor have nor
mal pH values at the onset. In addition, ominous

FHR patterns that do not respond promptly to 
intrauterine resuscitation maneuvers do not require 
confirmation by scalp sampling. Expeditious deliv
ery is preferable.

For those who use scalp sampling, remember that 
transient fetal respiratory acidosis is common during 
labor, especially with varying decelerations. A low 
pH obtained in the presence of variable decelera
tions is of limited value unless it has been obtained 
just prior to the deceleration or well after it has 
recovered. A sample obtained during the decel
eration might yield a decreased pH that simply 
represents a respiratory acidosis that will resolve 
promptly as soon as umbilical blood flow returns 
to normal or once delivery and ventilation of the 
newborn are accomplished.

LABOR AND SUBSEQUENT 
NEUROLOGIC HANDICAP

The correlation of FHR patterns with neonatal out
come was originally confined to immediate outcome 
based on hypoxia, death, acidosis of umbilical cord 
blood, or admission to the NICU [10-13]. A nor
mal FHR pattern virtually precludes fetal hypoxia. 
Although abnormal patterns show an increased like
lihood of hypoxia, acidosis, and adverse outcome, 
most abnormal patterns fail to show' any correlation 
with either.

Regarding FHR patterns and long-term neuro
logic outcome^ a normal pattern, especially normal 
fetal behavior, correlates strongly with normal out
come. “Abnormal” FHR patterns are indeed asso
ciated writh abnormal neurologic activity (seizures) 
and injury, including subsequent cerebral palsy both 
before and during labor. Paneth and colleagues 
found a pooled relative risk for handicap with abnor
mal patterns of about two -  a modest relationship 
[10]. Others have found similar results [114,158], 
Nevertheless, most such abnormal patterns based on 
hypoxia fail to show any correlation with adverse 
outcome. These generalizations apply despite dif
ferences in classification of FHR pattern.

Before highlighting tin- use of EFM in the 
prospective diagnosis of fetal neurologic injury and 
its potential value in neonatal neuroprotection, we 
should review some basic principles of fetal injury. 
Acute progressive intrapartum asphyxia sustained 
until delivery is usually associated with severe aci
dosis and inevitably results in obvious disturbances 
of neonatal function and adaptation, including
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low Apgar scores; disordered consciousness; abnor
malities of movement, tone, and posture; and fre
quently seizures [159]. These are typical con
stituents for the neonatal syndrome of hypoxic- 
ischemic encephalopathy (HIE). Most asphyxial 
injuries developing during labor, however, do not 
present with this constellation of findings.

Numerous pitfalls await those who attem pt to 
define the severity of intrapartum asphyxia or the 
risk of subsequent injury on the basis of an umbili
cal pH or other neonatal criteria suggested by vari
ous guidelines [69,113,160-164], No umbilical pH 
value seems to distinguish those babies who will suf
fer injury [165-167],

When the ischemic injury is the result of more 
long-standing intermittent focal or even catas
trophic event, or when mechanical or traumatic fac
tors are present, the neonate might not meet the 
criteria usually considered essential to the diagnosis 
of perinatal asphyxial brain injury [136,162,167- 
170], In studies by Shields and Schifrin and Korst 
and others, only about 20% of those fetuses injured 
during labor satisfied all of the "essential” criteria 
of perinatal asphyxia [136,169], whereas several 
neonates, injured prior to delivery and unlikely can
didates for neuroprotection in the immediate neona
tal period, would have met the required criteria 
[121,136,171],

Neuroradiologic Studies
Neuroradiologic studies support the notion that 
these modalities can reasonably determine the dis
tribution of the lesions in the brain, their timing, 
mechanism, and severity of insult, and are reliably 
predictive of later neurodevelopmental syndromes. 
They also suggest that neuroprotection strategies 
might preferentially improve Certain types of lesions 
[172,180-183],

Most hypoxic injury in the newborn appears 
to be of recent (perinatal) origin [184], regard
less of clinical presentation or prenatal risk factors. 
Focal ischemic lesions, arterial or venous “neona
tal strokes,” generally are not associated with severe 
encephalopathy at birth but probably occur at or 
near the time of birth [170,185-188], Neither the 
appearance of cerebral edema nor the timing of 
seizures resolves the timing of the injury with neces
sary precision [189—191], Rutherford and cowork
ers found that hypothermia decreased basal ganglia

and thalamic lesions [173], This decrease was sig
nificant in infants with a moderate EEG finding but 
not in those with a severe EEG finding. Finally, MRI 
examinations of newborns born in good condition 
but who later suffer seizures reveal a high incidence 
of Hemorrhagic or ischemic lesions almost certainly 
acquired around the time of birth [192],

Fetal Heart Rate Patterns: Diagnosis 
of Neurologic Injury

As originally conceived, EFM was predicated on 
the benefits of the early detection of and timely 
intervention for fetal hypoxia. The test of hypoxia 
was the presence of certain specific decelerations. In 
1967, the individual decelerations were thought to 
be so unique that they were named according to the 
presumed mechanism [51], Thus, late decelerations 
were thought to represent uteroplacental insuffi
ciency (UPI), variable decelerations were thought to 
represent cord compression (CC), and early deceler
ations were thought to represent head compression 
(HC).

Figure 22.5 illustrates the importance of under
standing the provenance of the patterns. It illustrates 
a pattern of late decelerations and no variability 
with tachycardia. If the pattern preceding this trac
ing is a normal reactive pattern, then the progression 
oi the pattern from normal to ominous represents 
neglect. If conversely the fetus were, admitted with 
diminished variability, even without decelerations, 
then it is likely that the fetus was injured on admis
sion. In this latter situation, immediate intervention, 
although seemingly required, is unlikely to modify 
the outcome.

To understand the potential for using FHR pat
terns for detecting neurologic injury, it is helpful to 
adopt a principle that is widely used for the neuro
logic evaluation and prognosis of an infant or adult 
after a near-drowning accident. Asphyxiation is now 
understood to have an obvious, immediate impact 
on neurologic function, but regardless of the sever
ity of asphyxia and immediate neurologic manifesta
tions, the diagnosis of permanent neurologic injury 
must awrait the clearing of acidosis, hypoxia, and 
cerebral edema. Only then does a neurologic prog
nosis become reasonable.

In the studies of Ikeda and co/workers on fetal 
lambs, the umbilical cord circulation was inter
rupted completely to a level of profound hypoxia
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FIGURE 22.15.
Conversion pattern. Normal EFM pattern for first ha lf o f  trace. After variable decelerations, the 
baseline suddenly rises to a new stable rate with no variability (arrow). (Note paper rate at lcm; 
normally this is 3 cm.)

and acidosis (a pH <6.9, and a base deficit >20 
mmol] [193]. This was accompanied, as expected, 
by a profound fetal bradycardia. The occlusion 
was then relieved, and the lambs were allowed to 
recover. This was accompanied by recovery of the 
fetal bradycardia. Later the animals were sacrificed 
and their brains examined. The authors found no 
correlation between the severity of the histologic 
brain damage and the duration of the fetal bradycar
dia or the severity of the hypoxia or acidosis. Rather, 
it was the duration of hypotension, its attendant 
ischemia, and the FHR patterns after recovery of the 
bradycardia that best correlated with the severity of 
neuropathologic injury. Several features of this study 
have critical relevance to the analysis of intrapartum 
events and injury. The mechanism of injury was an 
acute, abrupt ischemic assault reaching profound 
levels of acidosis and base deficit. Neither the sever
ity of the acidosis or the duration of the response 
(i.e., bradycardia) was directly related to the sever
ity of neurologic injury, however. The factor that 
was clearly related to the severity of injury was the 
duration of the diminished perfusion of the brain 
(i.e., the ischemia), which could be measured in the 
experiment but cannot be measured directly in the 
human fetus. The only clinically relevant factor that 
could be related to the severity of injury was the 
appearance of the FHR pattern after the event. Inci
dentally, despite the duration and the severity of the 
assault, when the obstruction to blood flow in the 
umbilical cord was removed, the pH and the base 
deficit returned to normal, but the injury remained.

These experiments reveal the potential for acid- 
base recovery from an obvious and severe asphyxial

insult, the variability of neurologic injury -  regard
less of severe asphyxia and the potential relevance 
of the FHR pattern -  after the insult. No estimate of 
severity could be gleaned from the type or duration 
of the FHR pattern during the acute episode.

These findings would seem to contradict the strict 
requirements for abnormalities in Apgar score, pH, 
and neonatal encephalopathy that have been pro
mulgated. Such findings apply to a model of hypoxic 
injury as progressive, unrelenting, and systemic, in 
which the hypoxia is accompanied by a relentless 
deterioration of the pH and severe systemic mani
festations of hypoxia at the end of labor. This pro
gressive injury model assumes that a threshold of 
acidosis is required for a fetus to suffer neurologic 
injury and makes no accommodation for a profound 
hypoxic event from which the fetus has recovered 
metabolically but not neurologically, as in the exper
iments of Ikeda and colleagues.

Numerous EFM tracings illustrate that injury 
can occur during an hypoxic/ischemic episode from 
which the fetus recovers from hemodynamic and 
metabolic standpoints but not from a neurologic one 
(Figure 22.15, 22.16) [48,194], In these circum
stances the decelerations may disappear, and the 
baseline rate may return to normal, but the variabil
ity usually remains absent. In some other instances, 
neurologic injury is associated with increased “vari
ability” and an unusual respiratory drive in the fetus 
(Figure 22.17) [195], Behavioral cycles in the fetus, 
however, are usually not maintained. On occasion, 
the transition is obvious and dramatic, as in the 
sudden development of ischemic or hemorrhagic 
injury [48]. Figure 22.15 illustrates the dramatic
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FIGURE 22.16.
Terminal tachycardia. Occiput posterior presentation and second-stage labor. In panel A  note the sudden appearance o f  
sustained tachycardia and no variability. The tachycardia is preceded by recurrent varying decelerations, increased 
variability, and decreased baseline heart rate during maternal pushing. After minute 18 (panel BJ and disappearance o f  
decelerations, a persisting tachycardia ivith no variability is observed. This infant was born with massive intracranial 
hemorrhage but normal acid-base balance.

conversion of a previously normal tracing to one of 
absent variability in a fetus suffering a stroke during 
labor. In the conversion pattern depicted, the EFM 
pattern is initially normal; then, in the middle of 
the tracing, an acute change occurs. The baseline 
rises acutely, and the variability disappears. In a sim
ilar fashion, the rapid pattern change seen in Fig
ure 22.16 strongly suggests acute ischemic neuro
logic injury during labor unassociated with systemic 
hypoxia or acidosis, in this instance doubtless pre
disposed to by malpresentation and active second 
stage labor. The severity of the fetal injury however, 
cannot be predicted from these data alone.

These events, far more common than realized, are 
compatible only with a regional ischemic event, not 
one of progressive systemic asphyxia. The appear
ance of such tracings further underscores the limi

tations of trying to identify neurologic problems in 
the fetus using a nosology of decelerations designed 
to uncover systemic hypoxia.

Although the pattern of persistently absent vari
ability and varying decelerations with overshoot 
shows an extraordinary correlation with subsequent 
adverse neurologic outcome, it cannot be used in 
any way to ascertain the severity of injury, or that 
its continuation necessarily represents ongoing dete
rioration of the fetal condition (Figure 22.11} [ 121], 
The determination of injury under these circum
stances is not based solely on the presence of a trac
ing with no variability and other features. To define 
injury or the potential for it, one must either demon
strate or have reason to believe that the pattern 
of injury represents the conversion from a previ
ously normal FHR pattern [121], This distinction is

ak
us

he
r-li

b.r
u



Fetal Assessment 713

9 6 4 9 3  ™  9 6 4 9 4  ™  9 6 4 9 5  9 6 4 3 6

uo «f
f  » 1 ( 1  I »  tSf  1EW0 » * l  *  t »  T iro

F IG U R E  22 .17 .
Fetal gasping (convulsions) in a previously normal fetus. Notice stable baseline rate, persistently exaggerated variability, 
and no decelerations. This was accompanied by obvious fetal breathing (gasping) activity as visualized on a 
concomitant ultrasound scan. When this pattern is persistent and associated with extraordinary fetal body movements, 
as in this case, a neurologic abnormality (seizures) is strongly suggested.

important because tbis pattern of injury can be emu
lated in all respects by the administration of atropine 
to the mother or fetus [196-199], This pattern also 
appears in the noninjured fetus as a result of prema
turity extreme tachycardia from any cause, includ
ing adrenergic drugs or a congenital anomaly. Abnor
malities of variability in the heart rate pattern are 
also seen in older children with cerebral palsy and 
in brain-damaged adults [200],

CESAREAN DELIVERY RATE AND 
ANCILLARY DEVICES

Most studies suggest that EFM increases the 
cesarean rate without apparent benefit for the fetal 
outcome because of the high incidence of abnor
mal FHR patterns that do not reflect severe acido
sis. As a result, there has been considerable interest 
in techniques that increase the sensitivity interpre
tation of the nonreassuring pattern. Pulse oxime
try was shown to reduce the number of hypoxia- 
related anesthetic deaths in adults [201], and it 
appeared logical that, despite considerable techni
cal problems, it could be profitably applied to fetal 
surveillance. For this purpose, the U.S. Food and 
Drug Administration (FDA) approved the market
ing of the Nellcor N-400 fetal pulse oximeter as 
an adjunct to FHR monitoring. In the largest study

of the value of pulse oximetry. Fetal intrapartum 
oxygen saturation was monitored in singleton term 
fetuses with a nonreassuring heart rate pattern. This 
does indeed result in a reduction in cesarean deliv
ery rates for nonreassuring fetal heart rate patterns, 
but there is no difference in the immediate neona
tal outcomes or the overall cesarean delivery rates, 
because of increased abdominal deliveries for dys
tocia. Given these data, one has difficulty under
standing the net value of the device for its stated 
purpose, and its routine clinical use has been dis
couraged. Perhaps a broader perspective is neces
sary. Specific changes in FHR pattern were originally 
intended to assess fetal oxygenation; that is, unique 
decelerations from contractions would allow early 
detection of fetal hypoxia and early intervention (or 
rescue). Because it is not a direct measure of fetal 
oxygenation and is considered as having insufficient 
specificity and sensitivity to identify the fetus in oxy
gen debt correctly, EFM cannot fulfill this promise.

Attempts at intrauterine resuscitation during 
episodes of variable FHR decelerations should 
invoke the same procedures to maximize uterine 
blood flow as described previously for treating late 
decelerations. In addition, clinicians should employ 
maneuvers to reduce or eliminate cord entrapment 
or head compression. These maneuvers include 
changing the m other’s position and, especially
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during the second stage, modulating or ceasing 
maternal bearing-down efforts. Placing the patient 
in knee-chest position sometimes alters the relations 
of the fetus, cord, and uterine wall and thereby elim
inates umbilical cord compression. If there is no 
response to these standard maneuvers in the pres
ence of recurrent severe variable decelerations, con
sider elevation of the presenting part before surgical 
intervention [202], This maneuver should usually 
be undertaken in an operating suite, in the event 
of cord prolapse. Occasionally, an occult prolapse 
or another form of entrapment can be alleviated by 
this approach.

TIMING OF INTERVENTION

Many obstetricians and the early purveyors of EFM 
will be disappointed that, except in rare instances, 
the FHR pattern by itself is not the major deter
minant of the timing of intervention. Indeed, most 
interventions in labor are performed for dystocia or 
dysfunctional labor. To optimize the timing of inter
vention, clinicians must be aware of the types of 
FHR patterns and mechanisms that produce injury, 
the speed of deterioration, and the options for recov
erability. As detailed previously, these parameters 
have received little attention. Clearly, some patterns 
develop slowly with ample, noncritical opportuni
ties for intervention with the expectation of normal 
outcome. O ther patterns progress more rapidly, and 
the timing of intervention becomes critical if the 
fetus is to be rescued. Still other patterns develop 
so rapidly and unpredictably that timely interven
tion is improbable, and no matter how fast the 
intervention, the fetus might not escape injury or 
death. In other circumstances, the opportunity for 
timely intervention has long passed, and interven
tion, required by the standard of care, might not 
change the inevitable handicap or death. There 
has been little discussion of these issues. More 
common, however, are discussions of the propri
ety of a “30-minute rule,” a Concept that holds 
that with "certain nonreassuring” FHR patterns, the 
decision-incision interval for the performance of 
cesarean must be within 30 minutes. The authors 
are unaware of any study that correlates this classi
fication of urgency/benefit with the speed of interven
tion.

Perhaps the benefits of EFM can be better under
stood if the perspective of its role is changed from

rescue to prevention. Realizing this role for EFM 
requires that the medical personnel attending the 
parturient continually answer three questions:

• Does anything have to be done for the mother?

• Does anything have to be done for the fetus?

• W hat is the feasibility of safe vaginal delivery?

It seems axiomatic that regardless of any abnor
mality of the FHR pattern; labor can be permitted 
only if there is reasonable expectation of the feasi
bility of safe vaginal delivery. The decelerations that 
can be tolerated at full dilation of the cervix with a 
head ready to deliver cannot reasonably be tolerated 
in early labor before descent of the head, rupture 
of the membranes, and the potential for cord com
pression - factors likely to increase the decelerations 
further. Indeed, the lower the feasibility of safe vagi
nal delivery, the lower should be the threshold for 
intervention for abnormal FHR patterns, regardless 
of the severity of the FHR pattern or the amount of 
acidosis.

In the patient with a nonprogressive labor and a 
fetus demonstrating a rising baseline with decreasing 
variability and recurrent moderate-to-severe decel
erations, what is the benefit of waiting for an abnor
mal fetal oxygen saturation or critically low pH? 
Abnormal FHR patterns, in fact, anticipate diffi
culty in labor and the need for cesarean delivery 
for dystocia. Perhaps decelerations occur for a rea
son. The increased frequency of decelerations, oper
ative intervention, and subsequent adverse neuro
logic outcome with fetuses in the occiput posterior 
positions have been known for some time. It stands 
to reason that the longer and more difficult the 
labor, the greater the chance of decelerations from 
fetal head or cord compression and for subsequent 
harm.

Continued, unproductive labor can be associated 
with increased molding and deeper lodging of the 
fetal head in the pelvis. Unproductive labor can pro
voke protracted fetal bradycardia or make ultimate 
operative delivery, by either vaginal or abdominal, 
that much more difficult. The question then arises: 
what is the value of delaying delivery in the face 
of changes in FHR pattern that can only represent 
increasing fetal stress or distress (e.g., recurrent vari
able decelerations with a rising baseline and decreas
ing variability, one of the options for using pulse 
oximetry in prior studies) in a protracted labor with
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the fetus in occiput posterior position because the 
fetal pulse oximetry or the fetal scalp pH is normal? 
Delaying intervention, waiting until the fetal con
dition deteriorates or becomes critical before inter
vention, seems to violate one of the fundamental 
tenets of obstetric care -  keeping the m other and 
fetus out of harm ’s way.

The responsibility of the obstetrician is to iden
tify those deviations from normal FHR patterns that 
signal developing metabolic or behavioral problems 
in the fetus and to apply this interpretation to the 
maternal condition and the feasibility of safe vagi
nal delivery. The fetal situation can be improved 
by intrauterine treatment, or failing that, by timely 
delivery if this interpretation is applied. The more 
problematic the feasibility of safe vaginal delivery, 
the less “distress” that is tolerable without interven
tion. Similarly, patterns that might provoke inter
vention in the first stage of labor can be reason
ably tolerated in anticipation of safe vaginal delivery 
in the very near future. Except rarely, it is difficult 
to use specific FHR patterns to define the need for 
emergency delivery.

W hen the FHR pattern is reactive, there is rea
sonable diagnostic certainty that there is no letal 
indication for intervention. This does not exclude 
intervention on the basis of fetal size, presenta
tion, or position; pelvic size; or a maternal condi
tion. The evaluation of the nonreassuring FHR pat
tern therefore cannot be carried out in isolation. 
The clinician, focusing on the three questions, must 
estimate the probability that an intervention could 
benefit the outcome, considering that what could 
benefit the mother might not benefit the baby, and 
vice versa. The strength of such evaluations is modi
fied by the reliability and predictability of the infor
mation, the skill of the interpreter, and the clinical 
context. The approach taken here emphasizes the 
need to examine and codify trends in FHR patterns 
to identify the boundaries that separate the nor
mally oxygenated and normally behaving fetus from 
the hypoxemic one, to distinguish types of hypoxia 
and ischemia, and, with these data, better identify 
potentially injurious processes from others of lesser 
risk.

The authors have tried to avoid discussing trac
ings as a “snapshot" of various patterns without dis
cussion of their evolution. Such limited perspec
tive cannot permit an accurate assessment of the 
fetal condition or thoughtful deliberation about the

urgency and route of delivery. Assessing nonreassur
ing patterns would seem to require less attention to 
specific features of the types and timing of decelera
tions or variability, but greater attention to changes 
in these values over time -  to use the fetus as its own 
control. The normal tracing with a stable baseline, 
cyclic accelerations and variability, and no decelera
tions defines absent hypoxia and normal fetal behav
ior. Fetuses do not deteriorate without first modify
ing their FHR baseline and variability, even in the 
presence of decelerations.

If patterns thought to represent fetal compro
mise were present at the outset of labor, then any 
adverse outcome most likely represents an antepar
tum  insult. If such patterns appear after an initially 
normal FHR, however, then less severe signs of "dis
tress” were certainly present. Rescue at this time 
might not allow a normal outcome.

The authors’ opinion is that much more is known 
about the determinants of FHR patterns than is 
currently used clinically in their analysis or clas
sification. Perinatal asphyxia does not mean that 
the fetus was injured. Perinatal injury does not 
mean that the fetus was asphyxiated or that it was 
preventable. The evaluation of these cases, there
fore, requires that testing must be performed prop
erly and expeditiously; the results must be inter
preted and communicated correctly by an agreed-on 
widely understood classification, and the interpre
tation must provoke an appropriate response in the 
larger clinical context relating to the condition of 
the m other and the feasibility of safe vaginal deliv
ery. To a greater or lesser extent, all parts of this 
“package” must be included in any evaluation of the 
reproducibility of EFM, to its comparison with alter
natives, and finally to the evaluation of its role in the 
allegation of obstetric negligence.

Finally, all of these modalities (e.g., EFM, fetal 
pulse oximetry, pH] should at least anticipate, if 
not prevent, fetal death in labor, because this out
come, unlike neurologic injury, is universally associ
ated with progressive hypoxia and acidosis. W hether 
any of these modalities, by a single value or feature 
or even a combination thereof, can dictate the criti
cal time of delivery of the fetus with a problematic 
FHR pattern and a problematic labor is yet unre
solved and seems improbable. There still is a place 
for skilled interpretation of FHR patterns, for under
standing the expected course of labor, and for the art 
of obstetrics in caring for the parturient in labor.
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John P. O ’Grady

Life is short; Art is long; Opportunity fugitive; 
Experience delusive; Judgment difficult.

Hippocrates (460-377 B.C.E.)

Aphorisms o f  Hippocrates 

T. Coar (trans.)

London, A.J. Valpy, 18 2 2 .1, pg I .

Most intrapartum injuries occurring to mothers and 
babies are inconsequential; however, a small per
centage are serious, and rarely, some prove fatal. 
This chapter presents an overview of both mater
nal and infant birth injuries, considering their etiol
ogy, potential methods of avoidance, and critiques 
of current obstetric practices.

The initial difficulty in discussing birth injuries is 
that of definition. In this text, a birth injury is sim
ply defined as an abnormality of the mother or baby 
found present at the time of delivery. Birth injuries 
potentially include damage to either the fetus/ 
neonate or the mother from a wide range of causes, 
both natural and iatrogenic, and are attributable 
both to fetal development and to the process of par
turition. Although damage to the mother is usually 
not considered a birth injury, maternal trauma dur
ing parturition is common. Further, injuries to the 
mother often accompany injuries to her infant, and 
a maternal injury during parturition is a potential 
cause for medicolegal entanglements.

Modern obstetric and neonatal practices are suc
cessful in reducing perinatal mortality. Unfortu
nately, reducing the incidence of permanent neu
rologic injuries remains an elusive goal [1-2]. The 
outcome of serious newborn abnormalities, their 
relationship to events of parturition, and the neu- 
rodevelopmental and behavioral problems that 
these infants can develop are of the greatest con
cern within and outside of the profession. In recent 
decades, much has changed in physicians’ under
standing of fetal injury. Despite prior beliefs, it is 
now understood that approximately 80% or more 
of the serious or permanent fetal/neonatal neu
rologic abnormalities are sustained prior to birth. 
These abnormalities are largely attributable to chro
mosomal abnormalities, adverse effects of in-utero 
inflammation, infection, poorly understood toxic 
exposures, or other currently unknown develop
mental or hereditary problems [1-8].

Because of the etiology of permanent neurologic 
injury, neither complete avoidance of instrumental 
deliveries nor a 100% cesarean delivery rate would
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avoid all damaged infants. Permanent neurologic 
impairment of infants, such as cerebral palsy (CP) or 
intellectual deficits, are rare after mechanical birth 
trauma, unless an injury is combined with serious 
birth asphyxia or prematurity. This is not to deny 
that poor obstetric technique, prolonged labor, or 
difficult delivery cannot result in potentially seri
ous birth trauma; rather, current data emphasize 
the much greater importance of events occurring 
before the onset of labor in the mechanisms respon
sible for producing neurologic ally deficient children 
[3, / ,8], In essence, how fetal or maternal problems 
develop during pregnancy is thought to be more 
important to long-term neonatal outcome than 
how any resulting peripartum complications are 
managed.

Unfortunately, the etiology of many birth injuries 
remains obscure even after close review of the clin
ical record and the events of parturition. W hen
ever serious injuries or abnormalities are observed 
in a newborn, especially those involving neonatal 
neurobehavioral abnormalities, a full evaluation is 
required. This evaluation includes critical review of 
the obstetric and neonatal medical records, a histo
logic examination of the placenta, a review of the 
family history, and, on occasion, chromosomal anal
ysis of the placenta, infant, or parents, as well as 
other tests. Gross and microscopic placental exam
ination by an experienced pathologist can often 
identify evidence of previously unsuspected chronic 
infection or other conditions that predate both labor 
and delivery and that have adversely affected the 
pregnancy. The clinical events of labor and delivery, 
immediate neonatal complications, and laboratory 
and imaging data require close scrutiny to under
stand what caused an observed abnormality or group 
of abnormalities.

MATERNAL BIRTH  INJURIES: OVERVIEW

Some degree of maternal injury, such as bruising or 
small birth canal tears, is normal following either 
spontaneous or assisted delivery. This minor trauma 
might not be avoidable and is clinically inconse
quential. Nonetheless, a small percentage of mater
nal injuries occurring at parturition prove serious or 
rarely, even life threatening (Tables 23.1 and 23.2).

The more significant maternal complications of 
parturition include birth canal lacerations, epi
siotomy extensions, other perineal or rectal injuries,

Bruising, superficial injuries
Lacerations
Fractures:

Skull, longbones, clavicle, etc.
Nerve injuries;

Spinal cord, brachial plexus 
Phrenic, facial nerves, etc,

Visceral injury:
Liver, kidney, other 

Scalp injuries:
Subgaleal hemorrhage 
Cephalohematoma 
Local pressure necrosis/laceration 

Infection:
Viral, bacterial, parasitic 

Unusual injuries:
Eye, iatrogenic lacerations, etc.

Intracranial injuries:
Subarachnoid, subdural
Intraventricular, parenchymal or posterior fossa 

hemorrhage

TABLE 23.1 Fetal/Neonatal Birth Injuries

TABLE 23.2 Maternal Birth Injuries

Birth canal lacerations:
Cervical injuries 
Episiotomy
First-, second-, third-, fourth-degree perineal lacerations 
Bladder or urethral injury/fistula formation 
Uterine rupture, scar dehiscence 
Disruption of abdominal wound/wound 

infection/dehiscence 
Rupture of pubic symphysis 
Coccygydynia 

Infection:
Urinary tract, soft tissue/cellulitis, endometritis^
Uterine prolapse
Intrapartum or postpartum hemorrhage 
Uterine atony, inversion, rupture 
Amniotic fluid or pulmonary embolism 
Venous insufficiency, thrombosis
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Fetal macrosomia 
Fetopelvic disproportion 
Preterm labor/delivery
Emergency delivery: cesarean or operative vaginal 
Fetal malpresentation/malpositioning 

Face/brow/breech presentation 
Marked deflection/occiput posterior presentation 

Abnormal labor:
Prolongation or descent disorders 

Obstetric procedures:
Instrumental or cesarean delivery 
Version and extraction 
Scalp sampling 
Amniocentesis
Percutaneous blood sampling
Multiple gestation
Abruptio placentae
Uterine rupture/scar dehiscence
Maternal trauma
Placenta previa/vasa previa

TABLE 23.3 Factors Predisposing to Fetal
Birth Injury

and various degrees of intrapartum and postpar
tum hemorrhage. Although these conditions result 
in substantial morbidity, associated mortalities are 
rare. Maternal mortalities associated with birth are 
usually due to uncommon complications of anes
thesia or to obstetric complications such as severe 
hypertension, exsanguinating hemorrhage, or to the 
effects of rare catastrophes such as amniotic fluid 
embolism or manifestations of inherent structural 
defects such as Marfan’s syndrome. Certain clin
ical settings predispose to birth injury, including 
labor stimulation, dystocia/macrosomia, preterm 
delivery, the diagnosis of acute fetal jeopardy from 
any cause, and instrumental or cesarean delivery 
(Table 23.3).

Adverse outcomes do not necessarily result from 
poor or tardy care. Serious and even fatal maternal 
(and fetal) injuries do result from spontaneous birth 
processes, despite, the best intentions and efforts of 
competent clinicians; nonetheless, many injuries are 
preventable by following well-established obstet
ric techniques, timely intervention, avoidance of 
unnecessary or ill-timed obstetric procedures, exer
cise of operator skill, and the judicious use of force. 
The next sections review important categories of

birth injuries, discuss their etiology, and consider 
principles of general management.

Cesarean Delivery
Current high rates of cesarean delivery and new con
siderations of what has been termed patient choice 
cesarean are controversial [9-17]. Cesarean deliv
ery is a major operative procedure with substan
tial risk for maternal morbidity, and the risk for 
emergency procedures is greater than that for elec
tive operations. Operative deliveries are often per
formed on women with a "full stomach' and can 
follow an exhausting labor with multiple pelvic 
examinations, or be associated with other prob
lems such as hypovolemia, coagulopathy, or sep
sis. There is an enhanced risk for maternal hem
orrhage, endometritis, and other potentially serious 
complications, such as wound breakdown, venous 
thrombosis, pelvic thrombophlebitis, and abscess 
formation associated with cesareans. Dystocia in its 
various forms is the most common indication for 
primary operations, and prior cesarean the most 
common reason for a repeat operation [18]. Many 
factors affect cesarean delivery rates, including pat
terns of local practice, changing recommendations 
for best practice by learned bodies, medicolegal con
cerns, uncertainties in the specialty about the appro
priate management of certain clinical difficulties, 
the desire to avoid difficult vaginal operations, and 
patient or physician preference. (See Chapter 18, 
Cesarean Delivery and Surgical Sterilization.)

Dystocia/Macrosomia
Dystocia is an important risk factor for birth injury. 
A discussion of dystocia requires consideration of 
a poorly clarified clinical entity: fetopelvic dispropor
tion. This term refers to a complex obstetric prob
lem, with fetal size being only one of its components. 
True disproportion, meaning the anatomic inabil
ity of the fetus to pass through the pelvis, is quite 
uncommon. Unless there is a history of congeni
tal anomaly or trauma, an anatomically restricted 
bony pelvis is a rarity in modern practice. If an 
element of disproportion is present, it can be due 
to a large fetus in an otherwise adequate pelvis, 
or more likely to malpositioning of the head of 
a normal-sized infant in a birth canal of normal 
diameter. In the unusual case of true cephalopelvic
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disproportion, or with certain malpresentations, 
(e.g., brow or transverse lie], labor is obstructed, 
and cesarean delivery is required. In most instances, 
once absolute disproportion is excluded, poor labor 
progress results from inadequate uterine activity or, 
as noted, various forms of cranial malpositioning 
(e.g., cranial deflection, occiput posterior), which 
slow the labor process. In many cases, these factors 
are combined.

Serious maternal and fetal injuries are possible 
in certain cases of relative disproportion. Injury can 
occur when dilation and descent proceed far enough 
to tem pt the unwary clinician into an ill-advised 
instrumental trial in a case of true disproportion, or 
when cranial delivery occurs but a shoulder dystocia 
ensues. (See Chapter 17, Instrumental Delivery.)

Cranial presentation, pelvic architecture, the 
effects of analgesia/anesthesia, adequacy of the 
spontaneous powers,; fetal size, and use of the uter
otonics are among the factors known to influ
ence labor outcome [18], (See Chapter 10, Labor.) 
Infants weighing more than 4000 g are more likely 
to be injured in the birth process than smaller ones, 
although most of these large neonates are delivered 
atraumatically [19, 20], Unfortunately, in recent 
decades, mean birthweights have risen. At present, 
more than 11 % of infants weigh 4000 g or more 
at birth, and some 2% reach or exceed 4500 g. 
Avoidance, of difficult or traumatic vaginal delivery 
for these infants is obvious but at times difficult. 
Despite the best efforts of clinicians, macrosomic 
infants are surprisingly difficult to identify prospec- 
tively [20,21], Although various clinical, historic, 
and ultrasonic techniques have been suggested as 
methods for antepartum identification of the large 
infant, all have proved to be disappointingly inexact. 
(See Chapter 14, Shoulder Dystocia.)

Physical examination, even by experienced clini
cians, is often inaccurate in estimating fetal weight, 
despite the fond hopes of many traditionalists. Ultra
sonic measurements at or near term are also noto
riously imprecise. In the third trimester, ultrasonic 
weight estimates have a mean absolute error of ±8% 
to 16%, with 32% to 69% of these estimates falling 
within ±  10% of the actual fetal weight [21], Based 
on questionable data, elective induction of infants 
before term or arbitrary ultrasonic weight estimate 
limits for vaginal trials are occasionally employed 
in clinical management [22], Unfortunately, such 
schemes fail to select those for either a vaginal trial

or for cesarean delivery properly, owing to the inabil
ity of current methods to estimate fetal weight cor
rectly. Conducting inductions of labor for "impend
ing macrosomia" increases rather than diminishes 
the likelihood for a cesarean, mostly because of 
failed inductions leading to additional abdominal 
deliveries.

Maternal risks accompany the delivery of macro
somic infants. W hen the baby is large, the most 
important of the maternal risks is postpartum uter
ine atony and resultant hemorrhage. Hematomas, 
birth canal lacerations, and rectal injuries, the latter 
mostly from episiotomy extensions, are additional 
potential problems. In extreme cases, rupture of the 
pubic symphysis, or even uterine rupture is possi
ble. If a postpartum hemorrhage occurs after the 
delivery of a large infant, a complete examination 
of the birth canal (i..e., vagina, cervix, perineum) 
and a manual uterine exploration are mandatory. 
This is especially true if a difficult delivery involv
ing a shoulder dystocia or an instrumental assist 
has occurred. Such a complete examination, with 
special attention to potential secundines or occult 
uterine rupture, as well as the! prompt postexami
nation administration of uterotonics, is mandatory. 
(See Chapter 11, The Third Stage.)

Instrumental Delivery

W hen an instrumental delivery is indicated, and 
the m other is incapable of expelling the fetus, or 
other important reasons necessitate an expedited or 
assisted delivery, by definition the labor/delivery is 
no longer normal. Further, a risk for both mater
nal and fetal injuries accompanies any instrumental 
delivery, regardless of the instrument or the tech
nique employed [23],

Forceps and the vacuum extractor share a com
mon mechanism: cranial traction to the fetus aided 
by voluntary maternal bearing-down effects to over
come maternal soft-tissue resistance. Except in out
let operations, when either instrument is used, the 
lower vaginal tissues have not been subjected to the 
slow, progressive distension that normally accompa
nies descent of the presenting part during a sponta
neous delivery. Both instruments therefore share a 
potential for injuries to the fetal head or its contents 
as well as to the birth canal, especially to the rec
tal sphincter apparatus and the supporting muscle 
and connective tissues of the pelvis. These injuries
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result from the rapid descent of the presenting part 
and the inability of the pelvic tissues to accommo
date the mass of the feta! body that rapidly.

Although both the vacuum extractor and forceps 
can inflict injuries on the perineum or vagina, for
ceps use is more likely to result in damage to the 
upper birth canal and to the rectum. Because the 
vacuum extractor cup is applied solely to the fetal 
Scalp, it normally does not come into direct contact 
with maternal tissues, unless the maternal sidewall 
is inadvertently drawn into the instrument. Thus, 
with vacuum extraction, even if rotation of the 
presenting part occurs, direct injury to the mater
nal vaginal vault is less common than with forceps 
deliveries.

To reduce both maternal and fetal injury, diffi
cult instrumental procedures, especially midpelvic 
rotational procedures, should not be performed 
except by experienced clinicians. Reliance on vac
uum extraction in more difficult cases is best for 
most practitioners, especially for trials of midpelvic 
delivery. If the circumstances are such that a diffi
cult procedure is contemplated, one should prob
ably reconsider labor management by extending 
the second stage, changing the degree of analge
sia/anesthesia, administering oxytocin, or reposi
tioning the mother to determine if further progress 
is possible by propulsion and not traction. A higher 
incidence of injured mothers and babies results 
when forceps are applied in these complex cases by 
all but the most experienced of practitioners. (See 
Chapter 17, Instrumental Delivery.)

Fetal Monitoring
Fetal monitoring, as the term is commonly used in the 
United States, refers principally to electronic fetal 
monitoring (EFM) [24,25]. This technique uses an 
electronic device to detect and record instantaneous 
fetal heart rate (FHR) patterns and uterine con
tractions and display them graphically, either on a 
continuously advancing paper strip or electronically. 
Less frequently, monitoring of the fetus in labor is 
by intermittent auscultation of the fetal heart by 
a birth attendant with a fetascope or, much more 
commonly when EFM is not employed, by use of a 
hand-held Doppler device. For the last decade, EFM 
has been the focus of persisting controversy about 
its alleged adverse effects and limited efficacy [25- 
29], (See Chapter 22, Fetal Assessment.) Despite

these disputations, most major American hospitals 
continue to depend on EFM tracings as the principal 
means of fetal evaluation in labor. There are several 
reasons for this decision. First is the extensive clin
ical experience that practitioners and institutional 
birth attendants have with the application and inter
pretation of EFM tracings. This fact, and the concept 
that progressive changes in EFM of heart rate pat
terns reflect general fetal well-being, are the major 
influences. There is also a major financial investment 
by delivery services in various electronic monitor
ing devices. Finally, EFM frees nursing personnel for 
other duties, or permits a single nurse to attend sev
eral patients in labor simultaneously.

Continuous EFM has not proved to be superior 
to one-on-one intermittent auscultation -  at least 
insofar as was tested in the various prospective, 
randomized clinical trials conducted over the last 
decade [25,27]. When EFM is employed, neona
tal outcomes are not worse, and some argue that 
they are better. Most series evaluating the impact 
of EFM also have recorded more obstetric interven
tions when EFM is the primary means for fetal evalu
ation. The potential adverse effects of EFM are com
plex. Restricting the mother's activity or labor posi
tion and using dense epidural anesthesia probably 
increases the possibility for poor progress and thus 
surgical intervention. With careful obstetric man
agement, however, modern protocols for fetal eval
uation and maternal anesthesia need not be asso
ciated with major changes in the rate of cesarean 
delivery. (See Chapter 9, Obstetric Anesthesia.)

EFM is best considered as a screening study. 
Reactive or normal heart rate tracings are reassur
ing for fetal well-being because the false-negative 
rate is low. Unfortunately, nonreactive, bothersome, 
or difficult-to-interpret tracings are common, and 
their positive predictive value (PPV) is generally 
poor. Such patterns might or might not reflect 
fetal hypoxia or acidosis, Certain and specific pat
terns such as severe, fixed bradycardias require 
immediate, definite action unless spontaneous deliv
ery is imminent, however. Most clinicians con
cur that ominous FHR findings by EFM include 
fixed or intermittent bradycardias, tachycardias with 
absent variability, nonreactive tracings with recur
rent late decelerations, and patterns of severe, recur
rent variable decelerations accompanied by progres
sive decline in baseline variability especially with 
poor return to the baseline.

ak
us

he
r-li

b.r
u



7 3 0  O'CRADY

Newly configured electronic monitors have 
recently been introduced, combining the usual 
EFM tracing with computer analysis of fetal elec
trocardiographic ST segments. This technique has 
been claimed to reduce the incidence of false- 
positive diagnoses of suspected fetal compromise 
[29], These claims have yet to be fully verified 
in clinical applications, however. (See Chapter 22, 
Fetal Assessment.)

When faced with an acute obstetric problem 
involving presumed fetal jeopardy, the clinician 
must promptly assess maternal condition, conduct 
a meticulous vaginal/pelvic examination, and con
sider the available options. If less than a fixed brady
cardia is present, there remains some latitude for 
observation and additional testing. Additional test
ing could include scalp stimulation (e.g., electrode 
placement, Allis clamp application, or digital scalp 
pinching), fetal acoustic stimulation, percutaneous 
oxygen monitoring, or other biophysical testing. 
Pelvic examination should be repeated and fetal sta
tion, and position and the dilation and effacement 
evaluated. The fetopelvic relationship is also judged 
and the birth canal carefully examined to exclude 
a cord prolapse. The clinician should observe the 
quantity and type of vaginal discharge and review 
tne strength and pattern of the uterine contractions. 
The m other’s ability and willingness to assist in bear
ing down should also be judged. If repositioning, dis
continuation of oxytocin, acute tocolysis, and other 
maneuvers (e.g., elevation of the presenting part to 
return the FHR to normal) fail to result in improve
ment, expeditious delivery becomes the clinician’s 
objective.

SPECIFIC MATERNAL BIRTH INJURIES 

Episiotomy and Extensions
superficial maternal birth canal injuries such as soft- 
tissue abrasions, ecchymoses, or small lacerations 
are common enough to be considered normal. Such 
injuries follow vaginal instrumental delivery with 
forceps or the vacuum extractor as well as sponta
neous parturition [23,30], The more complex for
ceps or vacuum extraction operations -  especially 
those from higher station — involve a greater risk for 
fetal trauma and maternal soft-tissue injury. Extrac
tions from midstation or those involving malposi- 
tioned fetal heads — especially occiput posteriors —

require an angle of traction that puts heavy pressure 
on the perineal body and posterior vaginal vault. 
Even w'hen care is taken, this can result in com
plex or deep perineal lacerations with or without 
an episiotomy. When a midline episiotomy is per
formed, the likelihood of an extension into the rec
tal sphincter or mucosa increases substantially. In 
certain acute situations such as shoulder dystocia, a 
spontaneous laceration of the perineum or an exten
sion of a previously performed episiotomy can occur 
as the accoucheur performs vaginal manipulations. 
In multiparous women, in the occasional nullipara 
with vaginal relaxation, or when there is sufficient 
time to “iron out” the perineum, slow and gentle 
extraction can avoid both episiotomy and laceration.

There is general consensus that the routine use 
of episiotomy predisposes to third- and fourth- 
degre*; lacerations while providing limited pro
tection against injury to the periurethral tissues 
[31,32,34], There is limited and dated evidence for 
the claim that episiotomy reduces injury to pelvic 
support structures, specifically damage to the levator 
muscles [33], No modern studies make this claim, 
however. Furthermore, episiotomy also results in 
increased maternal blood loss. In an instrumen
tal delivery, episiotomy does apparently reduce the 
force required for fetal extraction. In this sense, epi
siotomy could be protective to the infant, at least 
insofar as permitting operative fetal extraction with 
lgss force. W hether this force reduction significantly 
reduces the. risk of infant injury has never been 
demonstrated, however. In fact, the preponderance 
of data collected in the last decade indicates that epi
siotomy increases the likelihood of serious perineal 
tears and most likely predisposes to long-term per
ineal dysfunction rather than providing any degrees 
of protection [31],

1 he best technique for the repair of rectal injuries 
remains controversial. Traditionally obstetric stu
dents were taught an end-to-end repair using poly
glycolic acid or chromic suture material, with simple 
interrupted stitches. New information concerning 
both rectal anatomy and the importance of internal 
sphincter incontinence has led to disagreement con
cerning the best method(s) for rectal repair and sub
sequent management. For external sphincter repair, 
an overlapping sphincter repair and routine adminis
tration of broad-spectrum antibiotics are among the 
most commonly suggested alternative techniques 
[3 5 -3 / j. Unfortunately, randomized trials do not
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indicate any special benefit to the overlapping clo
sure technique for the external sphincter versus 
the traditional approach, although the data remain 
controversial [36,37], Furthermore, administering 
antibiotics to avoid or to reduce the risk of fail
ure of a primary sphincter repair is not supported 
by prospective data but is favored by some and is 
common in European practice [37,38]. It should be 
noted that determination of best practice for per
ineal injuries and their repair is an area of active 
research and the publication of additional stud
ies leading to practice improvements will doubtless 
occur within the next several years.

Because long-term adverse effects of episiotomy 
are possible and demonstrated benefits are minimal, 
obstetric surgeons should avoid routine episiotomy. 
Although a mediolateral incision has a lower like
lihood of associated rectal injury, it comes as no 
surprise that postpartum, this incision is more 
uncomfortable for the parturient. Furthermore, 
mediolateral incisions are more likely to result in 
anatomic disfigurement of the perineum and long
term dyspareunia. Finally, the mediolateral incision 
does not guarantee complete freedom from the risk 
of rectal sphincter injury. W hen and if to use a medi
olateral as the perineal incision of choice is not clear.

Although it is easy to counsel practitioners to 
revise their delivery technique to avoid incision or 
tearing of the perineum, best practice concerning 
elective episiotomy remains uncertain. This is espe
cially true when episiotomy is required during an 
instrumental delivery or for the relief of a shoul

der dystocia. It seems unlikely that American prac
titioners will follow their European counterparts 
and return to the mediolateral technique. Additional 
study of the risk-benefit ratio for the types of elec
tive perineal incision in various clinical settings is a 
research priority.

There are other issues of importance. Immedi
ate identification of third- and fourth-degree exten
sions, control of bleeding, and prompt anatomic 
layered closure minimalizes the risk of long com
plications from perineal injury. Nonetheless, w'hen 
serious rectal injuries such as traumatic transaction 
occur, maternal morbidity is increased, as is the long
term risk of rectal dysfunction [38-41 ]. In addition, 
when a perineal tear extends into the rectum, there 
is a small but potentially serious risk of worse com
plications at the repair, site including incontinence, 
infection, or fistula formation.

Data do suggest an important relationship 
between injuries to maternal pelvic support struc
tures and to the rectum in the long-term compli
cations of procidentia and rectal incontinence [42- 
44], This information remains controversial but has 
been used as an argument for prelabor prophylactic 
cesarean delivery [11,44-48].

Some knowledge of normal rectal anatomy and 
physiology is germane to an understanding of the 
problems of perineal injury and long-term rectal 
dysfunction or incontinence. Cadaver and magnetic 
resonance imaging (MRI) studies verify the exis
tence of both internal (IS) and external (ES) anal 
sphincters [49-51] (Figure 23.1). In a recent study

IAS

FIGURE 23.1.
Size and relationship o f  the internal anal 
sphincter (IAS) and the external anal sphinc
ter (EAS) in the lower pelvis. (Modified from 
Delancey JOL, Toglia MR, Perucchini D: 
Internal and external anal sphincter anatomy 
as it related, to midline obstetric lacerations. 
Obstet Gynecol, 1997 Dec; 90(6):924-7; with 
permission.)
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involving MRI scans of nulliparous women, Hsu and 
coworkers reported that there are three identifi
able parts to the sphincteric mechanism [51], For 
the purposes of general discussion, a clear distinc
tion between the IS and the ES is sufficient. The 
IS is best understood as a downward continuation 
and thickening of the muscle layers of the lower 
bowel. Immediately above the rectal verge, the mus
cle fibers encircling the large bowel increase in size. 
This results in an anatomic Structure that functions 
as a physiologic sphincter. This IS is anatomically 
distinct from the familiar and discrete doughnut
shaped ES, which is positioned adjacent to the anal 
orifice.

Normal continence requires coordinate action 
among the anal sphincters, the sensory nerve end
ings, and the smooth muscle of the rectum and the 
puborectalis muscle [42], In the physiology of nor
mal defecation, when a bolus of material is first pre
sented to the lower bowel, the IS initially opens by 
an autonomic reflex, while the ES contracts. This 
action permits the bolus of material to descend into 
the lower bowel. The rectal nerves then “sample" the 
bowel content, determining its nature. If defecat
ion is inappropriate, the ES remains contracted and 
the puborectalis muscle contracts, acutely chang
ing the rectal angle and forcing the bolus upward. 
Once this bowel material has moved upward, the 
IS again contracts to retain continence. Thus, both 
sphincters act in concert to maintain normal defe
catory function. Based on physiologic studies, it is 
now recognized that the IS is responsible for SOU 
to 80% of the resting tone of the rectum, and the 
ES for the remaining 25% to 30% [42], Because 
of this complex anatomic, relationship, injuries to 
the IS, the ES, the nerves subserving these struc
tures, and to surrounding tissues can result in varying 
degrees of dysfunction in normal defecation. Post- 
delivery transanal ultrasound studies have indicated 
lesions of the IS in up to 24% of primaparas and 
an even higher percentage of multiparas [50], Even 
with these demonstrated lesions, however, many if 
not most affected women remain asymptomatic.. 
Although controversial, such relatively common 
parturition-related IS injuries are suspected to pre
dispose to eventual anal incontinence when the 
combined effects of age, menopause, or subsequent 
childbirth injury further weaken the sphincteric 
mechanism.

Both vaginal vault lacerations and cervical tears 
can accompany spontaneous deliveries; however, 
these injuries are most common following vaginal 
instrumentation or deliveries complicated by pre
cipitate labor or shoulder dystocia. The use of vac
uum extraction for selected midpelvic procedures 
avoids many vaginal injuries, unless the sidewall or 
cervix is inadvertently drawn into the edge of the 
cup. Proper application and routine checks for vac
uum cup application should avoid such injuries. In 
forceps procedures, extreme care during rotational 
procedures is warranted. The technique employed 
in the wandering of the blades and in rotational 
deliveries is critical to the avoidance of high vagi
nal lacerations. For this and other reasons, midpelvic 
and rotational forceps procedures must remain 
restricted to experienced practitioners or per
formed only where immediate expert assistance is 
possible.

Following any vaginal operative delivery, no m at
ter how simple, a meticulous examination of the 
entire birth canal is mandatory. (See Chapter 17, 
instrumental Delivery.) Vault lacerations are usu
ally easy to repair when adequate light and expo
sure are provided. Some tears extending high into 
the lateral fornix are positioned behind the cervix or 
dissect deeply into the ischiorectal fossa, represent
ing surgical challenges, however. The most poten
tially serious of these injuries are deep lateral tears 
of the vagina. These rents can lacerate vessels, which 
results in either observed external hemorrhage or 
the formation of pelvic hematomas that can invade 
the ischiorectal fossa, or rarely, dissect upward 
in the retroperitoneal space. Instrumental delivery 
is not always the culprit. The pudendal artery or 
one of its tributaries can be lacerated or avulsed dur
ing spontaneous, delivery unaided by an instrument 
and without a prior pudendal nerve block. Regard
less of the exact vessel injured, such hematomas can 
enlarge and on occasion become hemodynamically 
serious.

When an acute vaginal hematoma develops, 
the usual presenting complaint is severe per
ineal/vaginal pain and the inability to void. On 
examination, an exquisitely tender, progressive, uni
lateral swelling of the labia with a purplish discol
oration is noted. Infrequently, blood loss is extensive

Vaginal and Cervical Lacerations
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enough to require transfusion or to render the 
mother hemodynamically unstable. An additional 
and potentially serious complication of deep lateral 
wall lacerations is a ureteric injury. This injury usu
ally results from injudicious clamping or suturing in 
the vaginal side wall in the effort to control bleeding. 
Management of the rare ureteric or bladder injuries 
is discussed in greater detail in Chapter 19, Urologic 
Complications.

Infection
The overall rate of postpartum maternal infec
tion following parturition is estimated to be I l f  
to 8%. The most common infections seen after 
delivery involve the endometrial cavity, the respi
ratory system, and the urinary tract. Although cur
rent antibiotic and surgical management cure most 
obstetric infections, morbidity is common and seri
ous complications are occasionally possible [52,53]. 
Maternal soft tissue or intrauterine infection fol
lowing uncomplicated vaginal delivery is surpris
ingly rare. Considering the frequency of open birth 
canal wounds, spontaneous and iatrogenic lacera
tions of the perineum, and the gross contamina
tion of the vagina and perineum by genital tract 
bacteria, the incidence of infection of the soft tis
sues of the birth canal and the endometrium is 
low. Infections involving vaginal lacerations or epi
siotomy sites are usually superficial and minor. If 
the perineum becomes heavily infected, the usual 
outcome is disruption of the episiotomy or the lac
eration repair. For superficial soft-tissue infections, 
the best treatment is wound exploration to drain 
any collections, accompanied by local debridement 
as required. Broad-spectrum antibiotics should be 
administered if signs of cellulitis, induration, or gross 
infection are present. Sitz baths and analgesics usu
ally provide symptomatic relief. W hether to employ 
immediate versus delayed closure of episiotomy and 
perineal lacerations is controversial, but in many 
cases early repair is successful with good results 
[54,55],

Rarely, a birth-related infection is severe or life 
threatening. Most post delivery morbidity is asso
ciated with obstetric interventions (Table 23.4) 
[56], Although most serious cases of postpartum 
infection result from endometritis, other complica
tions are possible. Septic pelvic thrombophlebitis,

Invasive fetal monitoring:
Fetal monitoring electrodes 
Intrauterine pressure catheters 

Prolonged membrane rupture 
Multiple pelvic examinations 
Prolonged labor 
Cesarean delivery:

Manual removal of placenta 
Prolonged surgery, excessive blood loss 
Antepartum genital tract infection 
Limited or no prenatal care 
Low socioeconomic status

TABLE 23.4 Risk Factors: Postpartum Endometritis*

"See text for details:and additional discussion.

pyelonephritis with generalized sepsis, peritonitis, 
or the rare necrotizing fasciitis are potentially fatal 
postpartum infections demanding early diagnosis 
and aggressive treatment.

Urinary Tract Dysfunction
Common urinary tract complications of parturition 
include postpartum voiding difficulties and urinary 
tract infection. Serious problems, such as vesico
vaginal fistulas, are rare. There is also believed to 
be a long-term risk of urinary incontinence because 
of injury to pelvic support structures. Physiologic 
changes in bladder and ureteric function of preg
nancy, with stasis, increased residual volumes, and a 
degree of obstruction, also predispose gravid women 
to cystitis and ascending urinary tract infection. At 
special risk are women with preexisting bladder dys
function, chronic bacilluria, or anatomic abnormali
ties of the genitourinary tract that result in reflux or 
become associated with partial obstruction by the 
gravid uterus. Early diagnosis, rapid treatment, the 
selective administration of antibiotics, and avoid
ance of unnecessary catheterization are best man
agement.

In modern obstetric practice, vesicovaginal fistu
las are rare complications of delivery. Management 
consists of complete urologic evaluation, identifi
cation, and excision of the defect, followed by a 
meticulous closure in layers, with close attention to 
hemostasis. (See Chapter 19, Urologic Complica
tions.)
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In developing regions of the world, serious com
plications of perineal/ bladder injuries occur much 
more frequently. The absence of trained birth atten
dants, high incidences of multiple pregnancies, 
inability to perform cesarean deliveries, and seri
ous limitations in medical care are associated with 
many perineal fistulas, overwhelming the capacity 
of local health services. Vesicovaginal and recto
vaginal fistulas resulting from unattended or trau
matic deliveries are still shockingly common in 
sub-Saharan Africa, where the number of women 
with unrepaired fistulas is estimated to be in the 
thousands.

Uterine Infection

Patients with endometritis/parametritis presents 
with a variety of symptoms, including malaise, uter
ine tenderness, tachycadia, tachypnea, fever or rig
ors, purulent vaginal discharge, and rarely, frank 
sepsis with cardiovascular instability. The route of 
delivery is the most important risk factor for endo
metritis. The highest incidence follows cesarean 
delivery, especially failed vaginal birth after cesarean 
(VBAC] trials that result in cesareans [56], When 
the infection is manifested intrapartum, a pro
longed or dysfunctional labor with multiple exam
inations or postpartum hemorrhage are common 
associations (Table 23.4}. Such infections are usu
ally polymicrobial, with anaerobic bacteria predom
inating. Treatment consists of parenteral therapy 
with broad-spectrum antibiotics, removal of any 
secundines, control of fever, administration of utero
tonics, and maintenance of adequate circulating vol
ume. The perioperative administration of antibiotics 
to high-risk patients (e.g., prolonged membrane 
rupture, multiple examinations/long labor, cesarean 
delivery) reduces febrile morbidity and avoids some 
of these infections. W hen endometritis is promptly 
treated, serious complications, although still possi
ble, are rare.

Uterine Rupture

Uterine ruptures are of two types: dehiscence/ 
rupture of a prior uterine scar, or rupture of a previ
ously unscarred uterus. The uterus can rupture from 
several causes. A rupture can occur spontaneously 
during a VBAC... The uterus can also be traumati- 
cally ruptured in an operative vaginal delivery, dur-

TABLE 23.5 Clinical Features Associated with 
Increased Risk of Uterine Rupture

Cephalopelvic disproportion/dystocia 
Oxytqcin administration 
Grand multiparity 
Abruptio placentae 
Placenta percreta
Malpresentations (e.g., face, brow, shoulder) 
Vaginal operative delivery
Difficult delivery (e.g., shoulder dystocia, internal 

version)
Trauma
Mullerian anomalies
Labor induction with prostaglandins
Hysterotomy scar
Uterine perforation scan or previous rupture repair 
Myomectomy or metroplasty scar

ing version and extraction, or following other obstet
ric procedures such as manipulations for relief of 
a shoulder dystocia. Uncommon causes of sponta
neous rupture include obstructed labor, myometrial 
invasion by placenta percreta, severe abruptio pla
centae, maternal abdominal trauma, or Mullerian 
anomalies (Table 23.5). In modern practice, rupture 
during oxytocin stimulation is essentially restricted 
to multiparas or to those with a previously scarred 
uterus. Use of newer, potent uterotonics, such as 
misoprostol, can be associated with an increased 
risk of rupture when administered to women with a 
prior uterine scar during labor induction. (See Chap
ter 10, Labor.)

The risk of prior uterine scar rupture varies with 
the type of original incision. The rupture risk for a 
classic vertical scar is approximately 6%, whereas 
that for a low transverse incision is less than 1% 
[57,58], Rupture rates for low vertical incisions are 
generally similar to those for low transverse inci
sions [58,59], Maternal mortality from transverse 
scar ruptures is virtually nil, but the fetal loss rate 
approximates 10%. The fetal mortality rate from 
rupture of a classical uterine incision is 70% or 
more, with an accompanying maternal mortality 
of approximately 5%. Although the precise num
bers for these risks vary by series, these averages 
serve as reasonable approximations. (See Chapter 
18, Cesarean Delivery.)
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TABLE 23.6 Clinical Features of Uterine Rupture

Clinical Features

Previously
Scarred
Uterus

Unscarred
U terus Total

Tachycardia only 1 4 5
Shock 3 24 27
Scar (or abdominal 9 14 23

tenderness or pain)
Uterine bleeding 13 40 '53

(external)
Hematuria 1 1 2
Cessation of contractions 4 4 8
Change in fetal position 2 6 8
Disappearance of fetal 3 1? 20

heart sounds
Routine examination of 9 15

scar
Operation for another 6

reason

Modified from Golan A, Sandhank P, Rubin A: Rupture o f the 
pregnant uterus. O bstet Gynecol, 1980. Nov; 56(5):549-54; 
with permission.

Classic signs of uterine rupture include arrest of 
labor, loss of station, vaginal bleeding, maternal car
diovascular collapse, fetal distress, and the sudden 
onset of abdominal pain (Table 23.6) [60-65], Many 
ruptures seen in current practice do not include all of 
these classic signs and symptoms, however. In sep
arations of low transverse scars, the dramatic pre
sentation that often accompanies the spontaneous 
rupture of an unscarred uterus is frequently absent 
because the rupture usually occurs in the relatively 
avascular lower uterine segment. In fact, some trans
verse scar ruptures are found only incidentally at the 
time of laparotomy after a failed trial of labor or 
instrumental delivery.

If a uterine rupture is diagnosed, prompt surgical 
exploration either to repair the tear or to perform a 
hysterectomy is required. In contrast, asymptomatic 
scar dehiscences palpated after delivery, unless asso
ciated with hemorrhage, pain, or signs and symp
toms suggesting excessive blood loss, are best left 
untreated. In a case of spontaneous rupture^ the 
surgery can be complex, especially if rupture occurs 
in a previously scarred uterus. Extension into the 
broad ligament, major arterial vessels, and occasion
ally even the bladder is possible.

Uterine atony and inversion both can result in 
exsanguinating hemorrhage [66-71 ]. For the United 
States, it is estimated that atony is responsible for 
1.4 mortalities per 100,000 live births [72], There 
is good evidence that active management of the 
third stage, including the routine administration of 
uterotonics, reduces both postpartum blood loss 
and the incidence of atony [73]. In general, atony 
is more common after delivery of a macrosomic 
infant, a multiple gestation, an oxytocin-stimulated 
labor, chorioamnionitis, history of postpartum hem
orrhage, or use of a tocolytic such as magnesium sul
fate [69,70]. Infection and abruptio placentae also 
predispose to atony, as does precipitate labor and -  
now uncommonly -  the use of halogenated anes
thesia agents. The treatm ent for atony includes 
a variety of techniques: removal of intrauterine 
blood and clots, uterine massage, administration of 
potent uterotonics, packing or balloon compres
sion, vessel embolization or ligation [68-70,74-79]. 
(See Chapter 18, Cesarean Delivery and Surgical 
Sterilization.)

Uterine inversion requires prompt restoration of 
the uterus to its usual anatomic position by either 
physical manipulation or surgery. Inversion occurs 
when both fundal implantation of the placenta and 
marked postpartum laxity of the lower uterine seg
ment combine in some unusual manner. The inci
dence is approximately 1 in 2,000 deliveries and 
might be more common in nulliparas. Although 
incompetent midwifery and inappropriate cord trac
tion were classically taught as the causes: for uterine 
inversion, this is now believed to be only partially 
correct, although this association is still reported in 
standard textbooks. Up to 40% of inversions occur 
without a history of cord traction or fundal mas
sage/pressure. Spontaneous uterine inversion has 
been observed at cesarean delivery by the senior 
author of this chapter. (See Chapter 11, The Third 
Stage.)

Uterine inversion is treated by prompt vaginal 
replacement of the prolapse [66,6/ ]. If the inver
sion is complete and the placenta remains intact, 
manual replacement of the uterus is best performed 
before attempting to remove the placenta, in case of 
unusual placenta adherence (e.g., accreta). The ini
tial use of tocolytics, such as intravenous terbutaline 
or nitroglycerin, followed by the administration of

U terine Atony and Inversion
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one of the potent uterotonics, eases replacement, 
reduces overall blood loss, and helps the uterus 
to retain its correct anatomic position. Uncom
monly, abdominal exploration or a combined vagi
nal/ abdominal procedure is required to replace the 
uterus since reversion is a common complication. In 
the hours immediately after a replacement, serial 
reexamination by palpation and real-time ultra
sound scan should accompany the administration 
of potent uterotonics. (See Chapter 11, The Third 
Stage.)

Amniotic Fluid Embolism
Classic amniotic fluid embolism (AFE) is a syn
drome of catastrophic acute cardiovascular collapse, 
pulmonary dysfunction, and coagulopathy that is 
unique to pregnant women [80-87], AFE was first 
established as a clinical entity in the 1940s, and since 
that time a large body of literature has developed 
about this condition and its antecedents, risks, and 
treatment. AFE is now believed to be a complex 
immunologic reaction to an intravenous bolus of car
diovascular amniotic fluid or its contents, resulting 
in serious and potentially fatal cardiovascular and 
coagulation events. Traditionally, mortality rates 
have been described as high (50%-80%). As is dis
cussed later, even the confirmation of AFE is prob
lematic. As the classic causes for maternal morbidity 
decline in incidence with improvements in obstet
ric care (i.e., hypertension and infection), AFE has 
become increasingly important as a cause of mater
nal death. At present, AFE is responsible for approx
imately 10% of all maternal deaths.

The pathophysiology of this disorder is not well 
understood. Although it is believed that AFE is ini
tiated by an immunologic event, the exact mecha
nism remains to be established. The pathogenesis of 
the often-associated profound uterine atony is like
wise unknown. The AFE syndrome is initiated when 
amniotic fluid and its contents, which include fetal 
squamous cells, meconium, lanugo hair, and other 
debris, enter the maternal pulmonary circulation. 
Fluid entry is thought to occur by venous absorp
tion and in most cases occurs at or about the time 
of parturition. The open uterine venous sinuses that 
are normally presented postpartum accelerate this 
process, facilitated by the usual myometrial contrac
tions. This embolization results in an anaphylactic 
reaction, possibly to various fetal antigens. O f inter

est, approximately 40% of the women who develop 
AFE have a history of allergy and, for unknown rea
sons, the syndrome is more common when the fetus 
is male [ 8 7 ]. Because of the suspected association of 
AFE with hypersensitivity, and its hematologic and 
hemodynamic similarities to septic shock and ana
phylaxis, the term anaphylactoid syndrome of preg
nancy has been suggested for this condition [87], 
This new term reflects the uncertainties of diagno
sis, the strong association between this condition and 
hypersensitivity, and the variation possible in clini
cal presentation. The term AFE has been in use for 
decades, is well embedded in the literature, and is 
familiar to clinicians, however. For these reasons, in 
this discussion the syndrome is referred to by its tra
ditional title.

The initiation of the AFE syndrome is some
how involved with either the unique constituents 
of amniotic fluid or the effects of this fluid on 
the maternal cardiopulmonary circulation. Human 
amniotic fluid is known to have potent effects that 
mimic thromboplastin, including platelet aggrega
tion and the rapid activation of vasoactive substances 
[88,89], Embolization of amniotic fluid could also 
initiate a local thrombosis, potentially leading to 
a clinical picture that is essentially indistinguish
able from that of a pulmonary embolism. At the 
membrane and cellular level, it is known that the 
pathophysiology of AFE involves mast cell degran
ulation, histamine or tryptase release, or activa
tion of the complement pathway [90-92], Tissue 
factor (TF), derived from fetal epithelial cells, is 
another important vasoactive substance associated 
with AFE, and could be part of the pathophysiol
ogy of the syndrome. TF binds with Factor VII and 
has the potential to activate the coagulation cas
cade by the extrinsic pathway [88]. This process can 
rapidly deplete circulating clotting factors including 
fibrogen, as well as prompt activation of the fibri
nolytic system. Many vasoactive substances, includ
ing bradykinins, prostaglandins, leukotrienes, and 
the various cytokines, are also involved in the AFE 
syndrome, perhaps with a mix unique to each case.

Although the risk for AFE is estimated from 1 
in 8,000 to 1 in 50,000 pregnancies, the true inci
dence is unknown. Imprecision in this estimate is 
due to the lack of established criteria for making 
the diagnosis, the inclusion in some series of undoc
umented or suspect cases, and the sporadic nature 
of its occurrence. In its full-blown manifestation of
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TABLE 23.7 Amniotic Fluid Embolism and Neonatal 
Survival: Interval from M aternal Cardiac Arrest to 
Delivery*

Interval (min) Neonatal Survivors Intact Surviviors

<5 3/3 (lOQli) 2/3 (67%)
5-15 3/3 (100". ) 2/3 (67%)
16-25 2/5 (4Q%) 2/2 (100%)
26-35 3/4 (75%) 1/3 (33%)
36-54 0/1 (0%) 0/1 (0%)
Totals 11/16 (69%) 6/12 (50%)

m 16 .
Modified from  Clark S, Hankins DG, Dudley DA, Dildly DA,
Porter TF: Amniotic fluid embolism: Analysis o f the national 
registry. Am J O bstet Gynecol, 1995, Apr; 172(4 P t .l) : l  1 58 (>7:; 
vvith permission.

cardiovascular collapse and coagulopathy AFE is 
uncommon at best. There is no established eth
nic or racial predilection. The components of the 
syndrome that constitute the greatest threat to the 
m other’s life are the acute hypoxia and cardiopul
monary dysfunction. Depending on whether cases 
of pregnant women with unexplained coagulopa
thy, severe uterine atony or transient cardiovascu
lar dysfunction are either accepted or rejected as 
being part of this disorder, the associated mortal 
risk can be reported as much lower than the com
monly reported 50% to 80% [80,81]. W hen classic 
AFE occurs, morbidity is also a major problem. In 
the severe cases included in the U.S. registry only 
15% of the surviving women were neurologically 
intact [86]. Intact maternal survival after a cardiac 
arrest occurring in conjunction with AFE is rare. 
Fetal risk is likewise high. O f the. 28 cases in the 
registry in which the fetus was alive at the time of 
the event, only 22 (79%) survived. Unfortunately, 
fewer than one half of these fetal survivors proved 
normal (Table 23.7).

The AFE syndrome is not unique to near- 
term vaginal or cesarean deliveries. AFE has been 
reported in association with blunt abdominal 
trauma or after certain obstetric procedures (e.g., 
amniocentesis, cerclage removal, manual removal 
of the placenta, forceps delivery, or curettage for 
mid-trimester fetal demise). AFE has also been sus
pected in twin gestation with intact membranes and 
reported in association with saline abortion in the 
mid-trimester [83-84,89,93-104],

In most cases, AFE occurs in laboring women 
in the third trimester, most often in the advanced 
stages of labor [104], In approximately 80% of 
reported cases, the membranes are documented to 
have been ruptured, and in nearly three quarters, 
the acute symptoms develop intrapartum. In the 
remaining 25% to 30% of cases, most occur postpar
tum, with approximately two thirds after a cesarean 
and one third after a vaginal delivery. Although the 
AFE syndrome is generally assumed to be an acute 
reaction, documented cases occurring 30 minutes or 
more after delivery have been reported. The mech
anism of these delayed-onset cases is unclear but 
could be from parturition-induced changes in mater
nal circulation or delayed, perhaps leukotriene- 
mediated, anaphylaxis [86,87].

Several previously reported associations for AFE 
are no longer thought to be true. Specifically, 
m ethod of delivery, use of oxytocin, and tumultuous 
or precipitate labor are apparently unrelated factors 
[86]. Both severe abruptio placentae and uterine 
rupture remain as valid risk factors, however.

W hat causes most maternal deaths is the combi
nation of acute heart failure and hypoxia. Severe and 
rapid-onset hypotension is among the most consis
tent observations among women with the AFE syn
drome, and death from the syndrome is usually sec
ondary to refractory cardiopulmonary arrest. Once 
initiated, the process of the syndrome rapidly pro
gresses to a relentless spiral of profound myocardial 
dysfunction that results in hypoxia and leads to aci
dosis and then to further depression in myocardial 
function, which promotes more hypoxia. The prin
cipal mechanism for the sudden-onset cardiac dys
function is not established. Proposed mechanisms 
include direct effects of hypoxia, coronary artery 
spasm leading to ischemia, or a direct depressant 
effect on the myocardium by an unknown circulat
ing substance or substances. O f note, if a cardiac 
arrest ensues in an AFE patient, the maternal sur
vival rate is 30% or less. O ther causes of maternal 
death associated with AFE include adult respira
tory distress syndrome (ARDS), multiorgan failure, 
exsanguination, and withdrawal of life support sec
ondary to brain death.

In the classic case, the acute clinical symptoms of 
AFE include dyspnea, tachypnea, cough, seizures, 
and fetal bradycardia (Table 23.8). Sudden maternal 
cardiac arrest is also possible. Arterial blood gases 
reveal hypoxia and variable acidosis. Coagulation

ak
us

he
r-li

b.r
u



738  O'GRADY

TABLE 23.8 Frequency of Specific Signs and Symptoms 
in Cases of Amniotic Fluid Embolism

Events* N %

Hypotension 43 100
Fetal distress 30 100
Pulmonary edema, ARDS' 28 93
Cardiac arrest 40 87
Cyanosis 38 83
Coagulopathy 38 83
Dyspnea 22 49
Seizures 22 48
Uterine atony 11 23
Bronchospasm 7 15
Transient hypertension 5 11

AFE, Amniotic fluid embolism
*Note: Some women did not survive long enough to either 
expffes specific sym ptom s or fei Confirm the diagnosis o f AFE.
T Adult respiratory distress syndrome.

Modified from 01ark S, Hankins IX.,. Dudley DA, Dildly DA, 
Porter TF: Amniotic fluid embolism: Analysis of the national 
registry. Am J O bstet Gyrcgco I  1 * 5 . Apr; 172(4 Pt. 1): i 158-67; 
with permission.

studies are usually abnormal, although acute throm 
bocytopenia is rare. In some instances, the pre
senting symptoms are refractory postpartum uter
ine atony with or without coagulopathy, with the 
cardiopulmonary phase either absent or subclinical 
[105,106],

When the AFE syndrome is triggered, there is 
a two-phase response. Phase one, which accounts 
for approximately 50% of the associated maternal 
mortality, involves severe pulmonary vasoconstric
tion of sudden onset. Acute cor pulmonale, hypoxia, 
cyanosis, hypotension, and eventually, myocardial 
depression and pulmonary edema, are the principal 
complications [106], If the woman survives suffi
ciently long, a clinical condition mimicking ARDS 
can develop. F nase two is a rapid-onset coagulopa
thy, usually compounded by profound and unre
sponsive uterine atony. Not all cases follow this 
progression. Many of the women destined to suc
cumb die rapidly of cardiopulmonary dysfunction 
before the coagulopathy or other complications can 
develop. One half of the maternal deaths occur 
Within xhe first hour, and among the survivors, coag
ulopathy subsequently develops in approximately 
50% [81], There are no data on the likelihood of 
recurrence, or the possibility that morbidity or mor
tality could be increased if an extension of the orig

inal embolus occurs. O f interest, normal pregnancy 
is apparently possible following an episode of AFE 
[107,108],

Acutely afflicted women are treated to maintain 
cardiac function, reduce bronchospasm and pul
monary artery hypertension, and to restore uter
ine tone as is clinicially required. Transfusion of 
blood and blood products, endotracheal intuba
tion anti positive-pressure—controlled respiration, 
administration of steroids, and at times, heparin, 
are additional common therapies. The uterine atony 
associated with AFE is often resistant to standard 
medical management, and other treatments, includ
ing surgical interventions such as vessel ligation, bal
loon tamponade or gauze packing, placement of 
uterine compression sutures (i.e., B-Lynch or oth- 
ers), hysterectomy, or vessel embolization can be 
required for control [105], If the mother sustains a 
cardiac arrest, an early perimortem cesarean deliv
ery is indicated. In this setting, maternal recovery 
is unlikely, and although data are limited, a prompt 
delivery might improve the prognosis for the infant.

for the treating physician, there is no test or pro
cedure that absolutely confirms the AFE diagnosis. 
Both clinical experience and review of the literature 
indicate that the diagnosis of AFE is one of exclu
sion. A convincing or objective verification of AFE 
is not possible in many cases; in some the mothers 
survive and in these and other instances there are 
no pathologic specimens for review. Also the criteria 
required for the diagnosis are not exact or consistent. 
For these reasons, a critical review of the general 
clinical associations (e.g., coagulopathy, cardiopul
monary dysfunction, etc.) with the obstetric events 
(e.g., atony, hemorrhage, etc.) is prudent when any 
specific case is reviewed as a possible example of 
an AFE. Several other clinical conditions must be 
considered. The acute pulmonary edema often seen 
in conjunction with AFE could be a complication 
of pregnancy-related hypertension or could be sec
ondary to pulmonary embolism, anaphylaxis, sep
ticemia, tension pneumothorax, or severe abruptio 
placentae, among other conditions.

Standard radiographic studies cannot distinguish 
between cases of AFE and simple pulmonary 
embolism. The principal radiographic abnormality 
on chest films is a nonspecific increased opacity, a 
finding that is essentially indistinguishable from pul
monary edema from any cause. For the radiologist, 
the differential diagnoses for such films includes
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both aspiration pneumonia and diffuse pulmonary 
hemorrhage [ 109,110].

Histologic confirmation of suspected cases is 
often attempted; however, the identification of 
amniotic fluid debris in maternal pulmonary ves
sels varies and so is often nondiagnostic. Further, the 
isolated finding of squamous cells in the maternal 
pulmonary circulation is now considered nonspe
cific and not pathognomonic of the disorder [ 111 ]. 
Although catheter aspiration from the pulmonary 
artery to identify fetal cells is now discredited, his
tologic studies of pulmonary vessels in women on 
autopsy is still helpful in the retrospective assign
ment of the diagnosis. AFE is strongly suspected 
as the correct diagnosis if the clinical presentation 
is typical and subsequent histologic examination of 
vessels in the maternal lung reveals embolization of 
amniotic fluid debris such as mucin and not simply 
squames. In the 1995 Registry, in w'hich strict clini
cal criteria for inclusion were used, the diagnosis of 
AFE was confirmed by the observation of fetal debris 
in the pulmonary vessels of only 73% of the women 
going to autopsy [86]. For the purposes of the reg
istry report, squamous cells, hair, fat, trophoblast, 
and nonspecific cellular debris such as mucinous, 
keratinous, or proteinaceous material were consid
ered as presumed fetal elements and accepted as his
tologic evidence of embolization. Although animal 
models for AFE have not proved terribly helpful, 
a recent goat model of embolization indicates that 
histologic evidence of specific fetal debris is more 
likely to be found if the embolization is produced 
by meconium-stained amniotic fluid, as opposed 
to meconium-free fluid, raw fluid, or filtered fluid 
[111].

To confuse the matter further, there are cases 
of uterine atony, coagulopathy, or transient intra
partum or postpartum cardiopulmonary distress or 
dysfunction that occur without documented abrup
tio placentae, hypoxia, or hypotension. It is the
orized that these clinical events might be due to 
a forme fruste of AFE [42,97], W hen the parturi
ent survives and there is no histologic confirmation, 
especially if the original presentation was at all atyp
ical, the diagnosis in such instances remains uncer
tain.

Research has yet to identify a satisfactory ani
mal model for AFE or to suggest therapies based on 
established pathophysiology. Owing to the unpre
dictability of the disorder and the problems inher

ent in establishing the. correct diagnosis, there are 
no randomized treatm ent trials. Prevention of the 
syndrome is unknown. In the future, if the trig
gering mechanism for the hypoxia, atony, and car
diac dysfunction of the syndrome can be elucidated, 
treatment to slow or arrest the disastrous and all 
too rapid cascade of vasoconstriction, coagulopa
thy, and depressed myocardial function might be 
possible. Given current knowledge, the best chance 
to reduce the mortality associated with AFE is to 
train birth attendants in the rapid identification of 
the characteristic clinical presentation, methods of 
cardiovascular support, treatment of profound uter
ine atony with hemorrhage, and the management of 
acute coagulopathy.

Pelvic Relaxation Syndrome
Pelvic relaxation (also termed physiologic pelvic gir
dle relaxation, pelvic girdle relaxation, or symptom- 
giinng pelvic girdle relaxation} is a condition of pain 
and discomfort caused by the softening and sepa
ration of ligaments of the pelvic girdle (os coxae] 
associated with pregnancy [113,114], A degree 
of relaxation of the pelvic ligaments and separa
tion of the pubic symphysis is a normal and often 
asymptomatic event during pregnancy. Relaxin and 
other pregnancy-related hormonal substances are 
thought to be the cause. This type of physiologic 
ligament laxity spontaneously resolves postpartum 
without specific treatment. Surprisingly, the extent 
of the separation in the pubic symphysis is unre
lated to symptomatology. In a substantial number of 
women, however, a pregnancy induces a more pro
found relaxation of the os coxae, resulting in symp
toms and some degree of activity restriction. The 
incidence of this type of symptomatic pelvic relax
ation is not accurately known, but in its milder forms 
it is common [11 5-119].

In terms of anatomy, both the pubic symphysis 
and the sacroiliac joints are amphiarthoses; that is, 
they are slightly movable cartilagineous articulation 
joints that lack both a synovium and synovial fluid. 
In the symphysis, a thick interpubic fibrocartilagi
nous disk is positioned betwreen layers of hyaline 
cartilage as a cushion. Both the symphysis and the 
sacroiliac joints are reinforced by a web of exter
nal ligaments that normally permit minimal motion, 
except when they are disrupted by trauma or soft
ened by the hormonal effects of pregnancy. Several
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muscles insert over the symphysis, including the fal
ciform aponeurosis of the rectus abdominus (falx 
inquinalis), the rectus abdominus, the gracilis, the 
adductors brevis and magnus, the external obtura
tor, the levator ani, the obturator internis, and the 
sphincter urethrae. The nerves to the pubis include 
the pudendal and the genitofemoral. The blood sup
ply is provided by the pudendal, obturator, inferior 
epigastric, and medial femoral circumflex vessels.

1 he symptoms of symphysis separation appar
ently result from mechanical instability of the pelvic 
girdle^ Physiologically the pelvic bones function as 
arches, joined at the symphysis, that serve to trans
fer the weight of the trunk to the hips. During nor
mal ambulation or single-leg standing, shear forces 
act on the symphysis in opposite directions at the 
point of the articulation of the pubic bones (i.e., 
the symphysis). With weakening of the connect
ing ligaments, the os coxae move much more than 
is normal at the pubic symphysis as well as at the 
sacroiliac joints, resulting in pelvic instability. With 
normal changes in position or with ambulation, this 
motion of the pelvic bones in relation to one another 
results in the varying distressing symptoms of pelvic 
relaxation.

Women with pelvic relaxation are reasonably 
comfortable and pain free while at rest or supine, 
however, walking up or down stairs or arising from 
a chair or bed usually results in some degree of dis
comfort or acute distress. This is primarily reported 
as pain in the area of the symphysis, lower back, 
or thigh [113,115]. Pain in the distribution of the 
sciatic nerve is also common but is not the pre
dominant symptom. On ambulation these women 
often display a peculiar and characteristic shuffling 
or waddling gait which Shakespeare described as the 
“swimming gait” of pregnancy [121], This distinc
tive technique of ambulation apparently serves to 
minimize displacement of the pelvic bones [122],

A characteristic history, combined with the find
ings on abdominal and vaginal examination, is diag
nostic. There is usually moderate-to-acute tender
ness to palpation over the pubic symphysis. If the 
woman is instructed to step up and down on a step 
or stool while the examiner conducts a transvaginal 
palpation ot the symphysis, an unusual and para
doxic up-and-down movement of the pubic bones 
can often be appreciated. To establish the correct 
diagnosis, the history and patient’s physical exami
nation must exclude ataxia and common nerve com

pression syndromes, such as sciatica. Once these 
conditions have been considered and the diagnosis 
is established, additional unnecessary testing can be 
avoided, the patient appropriately counseled, and 
local relief measures instituted.

treatm ent during pregnancy is symptomatic and 
often less than ideal. Mild analgesia, acupuncture, 
a pelvic binder, physical therapy, use of walkers, 
bedrest, and other local treatments provide some 
relief [ 120,123,124]. There is an extensive lay liter
ature about this condition, with a plethora of addi
tional potential therapies that include chiroprac
tic or osteopathic maneuvers, among others | 123], 
Occasionally, direct injection of the symphysis with 
local anesthetic agents with or without a steroid 
relieves acute symptoms. The only definitive treat
ment is delivery, however. In most cases not caused 
by traumatic or surgical separation of the symphysis, 
improvement or full recovery can be confidently 
anticipated as the hormonal effects of pregnancy 
abate postpartum. It is possible for a chronic pelvic 
pain syndrome to develop in some cases. If a spon
taneous traumatic rupture occurs intrapartum, or if 
surgical division of the symphysis was performed, 
the triad of chronic pubic pain, urinary inconti
nence, and pelvic instability are possible long-term 
complications.

In a small percentage of women, pregnancy 
incites a syndrome of pelvic joint pain that per
sists after pregnancy [125,126]. This chronic and 
debilitating condition is preceded by what clinically 
appears to be a routine case of obstetric pelvic relax
ation. If the symptoms improve over time, this more 
severe disorder often recurs with subsequent preg
nancies, and signs and symptoms can persist for 
years. In one prospective study, the likelihood of 
some degree of persisting discomfort up to two years 
postpartum occurred in up to 9% of women who 
initially developed pregnancy-related pelvic joint 
pain [121-126], Furthermore, if pain was initially 
reported in all three pelvic joints, the incidence of 
the persistence of the pain after six months doubled.
1 here is an association between this long-term syn
drome and both a f amily history of pelvic pain occur
ring with pregnancy and developmental hip dys
plasia, suggesting a more complex etiology [126], 
W hen this long-term disorder develops, it is diffi
cult to treat. Rest, pelvic supports, acupuncture, and 
rarely and only in selected cases, surgery are poten
tial therapies.
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Infrequently, acute symptoms referable to the 
pubic symphysis and ambulation follow rupture 
of the symphysis. This is a complication that can 
accompany either a spontaneous or an instrumental 
delivery or be associated with obstetric manipula
tions, such as the McRoberts maneuver for relief 
of a shoulder dystocia [ 120,127-129]. When spon
taneous rupture of the pubic symphysis occurs, an 
audible snap or crack accompanied by a sudden less
ening of difficulty during fetal extraction or sponta
neous delivery is often reported. In other instances, 
however,; a specific traumatic episode is not recalled. 
On physical examination, palpation elicits pain over 
the symphysis. The pain in the symphysis usually 
can be reproduced when both greater trochanters 
are pressed together toward the midline. The patient 
is usually unable to flex at the hip when the legs 
are extended. Clinical associations for spontaneous 
symphysis rupture include prior symphyseal symp
toms, precipitate labor, abnormal presentation, fetal 
macrosomia, use of the McRoberts maneuver, 
instrumental delivery, or relative fetopelvic dispro
portion. In many cases, no specific predisposing fac
tor beyond pregnancy is identified.

Infrequently, the symphysis is intentionally 
divided at the time of delivery to permit extra 
pelvic room in cases of cephalopelvic dispropor
tion or shoulder dystocia. This procedure, symphys
iotomy, is not recommended to the inexperienced 
physician. Elective symphysiotomy is rare in West
ern practice; however, it continues to be employed 
in other parts of the world where it is occasionally 
employed to avoid the peri- and postoperative mor
bidity of cesarean delivery [ 130-133], (See Chapter
18, Cesarean Delivery.)

O ther rare and unusual conditions can have a 
similar presentation to pelvic relaxation. The most 
likely is osteomyelitis of the pubic symphysis, a con
dition that rarely follows vaginal delivery. In these 
cases, a localized infection disrupts the continuity 
of the symphysis. Prior incontinence surgery, sports 
injuries, pelvic malignancy, and intravenous drug use 
are much greater risk factors than obstetric delivery 
for infection of the symphysis pubis, however [ 134— 
136],

Coccygodynia
A potentially disabling obstetric injury little dis
cussed in standard obstetric texts is fracture, disloca

tion, or other trauma to the maternal coccyx, leading 
to the syndrome of coccygodynia [137-150]. This 
condition includes various distressing symptoms 
such as poorly relieved perirectal pain, pain on sit
ting or with pelvic/rectal examination, and chronic 
dyspareunia [138], The etiology of chronic pain 
associated with the coccyx and surrounding tissue is 
not clear but is believed to arise from several related 
causes. Hypermobility of the coccyx caused by the 
hormonal changes of pregnancy could permit more 
flexion or extension than usual, as well as changing 
the resting tension of ligaments and muscles, lead
ing to pericoccygeal inflammation. An inflamma
tory focus that develops in the area of the coccygeal 
synchrondrosis can also extend to other anatomi
cally related structures, including the anococcygeal, 
sacrospinal, and sacrotuberal ligaments, and the glu
teus maximus and levator ani muscles, thus amplify
ing the original discomfort. Direct delivery trauma 
leading to coccygeal hypermobility or subluxation 
is another possibility [138,142],

Anatomically, the coccyx varies in both size and 
shape and includes three or four vestigial vertebrae 
bound together by fibrous tissue or bone. At the 
sacrococcygeal junction, there is usually a movable 
joint. The coccygeal segments following the first 
bone display variable development of the vertebral 
arches and often consist only of small bony nodules 
of varying size. Neither the number of coccygeal seg
ment nor the extent of join fusion is related to exis
tence of pain or to its intensity [141]. The primary 
blood supply to the. coccyx is by the medial sacral 
artery, arising from the abdominal aorta near the 
bifurcation. The nerve supply is primarily from the 
fifth sacral root. The nerve roots exit above the first 
coccygeal vertebra and contribute to the coccygeal 
plexus, formed from the anterior division of roots 
L4-5 and the coccygeal nerve.

The differential diagnosis for coccygodynia 
includes several disorders, including referred pain 
from rectal disorders, lumbar or sacral disk disease, 
a variant of the pelvic relaxation syndrome, or a 
pilonidal cyst. Rarely, a tumor of the cauda equina or 
the coccygeal region can result in similar symptoms.

The diagnosis is based principally on clinical find
ings and history. As noted, among the afflicted, 
chronic debilitating pain in the area of the coc
cyx and dyspareunia are common complainants. On 
physical examination, palpation or movement of 
the coccyx elicits or reproduces intense discomfort.

ak
us

he
r-li

b.r
u



742  O ’GRADY

Although a pelvic radiograph might reveal displace
ment or unusual angulation of the coccyx, similar 
findings are also noted in asymptomatic subjects; 
thus, standard radiographic findings are not usu
ally helpful in confirming the diagnosis. In recent 
years, more specialized imaging studies, including 
a dynamic sitting lateral view of the coccyx, have 
been suggested as better techniques for accurately 
identifying abnormal anatomy. A pathologic sub
luxation is defined as the coccyx being displaced 
by more than 25% from the standing to the sitting 
view [142-144], Documented coccygeal hypermo
bility and the failure to respond to local measures 
can help to identify those patients who are likely to 
improve with surgery.

for many years, the syndrome of coccygodyn- 
ia has presented difficulties as a distinct medical 
entity [144], Nonetheless, there are patients who 
develop symptoms discretely referable to the coccyx 
or the paracoccygeal tissues after obstetric trauma 
from both spontaneous and assisted vaginal deliv
ery. Unfortunately, the etiology of the pain associa 
ated with coccygeal injury or pericoccygeal inflam
mation is imperfectly understood, and the literature 
concerning the pathophysiology and therapy of this 
condition is long, confusing, and often contradictory. 
In treating patients with coccygodynia, it is prudent 
to make haste slowly, evaluate patients carefully, and 
i o IIo w  an established protocol. All authors under
score the importance of excluding patients whose, 
symptoms are unrelated to the coccyx or who are 
emotionally unstable.

Treatment is symptomatic, and several m eth
ods might need to be attempted to provide relief 
[138,143,145-147], Analgesics, sitting on an air 
cushion, injection of local anesthetics with or with
out steroids, various direct manipulations or mas
sage of the coccyx, and acupuncture are the most 
common treatment methods. In patients with a 
mobile displaced coccyx, manipulation to restore 
it to its anatomic position can provide some relief. 
Other treatment modalities include localized nerve 
ablation, cryoanalgesia, and steroid therapy by ion
tophoresis. Unfortunately, recovery can be incom
plete and prolonged.

Surgical removal or repair of the coccyx is consid
ered in selected severe cases but should not be con
templated until after several months of conservative 
treatment [147,148], Elective surgery should not 
be performed during pregnancy. Operative treat

m ent must be approached with trepidation, because 
reflux sympathetic dystrophy, chronic severe pain, 
and causalgia can follow surgery. Despite these risks, 
75% or more carefully selected patients have their 
symptoms relieved by partial or complete coccygec- 
torriy if other forms of nonsurgical treatment fail 
[143,147-150], If the coccyx heals, refracture or 
dislocation can accompany a subsequent pregnancy, 
with recurrence of the syndrome. Thus, a prior his
tory of coccygodynia can be a potential reason for a 
cesarean delivery in a subsequent pregnancy.

O ther Causes of Maternal Injury

Medical errors are another potential cause of mater
nal injury. The magnitude of this risk for obstetric 
patients is not known, and good data are limited. 
As all clinicians recognize, errors in the provision of 
medical care, particularly to hospitalized patients, 
are possible. Because any injuries caused by error 
ar$ potentially avoidable, methods of prevention 
need consideration. In 1999 and in a follow-up 
study in 2001, The Institute of Medicine published 
a detailed report on errors in hospitals [151], It 
was claimed that errors were responsible for nearly 
100,000 deaths a year among hospitalized patients 
in the United States. These reports and other stud
ies generated in response to these documents have 
proposed important design changes for the provi
sion of medical care, including revision in infor
mation technology, communication between care
givers, coordination of care, and the effective use 
of performance and outcome measures. In obstet
ric services, reform is most visible in the operat
ing suite and when treatments or medications are 
ordered. New methods of surveillance to identify 
and learn from various “near-miss” events have been 
instituted. Different systems for patient identifica
tion and surgical site verification to avoid surgical 
and other errors have been introduced for use in the 
operating suite. The issue of correct patient identi
fication in the operating suite seems at first glance 
to be of less importance in obstetric practice than in 
general surgery. Procedures such as cesarean deliv
ery are usually conducted only after the parturient 
has been hospitalized for some time and physician, 
midwifery, or nursing personnel have been in imme
diate attendance. This fact should make misidenti- 
fication a remote risk. There are other considera
tions, however. In many if not most busy clinical
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services, a varying percentage of the parturients do 
not speak or understand English. Further, emer
gency surgery is occasionally required on gravidas 
rapidly transferred from an emergency service or a 
triage or prep unit. Some of these women have not 
had prenatal care; others have had their prenatal 
care in other institutions or other cities, making their 
records effectively available. Some patients could be 
unresponsive owing to their medical conditions or 
otherwise unable to communicate. O ther persons 
destined for surgery, such as newborns for circumci
sion, are equally incapable of identifying themselves 
and must depend on the protocols of the institution 
to identify and verify their correct surgery. W hen 
surgery is looked at in this light, the meticulous 
identification of any person undergoing surgery and 
a secondary verification of the intended procedure 
are necessary requirements, despite the redundan
cies and limitations of current methods. Another 
set of changes in hospital practices affecting the 
obstetric clinician concerns the pharmacy. Hospital 
pharmacies have markedly changed the manner in 
which oral and intravenous medications are ordered, 
stocked, and administered. In order to avoid errors, 
the addition of various electrolytes and commonly 
used drugs such as magnesium sulfate and oxytocin 
to intravenous solutions on nursing or labor and 
delivery units has been abandoned. Premixed solu
tions are now prepared and dispensed by a central 
pharmacy. The use of some drugs is also restricted, 
based on institutional protocol. Thus, not all drugs 
preferred by some practitioners are on the formu
lary. As with surgery, the effort in these changes is 
to avoid error by the standardization of practice and 
simplification of routine procedures.

There has also been interest in crew resource 
management. This is a model for handling com
plex events that was originally developed in the 
aviation industry in response to accident analysis. 
In medicine, in which circumstances are also sim
ilarly complex and often rapidly changing, crew 
management involves the organization of multidis
ciplinary professional teams (med teams). These 
teams receive special group training. The aim is to 
ease communication, encourage unrestrained ques
tioning of events up the hierarchy, and introduce 
various redundancies to better ensure quality and 
safety. The theory is that the more cooks that watch 
the pot, the less likely that something will be over
looked or be done incorrectly. More will be heard

concerning this type of organization in the future as 
these methods are better refined for use in clinical 
services.

FETAL INJURIES: OVERVIEW
Fetal/neonatal abnormalities can be divided into 
those resulting from mechanical, hypoxic/asphyxic, 
congenital, developmental, or infectious causes. 
Hypoxia/asphyxia and mechanical trauma often 
coexist, especially when more serious injuries are 
considered. In recent decades, the incidence of 
mechanical injuries has decreased owing to nonspe
cific improvements in perinatal care and the avoid
ance of difficult instrumental procedures and fetal 
extractions (Table 23.9). A brief review of vari
ous types of potential infant injuries associated with 
parturition illustrates the problems associated with 
efforts to reduce the incidence of damaged babies.

Head and Neck Injuries
Birth injuries to the fetal head or neck occur with 
an overall incidence of approximately 1% [152]. 
Cephalohematomas are the most common lesions, 
accounting for 56% of all head/neck injuries in 
the series reported by Hughes and coworkers. In 
this study, facial lacerations (12%), facial nerve 
palsies (8.6%), skull fracture (2.9%), injuries to the 
nasal septum (0.6%), and the phrenic (1.7%) or 
laryngeal nerve (0.6%) were also reported. Head 
or neck injuries can accompany other significant 
fetal trauma such as brachial plexus or spinal cord 
injuries; thus, complete evaluations are necessary. 
Although some of these injuries: are of minimal clin
ical importance or resolve rapidly, others are poten
tially much more serious.

Minor Scalp Injuries
Mild scalp abrasions and ecchymoses are com
mon following vacuum extraction, forceps-assisted, 
and spontaneous delivery. These are not of clini
cal importance; however, rarely, serious and even 
life-threatening cranial injuries occur after instru
mental delivery with either a vacuum extractor or 
forceps.

Minor scalp lacerations are common after either 
fetal scalp sampling or the application of fetal 
scalp electrodes. The surgeon also occasionally
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TABLE 23.9 Incidence of Birth Trauma in Two Studies 20 Years Apart

Rubin (1964) Scotland (1980)
(n =  15,435) (n =  51,191)

Injury Number % Number % Reduction

Clavicle fracture 43 2.8 28 0.5 5.6
Facial nerve. 21 1.4 30 0.6 2.3
Brachial plexus 18 1.2 5 0.1 12.0
Intracranial 13 0.8 35 0.7 1.1
Humerus fracture 7 0.3 3 0.06 5.0
Phrenic nerve 2 0.1 0 0.0
Spinal cord 1 0.06 1 0.02 3.0
Lacerations 9 0.6 16' 0.3 2.0

From Walker CHM: Birth trauma, In: Crawford JW. Risk of Labour. Chichester: John Wiley, 1985. 
pp 71-93; with permission.

inadvertently lacerates the fetal scalp during a 
cesarean while incising the myometrium. Poten
tial complications of scalp lacerations include local
ized scalp abscess, hemorrhage, and localized or 
rarely systemic infection. Uncommon and rare com
plications of direct electrode application include 
osteomyelitis, herpetic infection, necrotizing fasci
itis, or inadvertent spinal fluid leak [ 153-157]. Fetal 
HIV infection is another potential risk whenever the 
fetal skin is punctured or lacerated in an at-risk preg
nancy.

Simple local treatm ent occasionally is required 
for minor injuries to the scalp. If the scalp is lac
erated or punctured, cleansing with an antibacte
rial soap followed by the application of a topi
cal antibiotic ointment is appropriate. Rarely, for 
larger injuries, suturing with fine (5-0, 6-0) inter
rupted sutures of polyglycolic acid is required. Such 
injuries should be promptly discussed with the par
ents. The pediatrician should also be informed to 
avoid a potentially uncomfortable situation with the 
family. Extensive scalp lesions require careful eval
uation to exclude underlying subgaleal hematomas, 
cephalohematomas, or other potentially serious cra
nial injuries such as subdural hemorrhages, skull 
fractures, or other trauma.

The chignon, a peculiarly shaped, localized col
lection of caput succedaneum formed by vac
uum extractor cups, is the most common type of 
scalp lesion associated with vacuum extraction (Fig
ure 23.2). Chignon formation is usually minimal 
when soft-cup extractors are used [158], Although

FIGURE 23.2.
Chignon produced by rigid-cup vacuum extractor. 
(Bird’s modification; see Chapter 1 7, 
Instrumental Delivery, for discussion.)
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cosmetically unpleasant, the chignon is simply a 
localized form of the normal process of caput forma
tion or scalp edema that generally disappears within 
12 to 24 hours and results in no permanent injury. 
The importance of the chignon is the reaction of 
others to it. This distortion of the cranial outline is 
unusual and even frightening to the uninitiated, who 
have not been properly forewarned of its benign and 
transient nature. The common development of the 
chignon with rigid-cup vacuum devices contributed 
to the initially slow acceptance of vacuum extraction 
in American practice. (See Chapter 17, Instrumen
tal Delivery.)

Serious scalp injuries are possible but quite 
uncommon. As discussed later, these lesions 
include partial scalp necrosis, and more frequently 
and of greater importance, the formation of 
cephalohematomas and subaponeurotic (subgaleal) 
hematomas. Jaundice and anemia, and much less 
often, infection, coagulopathy, vascular collapse, or 
even death can follow such injuries [159].

Cephalohematoma
A cephalohematoma is the most common cranial 
injury among newborns, occurring in approximately 
2.5% of live births [160]. A cephalohematoma is a 
collection of blood beneath the pericranium (perios
teum), resulting from the laceration of subperiosteal 
vessels (Figure 23.3). The cause is thought to be 
shearing of the soft tissues of the scalp as they 
are displaced back and forth over the more rigid 
underlying bone during a spontaneous or instru- 
mentally assisted delivery. There are small commu
nicating vessels bridging between the veins in the 
diploic space, which lies beneath the inner and outer

FIGURE 23.3.
Sites o f  cranial and extradural hemorrhage in the 
cranium o f  the newborn. (From Pape WE, Wigglesworth 
JS: Hemorrhage, Ischaemia and the Perinatal Brain. 
Philadelphia: JB Lippincott, 1979; with permission.)

FIGURE 23.4.
Occipital osteodiastasis, proposed mechanism o f  injury. 
See text for details. (From Wigglesworth JS: Textbook o f  
Fetal and Perinatal Pathology. Boston: Blackwell Scientific 
Publishers, 1991; with permission.)

tables of the fetal skull, and both the pericranium 
and meningeal veins positioned on either side of 
the calvarium. With scalp trauma, these superficial 
venous connections rupture, leading to the forma
tion of a hematoma. The size of the resulting hem
orrhage is limited by the area of the involved cranial 
bone. Cephalohematomas occur more frequently in 
instrumental than in spontaneous deliveries and are 
more common especially after midforceps and oper
ative vacuum extraction procedures, in which, pre
sumably, scalp trauma is more marked [161].

Immediately after delivery a large cephalohe
matoma can be difficult to distinguish from the nor
mal caput succedaneum (Table 23.10). There are 
however several important clinical distinctions. In 
a caput succedaneum, the associated scalp edema 
varies from soft to moderately firm, and most impor
tantly, extends across suture lines because it is not 
confined by the periosteum of the bone. In con
trast, in a cephalohematoma, the hemorrhage is con
fined in size to the limits of a single cranial bone 
owing to the firm attachments of the periosteum at 
the periphery of the bony plate, which restrict the 
expansion of the hematoma.

On physical examination, a cephalohematoma 
is suspected when a soft-to-firm but well- 
circumscribed cranial swelling, restricted to a spe
cific cranial bone, is palpated. This swelling does 
not move with the scalp, as is usually true for the 
simple caput succedaneum. Often, the edge of a

Foramen magnum 
from above

Cephalhematoma
Subaponeurotic 
hemorrhage
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I ABLE 23.10 Scalp Birth Injuries: Differential Diagnosis

Injury Clinical Findings
Expansion
Postdelivery?

Crossing 
Suture Lines

Hemorrhage
Possible?

Caput sucfiedaneum Soft mass, pitting, commonly midline, 
overlying vertex

No Yes No

Cephalohematoma* Firm to tense, restricted to one cranial 
bone, usually parietal and unilateral

Yes No No

Subgaleaf
Subaponeurotic hemorrhage

Variable, soft to firm, usually fluctuant; 
systemic signs possible

Yes Yes Yes

‘Underlying skull fracture in 1Q%-25S> of cases.

Can be accompanied by a coagulation defect, cardiovascular collapse, or anemia. See text for details. 
Modified from Volpe JJ: Neurology o f the Newborn, ed 4. 2001, Philadelphia: WB Saunders; with permission.

cephalohematoma is raised, whereas the center is 
slightly depressed. As discussed in greater detail 
in the next section, a large cephalohematoma can 
also be difficult to differentiate initially from a sub
galeal hemorrhage, a potentially much more seri
ous injury. There are several important clinical dif
ferences between these conditions, however. First, 
cephalohematomas are common, whereas subgaleal 
hemorrhages are not. Although a cephalohematoma 
can be large, it is self-limited. Thus, a cephalo
hematoma cannot progress in the same fashion as 
a subgaleal hemorrhage. Finally, although cardio
vascular collapse or hypoperfusion/hypovolemia is 
relatively common after a subgaleal bleed, such 
serious complications are rare with cephalohe
matomas. Occasionally, neonatal anemia or hyper
bilirubinemia results from a cephalohematoma or 
its subsequent resorption. Despite their appear
ance, cephalohematomas are usually inconsequen
tial, unless they conceal an underlying skull frac
ture (5%-20%), or, in very unusual circumstances, a 
coagulopathy is also present [164-175], For uncom
plicated cephalohematomas, no specific therapy is 
required. Aspiration is specifically contraindicated, 
because these lesions regress spontaneously and the 
introduction of a needle unnecessarily risks infec
tion. If a cephalohematoma is accompanied by 
neonatal neurologic symptoms or signs and symp
toms of cardiovascular instability and a subgaleal 
hemorrhage has been excluded, a prompt CT scan 
or MRI study is indicated to exclude an occult 
skull fracture or other intracranial injury. In this 
setting, the clinician should also carefully exam
ine the infant for other evidence of trauma. Very

infrequently, cephalohematomas become infected, 
usually but not invariably after an attempt at aspi
ration, a history of spiral electrode attachment, or 
related to systemic seeding from neonatal meningitis 
or septicemia [ 165,166]. The responsible organisms 
are predominately Escherichia coli and, to a lesser 
degree, Staphylococcus aureus, Pseudomonas aeru
ginosa, and coagulase-negative Staphylococci [165], 
Perhaps the rarest complication is calcification of the 
cephalohematoma, with resultant craniosynostosis 
[167].

Subgaleal (Subaponeurotic) Hemorrhages
In subgaleal hemorrhage, bleeding occurs in the 
potential space between the periosteum of the skull 
(pericranium) and the galea aponeurotica (epicra
nial aponeurosis), owing to rupture of the emis
sary veins that connect the dural sinuses to veins of 
the scalp. The aponeurosis is a thin, but remarkably 
sturdy tendinous sheet that passes over the calvar- 
ium, connecting the frontal and occipital portions of 
the occipitofrontalis muscle. Laterally, the aponeu
rosis attaches to the zygomatic arch and periauric
ular muscles. Unfortunately, the underlying tissues 
and the calvarium are quite plastic in the fetus and 
provide little effective compression to restrict the 
growth of a developing hematoma. Thus, a hemor
rhage developing beneath the galea can dissect freely 
throughout the large subfascial space or posteriorly 
into the suboccipital region [159,163], This poten
tial space can accept a surprising percentage of the 
neonatal blood volume, up to 250 ml in some cases 
or more. Very large and tense hematomas can also
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result in secondary extracranial cerebral compres
sion and increased intracranial pressure.

Approximately 50% of subgaleal hemorrhages 
follow vacuum extraction, whereas 30% occur 
after spontaneous vaginal deliveries [159,169,170], 
About 10% are observed after cesarean delivery, 
and 14% are the sequelae of forceps deliveries. In 
some of these cases, a congenital coagulopathy is a 
predisposing factor. In particularly difficult deliver
ies, other cranial trauma, such as skull fracture or 
a subdural or intraparenchymal hemorrhage, is also 
present. The prevalence of subgaleal hemorrhages 
at delivery is approximately 1.5 per 10,000 births 
[ 159,169,1 70]. Unfortunately, neonatal administra
tion of parenteral vitamin K has no effect in prevent
ing subgaleal hemorrhages. The increase in coagula
tion activity after this treatm ent is not rapid enough 
to offset the formation of the hematoma.

Most large subgaleal hematomas are easy to diag
nose- A subgaleal hematoma is suspected when an 
unusual diffuse and fluctuant swelling of the 
neonate’s scalp is palpated. On examination, espe
cially early in their progression, a subgaleal hema
toma can be indistinguishable from normal scalp 
edema (caput succedaneum) or mistaken for a 
cephalohematoma. In contrast to both caput and 
cephalohematomas, the swelling of a subgaleal he
matoma is not fixed and usually shifts dependently 
when the infant’s head is repositioned. On exami
nation, the scalp might have a peculiar feel, as if a 
viscous liquid were trapped in a plastic bag. In most 
of these hemorrhages, the scalp indents on palpa
tion. Less often and in the presence of large hemor
rhages, the scalp is tense or firm. In the latter case, 
there are also usually systemic signs present, such 
as tachycardia, hypotension, or even vascular col
lapse. Occasionally, blue-black scalp discoloration 
from blood extravasation appears over the lateral 
margins of the frontal or occipital bones. Infre
quently, the cranial findings are unremarkable, and 
hypotension and pallor are the only demonstrable 
signs.

Subgaleal hemorrhages can result in clinical signs 
and symptoms soon after delivery, and most cases 
are diagnosed within the first several hours of life. 
The growth of the hemorrhage can be insidious, 
however, and its recognition delayed to as long as 
48 hours after birth. Thus, even if after an initial 
examination, the scalp appears normal, this does not 
exclude the diagnosis. As it resorbs, the hemoglobin

sequestered in the hematoma can result in hyper
bilirubinemia and neonatal jaundice.

The diagnosis is usually rapidly established after 
a brief physical examination of an infant with a sus
pect history. A prior instrumental delivery, espe
cially by vacuum extraction, evidence of neonatal 
scalp injury, a rising pulse rate, increased respira
tory rate, hypotension, clinical documentation of a 
rapid drop in hemoglobin/hematocrit, and a suspi
cious clinical examination collectively suggest a sub
galeal bleed. Uncommonly, there are signs of cere
bral irritation, including convulsions. These signs 
might indicate a concomitant intracranial injury or 
reflect increased intracranial pressure secondary to 
a large hematoma. Although the diagnosis remains 
clinical, the hematoma can be confirmed by real
time cranial ultrasound examination or radiographic 
imaging. These studies reveal a dependent, echo- 
free space in the scalp that crosses suture lines. In 
most instances, such confirmation is not required, 
and treatm ent should not await such investigations. 
Both CT scans and MRI studies can establish the 
diagnosis while also evaluating the calvarium for 
possible fractures and noting the coexistence of any 
other CNS injury.

Many cases of subgaleal hemorrhage associated 
with vacuum extraction are thought to be pre
ventable by close attention to technique and the 
limitation of effort [168,171-174], In 1999 and
1998, respectively, both Health Canada and the 
U.S. Food and Drug Administration (FDA) issued 
warnings about the association between vacuum 
operations and subgaleal hemorrhages. The current 
recommendation is to inform the pediatrician or 
those responsible for the neonate’s care whenever 
a vacuum extractor has been used, regardless of the 
child’s apparent normalcy, so that appropriate atten
tion can be given to the infant’s vital signs, physical 
examination, and in selected cases, serial laboratory 
data.

Treatment for a subgaleal bleed is supportive. 
Fresh-frozen plasma, vitamin K1 (phytonadione), 
isotonic salt solutions, or packed red blood cells are 
administered as required. Vigorous cardiovascular 
support is sometimes necessary, because a substan
tial percentage of the neonate's blood volume can 
be lost into the subgaleal space. If the clinical asso
ciations for the hemorrhage are atypical, studies to 
evaluate a possible fetal coagulopathy are also indi
cated. This is a dangerous condition. In the dated
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review of Plauche, 28 of 123 neonates with sub
galeal hematomas died, a mortality rate of 22.8% 
[159], In more recent reports, Gebremariam, from 
Addis Ababa, reported 69 cases of subgaleal hemor
rhage drawn from 23,353 live, term deliveries [169], 
O f these infants, J 4% died. In a 2006 report, Kilani 
and coworkers reported a mortality rate of 11.8% 
[ i 70], In this latter Ethiopian study, all survivors 
who could be subsequently located were neurolog- 
ically and developmentally normal.

A review of the mortalities associated with sub
galeal hemorrhage shows several important associa
tions. First, there is a high incidence of other cranial 
injuries, such as subarachnoid and subdural hem 
orrhage [170], Intrayentricular and intraparenchy- 
mal bleeds are also possible. Coagulopathy, hemo
dynamic shock, marked volume depletion, anemia, 
and the need for transfusion with blood or blood 
products are frequently observed.

C linicians must remain vigilant to detect this 
sometimes insidious and potentially serious condi
tion. In current practice, with early diagnosis and 
prompt therapy, neonatal mortality from subgaleal 
hemorrhage should be at best unusual.

Skull and Facial Fractures

Skull fractures are usually identified after radio- 
graphic studies performed for soft-tissue injury to 
the' scalp, such as cephalohematoma or suspected 
subgaleal hemorrhage [175], Less often, an obvi
ous deformity of the calvarium is present. These 
fractures appear either as linear cracks on radio- 
graphic, CT, or MRI images, or clinically as “Ping- 
1 ong ball depressions of the skull. The depressions 
are a localized inward buckling of a bone of the skull. 
Although cranial fracture is a clearly uncommon 
finding, its incidence in neonates is not accurately 
known, because doubtless many cases are never clin
ically identified.

Regardless of cause, depressed fractures virtually 
always involve the frontal or parietal bones and are 
rarely accompanied by intracranial hemorrhage or 
cerebral contusion [ 1 /6], The most frequent nonde
pressed fractures found at postmortem examination 
are linear fractures of the parietal bone, commonly 
extending along the lines of cleavage. Despite the 
presence of a fracture, the infant’s activity/behavior 
is usually normal unless an associated intracranial

nemorrhage is present. In the now-rare event of 
basal skull fracture, drainage of bloody cerebrospinal 
fluid from ears or nose, shock, or various neurologic 
abnormalities are possible.

Occasionally the depressed or “Ping-Pong ball" 
types of skull fractures are observed without a 
history of instrumental delivery. Such lesions are
i.hought to be due to a localized in-utero com
pression, with secondary fetal skull impingement 
on the promontory of the m other’s sacrum. Rarely, 
such fractures are the result of maternal abdominal 
trauma.

A depressed fracture usually has minimal long
term consequences as long as intracranial hemor
rhage or a brain contusion is not present. Complete 
recovery is the rule. The presence of the fracture 
might or might not imply traumatic delivery or the 
use of excessive force, because some lesions occur 
spontaneously after precipitate labors. Regardless of 
clinica- association, if a fracture has been diagnosed 
it is pt udent to search for additional injuries involv
ing the underlying intracranial structures.

When an instrumental delivery has been per
formed, depressed fractures are essentially restricted 
to cases in which forceps have been applied or to 
those involving sequential applications of both for
ceps and a vacuum extractor. Fractures can follow 
a vacuum extraction operation alone, but this is 
unusual. Associated intracranial injuries are more 
likely when any cranial fracture follows an instru
mental, as opposed to a spontaneous, delivery.

Given the frequency of instrumental delivery and 
the marked cranial molding common to many nor
mal deliveries, cranial fractures might be anticipated 
to occur at a much higher rate than they actually do. 
The reason ior their rarity relates to the mechanics 
and physics of cranial plasticity. The fetal skull is. 
normally capable of considerable cranial distortion 
because the bones are poorly mineralized and easily 
deformed. In addition, the bones of the calvarium 
are separated into separate plates, permitting flex
ion at the suture lines. Collectively, these anatomic 
features successfully accommodate for the cranial 
deiormation that normally occurs in most cases as 
the fetal head negotiates the bony pelvis or when it 
is subjected to traction during an instrumental deliv
ery.

Diagnosis of a cranial bone fracture often requires 
close study of skull MRI, scans, or standard
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radiographs, because these lesions are difficult to 
identify and artifacts are common. These stud
ies should be referred to an experienced radiolo
gist. “Ping-Pong ball” depressions aside, fractures are 
rarely evident on physical examination, except in 
extreme cases.

For simple linear fractures, no specific therapy 
is required. Depressed fractures can be elevated by 
digital pressure at the periphery or the application 
of vacuum by a breast pump or an obstetric vac
uum extractor. Spontaneous elevation can occur in 
smaller lesions. Thus, surgical intervention is not 
always required [177]. The biggest problem with 
a fracture is that the attending physician or midwife 
is open to a claim of excessive force. The magni
tude of risk, however, remains low. In the data from 
the National Collaborative Perinatal Project, only 
12 perinatal skull fractures were clinically identi
fied among some 40,000 births. All of these chil
dren were neurologically normal at 1 year of age
[178],

Rarely, leptomeningeal cysts develop at cranial 
fracture sites, or most unusually, at a fontanelle
[179], This cyst is formed when the arachnoid her
niation protrudes through a traumatic laceration of 
the dura matter. Fluid subsequently collects, widen
ing the cranial defect. The resulting cystic mass 
often pulsates, transilluminates, and progressively 
enlarges. These cysts are associated with underly
ing brain injury and seizures, and surgical repair is 
necessary.

Traumatic separation of the squamous and lateral 
portions of the occipital bone (occipital osteodias
tasis), with a resulting posterior fossa hematoma, 
is now a rare condition that occasionally proves 
fatal (see Figure 23.3) [157]. During delivery, exces
sive suboccipital pressure can rupture the cartilagi
nous connections between the squamous and poste
rior segments of the occipital bone, permitting the 
lower edge of the squamous portion of the bone to 
rotate forward. The sharp edge of the bone then 
lacerates the dura or the occipital sinus. Occasion
ally, contusions of the cerebellum are also present. 
The important related problem is increased pressure 
in the enclosed posterior fossa from an expanding 
hematoma. The extent of compression varies, and a 
posterior fossa hemorrhage from an occipital bone 
injury, although serious, is by no means inevitably 
fatal.

Classically, occipital osteodiastasis was most 
closely associated with traumatic breech delivery, 
bu t it can also occur after a Kielland forceps rota
tion for a transverse arrest. An equally rare cause 
is a normal presentation with prolonged labor and 
marked cranial molding. Most infrequently, occipi
tal injuries are complicated by the bizarre compli
cation of embolization of cerebellar fragments into 
the general circulation [157,180,181].

The best management is avoidance. W hen breech 
delivery is performed, the accoucheur should care
fully follow established protocols and avoid rapid 
or forceful deliveries. These actions, combined with 
the conservative use of forceps, mostly avoids this 
unusual but potentially fatal complication. (See 
Chapter 12, Breech Presentation, and Chapter 17, 
Instrumental Delivery.)

Other Craniofacial Injuries
Delivery-associated facial injuries often involve the 
nose. In approximately 5% of deliveries, the cartilage 
of the nasal septum is dislocated [120]. Fracture of 
the nasion or fracture of the nasal bones or septum 
is also possible. These complications predominantly 
occur in association with persistent occiput poste
rior presentations and assisted delivery. Not surpris
ingly, there is an association between such injuries 
and nulliparity, a prolonged second stage of labor, 
and forceps applications. These injuries are rarely, if 
ever, of serious clinical consequence, although respi
ratory embarrassment or neonatal feeding problems 
are possible.

There is a weak association among malocclusion, 
mandibular hypoplasia or other dental defects, and a 
history of difficult instrumental delivery. The avail
able data are weak, and the strength of these associ
ations, if any, remains suspect.

Eye Injuries
Birth injuries to the eye are usually but not 
exclusively iatrogenic [182-189]. Fortunately, most 
resolve w ithout important sequelae. The most com
mon culprit is a forceps delivery, although rarely, 
inaccurate applications of a spinal electrode or even 
an injudicious episiotomy incision can injure the eye 
or the eyelid [154,182-184], Inexpert rotations, and 
to a lesser extent, poor cranial placement of the
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forceps blades, can result in a blade directly imping
ing on the infant’s orbit. Direct corneal injuries, 
hyphema, choroidal rupture, retinal hemorrhage, 
damage to Descemet’s membrane, or injuries to the 
optical or oculometor nerve are possible outcomes 
[184-187], All of these injuries are rare. Although 
resolution is possible, these injuries can also progress 
to various abnormalities in vision, such as astigma
tism or rarely to complete unilateral loss of vision. 
Prevention requires the careful application of for
ceps, especially in cases of marked cranial malposi
tioning when blade application is difficult and wan
dering is required. W hen forceps malapplication is 
suspected as the cause of an ocular injury close 
examination of the neonate might note characteris
tic marks from the companion blade on the back of 
the fetal head 180° from the observed facial injury, 
strengthening the presumed association with instru- 
mentally assisted delivery [189],

Fractures: Clavicle, Humerus, Radius, and Femur
The likelihood of a long-bone fracture during deliv
ery is low, with an incidence of less than 1 %. Exclud
ing syndromes such as osteogenesis imperfecta asso
ciated with congenital abnormality of bone struc
ture, the principal clinical associations for fracture 
of peripheral bones include obstetric maneuvers 
such as relief of shoulder dystocia [190], or clas
sically, breech delivery by extraction. Difficult fetal 
extraction at cesarean delivery, maternal abdominal 
trauma, and external cephalic version are additional 
but rare causes [191-195], Prematurity is often an 
accompanying condition when a fracture is identi
fied.

In prior years, three quarters of humerus and 
femur fractures occurred in breech presentations, 
most often after extractions [196], With the decline 
in breech deliveries, these injuries are seen less fre
quently Fractures of the humerus usually occur 
in the middle third of the shaft and are either 
transverse or spiral. A transient radial nerve injury 
can accompany the fracture but is uncommon. In 
cephalic presentations, the humerus is most often 
fractured by oblique traction, now most frequently 
while disengaging an impacted shoulder or arm dur
ing the delivery of the posterior arm in a shoulder 
dystocia. On occasion, the humerus can be elec- 
tively fractured to assist delivery in a difficult dys
tocia case. Often a crack or snap is audible as the

humerus fractures, or the operator feels the bone 
give as the extremity is grasped and traction applied. 
Femoral shaft fractures occur in the middle third of 
the bone and are usually transverse. This injury is 
normally caused by traction on the extremities dur
ing breech delivery, or rarely after vigorous efforts 
at fetal extraction during a cesarean. Traumatic sep
aration or the upper femoral or humeral epiphysis 
can occasionally occur under similar clinical settings, 
mimicking a joint dislocation or fracture.

When long-bone fractures are present at birth, 
neonatal limb motion is usually reduced or absent. 
Most often, the neonate simply avoids moving the 
involved extremity. Less frequently, dislocations 
or obvious deformities of the limbs are observed 
Because of the infant’s not moving the extremity, 
the clinician initially might suspect nerve trauma, 
such as a brachial plexus or spinal cord injury. Physi
cal examination usually confirms the correct diagno
sis, because palpation detects tenderness, swelling, 
or irregularity along the affected bone. Direct pal
pation of the suspect site or passive movement of 
the limb usually elicits cries of pain. Standard radio
graphs confirm the injury.

Fractures from intrapartum manipulations should 
be distinguished from pathologic fractures that 
occur in infants with various congenital abnormal
ities in bone structure, such as osteogenesis imper
fecta. In these unfortunate cases, fractures can occur 
spontaneously in utero or from minimal manipula
tion. A family history, prior abnormal ultrasound 
examination, observation of multiple fractures at 
the time of delivery, or evidence of old, healing long- 
bone injuries should prompt the clinician to inves
tigate the possibility of an intrinsic abnormality in 
bone structure.

Nondisplaced humeral and femoral fractures 
require no specific therapy beyond immobiliza
tion, and associated nerve injuries are rare. The old 
clinical saw that "any two fetal bones left in the 
same room will knit” does have validity. Displaced 
upper extremity fractures are immobilized to pre
vent potential injury to either the brachial plexus 
or the pleural cavity. Surgical exploration is rarely 
required, and recovery is usually rapid and complete 
as long as there is no nerve involvement.

The problem with long-bone fractures is not in 
establishing the correct diagnosis or in adverse out
comes. The real difficulty occurs with the families, 
who usually have pointed questions to ask about the
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management that led to the injury. W hen any such 
uncommon or potentially serious injuries occur, 
careful counseling is necessary to avoid inappropri
ate conclusions about intrapartum management.

The clavicle is the bone most commonly fractured 
during delivery. Depending on the population stud
ied, the incidence is approximately 6 to 18 per 1,000 
singleton infants delivered vaginally in cephalic pre
sentation. This incidence has been stable for many 
years [ 197-201 ]. Although such fractures can occur 
spontaneously, they are more common in associa
tion with delivery of macrosomic infants or dur
ing shoulder dystocias [200,201 ]. Most frequently, a 
clavicular fracture is an incidental finding after a nor
mal spontaneous delivery. This diagnosis does not 
necessarily imply either incompetent midwifery or 
the use of excessive force.

Fracture of the clavicle can result in pseudo-Erb’s 
palsy. This is a clinical state in which the neonate 
does not use the limb normally, giving rise to a sus
picion of brachial plexus or other nerve injury. A 
physical examination and radiograph rapidly estab
lishes the correct diagnosis. Within several days after 
a fracture occurs, a mass of localized callus is often 
palpable at the site of injury, frequently leading to 
the diagnosis of what otherwise might be an occult 
injury. On physical examination, an area of obvious 
induration or tenderness is present, usually at or near 
the midportion of the bone. In the case of fracture, 
movement of the fingers and the shoulder girdle is 
otherwise normal. This potential for normal, spon
taneous movement distinguishes a fracture from a 
brachial plexus or other nerve injury. Although a 
radiograph easily confirms a clavicular fracture, the 
clinician must always evaluate the neurologic intact
ness of the brachial plexus, because both a nerve 
injury and a bone fracture can coexist. Treatment is 
immobilization of the arm and expectant observa
tion.

Spinal Cord Injuries
Most spinal cord injuries occur in the cervical 
portion of the cord [202-204]. The incidence; is 
unknown, but in modern practice, permanent cord 
injuries are at best rare. In 30 years of tertiary hos
pital perinatal practice, this author has seen three 
cases, one of which did not resolve. The latter fol
lowed the vaginal delivery of a breech presenta
tion fetus complicated by a hyperextended head.

Because of the wide range of presentation for these 
injuries and their rarity, establishing the correct diag
nosis is often not easy and an initial erroneous diag
nosis is common.

The major birth-related traumatic injuries to 
the spine include epidural hemorrhages, lacerations 
or avulsions of nerve roots, and direct traumatic 
injuries to the cord, including complete transec
tion. With severe cord injury, paralysis of the lower 
extremities and absent or difficult respiration asso
ciated with severe neonatal asphyxia are the com
mon clinical findings. Respiratory distress, inter
costal paralysis, a retracted thorax, and a prominent 
abdomen during diaphragmatically driven inspira
tion are observed. The extremities are usually atonic 
and flaccid, the reflexes absent. The bladder might 
not empty until overflow voiding occurs. If a diffi
cult delivery has occurred, brachial plexus defects, 
phrenic nerve paralysis, a long-bon€ fracture, or 
other serious injuries can also be present. Micro
scopic examination of the cerebrospinal fluid usu
ally reveals frank blood. Radiographs of the spine are 
usually normal. The differential diagnosis includes 
asphyxia neonatorum, an intracranial hemorrhage, 
transverse myelitis, spinal cord tumors, spinal dys- 
raphia, and amyotonia congenita [204],

Even with severe cord injury, including complete 
cord transection, a coexisting dislocation or frac
ture in the vertebral column is usually not present, 
because of the unique anatomy of the vertebral col
umn and spinal cord. The cord is both delicate and 
relatively inelastic and is firmly tethered at both its 
cranial and caudal ends. In contrast, the vertebral 
column is a much more robust structure capable of 
considerable stretch owing to the weakness of the 
intervertebral muscles and the elasticity of the con
necting ligaments. Because of these anatomic fea
tures, damage to the cord or to its supporting vas
cular structures from traction or torsion can easily 
occur, without evidence of either a vertebral dislo
cation or a fracture.

In the past, approximately 75% of cord lesions 
followed difficult breech delivery, but these have 
almost entirely disappeared [202]. Spinal cord 
injuries do rarely still occur in cephalic presentations 
after midpelvic forceps rotations, or most unusu
ally, spontaneous cephalic deliveries [203], The pre
sumed mechanism of cord injury in instrumentally 
delivered cephalic presentations is forceful cranial 
traction with concomitant acute angulation of the
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vertebral column. The true incidence: of cervical 
lesions after midpelvic rotational forceps deliver
ies cannot be accurately estimated, but it is at best 
rare. In 1995, a Canadian series estimated the risk 
as approximately 1 per 1,000 instrumental rota
tional deliveries [203], (See Chapter 17, Instrumen
tal Delivery.}

Classic experiments on fresh stillborn fetuses, 
simulating footling breech extraction, observed that 
when sufficient force is applied, the fetal spinal cord 
ruptures consistently between segments C4 and C7. 
Direct linear force similar to that occurring in such 
an experimental study is highly unlikely in mod
ern obstetric practice, however. W hen severe cord 
injuries occur, they usually involve a similar par
tial or complete lesion at a cervical or high thoracic 
level. During cephalic vaginal delivery, such injuries 
are thought to be caused by ischemia from acute 
narrowing or occlusion of vertebral arteries, or to 
excessive nerve traction perhaps transmitted by the 
brachial plexus. Dural tears, avulsion of the cervi
cal nerve roots, vertebral fracture, and spinal epidu
ral hemorrhage are also possible in the now-rare 
instances of accouchement force. Histologically, the 
principal lesion is hemorrhage into dorsal and cen
tral gray matter, often combined with mechanical 
disruption from stretching, laceration, and, rarely, 
complete transection of the cord. Posttraumatic vas
cular occlusion is also possible, resulting in the 
infarction of adjacent cord segments, extending the 
original injury.

At breech delivery, if a “star-gazing” or “fly
ing ’ fetus is present with a hyperextended head, 
a peculiar type of spinal injury occurs in approxi
mately 25% of cases when these infants are delivered 
vaginally. Classically, most of these deliveries were 
described as uncomplicated or easy, and many were 
spontaneous. On occasion, clinicians reported an 
audible snap or crack during the delivery, thought to 
represent an acute rupture of the spinal dura mater. 
In this case, the mechanism of injury is mechani
cal and directly related to the cranial hyperexten
sion. During the delivery of the fetal body a sudden, 
additional angulation/hyperextension of the fetal 
head apparently occurs just prior to the head’s flex
ing vertically into a deliverable attitude (i.e., mil
itary or flexed). The result is acute and localized 
cord compression. This injury, with the associated 
hemorrhage and edema, results in the characteristic

high-cord transection. Cesarean delivery of hyper
extended breech presentation fetuses usually but 
not always avoids this complication. In very unusual 
circumstances, a similar cord injury occurs in hyper
extended breech fetuses despite cesarean delivery. 
In these cases, difficult fetal extraction or an in-utero 
injury is sometimes the cause,

Prevention is the best treatment for cord injury. 
Avoidance of breech extraction in singleton presen
tations and delivery of selected term breech deliv
ery by protocol, with appropriate ultrasound stud
ies to detect possible cranial hyperextension, reduce 
risk. Clinicians should particularly avoid traction 
or forceps-induced rotation, especially in occiput 
posterior positions, if the fetal head is not well 
flexed. Furthermore, the position of the fetal spine 
should be identified. When a forceps rotation is 
performed, the direction should be chosen to min
imize the number of degrees through which the 
head (occiput) is turned relative to the longitudi
nal plane of the fetal spine. Thus, if the head is 
occiput posterior and the fetal spine is. positioned 
to the m other’s left, the rotation should proceed 
counterclockwise. This minimizes angulation and is 
presumed to reduce the risk or prevent this rare 
complication. In occiput transverse presentations, if 
marked deflection is present, disproportion also can 
be present. Caution in attempting any instrumental 
procedure in this setting is urged. (See Chapter 17, 
Instrumental Delivery.)

treatment for neonates with spinal injuries is 
largely supportive and often unsatisfactory. A degree 
of spontaneous recovery occurs in some cases as the 
traumatic edema resolves [204], Ultrasound scan 
can be employed to screen neonates for spinal injury 
and in expert hands can visualize most abnormali
ties. MRI or radiographic studies of the spine are 
required to exclude a potentially treatable lesion, 
such as a neuroblastoma or spinal dysraphia. Infec
tion, fecal retention, a neurogenic bladder, and skin 
breakdown are common problems in long-term sur
vivors. In the past, many neonates with serious spinal 
injury died in infancy, most from complications 
of urinary tract infection. The long-term prognosis 
depends on the severity and location of the initial 
lesion, the extent of spontaneous recovery, the qual
ity of supportive care, and the incidence of infec
tion. Long-term outcome can be fairly reliably pre
dicted by the return of motor function. Absence of
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spontaneous breathing on day one and the failure 
of motor function to return by 12 weeks are poor 
prognostic signs.

Facial Nerve Palsy
The incidence of seventh nerve palsy after a spon
taneous delivery is unknown but is estimated in 
unselected cases as 1® or less for live-born sin
gleton infants delivered in a cephalic presentation 
[205]. Common associations are forceps delivery, 
prolonged second-stage labor, nulliparity, and fetal 
macrosomia. The incidence of facial palsy related to 
forceps deliveries varies greatly — from 0.1 % to 12%, 
Sampling methods, differences in the incidence of 
certain types of instrumental delivery -  particularly 
rotational operations -  and the transient nature of 
most palsies probably explains this wide range. Per
manent seventh nerve palsies are rare and are often 
unassociated with the usually recognized risk fac
tors. This suggests that these persisting lesions might 
not be caused by intrapartum events but rather by 
intrauterine or hereditary factors.

The neurologic deficit is usually unilateral. Obser
vation of obvious facial asymmetry or decreased or 
absent movements of the eyelid, lip, and facial mus
cles in the distribution of the seventh nerve sug
gests the diagnosis. The extent of the lesion is best 
seen when the child cries. With crying, the  eye 
on the affected side rolls up, but the lid remains 
open. Touching the cornea does not evoke local lid 
response; the eye rolls upward and the opposite lid 
closes. In complete lesions, the affected cheek and 
mouth edge droop or sag. When a seventh nerve 
palsy follows a cesarean or a spontaneous vaginal 
delivery, the facial paresis occurs on the same side of 
the fetal head as the cranial presentation, suggesting 
direct nerve compression, perhaps by the m other’s 
sacral promontory [206,207].

Traumatic nerve injury must be differentiated 
from various congenital anomalies of the facial 
nerves, muscles, or central nerve nucleus, such as the 
Mobius syndrome and the rare congenital absence 
of the depressor anguloris muscle [207,208], When 
developmental anomalies are the cause of facial 
nerve palsy, there are associated structural anoma
lies of the face or ear, or other cranial nerve defects 
(especially, nerves III, IV, V, IX, X, and XII). In 
these cases, various radiographic abnormalities of

the temporal bone and abnormalities in brainstem 
auditory evoked responses can also be noted. In most 
of these cases, there is a family history of the same 
or similar defect. Finally some of these children also 
have other congenital anomalies involving the Car
diovascular, skeletal, or genitourinary systems.

In differentiating a traumatic from a developmen
tal palsy, electrophysiologic testing is helpful but 
not infallible. When birth trauma is the cause, facial 
nerve conduction studies are initially normal and 
become abnormal only several days later, as Wal- 
lerian degeneration progresses. In cases of injury 
occurring at birth, by 3 to 7 days of age, progressive 
reduction in the amplitude of the evoked compound 
motor unit potential is noted, and subsequently, by 
days 10 to 14, characteristic fibrillation potentials 
usually are observed.

The developmental anatomy of the seventh nerve 
predisposes to injury. The nerve in the fetus is more 
superficial, less protected, and slightly higher posi
tion than is normal for adults. In the fetus, the 
facial nerve emerges directly from the stylomastoid 
foramen onto the lateral surface of the skull. In 
its course, the nerve is protected by only the pos
terior body of the digastric muscle and the over- 
lying sternomastoid muscles [209]. Unfortunately, 
because the fetal mastoid bone and stylomastoid 
process are underdeveloped and do not protect the 
seventh nerve well as it exits the skull, direct com
pression can easily damage the nerve root. Rarely, 
the nerve is injured by a basilar skull fracture or a 
temporal bone injury. Such trauma Can compress 
the nerve within its bony canal. Hemotympanum is 
an important but not invariable clinical sign of this 
fracture.

In the absence of a skull fracture or an intracranial 
abnormality, rapid recovery of seventh nerve func
tion after a compression injury is usual. Recovery 
is common prior to hospital discharge and virtually 
always occurs within the first month unless there is 
a central lesion. Delayed improvement is also possi
ble but less likely. In any event, permanent disability 
from an intrapartum injury is rare.

Whenever a facial nerve abnormality is diag
nosed, the infant should be carefully examined to 
exclude other congenital malformations. Depend
ing on the setting, an otoscopic examination for 
hemotympanum and radiographic studies (i.e., CT, 
MRI) might be indicated to exclude an occult skull
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fracture. Supportive measures include facial muscle 
massage, and less certainly, controlled electrostim
ulation of the nerve [210]. If congenital neurologic 
abnormalities are excluded, surgery for the very rare 
seventh nerve lesion that does not resolve should be 
approached conservatively because of its uncertain 
success.

Other Neurologic Injuries
Isolated intrapartum injuries to the recurrent laryn
geal, peroneal, radial, or lumbosacral nerves occur 
rarely. Their relationship to either in-utero postur
ing or acute intrapartum events is uncertain. Treat
ment is conservative, and spontaneous improvement 
is likely.

Rarely, injury to the laryngeal nerve results in dis
turbances in swallowing or breathing. Vocal cord 
paralysis can be unilateral, or more commonly, bilat
eral. Unilateral lesions are usually on the left and 
thought to be associated with fetal positioning, 
either intrauterine or intrapartum, that injuries the 
nerve. An additional cause in premature infants is 
inadvertent injury to the recurrent branch during 
surgical repair of a patent ductus arteriosus or other 
thoracic surgery [217,219], The usual clinical pre
sentation is stridor or a hoarse cry. Uncommonly, 
swallowing is affected. Bilateral defects are most 
often associated with CNS malformation or hem
orrhage. Infants with bilateral laryngeal lesions are 
often in respiratory distress and usually have been 
seriously injured by asphyxia or a major CNS abnor
mality such as a brainstem hemorrhage.

The mechanism for nerve injury when there 
is increased intracranial pressure is thought to be 
direct nerve compression and ischemia as the pri
mary nerve root exits the skull. Surgical injury to 
the recurrent laryngeal branch during cardiac pro
cedures or removal of mediastinal tumors are other 
potential etiologies for laryngeal nerve injury.

Treatment is symptomatic. In cases involving 
trauma, slow resolution usually occurs. The prog
nosis in many cases depends more on the presence 
of accompanying injuries or malformations than the 
nerve dysfunction.

Rare Injuries

Infrequently, soft-tissue crush injuries and trauma 
to various fetal visceral organs, including the kid

ney, spleen, or liver, occur during delivery. Histor
ically, most of these were associated with difficult 
breech extractions or forceps deliveries, although 
some have been reported in spontaneous and unusu
ally precipitate births [197,212,218], Acci dental 
castration has also been reported because of inad
vertent severing of the testicles during episiotomy 
at breech delivery [211], Literature from the early 
part of the twentieth century included rare reports 
of lacerations to the perineum of female infants. 
Although hard to believe, these events apparently 
occurred from forceful digital manipulation of the 
fetal anus, mistaken by the examiner for a tight or 
unyielding cervix [196],

Retinal Hemorrhage

Retinal hemorrhages are the most common oph
thalmologic birth injury and occur in 25% to 30% 
of spontaneous or forceps-assisted deliveries [213— 
216], The primary associations for retinal hem
orrhage include instrumental delivery and length 
oi labor. Vacuum extraction is an important risk 
factor. Approximately 40% of infants delivered by 
the ventouse develop retinal hemorrhages. Cesarean 
delivery is protective; after an abdominal deliv
ery, the incidence of these hemorrhages is approxi
mately 2%. The reported incidence varies both with 
the time from birth until the examination is per
formed and the ophthalmologic technique used. 
Most hemorrhages are small, flame-shaped lesions 
radiating from the optic disc, parallel and superficial 
to the vessels. These generally resorb rapidly, usually 
within 24 to 48 hours.

There is a poor correlation among retinal hemor
rhage incidence, maternal age, and parity. No cor
relation has been demonstrated with sex of the 
newborn, birthweight, or mean Apgar scores. Cord 
complications, including true knots or cord around 
the neck, as described in older literature, are unre
lated. Furthermore, the incidence of retinal hem
orrhage is not associated with the type of obstetric 
analgesia/anesthesia used or to the administration of 
oxytocin.

s he mechanism for retinal hemorrhages is not 
established. The low incidence of retinal hemor
rhage after cesarean delivery indicates that the 
passage of the fetal head through the birth canal 
and its resulting compression/elongation is the most

ak
us

he
r-li

b.r
u



Birth Injuries 755

important predisposing factor. Suggestions for the 
etiology include fluctuations in pressure within 
the cavernous sinus, increased intracranial pres
sure, mild-to-moderate fetal asphyxia/hypoxia, dis
orders of blood coagulation or vitamin K deficiency, 
cephalic molding, presumed changes occurring with 
the onset of respiration, and nonspecific obstetric 
trauma [215,216].

There is general agreement that there is a higher 
incidence of retinal hemorrhages after vacuum 
extraction deliveries. The length of time that the 
vacuum is applied is important. The longer the ex
traction, the greater the incidence of hemorrhages -  
at least when classic rigid metal cups are is applied. 
Vacuum extraction is thought to cause temporary 
impairment of blood flow in the cavernous sinus 
and to the bridging veins, leading to venous sta
sis and resultant retinal bleeding [216]. It is also 
possible that rapid intracranial pressure changes are 
the cause. The apparent protective effect of outlet 
forceps in reducing the incidence of retinal hem 
orrhages might be due to the dampening of such 
pressure fluctuations within the fetal head.

Retinal hemorrhages are of little clinical impor
tance. These lesions are transient events related to 
the birth process and result in no permanent ill 
effects. Specifically, there is no correlation between 
hemorrhages at birth and subsequent childhood 
visual problems.

Shoulder Dystocia
Shoulder girdle dystocia occurs when the fetal shoul
der (bisacromial diameter) fails to pass easily below 
the maternal pubic symphysis during a vaginal deliv
ery. The obstruction to spontaneous delivery occurs 
because of different dimensions between the fetal 
chest and the maternal pelvis, to malpresentation of 
the fetal shoulders at the inlet, or to a combination of 
both mechanisms. Shoulder dystocia is more com
mon when fetal macrosomia is present. Dystocia is 
also thought to be occur more frequently when the 
maternal pelvis is either relatively flat or platypel- 
loid in shape -  although the evidence for this associ
ation is weak. One half or more of dystocias occur in 
association with normal-sized or even small infants, 
presumably owing to som e type of malpositioning at 
the moment of delivery. Shoulder dystocia is consid
ered an obstetric emergency, because its resolution

can result in injuries to both the mother and baby 
[220-226], (See Chapter 14, Shoulder Dystocia.)

A common clinical observation noted when a 
shoulder dystocia occurs is cranial recoil. Cranial 
recoil is a characteristic rapid retrograde movement 
of the fetal head immediately after its spontaneous 
or assisted delivery, also termed the turtle sign. Sub
sequent traction to the fetal head to deliver the 
shoulders is either difficult or unsuccessful. Even 
when a serious dystocia is present, however, clas
sic recoil might not occur. Another possible indi
cator is the “double-chin” sign that occurs when 
the head of a large infant is observed pressed firmly 
against the perineum after cranial delivery. This sign 
is associated principally with macrosomic infants. 
Although these signs can be helpful, the defini
tive diagnosis of dystocia occurs when, after deliv
ery of the fetal head, the normal degree of down
ward cranial traction fails to deliver the anterior fetal 
shoulder.

The incidence of shoulder dystocia is approxi
mately 5 in 1,000 deliveries. Poor progress, large 
infants, and the use of vacuum extraction to assist 
delivery are often reported as risk factors [221]. 
This estimate of incidence is not accurate, however. 
The recording of the diagnosis of shoulder dysto
cia remains subjective, and only cases requiring spe
cial manipulations or resulting in neonatal injury 
are usually reliably reported. Thus, one clinician’s 
impression of dystocia might fall within another’s 
range of normal. Other more objective measures for 
the diagnosis, such as head-to-body delivery time, 
have been suggested. Because of various problems 
wdth all of the suggested rigid definitions, the author 
prefers a simple clinical test: A shoulder dystocia is 
present when more than usual effort is required for 
delivery of the shoulders and, for appropriate deliv
ery, ancillary methods for fetal extraction other than 
simple cranial traction are necessary.

Shoulder dystocia is infrequently associated with 
neonatal death, but morbidity remains a serious 
problem. Several fetal injuries are classically asso
ciated with dystocia, including soft-tissue injuries 
to the fetus such as bruising or ecchymoses, frac
tures of long bones or of the clavicle, brachial plexus 
injuries, and rarely, other nerve injuries. A retrospec
tive study involving 285 cases of shoulder dysto
cia reported an infant injury rate of approximately 
25%, O f these, brachial plexus injuries (48/285),
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clavicular fractures (27/285), and humeral fractures 
(12/285) were included [227], Prolonged efforts at 
delivery also contribute to depressed Apgar scores, 
varying degrees of hypoxia, asphyxia, and in the 
most unusual cases, death.

Brachial plexus injury from all causes is reported 
in approximately 1 of 1,000 live births [220], Both 
the actual mechanism of brachial plexus injury and 
its association with shoulder dystocia is controver
sial. In terms of the pathophysiology, nerve com
pression, stretch, and hemorrhage leading to direct 
nerve damage and edema are the presumed mech
anisms of injury. It is certainly possible to dam
age the nerve roots by stretching if excessive force 
is applied to the fetal head while the shoulders 
remain entrapped. Plexus injuries also occur in the 
absence of heavy traction, however, and some are 
reported after completely spontaneous deliveries or 
even a cesarean. (See Chapter 14, Shoulder Dys
tocia, for further discussion.) These observations 
imply that some combination of direct compression 
and stretching of the plexus nerve roots can occur 
during parturition, independent of cranial traction 
or perhaps additive to normal traction, either result
ing in the characteristic lesion or predisposing to it. 
In most instances, in terms of pathophysiology there 
is rupture of the perineural sheath, actual separation 
of the nerve, and hemorrhage into the nerve trunk. 
Rarely, the nerves of the plexus are avulsed from the 
spinal cord. In severe cases, the phrenic or recurrent 
laryngeal nerves can also be injured.

W hen the brachial plexus is damaged, the pri
mary defects are motor. The terminology used to 
describe these lesions is inexact. Two general types 
of plexus injury are recognized: the proximal or 
Duchenne-Erb type, and a distal or Klumpke type. 
In cephalic presentation deliveries, the upper nerve 
roots, specifically the fifth and the sixth cervical 
roots, are the most vulnerable. Damage to these 
nerves, results in the classic Duchenne-Erb palsy, or 
the waiter's tip deformity, in which the affected arm is 
rotated inward with extension and adduction. If the 
lower part of the plexus, which includes the seventh 
and eighth cervical and first thoracic roots, is dam
aged, the forearm and hand become affected and the 
condition is termed a Klumpke palsy. An isolated 
Klumpke palsy is uncommon, occurring in only 2% 
to 3 % of all brachial plexus injuries. When the lower 
roots are injured, a mixed pattern involving both 
upper and lower roots is most often encountered.

Occasionally, complex injuries occur. Damage 
to cervical sympathetic fibers of the first thoracic 
root can result in an ipsilateral Horner's syndrome, 
with ptosis, miosis, anhidrosis, and isolated flush- 
ing. Injury to the sympathetic innervation of the 
i> is is also associated with long-term abnormali
ties in deposition of pigment. Rarely, spinal cord 
injuries or phrenic nerve palsies accompany brachial 
nerve injuries. The diagnosis of Weigartpalsy is made 
when a Duchenne^Erb-type brachial plexus lesion is 
observed, combined with diaphragmatic paralysis. 
Although diaphragmatic palsy is rare, accompany
ing only 5% of cases of shoulder dystocia or less, it is 
serious [224-226]. Most cases are related to shoul
der dystocia and brachial plexus injury, but others 
rarely occur in the absence of other demonstrable 
nerve injury. The diaphragm on the affected side 
is elevated, and some degree of respiratory embar- 
rassment is common. In the exceedingly rare cir
cumstance of a bilateral palsy serious respiratory 
difficulty is present at birth. A pseudo-Erb palsy is 
also possible, from injuries of the shoulder joint 
with tearing of the capsule, fracture of the clavi
cle, or fracture, dislocation, or detachment of the 
upper humeral epiphysis. In a pseudo-Erb palsy, 
the neonate fails to move the involved extremity 
normally, giving rise to the erroneous suspicion of 
a nerve injury. Appropriate neurologic and radio- 
graphic investigations promptly establish the correct 
diagnosis, however.

The literature includes many descriptions of var
ious manipulations to relieve shoulder dystocia. 
Most of these procedures either reduce the size 
of the fetal thorax (e.g., clavicular fracture, deliv
ery the posterior arm) or reposition the fetal shoul
ders into a larger pelvic diameter (shoulder repo
sitioning into a pelvic obliquity) or manipulate 
the fetal body utilizing physical principles (e.g., 
Woods screw and Gaskin maneuvers, Table 23.11). 
In unusually severe cases, complete replacement of 
the fetal head, with subsequent cesarean delivery 
(i.e., Zavanelli or cephalic replacement maneuver) 
or symphysiotomy has been suggested [228,229],

Recovery is the rule,, with 75% or more of Erb- 
Duchenne, anterior brachial plexus injuries sponta
neously regressing within 3 to 6 months. A poste
rior plexus injury or Klumpke paralysis has a much 
poorer prognosis, with only 40% of cases completely 
recovering within a year. If diaphragmatic paralysis 
(Weigart palsy) has occurred in association with the
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TABLE 23.11 Shoulder Dystocia: Principal Delivery 
Techniques”

Maternal repositioning:
McRoberts maneuver 
Gaskin maneuver (all fours)

Suprapubic pressure:
Repositioning of fetal shoulders 

Rotational maneuver--:
Woods screw maneuver 
Posterior arm extraction 

Intrauterine replacement procedures:
Zavanelli maneuver (cephalic replacement)
Upward cranial displacement (combined operations) 
Clavicular fracture 

Instrumental delivery:
Shute forceps rotation
Vectis blade, Chavis maneuver
Symphysiotomy

"These and additional techniques are discussed in detai! in 
Chapter 14, Shoulder Dystocia.
'These maneuvers are often used in combination.

brachial plexus injury, the outcome is more guarded, 
and fatal outcomes are possible, especially in the rare 
case of bilateral nerve involvement.

In the newborn, treatm ent for plexus injuries is 
symptomatic. The aim is to maintain full range ol 
extremity motion and prevent contractures while 
awaiting spontaneous recovery. Surgical exploration 
and attempts at repair are not indicated until it 
is clear that spontaneous improvement has failed 
to occur. MRI and other studies of the plexus are 
usually initiated after approximately 3 months of 
conservative therapy. If surgery is decided on, explo
ration of the axilla with microsurgical reconstruc
tion and nerve transplantation is usually performed. 
Multiple operations are sometimes needed, and 
eventually tendon transplants also can be required 
for an appropriate cosmetic and functional result.

The major controversy about shoulder dystocia 
is its predictability [220,221,223], Accurate identi
fication of a high-risk population is the initial step 
in designing strategies for shoulder dystocia avoid
ance, Unfortunately, most reviewers do not think 
that current methods of analysis permit the accurate 
antepartum prediction of cases in which cesarean 
delivery is appropriate to possibly avoid the seri
ous complications of plexus injury or of birth canal 
trauma. Despite the many articles written about

TABLE 23.12 Shoulder Dystocia Incidencc: Labor
Course, Type of Delivery, and Fetal Weight

Type of 
Delivery

Fetal
Weight (g)

Incidence
Shoulder
Dystocia %

Vertex/vaginal £4000 6/7836 0.07
PSS +  MPD <4000 6/360 ) JP.
Vertex/vaginal >4000 8/638 1.20
PSS +  MPD ; 40011 13/56 23.00

PSS, prolonged stage of labor; MPD, midpelvic delivery.
From Benedetti TJ, Gabbe SC; Shoulder dystocia: A 
complication of fetal macrosomia and prolonged second stage ol 
labor with midpelvic delivery. Ohstet Gynec&l, 1.978. Nov; 
S2(5):526-9:; with permission,

dystocia, it is difficult to determine what is best prac
tice when confronted with a possibly at-risk preg
nancy. Depending on the situation, the practitioner 
can use the history, clinical examination, and ultra
sound data to conclude that 1) a cesarean is best, or 
2] conduct a trial of labor, planning the avoidance of 
instrumental assistance, with prompt cesarean deliv
ery possible if failure of descent occurs, or, with 
normal labor progression, making preparations to 
treat shoulder dystocia if it occurs. (See Chapter
14, Shoulder Dystocia, for an indepth discussion of 
these important issues.]

The principal identifiable risk factor for shoulder 
dystocia is fetal macrosomia. Risk to some extent 
is proportionate to obstetric difficulty and delivery 
effort, as when a large baby, non-outlet instrumental 
delivery and a prolonged second stage of labor com
bine (Table 23.12) [223], Whereas approximately 
one half of shoulder dystocia cases occur in infants 
of <4 kg, the remainder occurs in the relatively small 
fetal population of large and very large infants. How 
to properly identify these cases is still the issue, how
ever. Unfortunately, ultrasound estimations of fetal 
size are unreliable. The mean absolute error of ultra
sound weight estimates in the late third trimester are 
approximately ± 6%  to 18%, with approximately 
30% to 60% of these estimates falling within a 
range - 10";. of actual body weight [21 ]. Because ol 
this inherent error in the methodology, ultrasound 
weight estimates cannot be used as the sole basis for 
reaching obstetric management decisions. Recently, 
there has been renewed interest in developing new 
methods of estimating fetal size, incorporating one
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or more measures of fetal soft tissue (i.e., upper arm, 
thigh, or abdominal wall) to improve case identifi
cation, but none has yet reached the point of clinical 
applicability.

An important factor in shoulder dystocia cases 
is the relative disproportion between cranial and 
shoulder diameters and the fit of the fetal head 
to the maternal pelvis. Although methods purport
ing to test this relationship have been suggested, 
none has been sufficiently verified for general use. 
These efforts are a step in the right direction, how
ever, because they attem pt to judge the relative size 
between the fetal head and thorax. Either these or 
similar techniques eventually might permit better 
identification of a true at-risk population -  at least 
among larger fetuses.

Because cases at risk for shoulder dystocia can 
be predicted only imperfectly, and in light of the 
low incidence of permanent injury even when dys
tocia occurs (<3%), prevention of brachial injury by 
cesarean delivery is not a reasonable option. In the 
study by Rouse and eoworkers [230], it was calcu
lated that if a program of routine cesareans for either 
a 4- or 4.5-kg threshold for estimated fetal weight 
were instituted, assuming there was a technique for 
accurate weight estimates, more than 1,000 cesare
ans would be required to avoid a single, permanent 
brachial plexus injury. With current knowledge, a 
better solution is to train practitioners to identify the 
extreme cases properly, avoid high-risk clinical situ
ations, and to manage dystocia when it occurs. The 
PPV for techniques purporting to identify shoulder 
dystocia cases correctly or predict brachial injury 
cases before actual delivery remains either disap
pointingly inexact or unproved although new pro
posals for methods of the identification of “at-risk” 
cases continue to be developed. Thus, there is no 
currently available method sufficiently verified by 
independent analysis that can be confidently rec
ommended as the basis for clinical decision mak- 
ing. (See Chapter 14, Shoulder Dystocia, for a more 
extensive review of these and related issues.)

Visceral Injuries

Injuries to intraabdominal organs, including the 
liver and spleen, are rare but potentially danger
ous as possible causes of intraperitoneal hemorrhage 
[212,231], A subcapsular hematoma of the liver 
is the more common lesion. Lacerations of other

viscera are rare. The spleen also can be ruptured, 
but the frequency of this injury is fivefold lower. 
Clinical associations for splenic injury are similar 
to those for hepatic injury, and the presentation is 
usually soon after birth. There is no sex predilec
tion. Clinical associations include traumatic deliv
ery (usually breech or breech extraction), asphyxia, 
prematurity, or paradoxically, macrosomia. Post
maturity, hepatomegaly from any cause, coagula
tion abnormalities, and vigorous resuscitation are 
additional risk factors. Treatment is supportive and 
includes administration of blood and blood products 
to restore coagulation factors, maintain oxygena
tion, and ensure a good circulating volume. When 
the infant is premature, hemodynamically serious 
bleeding can also occur into muscles, usually the 
buttocks, and this can occur without evidence of 
superficial bruising.

Subcutaneous fat neurosis is a relatively com
mon finding after delivery. Localized soft tissue 
trauma during parturition is generally thought to 
be the cause; however, these lesions are also seen 
after cesarean or atraumatic births. This condition 
is sometimes associated with hypercalcemia, sug
gesting a more complex etiology. The diagnosis is 
made when circumscribed firm, irregular subcu
taneous nodules with an overlying erythematous 
discoloration can be palpated. Histologically, these 
lesions include inflammatory and foreign body giant 
cells, necrotic fat, and fatty acid inclusions in viable 
fat cells. No treatment is required; spontaneous res
olution is the rule. Occasionally a lesion becomes 
calcified. Subcutaneous fat necrosis must be differ
entiated from sclerema neonatomm, a rare condition 
involving a difference waxlike hardening of the skin. 
This disorder is clinically associated with neonatal 
sepsis, frequently found in infants who ultimately 
succumb [232],

Fetal Infection

Fetal infection can occur as a result of membrane 
rupture and an ascending process, through transpla
cental transfer, or rarely, directly as. a complication 
of invasive obstetric procedures. Although infection 
is frequently considered in the differential diagnosis 
in neonates, actual confirmation by histology (e.g., 
funisitis) or culture occurs in few cases. A num
ber of different pathogens can potentially affect 
the fetus in utero and result in significant damage
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TABLE 23.13 Rates of Selected, Potentially Serious
Perinatal Infections

Infection Estimated Rate/Live Births

Group B streptococcus 1-5/1,000
Cytomegalovirus 2-24/1,000 (10%-20.% have 

overt disease)
HSV (intrauterine) 0.5-1/100,000
HSV (perinatal) 1/2,000-5,000
Toxoplasma 0.1-3.5/1,000
Syphilis 0.05-6.1/1,000+'
Rubella 0.02/1,000

+ Modified prevalence varies with definition of infection. 
From perinat. http://home.mdcohsult.com/da/hook/body/
384927164/12QS/232; with permission.

(Tables 23.13 and 23.14). As an example, infec
tion plays an important role in the pathophysiology 
of peripartum permanent neurologic injury [244- 
246]. The discussion of these subjects is beyond the 
scope of the present chapter, and readers are referred 
to standard sources for additional information.

Intracranial Hemorrhage
Intracranial hemorrhages have been reported after 
forceps and vacuum extraction operations, as well 
as following spontaneous deliveries [157,163,231, 
238], Most intracranial hemorrhages occur in 
premature infants or in association with severe 
asphyxia; however, classic subdural hemorrhages 
also have been described after both complicated 
and uncomplicated vacuum extractions and forceps 
delivery operations in otherwise apparently nor
mal neonates [240], The clinical manifestations of 
intracranial bleeding and the prognosis for recovery 
depend on the amount and location of bleeding, and 
the presence or absence of other fetal injuries [234- 
236],

Intracranial bleeding can be subarachnoid, 
subdural, intraventricular or intracefebeller, and 
occasionally intraparenchymal [249]. Intracranial 
injury has a general association with prematurity, 
hypoxia/asphyxia, and preexisting coagulation dis
orders (e.g., thrombocytopenia), as well as mechani
cal trauma [162,163,231], Hypoxia/asphyxia, rapid 
alterations in perfusion pressure or osmolality, and 
other factors are especially important in influenc
ing the probability of intraparenchymal or intraven

tricular hemorrhage in the peculiarly fragile intrac
erebral circulation of premature infants. Intraven
tricular hemorrhages are nearly always restricted to 
premature infants. Intracranial bleeding in term to 
near-term babies is more likely to be traumatic, 
although tissue hypoxemia and hypercapnia are still 
common features when intraparenchymal lesions 
occur. Intracerebeller hemorrhages are uncommon, 
often serious, and when they occur are more likely 
to be found in preterm infants.

There is a well-documented association between 
subdural hemorrhages and difficult delivery [162, 
163,239]. Thus, breech presentation, macrosomia 
(weight of 4,000 g or more), instrumental deliv
ery, and protracted labor are the principal clinical 
associations. Such intracranial lesions are similar to 
those described by Holland in 1922 in association 
with traumatic forceps operations or difficult breech 
extraction deliveries [240]. Such bleeds are believed 
to occur mostly because of the distortion of the fetal 
cranium during the birth process. Deformation of 
the fetal skull with rapid second-stage labor or from 
the cranial traction in assisted delivery strains or rup
tures the fixed Cranial sidewall attachments of the 
unyielding falx and tentorium. The resultant subdu
ral hemorrhage either dissects anteriorly to cover the 
hemispheres or extends downward into the poste
rior fossa, compressing brain tissue. Rarely, rupture 
at the intersection of the falx and tentorium disrupts 
the connection between the straight sinus and the, 
great vein of Galen, resulting in a serious and often 
rapidly fatal bleed [231,233],

Periventricular hemorrhage is primarily a lesion of 
premature infants, believed to be due to immatu
rity and fragility of vessels in the germinal matrix or 
subependymal plate [162,163,231,249], Acidosis, 
coagulation abnormalities, and fluctuations in per
fusion pressure, among other factors,; predispose to 
bleeding from germinal matrix vessels. Hemorrhage 
can extend into the ventricles of the brain, or less 
commonly, into the brain parenchyma. Serious com
plications of such bleeding arecommon, with hydro
cephalus caused by fluid obstruction and poren
cephalic cysts secondary to tissue necrosis being the 
most serious potential events.

Subarachnoid bleeding is usually, but not invari
ably, a lesion of full-term infants [163,231], The 
hemorrhage occurs because of injury to small 
subarachnoid vessels, or as an extension of intra
ventricular hemorrhage. The causes are generally
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1 ABLE 23.14 Possible Clinical Features and In-utero Infection

Body Area 
General

Central Nervous System

Cardiac

Pulmonary

Intra-abdominal

Intrauterine growth retardation: 
all etiologies 

Hydrops fetalis:
parvovirus B19, CMV, syphilis, Toxoplasma, HSV, Coxsackie B3 virus 

Placentamegaly:
CMV, syphilis 

Hydrocephaly:
CMV, Toxoplasma, enterovirus, varicella 

Microcephaly:
CMV, Toxoplasma, rubella, varicella, HSV 

Intracranial calcifications:
CMV.; Toxoplasma, HSV, rubella, HIV, parvovirus, West Nile virus, lymphocytic 
choriomeningitis virus

Congestive heart failures 
parvovirus B19, syphilis, CMV, Toxoplasma 

Pericardial effusion: 
parvovirus B19, syphilis, CMV, Toxoplasma 

Cardiac defects: 
rubella, parvovirus B19, mumps (?)

Myocarditis:
enterovirus

Calcification of the pericardium and lungs: 
varicella 

Pleiiral effusion: 
parvovirus B19, syphilis, CMV, Toxoplasma 

Pulmonary hypoplasia:
CMV

Hepatosplenomegaly:
CMV, rubella, Toxoplasma, HSV, syphilis, enterovirus,
Parvovirus B19

Hyperechogenic bowel:
CMV, Toxoplasma 

Hepatic calcifications:
CMV, Toxoplasma 

Meconium peritonitis:
CMV, Toxoplasma 

Ascites:
Parvovirus B19, CMV, Toxoplasma, syphilis 

Limb reduction, restriction:
VZV

CMV, cytomegalovirus; HSV, herpes simplex: virus; VZV, varicella zoster virus.

Modified from perinat. http://home.mdconsult.com/da/book/body/384927164/12Q9/232; with permission.

recognized as trauma and mild-to-moderate 
hypoxia. Most of these bleeds are of trivial to 
minimal consequence, and affected infants can be 
asymptomatic.

The usual clinical indicators of intracranial bleed
ing are nonspecific changes in behavior. Cere

bral irritation can result in convulsions, spastic
ity or rigidity, photophobia, a high-pitched cry, 
or depressed reflexes [163], Occasionally, signs of 
CNS injury are delayed for 24 hours or even later. 
Neonates with late presentation sometimes show 
additional nonspecific signs such as weak suckling,
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respiratory distress, apnea spells, a bulging fontanel, 
or lethargy [239].

The combination of events that predisposes to 
intracranial bleeding in outwardly normal deliveries 
is unknown. Delivery technique, the effects of labor, 
prematurity and preexisting fetal condition(s) such 
as coagulopathies influence the likelihood of injury. 
Observations from clinical experience and review 
of reported cases of traumatic hemorrhage suggest 
several important associations. W hen instrumental 
deliveries are performed, the more lengthy and dif
ficult the operation, the higher the fetal station at 
its commencement, and perhaps, the greater the 
speed of descent of the fetal head appear to increase 
the risk for hemorrhage [238]. Both the degree 
and the rapidity of cranial distortion also contribute 
to the extent of subdural hemorrhage. As noted, 
such rapid changes in cranial shape and tension can 
rupture the falx or tentorium at their respective 
attachments to the inner wall of the calvarium, with 
resultant hemorrhage. This association has been 
recognized for many years [196,240]. Subdural, 
intraparenchymal, and cerebellar bleeding are para
doxically more common after either spontaneous 
precipitate labors or complex difficult instrumen
tal deliveries. The common feature in such cases 
of intracranial hemorrhages in term infants with 
normal coagulation mechanisms is rapid fluctua
tion in intracranial pressure that accompanies sud
den or extreme cranial deformation. As previously 
noted, anatomic and imaging data suggest that small, 
asymptomatic, subarachnoid, and subdural bleeds 
occur as a consequence of both spontaneous and 
instrumental delivery more frequently than is sus
pected on clinical grounds alone [336].

Although recognized, intracranial hemorrhage is 
an uncommon and even rare complication at term; 
clinicians should recall that hemorrhage within the 
skull is possible even in apparently easy and uncom
plicated deliveries. Infants delivered after sponta
neous precipitate labor, as well as those subjected 
to difficult vacuum extraction or forceps operations 
who then manifest characteristic signs and symp
toms should be speedily evaluated for a possible 
hemorrhage. The possibility of a subgaleal hemor
rhage with or without an associated cranial fracture 
should also not be forgotten, especially in the event 
of an instrumental delivery. In cases with charac
teristic neurologic signs and symptoms or notable 
for otherwise unexplained anemia or cardiovascu

lar collapse, appropriate ultrasonic, MRI, or radio- 
graphic studies of the CNS are indicated.

If hemorrhage has been diagnosed, the treat
m ent is principally supportive. Blood transfusion is 
provided as required. Neurosurgical consultation is 
obtained, and coagulopathy is excluded by appro
priate testing. Neurosurgical procedures can be 
performed to evacuate hematomas or relieve intra
cranial pressure, but such surgery is uncommonly 
performed [163].

Permanent Neurologic Injury
There is no more complex and contentious clini
cal problem in perinatal medicine than the relation
ship between intrapartum events and permanent 
neurologic injury [3-8,25,242-243,248,251]. The 
etiology of most long-term neurologic abnormali
ties is multifactorial and imperfectly understood. 
Complications defined as abnormal during labor and 
delivery are common and are observed in up to 
60% of all parturitions. Thus, identification of preg
nancies truly at risk for permanent injury remains 
elusive.

Because of the complexity and medicolegal 
importance of the. relationship of fetal hypoxia to 
permanent neurologic injury, the American College 
of Obstetricians and Gynecologists (ACOG) and 
the American Academy of Pediatrics (AAP) have 
established clinical criteria for the case evaluation to 
be applied in judging the strength of the association 
between CP and evidence of intrapartum hypoxia 
in a specific instance [248], This controversial docu
m ent is helpful because it summarizes existing data, 
clarifies definitions, and sharpens the techniques for 
assigning a cause for neurologic injuries.

Part of the problem is terminology. Neurologic 
injuries have historically received various terms,, 
including birth or perinatal asphyxia, postasphyxial 
encephalopathy, and asphyxial birth injury, among 
others. Owing to the complexity of these diagnoses, 
the inconsistency in the use of the various terms, and 
recent data concerning pathogenesis, new terminol
ogy has been suggested. Neither perinatal nor birth 
asphyxia are preferred terms. It is usually difficult if 
not impossible to identify the time of a neurologic 
injury accurately, and similarly problematic to ver
ify fetal normalcy before the presumed insult. The 
recent ACOG/AAP monograph suggests the term 
neonatal encephalopathy (NE) [248].
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NE is a disorder of various causes, marked by 
abnormalities in an infant’s tone, reflexes, con
sciousness, feeding, or respiration. Seizures might 
occur, and the condition might or might not 
result in permanent impairment. The term  hypoxic 
ischemic encephalopathy (HIE) is a subset of NE 
involving both encephalopathy and intrapartum 
hypoxia. HIE was introduced to replace other 
earlier and inexact diagnoses and to describe a 
clinical state of neonatal encephalopathy thought 
to be due to asphyxia, while specifically avoiding 
any specification of the timing of the injury. As 
described in greater detail later, HIE is thought 
to be primarily a disorder of cerebral hypop
erfusion, notable for the loss of the normal 
autoregulatory mechanisms for intracranial blood 
flow.

Accuracy in diagnosis is important. Several con
ditions can at least in part mimic the signs and 
symptoms of HIE. These conditions include the 
effects of maternally administered CNS depres
sants, including commonly prescribed drugs such 
as narcotics or magnesium sulfate. Various CNS 
malformations, septicemia, drug withdrawal syn
dromes, congenital myopathies, and inborn errors 
of metabolism (e.g., organic acidurias, pyruvate 
dehydrogenase deficiency, abnormalities in the urea 
cycle), and other rare congenital conditions also can 
have a similar presentation.

NE is not the same disorder as CP. In fact, infants 
developing CP often lack evidence of neonatal 
encephalopathy. CP is a chronic disorder of the CNS 
developing during the prenatal, perinatal, or post
natal periods and involving abnormalities in posture 
and movement, and often other dysfunctions. CP is 
considered a static form of encephalopathy [251], It 
usually originates early in life, but it is not the result 
of a progressive neurologic disorder. Epilepsy, men
tal retardation, or attention deficit/hyperactivity dis
order cannot be ascribed to birth-related asphyxial 
injury unless CP is also present.

Common associations for CP include histo
logic evidence of perinatal infection (funisitis or 
chorioamnionitis), preterm delivery intrauterine 
growth restriction (IUGR), antepartum hemor
rhage, twin gestation, and various genetic disorders 
[4,242-248], The associated risk factors for neona
tal encephalopathy are: advanced maternal age, 
maternal thyroid disease or hypertension, IUGR, 
antepartum vaginal bleeding, and infertility.

A related issue is mental subnormality. The preva
lence of mental retardation (IQ <50) is approxi
mately 3 to 4 in 1,000 school-aged children. Retar
dation is frequently associated with seizure disorders 
and other motor handicaps. The incidence of mild 
mental retardation (IQ 50-69) is highly influenced 
by socioeconomic status and is approximately ten
fold more common than the more severe forms of 
retardation, with an incidence of 23 to 30 in 1,000 
school-aged children.

Etiologies suggested for the severe forms of 
mental retardation include chromosomal anoma
lies (40%), inborn errors of metabolism (3%-5%), 
intrauterine infection (5%), and various complica
tions of postnatal life (10%). The extent to which 
other toxic brain exposures to alcohol, prescription 
or illicit drugs, chemical compounds, or other envi
ronmental toxic agents contribute to the ranks of 
the mentally retarded is unknown. Current opinion 
holds that perhaps 10% to 15% of both mild and 
severe mental retardation can be ascribed to perina
tal events [248].

Incidence figures for birth asphyxia depend on 
definition and case inclusion. When cases diagnosed 
as HIE and NE are combined, the estimate for inci
dence is 1.9 to 3.8 cases in 1,000 births. When HIE is 
considered alone but defined as intrapartum hypoxia 
plus NE, and preconceptual and antepartum eti- 
ologic factors are excluded, the estimate becomes 
tenfold smaller, approximating 0.16 in 1,000 births
[4,6]. For isolated CP, the incidence is approxi
mately 1.5 to 2.0 in 1,000 births, a rate unchanged 
for more than 4 decades [241], The interrelations 
between these disorders are complex. For example, 
CP can occur without clinical evidence for either 
hypoxia or encephalopathy. Most cases involving 
NE. or hypoxia never turn into CP. The classic clin
ical indicators of fetal distress (e.g., meconium pas
sage, bradycardias, pH abnormalities), or obstetric 
complications (e.g., breech presentation, abruptio 
placentae, cord prolapse), are also poorly predictive 
of the development of CP unless the later Apgar 
scores are also significantly depressed (i.e., 3 or less 
at 10 minutes or more) and neonatal depression is 
present (Table 23.15) [248], It is also fair to say 
that the interpretation of such clinical data remains 
controversial, however. In the attempt to provide 
guidelines for care analysis, the joint ACOG/AAP 
document specifies clinical and laboratory fea
tures required to link perinatal events and the
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TABLE 23.15 Death and Cerebral Palsy (CP) Rates in 
Babies >2,500 g with Apgar Scores <3

Time of Apgar 
<3 (min of life) No. Death (%)

CP
(%)

in Survivors

1 202 5.6 1.5
5 397 15.5 4.7

10 122 34.4 16.7
15 59 52.5 36.0
20 20 59.0 57.1

Modified from Nelson KB, Ellenberg .JH: Antecedents of cerebral 
palsy: Multivariate analysis of risk. N Engl J Med, 198.6. Jul 10; 
3]5(2);81-€f; with permission.

subsequent development of persistent neurologic 
injuries. Although the specifics outlined in this doc
ument are controversial, the report does serve as 
an important effort to understand the relationship 
between specific intrapartum events and long-term 
outcomes. It is safe to predict that much more will 
be heard on this subject in future.

The central cause of much of the brain injury 
related to HIE is disordered cerebral circulation 
[249-251], Hypoxia/asphyxia and cardiac disease, 
or induced cardiac dysfunction, lead to adverse 
effects on cerebral blood flow. In the fetal as in the 
adult CNS, blood flow is autoregulated. Both hyper- 
capnia and hypoxia can disrupt the CNS autoregu- 
latory system, however, resulting in a situation in 
which perfusion depends solely on the intravascu- 
lar perfusion pressure. W hen this "pressure-passive" 
state is reached, the cerebral circulation becomes 
vulnerable. Hypoperfusion and cerebral ischemia in 
specific parts of the brain become possible. Alterna
tively, increased perfusion with a concomitant risk 
for hemorrhage can also occur [249]. When the 
combination of perfusion abnormalities and local
ized hypoxia overcome the compensatory mecha
nisms of the intracranial neurons, progressive dam
age ensues. When hypoxia/ischemia is severe and 
prolonged, excitatory neurotransmitters such as glu
tamate are also released, and oxygen free radicals 
are produced. These, among other local events, col
lectively result in increased cellular damage beyond 
that initiated by the original circulatory and hypoxic 
insult [250].

Classically, ischemic necrosis develops in the 
watersheds or border zones between the end 
branches of major brain vessels, resulting in char

acteristic patterns of injury. The parasagittal region 
is the major site of damage in mature, to near-mature 
fetuses. Such injury commonly results in spastic 
quadriplegia. In preterm infants, injuries at or about 
the germinal matrix, especially injury to periven
tricular white matter, is most common, resulting 
in spastic diplegia [251]. Near-total asphyxia can 
also damage deeper brainstem structures such as the 
thalamus or caudate nucleus.

Various methods of neuroprotectiv© treatment 
have been attempted in neonates suspected to be 
at high risk for HIE. Treatment with indomethacin, 
phenobarbitol, allopurinol, morphine, and other 
drugs has been studied, generally with uncertain 
results [252], Hypothermia as a preventive therapy 
is now under investigation based on the theory that 
lowering temperature reduces the infant’s metabolic 
rate, which could help to stabilize membrane per
meability or reduce the local release of excitatory 
transmitters, thus ameroliating brain cell injury. To 
date none of these therapies has been sufficiently 
validated for clinical use; however, this line of inves
tigation is thought to hold promise.

Electronic Fetal Monitoring and Cerebral Palsy
The appropriate role of EFM during labor and 
its effectiveness in the avoidance of permanent 
neurologic injury remain controversial [5,8,24- 
27,253,255]. This technique has distinct limita
tions and certain well-defined risks. Despite tech
nical improvements in recent years, monitoring as 
usually conducted largely restricts the parturient to 
bed, limiting ambulation and possibly exerting an 
adverse effect on the course of labor. Maternal or 
fetal movements also require periodic readjustment 
of the Doppler monitoring head, consuming the 
attention of the birth attendants. In addition, the 
tocodynamometer is notorious for spontaneous dis
placement and various recordings artifacts. While 
direct-lead electrodes resolve many technical prob
lems and reduce artifact, they require membrane 
rupture and intravaginal manipulations to apply.

When EFM is used instead of intermittent aus
cultation, the overall cesarean rate for suspected 
fetal stress/distress is increased [25], EFM is also 
associated with a greater incidence of instru
mental delivery (i.e., forceps and vacuum extrac
tion). Finally, although EFM could reduce perinatal 
mortality from intrapartum hypoxia, perinatal

ak
us

he
r-li

b.r
u



764  O'GRADY

morbidity, at least as measured in the various studies 
performed to date, is unchanged.

To the distress of its original proponents, intensive 
use of EFM has arguably had essentially no effect on 
the incidence of CP [7,25], Over recent decades, 
many obstetric interventions have occurred based 
solely on EFM patterns, contributing to the high rate 
of obstetric intervention. Unfortunately, the classic 
ii! M findings initially thought to have an associa
tion with the development of CP, such as repet
itive late decelerations and a decrease in beat-to- 
beat variability, are subject to varying interpretation 
[25,255 257]. Thus, these patterns have a very high 
false-positive rate and a poor predictive value,

EFM is best at predicting a normally oxygenated 
fetus. Thus, a normal FHR with a pattern of acceler
ations and fetal movement in an alternating pattern, 
reflecting changing behavioral state, normal variabil
ity and an absence of decelerations, is highly reassur-

These data indicate that the fetus is neither aci- 
dotic nor hypoxic. EFM is most helpful to the clin
ician when such normal and reassuring patterns are 
observed despite obstetric difficulties such as a pro
longed labor or a difficult induction. Alternatively, 
if the labor begins with a frankly abnormal trac
ing, this might suggest prior fetal injury not likely 
to be remedied even by an accelerated or cesarean 
delivery, finally, in cases actually involving intra
partum asphyxia, an initially normal EFM tracing 
might be observed to change. Sentinel events can 
also be identified when acute heart rate alterations 
are observed, such as with cord prolapse. Other 
patterns possibly indicating acute asphyxia include 
repetitive late or severe variable decelerations and 
prolonged decelerations, especially when combined 
with or decreased FHR variability [258], (See Chap
ter 22, Fetal Assessment.}

The rapidity of intervention necessary to reduce 
or avoid fetal injury in the face of evidence that 
suggests acute hypoxia is unknown. In nonhuman 
primate experimental models of total asphyxia, 
brain damage occurs after 10 minutes. W hen total 
asphyxia persists for more than 25 minutes, most 
fetuses in these studies died [259], This classic rhe
sus monkey data cannot be fully extrapolated to 
humans, however. There are additional clinical data 
to consider. Review of perimortem cesarean deliv
eries and instances of uterine rupture, when reason
ably reliable data exist about the timing of the criti
cal injury to delivery, indicates that deliveries occur

ring at less than 5 minutes and occasionally up to 
15 minutes after injury can result in normal or near
normal survivors [260-263], Deliveries delayed past 
15 minutes have much poorer outcomes. Many 
ot these infants die, and significant numbers of 
those surviving are seriously injured. Uncommonly, 
individual cases involving much longer intervals 
irom maternal injury to fetal extraction have been 
reported [263], The important variables in these 
unusual cases include both the nature of the mater
nal injury (e.g., exsanguination vs. head trauma), 
the preservation of the m other’s vascular volume,’ 
the time from injury to the arrest of the maternal 
heart, and the speed and effectiveness of resuscita
tion efforts. (See Chapter 18, Cesarean Delivery and 
Surgical Sterilization.)

Whenever methods of intrauterine evaluation 
are considered, human fetal outcome depends on 
many variables. Human data concerning the interval 
from the time of injury until delivery are often 
inexact. Furthermore, the degree of asphyxia in 
individual cases is not necessarily measured by the 
assigned intervals from insult to delivery. In some 
instances, especially when the fetus was initially
• unipronused, serious or fatal fetal injury is possible 
with shorter intervals.

for these reasons, no simple relationship exists 
between the degree of presumed fetal hypoxia and 
the observed neonatal injury. This inexactitude does 
not allow the establishment of clear guidelines about 
the rapidity of response necessary to avoid fetal 
injury when acute events such as uterine rupture, 
cord prolapse, or fatal maternal injuries occur. When 
hypoxia/asphyxia is both severe and prolonged, the 
most common outcomes are either death or appar
ently normal survival. Nonetheless, as the general 
degree of asphyxia rises, so does the number of sur
viving but damaged infants (Table 23.16).

Clinicians must refocus on understanding the 
antecedents of perinatal injury and the importance 
oj antepartum events, while taking a more conserva
tive view toward intrapartum interventions for fetal 
indications, unless clinical indications are marked. 
Techniques to detect in-utero abnormalities that 
might injure infants prior to the onset of labor, 
rendering them unable to withstand the additional 
stress accompanying parturition, are sorely needed. 
When a “bad baby” results from a delivery, the 
mere presence of complications at delivery is insuf
ficient evidence that obstetric interventions such as
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TABLE 23.16 Likelihood of Birth Asphyxia or Trauma Causing Brain Damage in Children with Spastic Cerebral Palsy*

Relationship of Birth Events to Observed CP 

Infant’s Birth Status Number Possible Probable Definite Number

No fetal distress, birth asphyxia, or abnormal 124 0 0 0 124
neurologic signs

Abnormal signs of neurologic dysfunction; no birth 22 3 5 0 30
asphyxia

Birth asphyxia and abnormal neurologic signs 10 3 7 S 29
n =  156 H 12 9 183
(85.2%) P § % ] (3.3%). (4.9%) (100%)

‘''‘Cases drawn from Western Australia and England, 1975-1983.
Modified from Blair E, Stanley FJ. Intrapartum asphyxia: A rare causs of cerebral palsy. J Pediatr, 1988. Apr; I 12(4):515-!); with permission.

a cesarean or an expedited instrumental delivery 
could have avoided or ameliorated the observed 
injury. Each case requires individual analysis, with 
close attention to pre-, peri-, and postpartum data, 
including a review of placental pathology and any 
specialized testing suggested by the clinical history 
or other data [264],

The central issues in both intrapartum manage
ment and operative delivery are related to maternal 
and fetal safety. These issues, some of which have 
been discussed in this review, have long been hotly 
debated without definitive resolution. All studies 
relating events of labor/delivery to long-term out
come are flawed in organization, enrollment bias, or 
failure to control confounding variables or reflect 
current practice. Thus, conclusions derived from 
these data are to be interpreted with caution. Vir
tually all discussants agree on some aspects of this 
controversy, however. Practitioners generally have 
become less certain of the value of many obstetric 
interventions. The demonstrable benefits of contin
uous EFM as opposed to careful one-on-one inter
mittent auscultation are limited. As yet, there is no 
clear consensus about the appropriate methods of 
evaluating prenatal risk or how such considerations 
should govern clinical management. Techniques of 
antepartum management continue to be contro
versial, despite the concept now gaining strength 
that prolonging the effects at fetal propulsion is 
more desirable and less dangerous than immediate 
fetal extraction in achieving delivery when dystocia 
ensues. Nonetheless, an important but limited role 
remains for classic obstetric interventions in obstet
ric practice, including instrumental and cesarean 
delivery.

Environmental Risks and Exposures
A potentially important but controversial contribu
tion to birth injuries includes environmental fac
tors [ 265-279]. Although there are suspicions, few 
definitive data link general human exposure to syn
thetic chemicals and birth injury. Exposure to cer
tain substances is known to be clearly deleteri
ous, however. Although the potential adverse effect 
of these exposures is either unclear or, in some 
instances, thought to be insignificant, an in-deptb 
analysis of this subject is well beyond the scope of 
this chapter. Nonetheless, several general observa
tions on the voluminous literature about the rela
tionship among various environmental events or 
exposures, in-utero stressors, and adult human dis
ease are appropriate. Interested readers are referred 
to standard sources and recent reviews for additional 
information [266,275,277],

Among the many potential sources of environ
mental risk are maternal drug use, disordered mater
nal nutrition, and exposure to prescription drugs, 
various chemicals, and irradiation. There is a com
plex interaction between the genetic and devel
opment components of a pregnancy the m other’s 
social environment, and the timing and extent 
of any potentially dangerous antenatal exposures. 
Principles used when evaluating the strength of 
the relationship between an environmental expo
sures and an observed fetal abnormality or injury 
include

• The dose-response effect

• The relationship to  a specific period of embryonic 
development
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• The restricted set of abnormalities that character
ize the; suspected exposure (syndrome)

Thus, the possibility that any chemical exposure, 
drug, or event of maternal deprivation will result 
in a biologic effect depends on a number of fac
tors [265], These include the dose or strength of 
the exposure, the properties of the agent or event, 
the period of gestation when the exposure occurs, 
and the presence of compounding factors that might 
either increase or diminish the risk for an adverse 
effect. Furthermore, adverse effects might not be 
identified until many years after the initial expo
sure, vastly increasing the difficulty in establishing 
associations.

Among the general population in all developed 
nations, there is widespread exposure to many 
environmental chemicals that are thought to be 
endocrinologically active. These agents suspected 
to be endocrine disrupters, substances with the 
potential to interfere with hormonal receptor sites, 
mimic hormones, or trigger inappropriate hormonal 
responses. The clinical importance of these sub
stances remains to be established, but their potential 
for mischief could be great.

Caution is necessary when interpreting suspected 
environmental associations and adverse effects. 
Some teratogenic syndromes do mimic established 
genetic syndromes. Furthermore, many subjects 
have compounding exposures or conditions accom
panying the specific exposure in question, such 
as various medical disorders, chronic infections, or 
illicit drug use. This makes the assignment of an 
observed exposure to a specific adverse effect iden
tified in a neonate or, at an interval of years in an 
adult, at best difficult.

Perhaps the most interesting data on early fetal 
injury is derived from various epidemiologic stud
ies, which have associated various adult diseases 
with in-utero events [270,271,273,274,278], The 
associations derived from these investigations are 
thought to reflect a type of in-utero program
ming. These induced, permanent changes in fetal 
physiology are thought to subsequently affect 
adults in terms of their structure, physiology, or 
metabolism. Several common chronic adult dis
eases are now suspected to be linked to vari
ous physiologic adaptations made by the fetus to 
permit its continued growth in response to in- 
utero undernutrition. As is discussed in the, coro-

I ABLE 23.17 Estimates of Major Reproductive Risks per 
1,000 Pregnancies

Spontaneous abortionsf 350
Clinically recognized abortions 150
Genetic disorders: 110
Polygenic/multifactorial 90
Dominant inheritance disorders 10
Aneuploidy 5
Autosomal/sex linked disorders 1.2
New mutations 3
Preterm deliveries 40
Fetal growth disorder# 30
Stillborns 2.20

*Recognized clinically and by pregnancy testing.
As variously defined, including intrauterine growth retardation 

(IU G R ).

Modified from Brent RL. Environmental causes of human 
congenital malformations the pediatrician’s rate in dealing with 
these complex clinical problems caused by a multiplicity of 
environmental and genetic factors. Pediatrics, 2004 Aim 
113(4):957-68, ' 1 '

nary artery disease, obesity, abnormalities in ovu
lation, and diabetes are among the most common 
associations [268, 270, z72,277,278], Obviously 
both the nature of the fetal events and their tim 
ing during development are critical.

Spontaneous errors in the reproductive process 
are the principal cause of human fetal wastage. 
I nese various disorders account for many more 
fetal losses than can be ascribed to environmen
tal exposures of all types. Consequential congenital 
malformations are observed in approximately 3%. 
of human births [265], Every year in the United 
States, 120,000 infants are born with serious or 
significant abnormalities of genetic origin. Fetal 
wastage from spontaneous abortions, lethal mal
formations, extreme prematurely infants, and still
birth are also major contributors to reproductive 
loss ( Fable 23.17). (See Chapter 2, Prenatal Genetic 
Assessment.)

The emotional and financial costs of inherited dis
ease are great. Both clinicians and families strug
gle to meet the challenges of genetic disease and 
reproductive loss. Congenital disorders also have 
medicolegal importance. Preexisting fetal or devel
opmental abnormalities are thought to be major 
contributors to permanent neurologic disorders, 
including CP. With the current emphasis on prena
tal diagnosis, incorrect predictions of normality or
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the failure to evaluate families properly for occult 
genetically based disorders can result in legal entan
glements.

Developmental Disorders and Adult Disease
There are increasingly strong data linking develop
ment in-utero events with both life expectancy and 
subsequent adult disease including ovulatory dys
function, atherosclerosis, hypertension, stroke, the 
metabolic syndrome, and diabetes [268-279],

Specifically disordered fetal growth as reflected in 
birthweight or body proportions seems to be linked 
to an increased incidence of metabolic disorders, 
including impaired glucose tolerance^ abnormalities 
in lipid profile, and Type 2 diabetes mellitus. There is 
also a strong link to vascular endothelial dysfunction 
as manifested by coronary artery disease. It appears 
that the incidence of these adult diseases is also 
increased among people who are small at birth but 
become obese as adolescents or adults.

It is hypothesized that developmental plasticity 
and genetic propensities permit the fetus to develop 
a predictive adaptive response (PAR) to a difficult 
in-utero environment; however, these PARs devel
oped in utero, although adaptive very early in life, 
establish a predisposition to various diseases devel
oping decades later. It is also possible that adverse 
effects early in development or in early childhood 
can affect the long-term disease risk for a popula
tion, even if the birthweight falls within the normal 
range. Other features such as maternal smoking, sea
son of birth, and the occurrence of childhood infec
tions also play a role in changing the likelihood of 
adult disease.

Abnormal fetal growth is thought to impair 
subsequent organ development and vascular and 
metabolic functions [249,275,278]. O ther evi
dence indicates that childhood inflammatory disease 
(infections) also strongly influences adult morbid
ity and mortality The implications of these observa
tions are large. If in-utero events weigh so heavily 
in changing basic metabolic “set-points” that liter
ally persist for decades, and if birthweight reflects 
the adequacy of nutrition in utero, then the focus 
of perinatologists should become the uterine envi
ronment. This implies a new focus and investigation 
of potential adverse influences on fetal growth and 
development from many sources, including basic 
nutrition.

There are additional implications for the reduc
tion in adult disease. If in-utero programming pre
sets metabolic and vascular endothelial function, 
attempted modifications of behavior or drug ther
apy instituted later in life could well be influenced. 
This fact could partially explain the differences of 
outcomes seen when poor dietary and other habits 
are practiced, but the susceptibility to disease varies 
considerably across a population. It has also been 
suggested that restriction in prenatal growth influ
ences adult behaviors by effects on personality, emo
tional response, lifestyle choices, socialization, or 
even sexuality. Prenatal growth influences could 
then be reflected in life-long eating patterns, exces
sive behavior, and even the incidence of marriage.

There are several postulated mechanisms where
by environmental events might alter development. 
One possibility is the induction of epigenetic change 
in DNA, thus changing gene expression. Alterna
tively, the differentiation of tissues could be dis
rupted or changes induced in homeostatic control 
mechanisms. In terms of metabolic constraints, if 
the available nutrient is limited or poor, a change in 
growth and in glucose utilization could be adaptive,; 
leading to the expression of genes favoring insulin 
resistance. If this adaptation persists into later adult 
life, however, the risk is the development of glu
cose intolerance, the metabolic syndrome, or frank 
diabetes [272], Because insulin is a principal fetal 
growth factor, the expression of such genes in an 
individual’s early development could affect fetal 
weight gain significantly.

A body of data from animal experimentation 
supports a link between early perinatal events 
and adult disease [275], Most of these studies 
have involved dietary manipulations (e.g., restricted 
calories or low-protein, high-fat diets) or the 
maternal administration of glucorticoids. It is sug
gested that pronounced undernutrition suppresses 
enzymes involved in cortisol degradation (11 b- 
hydroxysteroid dehydrogenase, Type 2), thus expos
ing the developing fetus to increased concentrations 
of potent maternal steroids.

In many instances in human pregnancy, poor fetal 
growth accompanies multiple gestations, chronic 
hypertension, recurrent abruptio placentae, and 
other disorders for which treatment is at best lim
ited, and in many instances probably ineffectual. 
In general clinical terms, fetal growth is assessed 
by several parameters: maternal weight gain, the
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observed increase in fundal height, and selected 
ultrasonic computations thought to document that 
the observed fetal growth pattern is within nor
mal limits. While it is not certain, it can be safely 
assumed that these crude measures are insufficient 
to identify significantly at-risk pregnancies properly 
in terms of lifelong influences. Nevertheless, even if 
such pregnancies could be identified properly, effec
tive treatment is at best uncertain. W hat physicians 
now do when fetal growth is tardy or suspect is to 
attempt to “fix the fixable.'1 A reasonable amount 
of lateral recumbancy rest is usually suggested and 
the m other’s food and liquid intake and habits such 
as smoking are reviewed. Occult hypertension or 
problems with carbohydrate metabolism are investi
gated. Occasionally under treatm ent improved fetal 
growth is observed. When fetal growth is markedly 
abnormal, Doppler flow studies of umbilical, middle 
cerebral artery, and other vessels such as the ductus 
venosus are performed to provide an opportunity 
to intervene before Fetal acidosis or death occurs in 
utero. How effective this approach is in the avoid
ance of long-term risk or permanent fetal injury 
remains uncertain.

Study or these long-term effects of “fetal pro
gramming” for events that become manifest only 
in adult life will doubtless continue. Eventually, the 
anticipation is that both better identification of cases 
involving growth disturbances and an understanding 
of appropriate treatm ent will become a reality.

Trauma

Blunt abdominal trauma, and specifically motor 
vehicle accidents, are major maternal and fetal risk 
factors for morbidity and mortality [280,282-289], 
In modern industrialized societies, two thirds of all 
trauma that occurs during pregnancy is due to auto
mobile accidents [287], Between the prime child
bearing ages of 20 to 29 years, approximately 3% 
of women involved in reported motor vehicle acci
dents are pregnant [290]. O ther common causes of 
blunt trauma during gestation include domestic vio
lence and accidental falls [282,283]. Approximately 
10% of pregnant women admitted for the treat
ment of trauma have blood tests that reveal elevated 
alcohol levels or an abnormal toxicology screen. 
The principal fetal risks associated with maternal 
trauma are due to premature labor, abruption pla
centae, and death [307,324,325], The most com
mon direct fetal injury after maternal blunt trauma

is a cranial fracture. The risk for fetal loss after 
maternal blunt trauma varies from 3.4% to 38%, 
depending on the severity of injury and the rapid
ity of intervention. Because injury leading to fetal 
loss can be occult, all pregnant women who expe
rience: blunt trauma should be promptly evaluated. 
The related principal causes of morbidity and mor
tality related to blunt trauma are abruptio placentae, 
hemorrhagic shock, and events resulting in maternal 
death [287,289,323,326],

If the mother has sustained a cardiac arrest, active 
resuscitation should be attempted. If the fetus is 
determined to be potentially viable, a perimortem 
cesarean must be considered. Although data are lim
ited, in general, the earlier the fetus is removed and 
resuscitated after the maternal arrest, the greater the 
chances are for its survival. Cesarean deliveries after 
15 minutes of maternal cardiopulmonary arrest have 
little likelihood of success, although these are sev
eral reported exceptions. As a general rule, Cesarean 
delivery should be performed within 4 to 5 minutes 
of an arrest, but always before 10 minutes if at all 
possible. (See Chapter 18, Cesarean Delivery and 
Surgical Sterilization, for a complete discussion of 
this topic.)

In the common situation of an out-of-hospital 
injury, the best management is not certain; however, 
the available data suggest that continued efforts at 
maternal resuscitation with vigorous replacements 
of intravenous fluid and oxygenation can improve 
the possibility for fetal survival even if longer inter
vals from injury to intervention occur. In some 
cases:, maternal resuscitation becomes possible once 
the fetus is removed, presumably because delivery 
improves maternal cardiovascular function.

Fetal deaths associated with maternal trauma are 
principally from motor vehicle accidents. In a 3- 
year review of data from 16 states that collectively 
accounted for approximately 15,000 fetal death reg
istrations year, accident-related fetal deaths actu
ally exceeded the number of infant deaths from 
motor vehicle accidents in three of the states studied 
[289]* Compared with nongravid subjects, pregnant 
women in motor vehicle accidents have an lower 
incidence of thoracic or head injuries but a higher 
incidence of abdominal injuries. The most danger
ous injuries are pelvic fractures, however.

Pregnant women should use seat belts. Properly 
applied seat belts protect both mother and child in 
all but the most severe of accidents [289], Airbags
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are also appropriate and should not be disarmed sim
ply because the passenger is pregnant.

When maternal blunt trauma occurs, there are 
several appropriate evaluations. Initially the mother 
requires prompt evaluation and stabilization before 
fetal assessments are performed. As a general rule, 
improving the maternal condition, ensuring nor
mal oxygenation, and restoring cardiovascular sta
bility are the best initial supportive actions for 
the fetus as well. Oxygen, infusion of balanced 
salt solutions, and blood or blood products should 
be provided to the mother as required. Real-time 
ultrasound scans, laboratory tests (i.e., coagulation 
factors, blood count, etc.), and continuous EFM are 
the principal diagnostic tools.

Ultrasound examinations are important despite 
the fact that scanning is not a reliable test to 
exclude placental separation. The advantages of 
ultrasonography lie elsewhere. Scanning documents 
the FHR, estimates the gestational age, notes the 
amniotic fluid volume (AFV), and documents pla
cental locale. These data establish whether the preg
nancy has reached the period of potential viability, 
verify that the fetus is alive, and document that a 
normal volume of amniotic fluid is present, reduc
ing the likelihood of membrane rupture. Less com
monly, evidence of placental separation or oligohy
dramnios can be visualized, and rarely, fetal injuries 
are identified. Continuous heart rate monitoring 
is appropriate only when the period of gestation 
is determined to be within the range of possible 
neonatal survival. Potential viability is a clinical con
cept that is assessed by determination of the period 
of gestation, the fetal weight, and when appro
priate, any electronic monitoring data. W hen the 
estimated fetal weight is >350 g to 400 g and 
the composite gestational age is >23 to 24 weeks, 
potential viability is assumed. In terms of laboratory 
testing, these parameters can vary to some degree 
among institutions. Kleuhauer-Betke testing has not 
proven useful for the detection of abruptio and is 
unnecessary. Rh-negative women should receive Rh 
immune globulin in the usual dose. The decision l or 
hospitalization hinges on the extent of the mater
nal injuries and the results of the FHR, as well as 
uterine contraction monitoring. Abruptio placentae 
is a problem. Neither the extent of maternal injury 
nor the ultrasound studies can reliably predict its 
occurrence. Recurrent contractions and notation of 
the blood count and differential (W?BC >20,000)

helps to identify patients at increased risk for an 
abruption [307,308,323,326]. An abruption can be 
delayed by 24 to 48 hours after the initial events. In 
contrast, when the m other’s physical examination 
is unremarkable, the EFM is normal, and uterine 
contractions are not recorded, the risk of a major 
complication, such as an abruptio, is very low.

Nerve Injury
Nerve injuries are another potential source of mor
bidity that can occur spontaneously, be due to 
problems in patient positioning for delivery or 
surgery, or follow direct surgical trauma [281,290- 
292,296,300,301], The principal factors that pre
dispose to iatrogenic surgical injury a re 1) improper 
placement of retractors, 2) improper patient posi
tioning, and 3) radical surgery. Variations in patient 
anatomy play a lesser role. Wrhen obstetric injuries 
are considered, most are unrelated to regional anal
gesics or anesthesia. Both nulliparity and a pro
longed second stage of labor are common associ
ations [302], Fortunately, these injuries are rarely 
permanent but do result in discomfort and difficulty 
with ambulation or other normal activates. Rarely, 
these injuries require surgery or specialized ther
apy to resolve. The most important nerve injuries 
are those leading to postoperative or postpartum 
paralysis involving the lower extremities, and iner- 
algia paresthetica (MP), a relatively common injury 
involving a paresthesia of the lateral femoral cuta
neous nerve [293,294,297].

The occurrence of nerve injuries is relatively low, 
but accurate statistics of incidence are not avail
able. Parturition-related peripheral nerve injuries of 
all types are estimated to occur from 0.8 to 100 
in 10,000 deliveries [281,302,303,335]. This wide 
range of incidence probably reflects mostly how the 
data were obtained. Retrospective studies report 
the lower incidences, whereas prospective investi
gations find the higher numbers. In addition, many 
injuries are minor or transcient and might not be 
given clinical recognition unless signs and symptoms 
were carefully sought.

Postoperative or postpartum paralysis is a descrip
tive term that includes several different nerve 
injuries with an outwardly similar presentation. In 
all of these conditions, a previously normal woman 
is unable to ambulate or ambulates only with diffi
culty after a delivery or surgery owing to weakness in
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various muscle groups of the lower extremity. The 
major neurologic injuries that can present in this 
fashion include:

• Postpartum footdrop

• Lumhrosacral palsy

• Peroneal nerve palsy

• Femoral neuropathy

• Obturator neuropathy

• Sciatic neuropathy

The difficulty in ambulation can go unrecog
nized in the immediate postoperative or postpartum 
period. Muscle weakness is normally not appreci
ated until ambulation is attempted. The diagnosis 
therefore is made at different times after delivery 
or surgery. Initially, it can appear that the problem 
is simply unsteadiness from exhaustion, vasomotor 
instability, residual drug effects, or anemia. A true 
sensory deficit or motor nerve injury also can be 
confused with a lingering motor blockade from a 
regional anesthetic agent. In women experiencing a 
vaginal delivery, pain from vaginal or perineal lac
erations can also interfere with normal ambulation 
and be misinterpreted as a motor weakness.

A demonstrable muscle weakness or characteris
tic paresthesia in a previously normal woman, espe
cially with a history of prolonged labor or difficult 
delivery, suggests nerve injury. When an iatrogenic 
neurologic injury is suspected, the extent of the 
deficit should be evaluated by careful physical and 
neurologic examination. At times, injuries are com
plex, with more than a single nerve root involved, 
potentially resulting in confusing findings.

In obstetric cases, most injuries are due to 
intrapelvic pressure on an exposed nerve root from 
descent of the presenting part. At times, pressure 
or trauma from the fetal head is combined with 
trauma from a delivery instrument such as forceps. 
In other instances, patient positioning in stirrups or 
incorrect second-stage pushing technique results in 
an injury from direct compression or an acute angu
lation, stretching the nerve root. A nerve can also 
be traumatized directly at surgery, usually from an 
operative instrument, such as a self-retaining retrac
tor.

In the study by Warner and coworkers involv
ing 991 surgical cases performed in lithotomy posi

tion, the incidence of nerve injury was 1.5% [291], 
The nerves injured included the lateral femoral cuta
neous nerve, and the obturator, sciatic, and peroneal 
nerves. As has been noted in most reviews, reso
lution occurred in more than 90% of cases within 
6 months.

The next section reviews both MP and the various 
major causes of postpartum paralysis and considers 
the pathophysiology of injury. Although prevention 
for all nerve injuries is not possible, surgical atten
tion to technique and patient positioning can avoid 
many of these complications.

Meralgia Paresthetica

MP (Bernhardt-Roth syndrome) is a relatively com
mon nerve compression syndrome involving the 
lateral femoral cutaneous nerve [281,290,293— 
295,297,305,315,316]; 20% or more of all cases 
are bilateral. The prevalence of this condition is 
unknown but is estimated at 3 to 4 in 10,000 in 
the general population [294,316], Most cases occur 
in patients from 30 to 65 years of age, bu t the con
dition has been described by patients of all ages.

The lateral femoral cutaneous nerve arises from 
the second and third lumbar root, although it can 
originate from different combinations o.fLI 3 nerve 
roots. In the pelvis, the nerve trunk runs across the 
iliacus muscle, inferior to the covering iliac fascia.
1 he nerve then exits the pelvis, passing under the 
inguinal ligament just medial to the anterior supe
rior iliac spine, and penetrates the fascia lata to dis
tribute sensory branches to the skin of the lateral 
thigh. There is considerable anatomic variation in 
the course of the nerve. In approximately 30% of 
cases, the course of the nerve varies, arising par
tially or entirely from either the femoral or the 
genitofemoral nerve [295,297], Operative injury 
to the nerve has been reported following laparo
scopic procedures as well as laparatomy, orthope
dic procedures, and even intramuscular injections 
[281,295,296,298,315,316], When the condition 
is obstetrically related, symptoms usually begin in 
the third trimester. The paresthesia is usually pro
gressive. Patients complain of sensations of tingling 
or burning (21%), numbness over the lateral thigh 
(48%)., and decreased sensation of pinprick (45%) 
or pain (33%). There is no associated motor dys
function and no predilection for either side, and 
the condition can recur in subsequent pregnancies.
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Extension of the hip increases the distress. Symp
toms are often exaggerated by walking, continuous 
standing, or certain actions (e.g., getting in or out of 
automobiles). Rest in lateral recumbency tends to 
relieve the discomfort. The condition is more com
mon among the obese, especially during periods of 
rapid weight gain or uterine enlargement. Exagger
ated lordosis is a common finding in symptomatic 
women.

The diagnosis follows a history review and clini
cal examination, with the notation of specific clini
cal features and characteristic signs and symptoms. 
Imaging or laboratory studies are not helpful in 
establishing the diagnosis. Electromyography can be 
performed but is usually unnecessary. Several find
ings distinguish MP from other disorders:

• Characteristic distribution

• Often unilateral findings, but possibly bilateral

• Absence of motor involvement

• Preservation of patellar and adductor deep tendon 
reflexes

• Association with pregnancy or recent surgery

• Absence of systemic disease or infection (e.g., mul
tiple sclerosis or herpes simplex)

MP is usually a mild and self-limited disorder: 
Virtually all cases associated with pregnancy com
pletely resolve within 3 months postpartum. A rare 
case might persist for years, however [305]. In most 
Cases, no specific treatment beyond reassurance is 
required. Analgesics or a nerve block with a local 
anesthetic (e.g., 0.25% bupivicaine) can provide 
symptomatic relief and serve as a test for the diagno
sis. The injection of phenol or other neurotoxins is 
not recommended owing to possible adverse effects 
such as dysesthesias. O ther modalities of treat
ment include applications of moist heat, transcuta- 
neous nerve stimulation, phonophoresis, or trigger- 
point soft-tissue therapy (usually the sartorius 
muscle).

Surgery for neurolysis or transaction of the nerve 
is rarely indicated and not performed during preg
nancy, Rarely in nonpregnant patients, surgical 
decompression of nerve root is performed at the site 
where it exits through its narrow channel under the 
inguinal ligament.

Nerve transection is rarely done for relief in cases 
of chronic distress. In severe cases, such surgical 
exploration might be appropriate because there is 
a reasonable likelihood of partial or complete relief 
of symptoms [299,309,315].

In the nonpregnant patient, nonsteroidal anti 
inflammatory drugs, tricyclic antidepressants (amit
riptyline [Elavil]) or an anticonvulsant (gabapentin 
[Neurontin]; carbamazine [Tegretol]) can be ad
ministered for relief [305,306,322],

Femoral Neuropathy
Femoral nerve palsy, or femoral neuropathy (FNP), is 
among the causes of postpartum and occasionally 
postsurgical paralysis [281,300-304,310-314,328- 
335], At laparatomy, the femoral nerve has usually 
been injured by direct compression caused by a self- 
retaining surgical retractor (Balfour or O ’Connor- 
O ’Sullivan type). FNPs also can result from obstetric 
and gynecologic procedures when a woman has been 
placed in dorsal lithotomy position in stirrups, or 
they can occur after prolonged second-stage labor. 
In general, the prognosis for recovery is good as long 
as an underlying serious or systemic disease is not 
present.

Femoral neuropathy is an uncommon complica
tion of pregnancy and vaginal delivery. The incident 
in modern obstetric practice is not established but is 
usually reported as less than 1 in 10,000 live births. 
Al Hakim and Katirji [300] reported an incidence 
of FNP of approximately 1.5 to 2.0 in 1,000 surgi
cal and obstetric procedures involving use of litho
tomy position. Wong reported an incidence of 3.1 
in 1,000 in an obstetric population studied prosper 
tively [302],

Pathophysiology
The femoral nerve (anterior crural nerve) is com
posed of roots arising from the posterior divisions 
of lumbar segments 2, 3, and 4. In the pelvis, the 
nerve passes through the body of the iliopsoas mus
cle, which normally shields it from direct injury. The 
nerve exits the pelvis lateral to the major femoral 
vessels, passing under the inguinal ligament. The 
femoral nerve provides motor innervations to the ili- 
acus, sartorius, and quadriceps femoris muscles and 
also conveys sensation from the anterior and medial 
surfaces of the thigh and medial aspect of the leg by
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the anterior femoral cutaneous and saphenous nerve 
roots, respectively. The nerve does not innervate the 
iliopsoas muscle, which is supplied by a separate 
branch from the lumbar plexus (L2-3). Thus, com
plete iliopsoas paralysis is usually not demonstrated 
when femoral nerve lesions occur. In term of diagno
sis, a combined femoral and iliopsoas palsy indicates 
an intrapelvic injury to the nerve roots rather than 
an isolated femoral nerve weakness without iliop
soas involvement. The latter suggests a peripheral 
injury to the nerve.

The femoral nerve is usually injured by direct 
compression in the iliopsoas groove, where the nerve 
root is covered by a tight fascia [300,328,329], In 
gynecologic practice, the most common cause of 
injury is trauma from the blade of a self-retaining 
retractor inserted at laparatomy [329-332], Less 
frequently in obstetric-related cases, the normal 
intrapelvic descent of the fetal head or an instru
mental delivery can directly damage the nerve root.

Femoral nerve injury to either the portion of the 
nerve in the abdomen or the distal segment beyond 
the inguinal ligament during parturition is usually 
related to maternal positioning and can be unilateral 
or bilateral [311,312,333,334]. Injury from com
pression by the presenting part or obstetric manip
ulations such as instrumental delivery are unlikely 
causes of nerve trauma. Excessive hip abduction and 
external rotation either stretch the femoral nerve 
or interfere with its somewhat tenuous blood sup
ply, resulting in localized ischemia. The portion of 
the nerve distal to the inguinal ligament can also 
be directly compressed during positioning of the 
thigh during second-stage pushing. Marked thigh 
flexion with external rotation and abduction, such 
as performed during the McRoberts maneuver, com
presses the nerve directly. This position can result 
in injury when such positioning is combined with 
active bearing-down efforts.

As with the other obstetric paralysis syndromes, 
pain is usually not the major complaint; however, 
variable pain is often initially reported in the hip, 
buttock, or anterior portion of the thigh. Soon there
after, the classic triad of 1) quadriceps muscle weak
ness, 2) absent reflexes, and 3) specific paresthesias 
becomes evident.

Examination reveals that muscle weakness is 
present, primarily involving the extensors of the 
thigh. The weakness is usually of acute, onset and is

accompanied rarely by paresthesis over the medial 
thigh and anteromedial calf. The woman can some
times walk on flat surfaces but is usually unable 
to climb stairs and has great difficulty going down 
stairs or any irregular surface. Unless the knee is kept 
locked, it can buckle. Arising from a seated position 
and stepping up are particularly difficult. Approx
imately 25% of these cases are bilateral. Complete 
recovery can be delayed but usually begins within
2 to 3 weeks of delivery and occurs within 10 to 
12 weeks. The prognosis for full recovery is good
[281,290],

On clinical examination alone, a femoral nerve 
injury can be difficult to differentiate from lum- 
brosacral nerve palsy (i.e., combined footdrop, 
abductor or quadriceps palsy, and anteromedial 
leg/thigh paresthesias) or an isolated peroneal nerve 
injury (footdrop). In nonpregnant subjects with no 
history of surgical trauma, femoral neuropathy can 
be a sign of serious systemic disease such as advanced 
diabetes mellitus or atherosclerosis, but patients 
with these disorders are easily identified.

A characteristic history of recent abdominal 
surgery or obstetric vaginal delivery and acute 
quadriceps palsy can suggest the correct diagnosis. 
Because the onset of the neuropathy is abrupt, its 
association to delivery or to a gynecologic proce
dure is immediately recognized. Rarely, when the 
primary nerve injury arises from intrapelvic com
pression, trauma to other nerves, with a pelvic course 
(e.g., obturator, lumbosacral trunk, iliopsoas nerves) 
is possible, potentially resulting in atypical findings 
or complex symptoms.

The various potential metabolic, infectious, or 
toxic causes of neuropathy can be excluded by 
appropriate testing or review of history. In the non
pregnant patient, MRI or CT scan can be helpful in 
diagnosis if compression from a pelvic mass is sus
pected.

Treatment is symptomatic and the prognosis for 
full recovery is excellent. Physical therapy is use
ful to maintain range of motion while spontaneous 
improvement is awaited. Bracing of the knee to 
prevent buckling and possible injury, and the use 
of assistive devices for ambulation are frequently 
required. If the etiology is traumatic, no interven
tion beyond these measures is usually required, 
and resolution in more than 90% of cases within 
6 months can be anticipated. In the rare case
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arising from nerve compression by intrapelvic 
masses or retroperitoneal tumors or hematomas, 
surgical or other medical intervention could be 
required to relieve pressure on the nerve trunk. In 
these situations, the long-term prognosis is less cer
tain and depends on the progress of the underlying 
disorder.

At abdominal surgery, femoral nerve injury can 
be easily avoided by careful placement of the blades 
of the self-retaining retractor and by the routine 
use of sponges to pad displaced tissues. Because 
injuries can occur to patients placed in lithotomy 
position,, owing to acute angulations or stretching of 
the nerve, proper positioning and avoidance of pro
longed pushing with extreme abduction and rota
tion of the thigh reduces risk.

The recurrence risk from an injury during vaginal 
delivery is unknown. In addition, the best manage
ment for subsequent deliveries in women who have 
experienced this injury is unclear. Such cases need 
individual management, because there are little or 
no data to help in counseling these patients.

Lumbosacral Palsy
Lumbosacral palsy (LSP, postpartum footdrop) is 
a nerve compression syndrome resulting from an 
injury to the pelvic lumbosacral trunk nerve (LST)
[281,290]. Affected patients are found to have a 
unilateral footdrop and variable leg pain. This con
dition must to be distinguished from other causes 
of puerperal lower limb paralysis and pain, including 
peripheral peroneal nerve compression, obturator or 
femoral neuropathies, and lumbar disk disease. With 
LSP, the prognosis for full recovery is good, but the 
course can be long. The incidence of this disorder in 
modern practice is unknown, but it is uncommon. 
In a prospective study, Wong and coworkers [302] 
reported six cases in 6,048 deliveries or approxi
mately 1 in 1,000.

The lumbosacral trunk (LST) is a large pelvic 
nerve root arising from the sacral plexus. The com
bined L4-5 lumbosacral nerve trunk crosses the 
sacroiliac articulation, passes medial to the obtura
tor nerve, and joins the sciatic nerve. The principal 
nerve root within the lumbar sacral trunk is the sci
atic nerve, which includes a preaxial component, the 
tibial nerve (anterior branches L4--S3), and a postax- 
ial component, the common peroneal nerve (poste

rior branches L4-S2), both contained within a single 
sheath. The sciatic exits the pelvis through the lower 
part of the greater sciatic foramen and runs along the 
inferior border of the piriformis muscle to the lower 
one third of the thigh, where its two parts separate. 
The sciatic nerve supplies motor nerves to the piri
formis, coccygeus, levator ani, superior gluteal, and 
biceps and quadratus femoris and inferior gemellus 
muscles,, among others. In the lower limb, the twro 
major branches of the sciatic are the tibia (medial 
portion) and peroneal nerves (lateral portion).

Just below the fibular head, the peroneal nerve 
divides into the deep and superficial peroneal nerves, 
which pass into the lower leg. The superficial per
oneal nerve innervates the peroneus longus and bre
vis muscles, which are foot evertors. The deep per
oneal nerve innervates the major muscles extending 
the toes and dorsally flexing the foot. As it passes 
the knee, the peroneal nerve also supplies branches 
to a segment of the biceps femoris, one of the knee 
flexors.

The tibial is the larger, medial division of the sci
atic nerve. The tibial nerve runs through the pop
liteal fossa, sending auricular branches up to the 
knee. The nerve then continues into the lower limb, 
giving rise to the sensory medial sural cutaneous 
nerve and a series of muscular branches to the var
ious calf muscles and lateral plantar nerves of the 
foot.

In most cases, direct nerve compression between 
the fetal head and the ischium is presumed to be the 
cause of LSP. Usually the part of the nerve trunk 
giving rise to the common peroneal portion of 
the nerve is predominantly involved. Nerve injury 
results in the characteristic lower-limb footdrop 
palsy, mostly involving dorsoflexors of the lower 
limb. Presumably during labor, partial deflection of 
the fetal head during dystotic labor directly trauma
tizes the  exposed nerve trunk as it passes through 
the pelvis, leading to an inflammatory edema and 
resultant dysfunction. Occuput posterior or brow 
position and a straight sacrum or a wide poste
rior pelvis are suspected risk factors for injury. The 
patient also might give a history of a difficult deliv
ery. If the injury occurs from a nerve compression 
restricted to the lower limb, there is neither mus
cle weakness nor paresthesia superior to the fibu
lar head. This finding can be difficult to detect 
without nerve conduction studies, however. If the
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lumbrosacral trunk has been injured, injuries to 
other pelvic nerves, such as the obturator, are pos
sible. A footdrop syndrome with findings similar to 
LST palsy can follow from direct compression of the 
lateral peroneal nerve as it crosses the fibular head. 
In obstetric patients with such distal injuries, there 
is either a history of stirrup use during dorsal litho
tomy positioning or prolonged second-stage pushing 
with the parturient grasping her leg over the fibular 
head (“pushing palsy") [281,318-321],

Patients with classic obstetric palsy also can have 
other injuries to the sciatic (L4-S3) or to the obtu
rator nerve (L3-4), which might confuse the initial 
clinical findings [290,314], Most infrequently, iso
lated obturator palsies are observed without demon
strable injury to other nerve roots. The obturator 
is usually compressed against the pelvic sidewall or 
in the obturator canal, presumably by some unique 
combination of maternal anatomy and positioning 
of the fetal head. Obturator nerve injury results in 
weakness of thigh adductors and the gracilis muscles 
and paresthesis in the upper inner thigh.

Once other diagnoses are excluded, the treat
ment for a lumbosacral nerve injury is symp
tomatic and nonspecific. Bedrest is appropriate for 
patients having difficulty with ambulation; a foot
board and splinting reduce the risk of footdrop. 
Massage and range-of-motion exercises are also 
appropriate. There are no data about whether oral 
or parenteral steroid therapy is helpful in shorten
ing the course of recovery or reducing the risk for 
permanent injury.

Complete, spontaneous resolution of LSP from 
obstetric trauma is the rule, generally occurring 
within 12 weeks or less of the original injury. 
Appropriate management of subsequent deliveries 
is unsettled, however, and so the choice is best left 
to an informed discussion between the woman and 
her physician.

O ther Nerve Injuries

Much less commonly, transient injuries occur to 
nerves of the upper extremities. The principal risks 
are to the nerves of brachial plexus. Ulnar neu
ropathies are also possible owing to improper arm 
positioning during surgery. The brachial plexus 
injuries are due to stretching; ulnar injuries are 
from direct compression and nerve ischemia. Proper 
padding and the avoidance of hyperabduction of the

arm by correct positioning on the operating suite 
table can avoid these injuries [290,292],
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chapter 24 MIDWIVES AND OPE 
OBSTETRICS

— —

Lisa Summers

There is nothing more difficult to take in hand, 
more perilous to conduct, or more uncertain of 
success, than to take the lead in the introduction 
of a new order of things.

Niccolo liachiavelli (1469-1527)

II Principe (The Prince), 1513 

W.A. Rebhorn (trans.)

New York: Barnes & Noble Classics, p. 25.

MIDWIVES IN HIGH-RISK OBSTETRICS

From early on, midwifery care in this country 
usually has been described as care of “normal, 
healthy” women. Midwifery education and prac
tice have focused on healthy women and normal 
birth. The reality, however, is that professional mid
wifery established itself in this country by provid
ing care to “vulnerable populations” -  women who 
lived in areas where little health care was available: 
the "hollers” of Appalachia, Indian reservations, the 
inner cities, the barrios, and border towns. O ut of 
necessity, therefore, midwives have had to develop a 
degree of expertise in caring for “at-risk” women and 
gain skill with procedures such as those addressed in 
this text.

Midwives have taken on procedures such as 
first assisting and vacuum extraction as a means 
to expand access to care, particularly in rural and 
underserved areas, places where there is no doctor.

Colposcopy and ultrasonography are additional 
good examples of procedures midwives have learned 
to perform to expand access to needed services: if 
the midwife can follow up on the abnormal Pap test 
result or perform a biophysical profile (BPP) with
out having to book another appointment or make a 
referral in a low-resource setting, the client is more 
likely to obtain the necessary care.

This chapter focuses on the practice of mid
wives with regard to operative obstetrics. It should 
be noted that the term midwifery as used herein 
refers to the education and practice of certified nurse- 
midwives (CNMs) and certified midwives (CMs) who 
have been certified by the American College of 
Nurse-Midwives (ACNM) or the American Mid
wifery Certification Board, Inc. (AMCB), formerly 
the American College of Nurse-Midwives Certifica
tion Council, Inc. (ACC).
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HISTORICAL BACKGROUND: THE 
AMERICAN COLLEGE OF NURSE-MIDWIVES
Just as the American College of Obstetricians and 
Gynecologists (ACOG) is critical to the devel
opment of standards for obstetric practice among 
physicians, the ACNM is critical to the devel
opment of standards in midwifery. ACNM, the 
oldest women’s health care organization in the 
United States, accredits midwifery education pro
grams, administers and promotes continuing edu
cation programs, establishes clinical practice stan
dards, and creates liaisons with state and federal 
agencies and members of Congress. The mission of 
ACNM is to promote the health and well-being of 
women and infants within their families and com
munities through the development and support of 
the profession of midwifery as practiced by certified 
nurse-midwives and certified midwives.

ACNM defines a CNM as “an individual educated 
in the two disciplines of nursing and midwifery, who 
possesses evidence of certification according to the 
requirements of ACNM.” In recent years, ACNM 
has established a mechanism for people to become 
certified as a midwife without a nursing credential -  
often referred to as direct entry. These graduates 
must pass the same certifying examination and earn 
the CM title.

The U.S. Department of Education has rec
ognized the ACNM Division of Accreditation as 
an accrediting agency for midwifery and nurse- 
midwifery education programs. All of the 43 accred
ited programs are associated with an institution 
of higher learning. Most midwifery education pro
grams are found in academic medical centers having 
medical schools and obstetric residency programs 
(e.g., Yale, Emory, Columbia, University of Cali
fornia San Francisco, University of Michigan), pro
viding a valuable opportunity for interdisciplinary 
teaching and learning [2J. (For a current listing of 
accredited midwifery education programs see the 
ACNM website [www.midwife.org/about.cfm].)

CNMs are licensed in all 50 states and the Dis
trict of Columbia. In most states, CNM practice is 
regulated by the board of nursing, although the reg
ulatory agency is sometimes a board of medicine, a 
public health board, or a midwifery board.

Physicians might become aware of other mid
wives who are neither CNMs nor CMs practicing 
in their state. Laws and regulations vary greatly,

but a growing number of states have recognized 
the certified professional midwife (CPM) creden
tial as well as other forms of direct-entry mid
wifery, or as it is sometimes called, lay midwifery. 
ACOG has published a position statement that “rec
ognizes the educational and professional standards 
currently used by the American Midwifery Certifi
cation Board (AMCB) to evaluate and certify mid
wives,” and goes on to state that “while ACOG sup
ports women having a choice in determining their 
providers of care, ACOG does not support the pro
vision of care by lay midwives or other midwives 
who are not certified by the AMCB."

Today there are about 7000 CNMs/CMs practic
ing in the United States, attending just over 10% of 
all vaginal births [3], The majority of CNM/CM- 
attended births (97% according to the most recent 
birth certificate data) occur in hospitals, with a small 
percentage of births occurring in birth centers and 
the home.

Physician Assistants
According to the American Academy of Physician 
Assistants, physician assistants (PAs) are health pro
fessionals licensed to practice medicine with physi
cian supervision. PAs are trained in educational 
programs accredited by the Accreditation Review 
Commission on Education for the Physician Assis
tant, and on graduation PAs take a national cer
tification examination developed by the National 
Commission on Certification of Physician Assistants 
in conjunction with the National Board of Medi
cal Examiners. Fo maintain the national certifica
tion, PAs must log 100 hours of continuing medi
cal education every two years and sit for recertifica
tion every six years. Graduation from an accredited 
PA program and passage of the national certifying 
examination are required for state licensure.

PAs conduct physical examinations, diagnose and 
treat illnesses, order and interpret tests, counsel 
on preventive care, assist in surgery, and in most 
states may write prescriptions. Their training is 
based on the medical model and designed to com
plement physician training. Women’s health and 
obstetrics are routine components of PA education, 
but the degree to which individual PAs provide 
obstetric care varies greatly, depending on physi
cian preference and the training and expertise of the 
PA.
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State laws also play a role in defining PA scope of 
practice, although most state rules and regulations 
do not address PAs and deliveries. Only four states 
delineate the specific context of PA participation in 
obstetric care. (See the AAPA’s Summary of State 
Law References to PA Participation in Obstetrical 
Care and Deliveries.) Hospital regulations are likely 
to provide a much greater influence over the scope 
of obstetric practice of PAs and the degree to which 
they may perform operative obstetric procedures.

Range of Procedures
Physicians who collaborate with midwives are some
times puzzled, confused, or surprised by the appar
ent inconsistencies of practice from one midwife to 
another. A physician in an academic medical center 
might train with midwives who limit their case load 
to essentially healthy women, referring women with 
seemingly inconsequential risk factors, and then go 
into practice with midwives who manage diabetic 
patients and assist births with vacuum devices. A 
brief overview of midwifery scope of practice makes 
clear why these variations In practice exist.

Core Competencies
In 1978, midwifery educators first defined core com
petencies, the fundamental knowledge, skills, and 
behaviors expected of a newly graduated midwife 
[4], The document, revised four times and now 
titled Core Competencies for Basic Midwifery Prac
tice, continues to serve as the template for curric
ula in midwifery education programs accredited by 
the ACNM Division of Accreditation (DOA) [5]. 
Because the document serves to define the scope of 
basic midwifery practice, it is also a guideline for 
other health care professionals and policy makers.

Although the language has changed somewhat 
over the years, the important themes have remained 
constant. What is called the midwifery management 
process -  the systematic collection of data, problem 
identification, and development of a plan of care -  
is much the same process taught to physicians and 
is the underpinning of the specific competencies 
outlined for each clinical component of care (i.e., 
antepartum, neonatal, perimenopause, and post
menopause). The concept of collaborative manage
ment is the framework for those health care prob
lems that fall out of the range of the "essentially

The art and science of midwifery are characterized by
these hallmarks:
1. Recognition of pregnancy, birth, and menopause: as 

normal physiologic and developmental processes
2. Advocacy of nonintervention in the absence of 

complications
3. Incorporation of scientific evidence into clinical 

practice
4. Promotion of family-centered care
5. Empowerment of women as partners in health care
Si Facilitation of healthy family and interpersonal

relationships
7. Promotion of continuity of care
8. Health promotion, disease prevention, and health 

education
9. Promotion of a public health care perspective

10. Care to vulnerable populations
11. Advocacy for informed choice, shared decision 

making, and the right to self-determination
12. Cultural competence
13. Familiarity with common complementary and 

alternative therapies
14. Skillful communication, guidance, and counseling
15. Therapeutic value of human presence
16. Collaboration with other members of the health care 

team

Mid wives and Operative Obstetrics 789

TABLE 24.1 Hallmarks of Midwifery

healthy” and has been described in the core compe
tencies and other standard-setting documents. A set 
of professional responsibilities for midwives is also 
articulated.

The initial document was developed in part 
because educators needed to describe the distinct 
discipline of midwifery, yet there had long been an 
acknowledgement of the body of knowledge drawn 
from medicine, nursing, social science, and pub
lic health. ACNM made explicit those distinctions 
in the 1997 revision of the core competencies by 
adding the Hallmarks of Midwifery (Table 24.1)
[5,6]. Midwives who can clearly articulate the art 
and science of midwifery as defined by the hallmarks 
can often help other health care providers to better 
understand their clinical and administrative decision 
making.

The evolution of the core competencies reflects 
the changes over time in wom en’s health care, the 
health care industry, and the role of CNMs/CMs in 
the United States. For instance, the 1997 revision
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includes a section that explicitly acknowledges the 
role of midwives in primary care of women and 
describes the management of common health prob
lems [6], “Familiarity with practice management 
and finances" was recognized as an essential require
ment for professional survival. The ability to “evalu
ate, apply, interpret, and collaborate in research” was 
added, as “evidence-based care” became an increas
ingly important part of the vocabulary of health care.

The current document can be found on the 
ACNM Web site [www.midwife.org/display.cfm7id 
=  484],

Expanded Practice

The core competencies describe basic midwifery 
practice -  the knowledge and skills expected of all 
CNMs/CMs. Particularly relevant to this chapter is 
what is known among midwives as “expanded prac
tice," those procedures or components of practice 
such as first assisting, use of a vacuum extractor, 
or performing circumcision, which can be acquired 
beyond basic midwifery. An understanding of this 
concept is made easier by a brief review of the his
tory of documents that guide the expansion of prac
tice.

The ACNM first grappled with the question of 
expanded scope of practice in the late 1960s, with 
the issue of abortion. Abortion reform legislation 
had been passed in New York (home of many 
CNMs), and obstetric services and family plan
ning clinics, anticipating a dramatic increase in the 
number of abortions, were planning how services 
would be provided and by whom. Would midwives 
be abortion providers? When midwives turned to 
the ACNM for guidance, the question was referred 
to the Clinical Practice Committee, whose mem
bers set out to develop guidelines to address which 
“extensions” of midwifery practice were appropri
ate.

The committee considered developing laundry 
lists of procedures deemed appropriate (or not). 
Realizing, however, that practice would evolve, the 
committee chose instead to develop guidelines that 
would allow midwives to use their judgment, in 
their particular clinical setting, to determine which 
expansion of practice might be appropriate. The 
guidelines were approved in 1972 as the Standards 
for the Evaluation of Nurse-Midivifeiy Procedural 
Functions and were later revised slightly to become

TABLE 24.2 American College of Nurse-Midwives 
Standard VHP

The midwife
1. Identifies the need for a new procedure, taking into 

consideration consumer demand, standards for safe 
practice, and availability of other qualified personnel.

2. Ensures that there are no institutional, s t a t e ,  or federal 
statutes, regulations, or bylaws that would Constrain the 
midwife from incorporation of the procedure into 
practice,

3. Demonstrates knowledge and competency, including
a. Knowledge of risks, benefits, and client selection 

criteria.
b. Process for acquisition of required skills.
c. Identification and management of complications.
d. Proegss to evaluate outcomes and maintain 

competency.
4. Identifies a mechanism for obtaining medical 

consultation, collaboration, and referral related to this 
procedure.

5. Reports the incorporation of this procedure to the 
ACNM.

‘Midwifery prac.tiee.may be expanded beyond the ACNM core 
competencies to incorporate new procedures that improve care 
for women and thejr families

the Guidelines for the Incorporation of New Procedures 
into Nurse-Midwifery Practice. With the 2003 revi
sion of the ACNM Standards for the Practice of Mid
wifery, the guidelines w7ere retired and incorporated 
into Standard VUl. The current Standards are avail
able on the ACNM Web site; Standard VIII is found 
in Table 24.2.

As is true with medical education, there are some 
variations in the clinical experiences provided from 
one program to another, and there are some gray 
areas as practice evolves. For instance, midwives 
educated in the years when intrauterine devices 
(IUDs) were off the market received didactic train
ing and used clinical models but were unable to 
develop clinical experience in IUD insertion. The 
core competencies clearly include the performance 
of episiotomy and repair with the administration 
of local anesthesia; however, the use of a vacuum 
device is clearly an expanded practice procedure.

T R A IN IN G  A N D  C R F .D F N T f A f TNO

To ensure patient safety, the standards mandate a 
process for acquisition of required skills as well

ak
us

he
r-li

b.r
u

http://www.midwife.org/display.cfm7id


Midwives and Operative Obstetrics 791

as a process to evaluate outcomes and maintain 
competency. They do not specify precisely what that 
process is for each expanded practice procedure or 
skill, although handbooks and continuing education 
programs provided by ACNM do provide guidance, 
as described here.

CLINICAL PRIVILEGING
ACNM recommends that institutional guidelines, 
wrhich govern the initial granting and renewal of clin
ical privileges for CNMs/CMs, clearly differentiate 
privileges granted for basic midwifery practice by 
all CNMs/CMs and those that might be requested 
by some CNMs/CMs for selected expanded prac
tice procedures [10|. Recently concern about the 
need to document current competence has led many 
institutions to develop criteria for a minimum num 
ber of procedures required for renewal of privileges, 
and CNMs/CMs are being affected by these criteria 
just as physicians are. To date, the ACNM has not 
taken a position on a minimum number of births, 
vacuum-assisted deliveries, or any other procedures 
that are required to maintain competence.

IMPORTANCE OF STATE LAWS 
AND REGULATIONS
The standards direct the midwife to consider rele
vant statutes and regulations that might constrain 
the midwife from incorporation of a particular pro
cedure. As a practical matter, state law often looks 
to national standards developed by the profession 
when defining scope of practice. Many state laws and 
regulations governing midwifery refer to ACNM 
documents, thereby permitting advanced practice 
procedures consistent with the guidelines. ACNM 
publishes Nurse-Midwifery Today: A  Handbook of 
State Laws and Regulations, a resource that is regu
larly updated and available on the ACNM website. 
A policy analyst on the ACNM staff is also avail
able to assist with interpretation of state laws and 
regulations.

PROFESSIONAL LIABILITY CONCERNS

ACNM defines midwifery practice as “the indepen
dent management of women’s health care, focusing 
on pregnancy childbirth, the postpartum period, 
care of the newborn, and the family planning and

gynecological needs of women.” Although some 
physicians object to the establishment of an “inde
pendent” scope of practice of any provider not 
a physician, obstetrician/gynecologists who have 
worked closely and effectively with midwives over 
the years understand the importance of clearly 
defining a separate scope of practice. Requirements 
for supervision of care to healthy women are not 
only unnecessary and duplicative but they are also 
not cost-effective. Perhaps the most compelling 
argument to avoid “supervision and direction’’ lan
guage is today's litigious environment and concerns 
about professional liability; such language places the 
physician in an unfair and undeserved position with 
regard to liability.

Independent should not, however, be interpreted 
to mean alone, because there are clinical situations 
when any prudent practitioner would seek the assis
tance of another qualified practitioner. Crucial to 
the definition of midwifery practice is the further 
statement that the CNM/CM practices “within a 
healthcare system that provides for consultation, 
collaborative management, or referral as indicated 
by the health status of the client.” When the mid
wife is not independently managing the care of a 
client, it is critical -  to provide effective care and to 
avoid liability -  that all parties be fully aware (and 
that the chart clearly reflects) who is responsible for 
the management of care.

Responsibility begins with the midwife as she or 
he assesses; the patient; does the patient’s health 
status fall within the scope of his/her midwifery 
practice? If not, the degree to which the CNM/CM 
continues to be involved in the care can vary greatly 
depending on the clinical setting and the skills and 
expertise of the midwife and of the consulting physi
cian. A patient from a rural birth center practice 
might be quickly transferred to medical manage
ment, whereas the same patient might be collabora- 
tively managed in a tertiary care center. Although 
ACNM does not provide standard guidelines for 
client selection, nor specific lists of diagnoses that 
merit collaborative management or referral, ACNM 
has published definitions for these patterns of 
care;.

• Consultation is the process whereby a CNM or 
CM who maintains primary management respon
sibility for the woman's care seeks the advice 
or opinion of a physician or another member
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of the health care team. Although many of the 
CNM/CM consultations are with an obstetri
cian/gynecologist, midwives Qust like their physi
cian colleagues) may consult with a dermatologist 
about a suspicious skin lesion or with a cardiologist 
to evaluate a murmur, for example.

• Collaboration is the process whereby a CNM or 
CM and physician jointly manage the care of a 
woman or newborn who has become medically, 
gynecologically, or obstetrically complicated. The 
scope of collaboration may encompass the phys
ical care of the client, including delivery, by the 
CNM or CM, according to a mutually agreed- 
upon plan of care. When the physician must 
assume a dominant role in the care of the client 
due to increased risk status, the CNM or CM 
may continue to participate in physical care, coun
seling, guidance, teaching, and support. Effective 
communication between the CNM or CM and 
physician is essential for ongoing collaborative 
management.

• Referral is the process by which the CNM or CM 
directs the client to a physician or another health
care professional for management of a particular 
problem or aspect of the client's care.

From a risk management perspective, all provi
ders must communicate effectively about their 
respective responsibilities when they are jointly 
involved in the care of a patient. The consultant or 
referral physician should be clear about the precise 
role he or she is asked to assume. The nurse who 
is carrying out the plan as ordered should also be 
clear about who is writing orders and who should 
be notified of changes in patient status. Last but 
not least, the client and her family should be clear 
about who is managing care. Anyone who reviews 
the chart later (e.g., the quality assurance commit
tee or attorney) should have an equally clear picture 
of the process of care,

F IR S T  A S S IS T IN G

First assisting is one of the most common expanded 
practice skills of interest to midwives. When a 
midwife is caring for a patient in labor and a 
problem arises that necessitates cesarean deliv
ery, the midwife’s ability to first assist can signifi
cantly shorten “deCision-to-incision” time. Although 
cesarean delivery is the most common operation for

which midwives first assist, many CNMs/CMs also 
first assist for gynecologic surgery.

In addition to patient care incentives, there are 
practice management incentives for first assisting by 
midwives. In some practice settings, the ability of the 
midwife to first assist avoids the need for a second 
physician to leave the office or come in for surgery. 
First assisting is a billable service for the midwife, 
assuming of course that the midwife is appropriately 
credentialed.

ACNM publishes The Midwife as First Assistant, 
a handbook that is used as the text for ACNM- 
sponsored workshops on first assisting. Midwives 
can also use the handbook to guide themselves 
through an individualized plan of study to gain the 
necessary knowledge for first assisting. This doc
um ent may be found at: [www.shopacnm.com/ 
clinical].

Clinical training is key to becoming a compe
tent first assistant, and physicians very often serve 
as mentors or preceptors for that clinical training. 
The physician who mentors the novice CNM first 
assistant should actively participate in the educa
tion, training, and evaluation of the first assistant. 
The ACNM handbook includes tools that can be 
used to document training and the attainment of 
clinical competency.

The basic education and training of the CNM/ 
CM includes many components of preoperative care 
(i.e., history and physical examination, obtaining 
informed consent), perioperative care, and postop
erative care (i.e., pain relief, postoperative assess
ment). The degree to which the midwife provides 
pre* and postoperative care varies with the setting 
and sometimes with the individual case. Clear com
munication about these roles is essential.

The obstetrician/gynecologist should train the 
midwife first assistant in skills that foster active par
ticipation in cases; this becomes especially impor
tant when a case is unexpectedly challenging or 
complications arise. The midwife first assistant 
should be knowledgeable in the entire procedure for 
cesarean delivery and should be trained in the skills 
necessary to complete the delivery of the infant and 
secure hemostasis of the uterus should the surgeon 
have difficulty or become unable to continue the 
case. This is especially important in the small com
munity hospital where another surgeon might not 
be immediately available.

Midwife first assistant training includes the path
ophysiology, assessment, treatment, and sequelae
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of potential complications related to obstet
ric/gynecologic surgery. Appropriate collaboration, 
risk management, and documentation practices 
must be included. As a part of ongoing quality assur
ance, the midwife first assistant is expected to main
tain a log of all surgical assist cases.

VACUUMASSISTED BIRTH

Any birth attendant who has listened to a prolonged 
second-stage bradycardia and desperately urged an 
exhausted mother to maximize her bearing-down 
efforts can easily understand the appeal of being 
able to assist delivery with a vacuum device. Some 
CNMs/CMs, particularly those who practice in rural 
settings or community hospitals where they might 
be the only obstetric provider in house, have chosen 
to expand their practice to include vacuum-assisted 
birth.

As with first assisting, the ACNM has produced 
a handbook, Vacuum-assisted Birth in Midwifery 
Practice, and offers a workshop to provide didac
tic knowledge and training with models. After the 
workshop, midwives are expected to establish pro
gram of supervised practice appropriate to their 
clinical setting. This document may be found at: 
[www.shopacnm.com/clinical].

The motive behind offering the handbook and 
workshop is not to encourage midwives to attain 
skills in vacuum-assisted birth but to underscore the 
need for careful training beyond basic midwifery 
education for those who undertake the acquisition 
of this skill. The handbook lists prerequisite knowl
edge and skills, such as “expert skill in abdominal 
and pelvic exam," and stresses that, “assisting birth 
with a vacuum device is an advanced practice skill, 
and carries with it the risk of serious complications 
and medicolegal liability.” Midwives are cautioned 
not to embark on the training program unless they 
are completely confident that they possess the pre
requisite knowledge and skills.

In Great Britain, midwives who are trained in the 
use of vacuum extraction devices are called midwife 
ventouse practitioners (MVPs). The following quote 
from a ventouse midwife is useful to midwives as 
they consider their motivation to take on this skill 
[8]:

Locally, prospective MVPs are interviewed by
midwifery managers and selected as much for
attitude as for knowledge and clinical skill.

Hopefully, this selection of midwives by mid
wives will ensure that the right people are cho
sen. We do not need midwives who are by 
nature interventionists . . . .  We should admire 
the ventouse midwife, who, instead of arriving 
the birthing room in a blaze of glory, enters 
quietly and observes the situation, maybe sug
gesting a change of position. I feel a great 
sense of success when I realize my skills are not 
going to be needed. I love the buzz of leaving 
a room knowing a woman has done it herself.
If I ever walk out with a bigger buzz because
I have performed an assisted delivery, then it 
will be time to hang up the suction cup. .. .

In some clinical settings in the United States, an 
experienced ventouse midwife will train another, 
but in many settings, it is a physician who serves 
as the clinical preceptor. The physician must have a 
thorough understanding of the midwife’s requisite 
skills and provide appropriate supervision through
out the process.

Physicians called on by the midwife for an assisted 
delivery have occasionally provided spur-of-the- 
moment training to the midwife. The importance 
of avoiding a “see one, do one, teach one” approach 
to vacuum-assisted delivery cannot be overempha
sized. It is equally important to respect the fact that 
some midwives will not choose to take on this skill, 
even after many years of experience.

Just as physicians do, the midwife must care
fully weigh the benefits of vacuum-assisted birth 
against the serious risks associated with the device 
and choose carefully those cases for which its use is 
appropriate. For example, the ACNM warns, "with 
the possible exception of rare emergency situations 
during which preparations for operative delivery are 
being made, midwives should limit their use of the 
vacuum device to outlet or low pelvic procedures.” 
Clinical practice guidelines should clearly outline 
those clinical situations in which the midwife may 
perform a vacuum-assisted birth.

Midwives are cautioned to ensure that privileg
ing bodies and insurers understand when a mid
wife is providing vacuum-assisted birth services. The 
scope of the privileges in the hospital must clearly 
include the use of a vacuum device. Ideally, the 
hospital committees that monitor morbidity and 
mortality and performance improvement activities 
should include a midwife or, at a minimum, have a 
midwife available when cases that include a midwife
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are reviewed. For midwives, who might be likely 
to use a vacuum device less frequently than physi
cians, monitoring of outcome statistics and periodic 
reevaluation is particularly important. Because the 
CPT codes define vacuum extraction as an “integral 
component” of vaginal delivery and midwives are 
credentialed by most payers to provide delivery ser
vices, the fact that a vacuum device was used does 
not typically present a billing problem. W ith regard 
to professional liability insurance, it is critical for 
the midwife to ensure that the carrier understands 
expanded midwifery practice skills, and specifically 
that the midwife is credentialed to use a vacuum 
device.

As stated earlier, the majority of CNM/CM- 
attended births (97% according to the most recent 
birth certificate data) occur in hospitals, with a small 
percentage of births occurring in birth centers and 
the home. Occasionally the question of the use 
of a vacuum device in the out-of-hospital setting 
is raised. The American Association of Birth Cen
ters (formerly National Association of Childbearing 
Centers) has developed standards used to accredit 
birth centers. Vacuum extractors are addressed in 
the standard regarding quality: “The birth cen
ter provides high-quality, family-centered, maternal 
and newborn services to healthy women anticipat
ing an uncomplicated pregnancy labor, and birth 
that reflect applicable professional standards for 
conduct of the practitioners responsible for services 
rendered and recognize the basic human rights of 
the childbearing woman and her family.” Specifi
cally “drugs for induction or augmentation of labor, 
vacuum extractors, forceps, recorded electronic fetal 
monitors, and ultrasound imaging are not recom
mended during normal labor and are not appropri
ate for use in birth centers” [11], Likewise, vacuum 
extractors are not appropriate for use in the home 
setting.

'1 he ACNM handbook was written to assist a mid
wife practicing in the United States. Through its 
Department of Global Outreach, the ACNM also 
publishes Life-Saving Skills (LSS) for Midwives, a 
manual designed to help reduce maternal mortality 
in developing countries. Vacuum extraction is cov
ered in the LSS manual, although the midwives who 
teach LSS abroad and also teach vacuum extrac
tion workshops in the United States stress that the 
advice provided to midwives in developing coun
tries might well differ from that provided to mid

wives in the United States. The website reference 
is: [www.midwafe.org/global.cfm].

NEWBORN CIRCUMCISION

The medical and ethical issues raised by the prac
tice of circumcision have generated debate among 
midwives that is similar to the ethics debate that 
has occurred in other professional groups [12-14], 
It is clear, however, that many midwives are inter
ested in attaining this surgical skill, and there are 
many institutions at which midwives are creden
tialed to provide newborn circumcision. As with 
other procedures described above, CNMs/CMs fol
low the ACNM standards in expanding their prac
tice to include circumcision and can turn to physi
cian colleagues to provide clinical training.

FUTURE TRENDS

In a 1979 paper entitled, “Nurse-midwife in compli
cated obstetrics: Trend or treason?” a midwife prac
ticing in a large tertiary care center pointed out that 
‘with advances in perinatal medicine, the ability to 
identify threats to mother or fetus, risk factors, has 
led to increasing numbers of women being labeled 
'at risk’" [15], She urged midwives to “reevaluate 
'normal' in light of perinatal advances and their own 
capabilities.” She argued that “complicated obstet
ric cases are complicated in the area of strength for 
nurse-midwives,” areas such as counseling, educa
tion, nutrition, family involvement, continuity, and 
close surveillance, and that to limit midwifery prac
tice to normal “is to deny appropriate care to hun
dreds of at-risk pregnancies.”

In the intervening years, access to technology has 
expanded, the tendency to use that technology has 
escalated, and midwives have indeed reevaluated 
“normal" and their own capabilities.

The use of hospitalist physicians is a trend that 
might influence the profession of midwifery and 
midwifery practice in the future. The hospitalist 
movement began with internal medicine in the 
1990s [16] and has been growing in popularity [17], 
The field of obstetrics, with its particularly long and 
erratic hours and rising professional liability con
cerns, is an obvious specialty for the use of hos- 
pitalists. These obstetric providers, who have been 
dubbed laborists [18], are employed by the hospi
tal to care for women who arrive without prenatal
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care, or to avoid the disruption of office-based prac
tice that results when a laboring patient must be 
evaluated and cared for during office hours.

Given their history of caring for the uninsured 
and their Commitment to labor management, mid
wives are well equipped to service as laborists. Many 
midwives provide triage services in hospitals, and 
a growing number now work fulltime in labor and 
delivery suites as laborists. One might reasonably 
wonder whether the hospitalist movement will lead 
to more midwives with skills in first assisting and 
vacuum extraction.

Midwives have long been involved in medi
cal education and have valued the opportunity to 
develop partnership models between medicine and 
midwifery [19-21]. A 1994 survey showed that 
over one half of U.S. allopathic medical schools 
were formally using CNMs as educators [22]. 
Although most midwives are involved in obstetric 
residency programs, midwives teach obstetrics in 
family medicine residencies as well [23]. W ith the 
institution of limited duty hours for residents, more 
medical centers are looking to midwives to teach 
normal obstetrics and to manage labor patients. As 
medical center faculties and administrators seek to 
adapt to these new requirements, increased use of 
midwives not only helps maintain high quality care 
but also lays the foundation for sound collaborative 
practices between physicians and midwives.

One author summarized the 2002 national vital 
statistics data and concluded that “we have entered 
the new millennium in the midst of a childbirth cri
sis” [24]. There are indeed ever-increasing rates of 
intrapartum interventions such as induction of labor 
and cesarean delivery, with continued poor perina
tal outcomes such as preterm delivery and low birth 
rate [25]. The rising cesarean delivery rate clearly 
affects how midwives view their role, and it is rea
sonable to assume that the rising cesarean rate will 
lead to more midwives first assisting. A better under
standing of the practice of midwifery and a system 
that moves further toward embracing the midwifery 
model of care could truly begin to reverse these 
trends, however. O f course, physicians and mid
wives cannot improve the maternity care system on 
their own; they must work with public health pro
fessionals and health care policy makers to advocate 
for the needs of mothers and families in address
ing the significant barriers to health care in this 
country.

CONCLUSION

This chapter focuses on the practice of midwives in 
operative obstetrics and addresses relatively obvious 
questions about "using technology appropriately,” 
that is, appropriate training and skills. It also high
lights the importance of the less obvious and more 
difficult questions of “the appropriate use of tech
nology.”

Debate about the appropriate role of technology 
is found in all medical specialties but becomes even 
more complex in the field of obstetrics. W ith 4 mil
lion babies born in this country each year and child
birth being the second-most common hospital dis
charge diagnosis, the sheer volume of cases means 
that the decision-making choices of physicians and 
midwives have a significant impact on the health 
care system. Unlike clients in most other special
ties, most clients of midwives present not suffering 
from an illness but as essentially healthy women. 
The current society does, however, have remark
ably high expectations for a good outcome, and the 
increasing trend to seek legal recourse for anything 
less has had a significant impact on decision making. 
“Wrongful life” suits and those brought on behalf of 
young children highlight another complexity unique 
to the obstetric field -  the need to weigh the risks and 
benefits of any intervention not for one patient but 
for two. Technologic advances and the aptly named 
specialty of “maternal-fetal” medicine have funda
mentally changed the nature of obstetric decision 
making. Finally, midwives and obstetricians strug
gle to care for women and families in a health care 
system that was generally agreed to be in genuine 
crisis a decade ago. System-wide problems have 
overwhelmed the incremental measures meant to 
alleviate them and are now larger than ever and con
tinue to grow.

Society must continue to view childbirth as an 
essentially normal process, while recognizing that 
some problems do require intervention. Midwives 
and obstetricians must understand and communi
cate to families that appropriate intervention has 
remarkable promise to improve health, but not 
every problem can be solved with intervention, and 
intervention always carries risks as well as benefits. 
The decision to intervene must be based on iden
tified need and evidence-based knowledge, rather 
than on pressures brought to bear by the mar
ket, competition, or the prevailing medical culture.
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When health care providers debate the evidence -  
and there will never be enough data to answer all the 
questions -  they must not fall victim to tu rf battles or 
defensive rhetoric. Collectively and collaboratively, 
midwives and physicians must provide women with 
the safest and most effective care for childbirth by 
doing what should be done, not what can be done, 
or what always has been done.
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chapter 25 EDUCATION AND CERTIFI
----- -■ ■

Andrew J. Satin 
Shad H. Deering

Be not the first by whom the new are tried, 
Nor yet the last to lay the old aside.

Alexander Pope (1688— 1744)

An Essay on Criticism, 17 1 1, 1.135

Medical simulations attempt to recreate events or 
scenes in clinical practice that are considered impor
tant to know or understand. Such simulations are 
a representation of reality used with the intent to 
plan, teach, or even entertain. Simulator refers to 
all the technologies used to imitate various spe
cific tasks. Medical simulation probably predates 
recorded history. There is evidence that ancestors 
to the Siberian Mansai people built scaled leather 
dolls of women as birthing models [ 1 ]. Plastic, rub
ber, and cloth dolls were and are in common use in 
labor and delivery units to teach medical students 
and house staff the cardinal movements of labor, 
techniques to manage the second stage, and instru
mental or breech delivery. Although the first medi
cal simulation might have been related to childbirth, 
more recent research and high technologic simula
tions have been in the field of anesthesia. The con
tinued development of simulation technologies and 
products has stemmed from fields seemingly remote 
from medicine. Major contributions have been made 
by the U.S. military, the Hollywood film industry, 
and the computer gaming industry.

Aviation simulation and war games were already 
an integral part of military training before World 
War II. Simulators have been credited with reduc
ing aviation accidents and improving performance 
of fighter pilots [2], The U.S. Air Force has a sim
ulator realistic enough to exert g-forces on trainees. 
Currently, commercial airline pilots use simulators 
to maintain competence in performance of routine 
duties and to train for rare or potentially catastrophic 
contingencies.

Modern medical simulation began in the late 
1960s, when a patient simulator named Sim One 
was developed at the University of Southern Cali
fornia [3]. This simulator had a heartbeat, as well 
as a measurable blood pressure and spontaneous 
breathing, and could respond to specific intravenous 
medications. Sim One was used to train anesthe
sia residents in basic intubation skills. During the 
decades that followed, more complex and sophisti
cated simulators have been developed and became 
available. Today, various human patient simulators
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are in use at a growing number of medical schools 
in the United States.

The growing interest in simulations for obstet
rics has been prompted by contemporary changes in 
medical education and concerns for patient safety. 
Medical schools and residency training programs 
have been forced to develop strategies to combat 
decreased patient availability for teaching. Although 
many think that the 80-hour work-week restriction 
for residents in obstetrics and gynecology is mainly 
responsible for a decrease in training opportunities, 
this restriction is only one of several factors. The 
combination of shortened hospital stays, increased 
patient complexity, more home and ambulatory 
care, declining reimbursements, and reports of m ed
ical errors have all led to an increased interest in 
simulation scenarios. The unique aspect of obstet
rics, involving the occasional and unpredictable life- 
threatening emergency with a conscious patient, can 
make bedside teaching awkward or counterproduc
tive. Simulation exercises can introduce students 
to clinical situations, train senior physicians in new 
procedural tasks, and demonstrate how to manage 
crises. Dr. David Leach, Executive Director of the 
Accreditation Council for Graduate Medical Edu
cation (ACGME), asserts that simulation enhances 
both safety and predictability [4], Leach has stated 
that a patient who is to undergo the procedure 
demands that the residents who have not performed 
a given procedure do it for the first time away from 
the patient whenever possible. Hence, the current 
interest and development of simulations and simu
lators in obstetrics stem from respect for patients 
and the concept that physicians should obtain a 
level of competence in a procedure before patient 
contact.

Low-fidelity simulators have been used for teach
ing in obstetrics and gynecology for years. W hat has 
recently began to change is research in medical sim
ulation and evidence for the use of simulation in 
the specialty. Between 1998 and 2000, there were 
210 published reports that related to some form of 
computer-assisted medical instruction [5], O f these 
reports, however, only 11%. included any form of 
assessment of the training and its effectiveness. In 
addition, there were only 13 studies that related 
to the field of obstetrics and gynecology. Since the 
publication of Letterie’s 2003 article, an increasing 
volume of evidence-based research has been con

ducted in this field, a situation that will continue to 
expand [5],

Various simulation scenarios for residents and 
students have been published, including those for 
vaginal delivery operative vaginal delivery, vaginal 
breech delivery shoulder dystocia, and postpartum 
hemorrhage [ 1,6]. At the 2006 Council on Resident 
Education in Obstetrics and Gynecology (CREOG) 
and the Association of Professors in Gynecology 
and Obstetrics (APGO) Annual Meeting, more than 
ten abstracts were presented that included the use 
of simulators for training in areas as diverse as cir
cumcision and preeclampsia. Furthermore, in 2006, 
Michael Mennuti, President of the American Col
lege of Obstetricians and Gynecologists (ACOG), 
formed a task force on reentry into practice. Central 
to this concept of physicians returning to practice 
after taking time off (e.g., to care for young chil
dren) is the use of simulators for continuing medi
cal education. Excellence in obstetrics requires man
ual dexterity, quick emergency management skills, 
the ability to make complex decisions, and effec
tive communication skills. It therefore stands to 
reason that the role of simulation and simulators 
will increase in the training of obstetricians in the 
twenty-first century.

SIMULATION PRODUCTS

Medical simulators attempt to recreate scenes in 
clinical practice that are considered important to 
know or understand. Simulators are the techno
logic tool to initiate tasks for clinical scenes. Sim
ulators can be immersive, like a data cave with 
multiple imaging screens and a virtual reality suit, 
or an aviation simulator. In contrast, simulators 
can also be as simple as a computer game or a 
manikin. Some simulators use live actors. Hybrid 
simulators are combinations of the different types 
of simulators. High-fidelity simulators suggest close 
reproduction of the actual clinical environment, 
whereas low-fidelity simulators supply a rudimen
tary or incomplete clinical environment. Haptics is 
the term used for a simulator that provides forced 
feedback to the user. An example is a simulator in 
which the surgeon actually feels the needle pene
trating tissue when in reality it is moving through 
thin air. Virtual reality immerses participants into 
theoretical three-dimensional environments. Not all

ak
us

he
r-li

b.r
u



Education and Certification 799

TABLE 25.1 Commercial and Academic Simulator 
Resources

Adam-Rouilly 
Gaumard Scientific 
Limbs and Things, L.td. 
Medical Education 

Technologies 
Sim Surgery 
Simulaids, Inc.
Society for Medical 

Simulation 
Stanford University 
The Chamberlin Group 
Uniformed Services 

LIniversity

simulators need to be extremely sophisticated, how
ever. Macedonia and colleagues coined the ARRON 
rule ("as reasonably realistic as objectively needed”) 
for guiding the development of simulation scenar
ios [ 1J. Simulators can vary by their tasks, capa
bility, sophistication, and cost. Simulators can be 
purchased from several commercial companies or 
built or modified by the users. Table 25.1 lists some 
currently available commercial and academic sim
ulator resources. Whereas extremely sophisticated 
surgical simulators exist for laparoscopy hysterec
tomy, Cystoscopy and robotic surgery, most birthing 
simulators are less sophisticated. Gaumard Scien
tific makes a broad range of maternal and neona
tal simulators, ranging from a hemipelvis with a 
birthing doll to an intubational full manikin with an 
internal piston for simulating delivery. Many simu
lators incorporate computer graphics for assessment 
of the mother and the fetal heart rate (FHR). Sev
eral companies, including Limbs and Things, The 
Chamberlain Group, and Adam-Rouilly, continue 
to develop simulated tissues and models with more 
realistic feel- As this growing industry evolves, a 
good general reference source is the Society for 
Medical Simulation (www.socmedsim.org). Several 
universities, including the Uniformed Services Uni
versity, develop and modify existing commercial 
products to meet their individual needs. Perhaps 
the best way to review the available simulators 
and simulations for obstetrics is to study pub
lished reports from educators in obstetric training 
programs.

SIMULATION IN EDUCATING MEDICAL 
STUDENTS AND RESIDENTS 

Rationale for Simulation in Obstetrics 
and Gynecology
Obstetrics and gynecology as a field is uniquely 
suited to the use of simulation training for medical 
students, residents, and staff physicians. Many com
mon procedures and examinations taught to medi
cal students, such as a spontaneous vaginal delivery 
or pelvic examination, can be intensely emotional 
and private issues for the patient. For residents, 
emergencies are a relatively common occurrence 
both in the operating suite and in the labor and 
delivery unit. Residents must learn to handle such 
events quickly and correctly to prevent poor out
comes. Obstetric procedures can also be difficult to 
teach in front of patients because they are alert and 
conscious, often having family members present and 
sometimes recording the proceedings with a video 
camera. Furthermore, concerns for professional lia
bility claims might prevent some staff teachers from 
allowing residents and students to perform proce
dures during obstetric emergencies. For instance, 
when a woman experiences a shoulder dystocia, the 
attending physician almost always moves a resident 
out of the way and completes the delivery, because 
the attending physician is more experienced and 
bears the legal responsibility for the mother and 
infant. Thus, more and more physicians in training 
are denied the opportunity to practice emergency 
procedures. This deficit in training can become a sig
nificant problem when the resident becomes a staff 
physician and must manage complications without 
assistance in the absence of real experience Further
more, after their initial residency training, physicians 
who practice in an area with low' patient volume 
might not have the regular exposure to common 
emergencies that occur in larger facilities, and there
fore they need some way to keep their skills current 
so that they can be prepared for obstetric emergen
cies.

Medical simulation is an ideal solution for trends 
in contemporary practice and training. Using models 
and simulators make it possible to supplement the 
basic didactic learning that residents and students 
receive with the ability to practice in a situation in 
which there is absolutely no risk to the patient or 
infant. As a nonmedical example, no professional

www.adam-rouily.co.uk
www.gaumard.com
www.limbsandthings.com
www.meti.com

www.simsurgery.com
www.simulaids.com
www.socmedsim.org

www.anesthesia.stanford.edu 
www.thecgroup. com 
www.simcen.usuhs.mil
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football team would take the field for a game with
out having spent hours and hours practicing plays 
and preparing for every contingency expected from 
their opponent. Data from within obstetric com
munity are also beginning to accumulate. Evalua
tion of a shoulder dystocia simulation found that all 
of the residents in the study, both those random
ized to simulation training and those randomized to 
basic didactic lectures, could recite the same number 
of interventions for this emergency [6]. Those ran
domized to simulator training exhibited improved 
performance, however, suggesting that simulator 
practice enhanced their ability to apply their knowl
edge. Whereas an oral examination tests recall of 
knowledge only, simulation incorporates psychomo
tor skills into training and tests competency in pro
cedures.

Resident work-hour restrictions, which include 
no increase in the duration of residency training, 
reduces the trainee’s experience in obstetric proce
dures. These restrictions in hours also have resulted 
in additional workload for attending physicians. 
The net result is to limit the time that the more 
experienced physicians have available for teach
ing, as well as lowering the number of emergen
cies that residents are exposed to during their train
ing.

Residents, and even current staff physicians who 
trained after 2000, have limited or no exposure to 
breech vaginal deliveries, because cesarean delivery 
is now commonly performed for singleton fetuses in 
a breech presentation [7], This change in practice, 
however, does not exclude patients from present
ing in advanced labor with a breech fetus, and the 
physician still must manage both mother and baby. 
This is an area for which simulation training could be 
beneficial, allowing physicians with experience and 
prior training to pass their skill along to the next 
generation of obstetricians [8], The reality of this 
new academic environment suggests that simulation 
training will become even more critical in the fu ture 
Simulations allow additional training for basic pro
cedures and emergencies that can be incorporated 
into the regular academic schedule and comple
ment the basic didactic lectures. Again, although 
the idea of simulation makes sense, the evidence 
for this in performance improvement has. been 
slower in coming. Fortunately, this is an issue that 
is receiving increasing attention in multiple areas of 
obstetrics.

SIMULATIONS FOR UNDERGRADUATE 
MEDICAL EDUCATION

During clinical rotations on the obstetrics and gyne
cology service, medical students are expected to 
learn how to perform basic procedures that are inti
mate and sensitive by their very nature. In fact, there 
has even been controversy in the lay media whether 
patients under anesthesia should undergo pelvic 
examinations by a medical student [9], Changes in 
public attitudes and reports such as this have made 
the use of simulators for teaching these basic proce
dures increasingly important.

In 2003, a simulation curriculum was incorpo
rated in the medical student curriculum at George
town University. The simulation program included a 
CD-ROM with a Web-based curriculum of the pro
cedures and an instructional video of procedures, 
and a scheduled training session with a full-sized 
female birthing simulator. Procedures taught in the 
simulation training included Leopold maneuvers, 
fetal scalp electrode placement, intrauterine pres
sure catheter placement, artificial rupture of mem
branes, cervical examination, and spontaneous vagi
nal delivery [10]. Surveys were given to all medical 
students who rotated through the hospital during 
their scheduled obstetric and gynecologic rotation 
to evaluate their comfort level with the different 
procedures. The group of students who completed 
their rotation just before implementation of the sim
ulation training was compared with those students 
who underwent training afterwards. A total of 78 
students completed their third-year obstetric and 
gynecologic rotation during the study period. Of 
these, 18 students underwent training with the sim
ulator, and 60 did not. Compared with students who 
did not receive simulator training, trained students 
reported that they were significantly more com
fortable with performing fundal height measure
ments, Leopold maneuvers, and artificial rupture of 
the membranes. The simulator-trained students also 
reported a better understanding of the indications 
for placing a fetal scalp electrode and intrauterine 
pressure catheter.

Medical students at the Uniformed Services Uni
versity and a growing number of medical schools use 
the Noelle anthropomorphic birth simulator (Gau- 
mard Scientific, Coral Gables, FL) for their initial 
training in the conduct of vaginal deliveries. A sim
ulated birthing suite provides an environment for
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FIGURE 25.1.
A  sim ulated delivery used for medical student education. 
For color reproduction, see Color Plate J 0.

FIGURE 25.2.
A sim ulated perianal laceration is created with a beef 
tongue and  turkey leg tendons. The tendons are inverted  
into the tongue to simulate the anal sphincter. For color 
reproduction, see Color Plate 11.

students to learn basic skills, including how to pre
pare and drape a woman for delivery, use of instru
ments involved with birth and laceration repair, 
management of the third stage of labor, and new
born resuscitation (Figure 25.1}. Figure 25.2 shows 
a model for practicing laceration and episiotomy 
repair made from a beef tongue and turkey leg. A 
representative list of obstetric simulations for med
ical students is included in Table 25.2.

SIMULATIONS IN GRADUATE 
MEDICAL EDUCATION

With the implementation of the 80-hour work
week restrictions, program directors and academic

TABLE 25.2 O bstetric Simulations for Medical Student 
Education

Pelvic examination 
Fundal height 
Leopold maneuvers 
Artificial rupture of membranes
Fetal scalp electrode and intrauterine pressure catheter
placement
Vaginal delivery
Laceration repair
Breast examination

Education and Certification 80  1

physicians have turned to simulation to supplement 
their residents’ educational experience by focusing 
on important tasks and targeted simulation training. 
Whereas it was not uncommon for residency train
ing programs to use a crude birthing fetus within a 
bony pelvis to demonstrate different procedures and 
delivery techniques, only recently has there been an 
emphasis on simulation for graduate medical edu
cation. Irwin and colleagues, with the support of 
ACOG and CREOG, compiled a Web site of sim
ulations and teaching models used throughout the 
United States for resident education. The stated 
purpose of this compilation is to provide educa
tors with a resource of models for teaching particu
lar skills (www.acog.org/creogskills/}. This continu
ally updated reference includes models published in 
the literature in English or a presented at a national 
APGO or CREOG meeting. Table 25.3 shows some 
of the models reported as part of the resident’s 
training curriculum. To create simulations, educa
tors must identify their learners and the critical tasks 
they are expected to learn. Several simulations for 
education have been studied and reported in major 
journals, and representative examples are described 
later.

Shoulder Dystocia
A shoulder dystocia occurs when the fetal shoul
der becomes impacted on the maternal symphysis 
and does not spontaneously deliver after the fetal 
head. This is a relatively common complication and 
has been estimated to occur in approximately 2% 
of vaginal deliveries (depending on definition). In 
addition, although there are known risk factors for 
this complication, such as diabetes, fetal macroso
mia, and maternal obesity, none of these is sensitive
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TABLE 25.3 Simulation and Teaching Models for 
Graduate Medical Education

Abdominal wall closure 
Amniocentesis 
Breech delivery 
Cerclage placement 
Cervical examination 
Cesarean delivery 
Circumcision 
Cord prolapse

Episiotomy/laceration repair 
Surgical skills 
Operative vaginal delivery 
Pudendal block 
Shoulder dystocia 
Sonography

enough to predict the occurrence of shoulder dys
tocia.

Tn a recent article, Deering and colleagues 
described a multicenter randomized trial involving 
residents and training with a shoulder dystocia sim
ulation [11]. Residents were randomized by insti
tution and training level (by year group) to either 
a training session on shoulder dystocia with a full- 
sized female simulator or their regular didactic lec
tures. Several weeks after the training, all residents 
then underwent testing with a standardized shoul
der dystocia simulation, and their performance was 
analyzed with both subjective and objective grad
ing scales. The residents who underwent simulation 
training remembered more of the defined critical 
tasks and had better scores in all subjective cate
gories, including overall performance (Figure 25.3).

Postpartum Hemorrhage

Postpartum hemorrhage is a relatively common 
obstetric emergency, occurring in 4% to 6% of all 
deliveries. The increased blood supply to the term 
uterus allows for the loss of up 500 ml of blood 
per minute, which can result in the rapid decom
pensation of even a young and healthy parturient. 
The standard approach to the patient with postpar
tum hemorrhage includes a physical examination to 
determine the etiology, which is most commonly 
uterine atony the performance of fundal massage,

FIGURE 25.3.
The goal o f  this shoulder dystocia simulator was to teach 
residents to deliver the posterior arm. For color 
reproduction, see Color Plate 12.

FIGURE 25.4.
An inflatable uterus used to simulate uterine atonv. For 
color reproduction, see Color Piute /3.

and the administration of standard uterotonic med
ications. A stepwise approach to this emergency 
is very important, as well as knowing the appro
priate medications to give, the proper dosages, the 
route of administration, and how often they should 
be repeated, because medication errors can result 
in significant morbidity. Residents from three pro
grams underwent training with a postpartum hem
orrhage simulation that used a standard obstetric 
birthing model equipped with an inflatable uterus 
(to simulate uterine atony) that was able to bleed 
from the m odel’s cervical os and out of the vagina 
(Figure 25.4) [12],
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All simulations were graded by at least two dif
ferent staff physicians with a standardized grading 
sheet constructed from current literature on the 
topic. The residents were expected to recognize the 
postpartum hemorrhage and take appropriate steps 
to correct the problem. The scenario ended when 
the trainee administered two medications correctly 
and performed uterine massage or after 5 minutes. 
The residents were then given immediate feedback 
on their performance. Both objective and subjec
tive performance was measured with standardized 
grading sheets, and these results were then placed 
into a database and analyzed. A total of 40 residents 
from three institutions underwent simulation train
ing. Findings were significant in that only 22 of 40 
(55%} were able to correct the hemorrhage within
5 minutes, and the same number (55%} made at 
least one error, either the dose or route, in the 
medications they requested. This study demon
strated that a simulated postpartum hemorrhage 
scenario can identify important deficiencies in resi
dent knowledge and performance, with no risk to 
patients. The standardized grading form worked 
well for the purpose of evaluation and was reliable 
in this study as well.

Eclampsia
The rarity of eclampsia, with an incidence of 1 
in 2000 women in developed countries, and its 
potential for maternal and fetal morbidity and mor
tality, makes it an important emergency to simu
late. Eclampsia drills can be used to teach and test 
house staff about pharmacologic intervention and 
monitoring. A report by Thompson and cowork
ers described the use of eclampsia drills that were 
conducted without warning in different areas of the 
hospital with a simulated patient [13]. After the 
simulated eclamptic event, members of the team 
that responded were briefed on their performance. 
Thompson’s group identified several system defi
ciencies that led them to initiate changes in practice 
solutions. Thus, simulations might benefit not only 
the individual providers but also healthcare teams.

Operative Vaginal Delivery
Macedonia and colleagues developed, refined, and 
validated a simulation for teaching operative vagi
nal delivery [14], The model included a birthing

FIGURE 25.5.
Forceps or vacuum delivery can be simulated [17,18], For 
color reproduction, see Color Plate 14.

manikin for small-group training in the use of 
Simpson, Kielland, and Piper forceps (Figure 25.5}. 
Participants improved their efficiency with train
ing. Furthermore, the model accurately discrimi
nated subjects by level of experience. The author 
also incorporated digital recording into simulation 
sessions. Review of recordings with participants 
provided excellent feedback and further enhanced 
learning.

Ultrasound Scanning and Procedures
Lee and colleagues described an ultrasound image 
library combining an interactive multimedia with a 
three-dimensional heart model for prenatal ultra
sound training [15]. Their prototype provided resi
dents with a broad exposure to ultrasound anomalies 
and offered an improved opportunity to understand 
how a series of two-dimensional ultrasound images 
can actually represent complex three-dimensional 
biologic structures like the heart.

Amniocentesis is an obstetric procedure that is 
frequently performed to obtain genetic information 
or to seek evidence of intraamniotic infection and 
fetal lung maturity samples for testing. Amniocente
sis requires excellent hand-eye coordination and the 
ability to conceptualize a three-dimensional space 
with the two-dimensional ultrasound images. When 
performed in the midtrimester, this procedure does 
carry a significant risk to the unborn child, how
ever, with a fetal loss rate of approximately 1 in 
200. Because of its difficulty and potential risk,
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amniocentesis lends itself well to simulation. Pittini 
and coworkers reported on the use of an amniocen
tesis simulator in the training of junior and senior 
residents as well as maternal-fetal medicine fellows
[16]. They found that a hands-on training session 
with the amniocentesis simulator, in addition to a 
standardized curriculum, resulted in a significant 
improvement in the trainee’s performance of the 
procedure even after controlling for level of train
ing. Several groups have described the construction 
and utility of amniocentesis trainers.

Maher and colleagues built an amniocentesis 
trainer from a commercially available storage box
[17], Sonodense spherical targets 2.3 cm in diam
eter were taped to the bottom, and the box was 
filled with a gelatin mixture. The trainer improved 
the ability of the operator to perform a free-hand 
amniocentesis, orient the ultrasound transducer, fol
low a needle with continuous sonographic guid
ance, and hit a 2-cm target. Although this group 
created their own simulator for this study, an 
amniocentesis trainer is commercially available from 
the company Limbs and Things (Bristol, United 
Kingdom).

Vaginal Breech Delivery
Breech vaginal delivery of a singleton pregnancy is 
no longer encouraged by ACOG since the publica
tion of the randomized term vaginal breech trial in 
2000 [7], (See Chapter 12, Breech Presentation.) 
Training opportunities with actual patients are vir
tually nonexistent because the most women with 
a persistent breech presentation are scheduled for 
a cesarean. These recommendations, however, do 
not prevent the occasional occurrence of emergent 
and sometimes precipitous breech deliveries. As a 
result, simulation training has been introduced in 
an attem pt to provide the opportunity to teach safe 
breech delivery. Using a birthing manikin, residents 
from two separate institutions were tested for their 
breech vaginal delivery skills (Figure 25.6) [19]. 
Residents participated in a breech delivery simula
tion, after which they were instructed in the proper 
techniques and corrections were made to their ini
tial performance. At a later date, the same residents 
again performed a simulated breech vaginal dehv
ery, and their performance was then compared with 
their before-and-after training simulations. Com
pared with their pretraining scores, trained residents 
had significantly higher scores in 9 of 13 critical

FIGURE 25.6.
A simulated vaginal breech delivery. For color 
reproduction, see Color Plate 15.

delivery components and overall performance and 
safety of the delivery.

Innovative Approaches
Not all obstetric simulations require expensive 
manikins or sophisticated simulators. Erickson 
described the construction and use of a model 
designed to introduce trainees to neonatal circum
cision using the Gomco clamp [20]. The model was 
constructed from a clipboard, an infant pacifier, fin
gers cut from examination gloves, a rubber band, a 
3-ml syringe, tape, one or two folded surgical towels, 
and a Gomco clamp with 1,3-cm bell. A circumci
sion kit containing three hemostats, one pair of sur
gical scissors, and a scalpel blade was provided. With 
each trainee using separate models, one instructor 
was able to guide four interns through three simu
lations in a one-hour teaching period.

In another setting, using a number of inexpensive 
and easily obtained materials, Macedonia success
fully developed a simulation model for resident edu
cation in cervical cerclage. The components of this 
model included a birth manikin, an operating table, 
a balloon, sponges, and surgical gloves. This experi
ence and that of Erickson emphasize the importance 
of innovative leadership in the development of edu
cation programs using medical simulations (Figure 
25.7) [14],

Other Uses
Another area related to patient care, safety, and 
professional liability is the documentation of 
deliveries, especially if they are other than normal,
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Date of delivery
Time of delivery
All providers present at delivery
Classifies complication as shoulder dystocia
Notes which shoulder was anterior
Notes how long it took to deliver the shoulder
Notes infant birthweight
Notes Apgar scores
Notes if cord gases sent
Mentions that infant is moving all extremities after 
delivery
Notes pediatrician called for delivery 
Includes estimated blood loss 
Includes all maneuvers used 
Includes correct order of maneuvers used 
Notes patient had epidural anesthesia

TABLE 25.4 Key Delivery Documentation Components
for Shoulder Dystocia

FIGURE 25.7.
A simulation for cerclage placement. For color 
reproduction, see Color Plate 16.

spontaneous, and uncomplicated. A total of 33 
residents who underwent training on a shoulder 
dystocia simulation were asked to write delivery 
notes after they completed the delivery [11]. These 
delivery notes were then analyzed for 15 key com
ponents (Table 25.4). Fully 67% of the residents 
recorded fewer than 10 of the 15 key compo
nents, and only 18% noted which shoulder was 
anterior during the delivery. Furthermore, only 45% 
listed the head-to-body delivery interval in the note. 
Although this study did not evaluate whether simu
lation training could improve documentation, it did 
demonstrate that simulation can be used to identify

deficiencies in documentation after obstetric emer
gencies. The investigators subsequently used these 
data to emphasize this topic to residents, and it 
spurred their interest in curriculum development.

Simulations can be used to address the issue of 
physician professionalism. Gisondi and colleagues 
identified professionalism issues encountered during 
their training in the emergency department, includ
ing patient confidentiality, informed consent, with
drawal of care, practicing procedures on the recently 
deceased, and use of do-not-attempt-resuscitation 
orders [21]. They then created patient-physician 
scenarios to address each of these and used high- 
fidelity patient simulators. They found that perfor
mance improved significantly as the level of training 
increased and thought that the exercise was helpful, 
especially for junior residents. All interns across spe
cialties at Walter Reed Army Medical Center com
plete an exercise in which they must break bad news 
to standardized patients who represent a couple 
with a critically ill child. The sessions are recorded 
and subsequently reviewed with the interns, in an 
effort to improve their communication skills.

Colletti and coworkers reported on two groups of 
medical students who were given either instruction 
in communicating bad news to patients with a stan
dardized patient instructor (SP1), or no additional 
training [22], They all subsequently underwent test
ing with a clinical performance examination. They 
found that students who received SPI training per
formed significantly better than those without such 
training.

An integrated program of forceps simulation 
and lectures can be used to improve residents’ 
counseling of patients during a simulated operative 
vaginal delivery [23], Residents underwent testing 
with a simulation in which they were expected to 
deliver a fetus with forceps. If they did not coun
sel the patient’s husband, a live human actor, or 
the manikin prior to beginning to place the forceps, 
the “husband” would ask the resident if the forceps 
were dangerous, which prompted the resident to 
respond and counsel the simulated patient. Resi
dents then underwent training with the risk man
agement department and an obstetrician who gave 
lectures on the importance of appropriate counsel
ing for operative vaginal deliveries. They were then 
retested on the forceps scenario several weeks later. 
Sixteen residents completed the initial forceps test
ing, and then eleven residents attended a lecture and
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had simulation testing afterwards. Lecture atten
dance prior to the simulation scenario was associated 
with a higher likelihood of offering the patient the 
option of a cesarean and addressing more maternal 
and fetal complications.

An increasing number of simulations thus are 
being used for medical education. Numerous pro
grams have been developed not only to teach but 
also to assess surgical skills. The concept of objective 
structured assessment of technical skills was sug
gested by Reznick from the University of Toronto 
[24,25], Goff and colleagues have also shown that 
an objective structured assessment of technical skills 
can assess obstetric and gynecologic residents’ surgi
cal skills with a high degree of reliability and validity
[26].

CONTINUING MEDICAL EDUCATION

In contrast to medicine, other vocations that involve 
life-threatening emergencies on a daily basis, such 
as commercial and military aviators, must complete 
hands-on tests to maintain their certification. These 
generally include several hours in high-fidelity avi
ation simulators that evaluate their ability to make 
decisions when several common complications and 
emergencies occur.

There is a precedent for the use of simulation 
in medical education, beginning with medical stu
dents. Commencing in June 2004, Step 2 of the U.S. 
Medical Licensing Examination (USMLEj included 
a clinical skills (CS) examination. This examina
tion consists of a live physician-standardized patient 
encounter with the scenarios planned to reflect the 
environment in which physicians are expected to 
apply their knowledge and skills [27], With this rel
atively recent change in this national examination, 
medical and surgical specialties probably will fol
low suit with their certification examinations. W hat 
is still lacking in the field of obstetrics and gyne
cology, however, are sufficient data on the valid
ity and reproductivity of simulations, as well as the 
ability to distinguish between those practitioners 
who are merely competent versus the masters of 
the art. Before simulations can be incorporated into 
licensing and certification examinations, the scenar
ios will require this higher degree of sophistica
tion. Nevertheless, just as simulation is achieving 
greater roles in undergraduate and graduate edu
cation, its implementation into continuing medical

education grows steadily. There are several univer
sity, professional society, and commercial courses 
that incorporate animals, cadavers, inanimate mod
els, and task trainers to expose the learner to hys- 
teroscopy, laparoscopy, urogynecologic procedures, 
laser therapy, and robotic surgery. Furthermore, a 
growing number of obstetrician/gynecologists will 
face scenarios that require them to take time off 
from practice, such as having children. Hospitals 
and departments chairs may choose not to grant 
privileges for procedures not recently performed. 
Simulations could provide a way to learn new tech
niques, document experience, and prove compe
tency in procedures previously mastered but not 
recently performed.

PATIENT SAFETY AND TEAM DRILLS 

Patient Safety

The ultimate goal of all medical simulation training 
is to improve patient safety and outcomes. A recent 
article concerning all pregnancy-related deaths in 
North (Carolina over a four-year period reported that 
40% were preventable [28]. Improvement in med
ical care was considered the most important fac
tor in preventing these deaths. Another landmark 
publication on this topic was the report To Err Is 
Human  [29], This study estimated that between
45,000 and 98,000 patients die in the United States 
each year as a result of preventable medical errors, 
at a cost of around 29 billion dollars. Although it 
makes sense and logically follows that outcomes 
will improve as physicians practice for the proce
dures and emergencies they encounter, this is an 
easy and difficult goal to both achieve and demon
strate, depending on the scenario being simulated. 
For instance, the task might be to  improve laparo
scopic skills. Laparoscopy is a common procedure 
for which the patient is asleep, and sophisticated 
models are available. It is relatively simple to design 
an appropriate training program for the physician to 
complete and then reassess them in the actual oper
ating suite. As demonstrated in a large study by Birk- 
meyer and coworkers, surgical experience accounts 
for an extremely large amount of operative mortality 
[30], This lends additional credence to the basis for 
simulation, and to the fact that increased exposure 
could improve outcomes.
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Conversely, medical emergencies are much more 
difficult to teach and assess in a real environment. 
For example, when a complication such as a shoul
der dystocia occurs, the patient is generally alert and 
oriented, and the infant is at significant risk. Dur
ing this emergency, the senior physician does not 
have the luxury of stepping back and explaining to 
the junior physician what the exact maneuvers are 
and how to do them. Instead, he or she is focused 
on delivering the shoulder and resolving the emer
gency. In addition, to assess the effectiveness of sim
ulation training for an emergency such as a shoul
der dystocia, it is not possible to have an observer 
at every delivery in the hopes of having a shoulder 
dystocia and evaluating the junior physician’s perfor
mance. For many obstetric emergencies, other mark
ers, such as long-term outcomes from an institution 
after training is implemented or performance on the 
simulators after training, are the surrogate markers 
that can be Used.

Physicians must not give up on the important 
task of attempting to demonstrate improvement in 
patient safety and outcomes, because although dif
ficult, it is not impossible. As evidence-based results 
are gathered that show the benefits of simulation in 
obstetrics and gynecology, it seems reasonable that 
more investment can be made in scenario develop
ment, and liability risk can be reduced.

Team Drills
Numerous issues Can prevent teams from work
ing together. Currently several programs across the 
United States are being run in an attempt to pro
mote teamwork and improve communication and 
performance during medical emergencies.

Another recent focus in the arena of patient safety 
has been the implementation of both team training 
and involving the entire core team in simulating train
ing of various procedures and emergencies. This train
ing is a logical step to take simulation to the next 
level, because these events rarely occur in a vac
uum, and even if the physician is completely confi
dent and competent, he or she can rarely correct an 
emergency alone. For instance, when a postpartum 
hemorrhage occurs and the patient requires a trans
fusion, the physician is not typically the one who 
goes to the blood bank for blood products. Simi
larly, during a shoulder dystocia, the physician can
not apply gentle downward traction on at the fetal

head and perform the McRoberts maneuver and 
suprapubic pressure at the same time. Because of 
this, every member of the team must not only know 
what is required of them in an emergency but also 
be able to communicate this effectively. Thompson 
and coworkers evaluated an eclampsia drill [13]. 
They identified several problems, including diffi
culty summoning senior staff urgently, multiple pro
tocols for managing eclampsia, wasted time fetch
ing individual interns for management of seizures, 
and confusion about staff roles that resulted in inef
ficient activity. Solutions developed as a result of 
these team drills included rapid activation of the 
team through one call from the switchboard, devel
opment and dissemination of an evidence-based 
protocol for eclampsia management, strategically 
placed “eclampsia boxes" with appropriate medica
tion doses in the hospital, and clear division of tasks 
in the management protocol.

Crew resource management (CRM) was insti
tuted in the aviation industry in the 1970s after a 
report from the military Inspector General noted 
that 70% of aircraft-related fatalities were the result 
of poor teamwork and human error [31]. Medicine 
in recent years has begun to apply the tenets of this 
teamwork training from the aviation sector to the 
current practice of medicine.

In an attempt to apply CRM to the field of 
obstetrics, the Department of Defense and the Risk 
Management Foundation of the Harvard Medical 
Institutions recently funded a study for labor and 
delivery units [31]. Teams of instructors were cre
ated to teach the physician, nursing, and ancillary 
staff how to implement basic teamwork concepts. 
This new direction emphasizes the importance of 
training not only the physicians but also the entire 
team, in an attempt to improve outcomes. The 
weighted adverse outcome index (WAOI) measure 
was developed to determine whether the teamwork 
training had been effective. The WAOI provides a 
weighted Score depending on the poor outcome, 
with the highest score for a maternal death and 
the lowest for a third- or fourth-degree laceration. 
Although this score was used in the multicenter trial 
for teamwork training, because outcomes such as 
maternal and neonatal deaths occur very rarely, sim
ulation training might be used as a surrogate marker 
to evaluate teamwork performance.

In the United Sates, the captive insurer for the 
Harvard Medical Institutions now offers a 10%
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discount in malpractice premiums for physicians 
who participate in the teamwork training course. In 
the United Kingdom, the 1999 Confidential Inquiry 
into Maternal Deaths and Towards Safer Childbirth 
called for the use of drills in anticipation of obstet
ric emergencies. Implementation of these drills is 
necessary for Level Two accreditation by the clin
ical negligence scheme for trusts, which conveys a 
20% discount on liability premiums for U.K. Trusts
[13].

FUTURE APPLICATIONS AND SUMMARY

Many factors have spurred interest in the devel
opment of simulations for physicians, healthcare 
providers, and teams in obstetrics. Challenges in 
medical education, including work-hour restric
tions, professional liability concerns, generational 
differences in practice patterns, shrinking availabil
ity of patients for teaching and reimbursements, 
and the unique practice of obstetrics (with con
scious patients], all foster the growth of simula
tion. Concern for patient safety, evidence of effi
cacy of team drills in other fields, the ability to 
learn new techniques, reentry into practice for senior 
physicians, and a potential reduction in liability 
premiums might lead to development and refine
ment of obstetric simulations. It seems ironic that 
it has never been safer for a woman to deliver a 
baby in the United States but never more danger
ous for her obstetrician or midwife as far as lia
bility concerns. As the enthusiasm for simulations 
and simulators grows and the simulators themselves 
become more realistic, it is reasonable to antici
pate that this methodology will be incorporated into 
every level of medical training. Evidence of simu
lation’s becoming more accepted in clinical prac
tice can be seen in a recent decision by the Food 
and Drug Administration, which requires physicians 
who desire to perform a carotid artery stenting pro
cedure to first demonstrate their competency on 
a simulator. Similarly physicians performing first- 
trimester aneuploidy screening with serum analogs 
and sonographic evaluation of nuchal thickening 
must prove; competence in obtaining sonographic 
images prior to submitting serum samples for evalu
ation. All of these factors and scenarios suggest that 
simulations will be a growing part of obstetrics train
ing and practice. Ultimately respect for patients and 
their right to have procedures done by competent

physicians will be responsible for the incorporation
of simulation into current practice.
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6 ETHICAL ISSUES

Joanna M. Cain

Whenever cases occur, attended with 
circumstances not heretofore observed, or in 
which the ordinary modes o f practice have been 
attempted without success, it is for the public 
good. . .  that neiv remedies and new methods of 
chirurgical treatment should be devised. But in 
the accomplishment o f this salutary purpose. . .  
the faculty should be scrupulously and 
conscientiously governed by sound reason, just 
analogy, or well authenticated facts.

Thomas Pervical ( 17 8 0 -1804)

Medical Ethics: or, a Code o f  Institutes and Precepts 

Adapted to the Professional Conduct o f  Physicians and 

Surgeons

Manchester: S. Russell, 1803, pp. 14-15

The sometimes-conflicting moral obligations that 
physicians hold to both mother and fetus in obstet
rics (termed maternal-fetal conflict) capture the most 
poignant of ethical quandaries. Fortunately circum
stances in which the pregnant woman makes choices 
that are not in the best interest of the developing 
fetus are actually quite rare. Most pregnant women 
accept remarkable levels of bodily intrusion or inva
sion, increased costs, and time-consuming medical 
interventions to ensure the greatest likelihood of 
successful outcome. For few other situations would 
it be anticipated that any person should submit 
to the level of personal discomfort, potential life- 
threatening intervention, and self-denial that is rou
tinely expected of pregnant women for an entity 
that is not yet and might never be a person. In this 
society, an expectation of extraordinary self-sacrifice 
practiced by most pregnant women is the norm, 
and pregnant mothers who question this behavior 
become immediately suspect. While this group of 
conflicting obligations is discussed, recognition of 
the extraordinary nature of this “normal” behavior 
should be a constant companion.

THE MATERNAL-FETAL RELATIONSHIP 

Maxims
The moral conflicts that surround abortion, prena
tal diagnosis, invasive fetal therapy, and maternal 
refusal of recommended care all carry an implied 
concern for the dependent variable in the choices 
made -  the fetus. Virtually every aspect of the fetus 
in relationship to society, to biologic reality and to 
its m other has been explored by philosophers, the
ologians, and the learned societies [1-4,6,26,41], 
Physicians and their patients are left with few max
ims and many gray areas, but it can be agreed that

1. The fetus is a biologic reality [5], Its contin
ued existence depends on an intimate connection 
with the maternal circulation.

2. The m other is the first patient. No argument 
can be made concerning the fetal-maternal 
relationship that ignores the mother as the only
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Ethical Issues 811

participant capable of autonomous judgment and 
choice. Furthermore, only women can get preg
nant, and they can have ways of thinking about 
moral problems that differ from the principle- 
based ethical structures common to medical 
ethics training [7],

3. The social context is important in understanding 
the maternal-fetal relationship; however, genetic 
linkages that have traditionally been called on 
in this context are being challenged by surro
gacy and other reproductive technologies. These 
changes complicate this social context [8-10].

4. Because medicine interacts at any level with the 
maternal-fetal relationship, the goals of medicine, 
as defined by Jonsen, Siegler, and Winslade, must 
be revisited [10]. Intervention should accomplish 
one of the goals of medicine: a) promotion of 
health; b) relief of symptoms, pain, and suffering; 
c] cure, of disease; d) prevention of untimely 
death; e] improvement of functional status or 
maintenance of compromised status; f) patient 
education and counseling about the condition 
and its prognosis; and g) avoidance of patient 
harm in the course of care{

The arguments made by Chervanek and McCul
lough are, consistent with these statements and 
suggest conceptualizing of the fetus as a potential 
patient when viability becomes possible [1 ]. As dis
cussed in detail earlier in this text, fetal viability is 
not a defined rigid marker but a working definition 
that varies among institutions and reflects periodic 
improvements in medical practice [42], As a practi
cal matter, fetal survival is highly unlikely if the preg
nancy is less than 22 completed weeks and the esti
mated fetal weight is less than 350 g. Fetal survival 
is occasionally possible with gestational ages beyond 
23 completed weeks and an estimated fetal weight 
of 350 g to 400 g, but many if not most of these very 
small survivors have serious morbidity and perma
nent injury. Reasonably likely and intact neonatal 
survival (defined as >50%. survival and >50% nor
mal] is not anticipated unless the period of gestation 
is at least 24 (and preferably 25] completed weeks 
with an estimated fetal weight of 450 g to 500 g. As 
always, it should be remembered that the statistics 
for individual institutions will vary and that these 
guidelines are based on antepartum estimates of both 
weight and gestational age. Thus, these parameters

serve as general indicators of possible outcomes as 
evaluated prior to delivery for purposes of counsel
ing. W ithin these parameters and for the purpose of 
this discussion, a viable fetus is defined as an infant 
that has the potential to survive delivery, the neona
tal period, and infancy. This requires an appropri
ate biologic potential and the availability of various 
interventions that are applied after the test of rea
sonableness.

The tests of reasonableness that used here include 
meeting the goals of medicine for the mother (who 
is the first patient] and the fetus (who might be a 
patient]. In doing so, physicians must always guard 
against the risk of “reproducing existing conditions 
of social and racial inequality” [11], This situation 
can occur if court orders for interventions in favor 
of the fetus and against the wishes of the mother 
are sought more often with poor women of color, 
or if the reporting of positive drug testing results 
is more common based on race. The obligations of 
healthcare providers to the mother are invariable; 
to the fetus, they can vary widely. There are also 
obligations of healthcare providers and mothers to 
society as a whole to ensure a just and equitable 
life for all its members [12,14-15]. Although the 
mother is the first patient and therefore carries more 
moral weight, it does not follow that all autonomous, 
maternal choices m eet criteria that are in the best 
ethical interest of a fetus or of society. To fur
ther explore this basis for maternal-fetal obligations, 
the potential medical interventions that diagnose or 
treat the fetus require critical review [2J.

The First Trimester
As Table 26.1 illustrates, the benefits of first- 
trimester procedures focus on weighing maternal 
and parental burdens, namely either to bear a child 
with predictable congenital defects or not to bear 
a child at all. The institution of first-trimester risk 
assessment for trisomy 21 and the choices to be 
made even before testing bring these issues into 
sharp focus [12-15], Predictable ethical quandaries 
arise for both physicians and parents while weighing 
such decisions when the only potential intervention 
is induced abortion.

The initial issue for clinicians attempting to 
fulfill their obligations to patients is the choice 
whether to continue a pregnancy, regardless of the
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TABLE 26.1 Risks and Benefits from Medical Interventions for Fetal Diagnosis or Therapy

Gestational
Age

Studies/
Procedures/
Surgery Fetal Risks

Maternal
Risks Fetal Benefits

Maternal
Benefits Comments

1st trimester 
IBM 2 weeks

CVS 9 wks1 
Fetal losses 

exceeds 
background 
rate by 
0,$-0.8% f:

Infection
Hemorrhage

< 11
Mild

discomfort

4- / - Ability to 
choose 
burden; 
reassurance

Ultrasound scan + / - Potential 
identification 
of maternal 
risk with 
placenta 
previa

Could 
successfully 
identify an 
at-risk
pregnancy or
congenital
anomalies.

Abortion Variable + / - No
psychological
long-term
detriment
demonstrated.

Selective
reduction

Fetal loss with 
reduction of 
other 
pregnancy

Limited +  (for 
remaining)

Reduction 
could increase 
the possibility 
of survival 
children and 
reduce
maternal risks.

16-20 weeks Amniocentesis Fetal loss 
<0.3-1%

Infection
Hem orrhage

<:10%

+ /- Ability to 
choose 
burdens; 
reassurance

PUBS (18 
weeks +}

Fetal transfusion

Fetal loss 
1-2.3% 

Premature labor
5-9%

Infection, rare 
complica
tions 
0.6%

+ + Fetal death is a 
rare outcome.

24-j- weeks Maternal Rx for 
fetal cardiac 
defects

+ / - +  Reaction to 
cardiac 
drugs

+ + —

Fetal surgery + + +  Bleeding 
hemorrhage

+ / - See C hapter 20.

Cesarean
delivery

;+ +  serious 
<1% death -  
rare

+ / - See Chapter 18.

Preterm labor 
management

PROM
observation

-

1% risk 
pulmonary 
edema 

Risk of fatal 
infection

•+ /-

+ / - _ *

Risks dependent 
on GA <33 
weeks

' In, t.ass-J chance o f survival of child.

tOrom andibular-lim h hypdgenesis likely increased in procedures at <9 wks; not present at Jattr gestational ages [44,45],
£%ee refs. 43,45,46.
C l'S , chorionic villus sampling; PUBs, percutaneous umbilical cord sampling; PROM, prem ature rupture o f membrane; G A, gestational
age
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reason. For this discussion we accept some level of a 
physician’s ethical obligations to an individual fetus, 
starting with the fetus's entry into viability and a 
period during which beneficial clinical intervention 
can be applied. Some fetuses might never become 
viable; for example, those with severe congenital 
abnormalities incompatible with survival. In the first 
trimester, neither invasive fetal studies nor interven
tions directly benefit the fetus. Furthermore, spon
taneous abortion can be likely, regardless of inter
ventions performed.

The ethical arguments regarding the basis of eth
ical obligations toward the viable or nonviable fetus 
follow many routes. As Dworkin points out, “Most 
people accept the sanctity of human life but disagree 
in complex ways about the implication for abor
tion" [14], He would detach this concern for sanc
tity from a discussion of legal or ethical rights, thus 
characterizing arguments as attached or detached. 
Steinbock prefers characterizing these arguments as 
continuous or discontinuous [15], seeking either to 
prove or disprove continuity to adult values or per- 
sonhood to imply status for rights. As she points out, 
" . . .  only the assumption that the unborn is a human 
being like any other, entitled by law’s protection, 
could justify the prohibition of abortion.’ Stein- 
bock’s “interest” argument reasons that the fetus has 
no interest in survival because it is preeonscious and 
presentient, and she steps away from continuity or 
detached arguments. Regardless of the basis of the 
ethical argument and despite the controversy, soci
ety generally agrees that the m other’s life and health 
must prevail over fetal life and health. The choice 
to terminate a pregnancy thus has focused instead 
on certain burdens of mothers; protecting mental or 
physical health; relieving economic, social, or demo
graphic problems; and supporting a view of liberty 
rights of the penumbra of the Fourteenth Amend
ment that “ . . .  recognizes rights to bodily integrity 
and a person’s most basic decisions about family and 
parenthood” [2,15,16].

There could, however, be ethical limits to this 
freedom to terminate pregnancy at will in the first 
trimester that derive from issues, of justice and not 
autonomy. Consider prenatal diagnosis that results 
in intended abortion for a nondesired sex. It is gen
erally thought that abortion for a fatal or seriously 
disabling sex-linked disease would prevent mater
nal and fetal/infant suffering if the infant were born 
alive, and thus abortion meets a medical goal. Abor

tion merely because of maternal (or paternal) valu
ing of one sex over another, however, raises entirely 
different issues about the benefits of prenatal infor
mation. The element of relieving suffering based on 
knowing the sex of the fetus breaks down when 
there is no disease, and the only issue is the cultural 
bias of the parents. Preconceptual sex selection fails 
morally for the same reasons that selective abortion 
for sex does. The arguments are well outlined by 
multiple authors [17-19] and can be categorized as 
follows:

1. Gender, race, economic status, or phenotype 
(e.g., height) are not diseases but social distinc
tions. As such they are not a morally relevant 
basis for medical decisions. As Wertz and Fletcher 
point out, "Prenatal diagnosis for nonmedical rea
sons makes a mockery of medical ethics” [19],

2. Societal harms and the obligation to avoid them 
are the responsibility of all citizens, including 
medical personnel and patients. Inequality and 
neglect of socially unwanted children are sup
ported by compliance with morally unacceptable 
underlying beliefs.

Blank suggests further harms of preconceptual 
Selection techniques as they become less intru
sive and allow control of progeny’s characteristics 
(height, sex, appearance, etc.) [20], Given these 
changes, such technology is more likely to become 
a marketable service. Allowing this to occur risks 
commercializing children. Children, in other words, 
become, consumer goods that are evaluated for 
various measures of “quality.” Children born with 
genetic or congenital abnormalities -  or the “wrong” 
sex -  might face greater discrimination as society 
reinforces a pervasive sense of right to discrimi
nate with the ability and hence the right to make 
even earlier distinctions. Because the appearance of 
“unacceptable” characteristics in the culture could 
have been “prevented/ tolerance for differences 
and valuing potential benefits that people with dif
ferences bring to a culture could diminish. This 
fact is particularly true in a cultural ethic that has 
fostered personal destiny, choice, control, and an 
entrepreneurial approach to medicine. The long
term cost of uncontrolled genetic choice to society 
could be significant -  an ethical harm that bears con
sideration on both extremes of a scale. There could 
be moral limits to a patient’s right to choose an
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814 CAIN

abortion to discriminate against progeny based on 
nonmedically relevant genetic or phenotypic char
acteristics. By the same outcome, requiring term i
nation for characteristics that are less well regarded 
socially is also morally repugnant.

There have been extensive reviews of another 
area of elective termination, the issue of selective 
reduction of multiple gestation [21,30,40], The 
issue revolves around the balance between harm 
and benefit that depends on adequate outcome data 
for multiple gestations, and on outcome data that 
result from the use of new reproductive technol
ogy. The ethical principle proposed by Evans and 
coworkers for use in this setting -  proportional
ity, a variant of consequentialism -  is one that also 
serves to govern interventions in the second and 
third trimester [21]. This is " . . .  to balance risks and 
benefits so that actions have the greatest chance 
to cause the least harm and the most benefit to 
persons directly involved. . . ” This principle leads 
these authors to a recommendation that only preg
nancies with three or more fetuses have outcomes 
sufficiently serious to warrant reduction. Selective 
reduction of multiple gestations is a controversial 
area in which each case requires individual consid
eration, weighing risks, patient values, and benefits.

This tension between patient choice (autonomy) 
based on the patient’s intrinsic value structure and 
the greater ethical good of a society or the personal 
value structures of physicians has led to a variety of 
approaches in prenatal diagnosis and abortion coun
seling. The physician-patient counseling relation
ship is the last arena for consideration. The burdens 
and benefits of individual choices and the impli
cations of particular choices are at issue. Although 
these concerns require continuous public debate to 
form a societal consensus of values, pressure from 
various segments of society to promote commercial
ization of prenatal selection of the “fittest” (and the 
implied eventual requirement to terminate unde
sirable fetuses, regardless of parental wishes] while 
restricting reproductive choice to "protect” the fetus 
clearly illustrates the extremes of potential harms 
that could intervene in the decision-making process 
123]. Although authors argue the need for public 
policy or a “legal approach. . .  to offer to our soci
ety a way to deal democratically with the societal 
choices related to the use of genetics/’ they gener
ally agree that in this democratic society there is no 
forum for this discussion as yet [24], Given these

facts and recognizing the ethical harms that extreme 
legal measures could cause, the role of physician and 
patient counseling for responsible choices remains 
our principal means of addressing these issues.

The decision to undergo prenatal testing requires 
considered consultation between patient and physi
cian. Clarity about the purpose and outcomes of 
prenatal diagnosis should be achieved before such 
testing is performed [15,25], Parents seek prena
tal diagnosis because of a natural human desire to 
have healthy offspring, but the screening tests avail
able often suffer from low predictive value, and 
all involve some risk. Few well-constructed out
come studies include realistic cost comparisons. Fur
thermore, genetic problems identified in the future 
through new investigations could identify poten
tial risks for the development of medical problems 
of varying severity. The choices to introduce such 
tests into standard prenatal "screening” present chal
lenges as the benefits and burdens of these tests 
are weighed in the overlapping domains of parent 
and physician concerns, social demands, and finan
cial constraints. (See Chapter 2, Prenatal Genetic 
Assessment, for additional discussion.)

Second and Third Trimesters
The issues of maternal and healthcare professional 
obligations outlined for the first trimester change 
as the possibility of beneficial interventions for fetal 
outcome become more possible. Following the logic 
that the mother is the first patient, the risks, discom
fort, and wishes of the mother form the strongest 
element in decision making. Offering interventions 
requires assessing risks as perceived by the patient. 
Often these risks are weighed in the context of the 
greater good for the family unit. As with all ethical 
questions, solutions must be based on sound med
ical data, with accurately known risks and success 
rates. This discussion considers three circumstances 
in which these issues might come up, with varying 
degrees of maternal and fetal risk, fetal benefit, and 
outcome information.

Consider the difficult but now progressively rare 
situation of severe Rh isoimmunization, in w'hich 
fetal anemia is known to exist. The physician recom
mends percutaneous umbilical venous transfusion. 
The risk to the mother, according to Table 26.1, is 
approximately 1% to 2% per procedure depending 
upon the severity of the fetal condition. Without
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treatment, there is a risk of fetal injury or death. The 
benefit for the fetus is a function of several variables 
but might range from 10% to 90%. The gestational 
age is 26 to 27 weeks. The m other refuses to undergo 
the procedure. She clearly has a legal right to refuse, 
but what are the physician and patient obligations 
in this case?

The physician has an obligation to offer therapy 
to benefit the fetus in light of the m other as patient. 
It is a reasonable assumption that mothers who have 
chosen to continue their pregnancies want a viable 
child and would suffer if preventable harm occurred 
to the fetus. The fact that one can intervene bene
ficially gives the fetus some standing as a patient, 
but the fetus has no ability to consent to or override 
the m other’s decision. In this case, viability assumes 
borderline significance but is not compelling. The 
decision that the mother makes clearly involves con
siderations for her health that her healthcare givers 
cannot know — consideration of benefit for her over
all circumstances or that of the family, for example. 
Given the fact that there are such clear benefits for 
fetal survival in this case, the American College of 
Obstetricians and Gynecologists (ACOG) have out
lined the physician’s obligations [26-30].

The ACOG Committee analysis of maternal-fetal 
conflicts charges the responsible clinician to be cer
tain that the mother (as a patient) has a realis
tic understanding of the proposed procedure and 
its benefits and risks. A further requirement is to 
explore any potential unspoken fears, concerns, or 
outside pressures on her to correct any errors or 
assumptions that might have led her to refuse. In 
this sense, the ACOG Bulletin emphasizes the need 
for the medical caregivers to be sure that all ele
ments of autonomy are present. Specifically, they 
must ensure that the patient can correlate, consider, 
communicate, and evaluate the quality-of-life differ
ences in the absence of undue outside interference
[11]. The interaction between patient and physician 
has multiple dimensions, which affect the frame
work from which the physician or caregiver presents 
the information, as well as the ability of the patient 
to choose rationally rather than from intuition [31]. 
Caregivers must recognize these issues. Recruiting 
a second opinion for another point of view is often 
helpful. Although the m other’s decision holds pri
macy, the physician is obligated to clarify erroneous 
or eccentric views. Informed consent does not neces
sarily imply that the ultimate choice that the patient

reaches is the one that the physician views as either 
“good" or “reasonable." Appeal to the courts for a 
court order, which seems on the surface to be a “fair" 
resolution to a difficult situation, usually provides a 
vehicle for approval of the physician’s choice [13]. 
This is not necessarily the most ethical or legally 
acceptable outcome. The use of the legal system to 
force maternal compliance is therefore discouraged.

This discussion of obligations of the physician 
is also pertinent to the varieties of fetal interven
tions available, such as prenatal treatment of a twin- 
twin transfusion syndrome, relief of a urinary tract 
obstruction, or repair of a neural tube defect [32- 
35,39], (See Chapter 20, Fetal Surgery, for addi
tional discussion.) These and other rare or inves
tigational research in prenatal fetal surgical proce
dures commonly lack detailed outcome data about 
success, failure, or the range of possible deleteri
ous results from the intervention. Patients often 
hear outcomes only as complete resolution or death, 
not as a potential range of outcomes. Similarly, 
the substantial maternal risks in such surgery are 
not commonly appreciated. In such a vacuum of 
data about outcomes, parental interest in the best 
outcome for the pregnancy and their children can 
interfere with good decision making. Much of this 
experimental work remains under study or proto
col guidelines with institutional review board guid
ance of the informed consent process. Again, strin
gency in informed decision making is critical. Spe
cific attention must be paid to overcoming the 
tendency toward an emotional basis for judgment. 
Researchers must be cautious because of the cul
turally heavy weighting with wrhich most parents 
view “saving" their child 114]. Approaches to this 
quandary include suggestions to include pediatri
cians, ethicists, and other members of the healthcare 
team in the decision-making process [35].

W hat if a patient routinely behaves in a fash
ion that is detrimental to a pregnancy, for exam
ple, uses drugs, alcohol, or smokes, [26,29,35-37]? 
Should physicians act to protect the fetus, even to 
imprison a mother to prevent potentially toxic fetal 
exposure? The potential harms of such physician 
action could extend beyond the circumstances of 
this one patient. Such restrictions might cause this 
particular patient, as well as others, to avoid care 
when some beneficial intervention might be negoti
ated otherwise. The greater harm of discouraging 
use of medical care has more potential harm for
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greater numbers of fetuses than the benefit of incar
ceration for a few. Indeed, the present economic 
facts of the lack of adequate drug treatment pro- 
grams for those who use them also argue against 
such an approach [36], In a utilitarian sense, the 
harms outweigh the benefits. The m other remains 
the first patient, and her greater benefit and other 
potential mothers’ benefits, the physician’s duty.

In viewing the medical indications for benefit, the 
ability to predict fetal outcomes accurately based on 
various fetal monitoring techniques has been argued 
without clear resolution; therefore, the predictive 
value of medical recommendations and the limita
tions of present medical knowledge must be exam
ined critically. The choices that a m other makes, 
however, are just as open to careful scrutiny. The 
capacity to choose responsibly in labor can be dimin
ished. As an example, the refusal for a medical inter
vention after hours of labor, treatment with MgSO4, 
and recent injections of a narcotic in a woman who 
"wanted everything done” might require using sur
rogate decision makers if it is clear that she has lost 
elements of her capability to choose.

Another set of issues about consent is raised if the 
patient were 14 years old. Although she might be 
legally an “emancipated minor,” the maturity of her 
ability to consider complex outcomes can be tenu
ous. Information presented to an adolescent requires 
more effort and sensitivity from medical caregivers 
to avoid rejection and promote consideration. Two 
additional aspects are worthy of consideration. First, 
some adolescent patients have greater maturity of 
judgment than other chronologically older patients. 
Second, the consequences of choice a person makes 
while she is an adolescent continue into her later life, 
when a more mature ability to make decisions has 
developed. The harm of merely accepting a reactive 
decision by an adolescent might be not only imme
diate but could also affect future feelings about her 
own worth. In counterpoint, pressuring adolescents 
to acquiesce with medical decisions can also have 
harmful long-term psychologic sequelae. The coer
cion might not be direct but rather a consequence 
of a desire to please caregivers, and a fear of aban
donment if she does not.

The mother might consider the information pre
sented to her and make an informed choice that con
flicts with the recommendations of her caregivers, 
which could cause great anguish in the medical 
staff who are invested in maximizing fetal survival

while respecting maternal choice. In the author’s 
view, however, the m other’s choice still has primacy 
because the m other is the first patient. In the case 
of operative intervention, potential viability lends 
greater stringency to the need to be certain first 
about the medical indication for cesarean delivery 
and the diagnosis of distress. The next concern is to 
ascertain that the decision is being made by a patient 
who is capable of choosing, or by a surrogate who 
can represent the choices a patient would have made 
if she were capable.

W hat if the problem occurs in the last trimester 
of pregnancy, with a mother refusing a cesarean 
delivery for fetal distress? Are the concerns differ
ent because it is a third-trimester event? The court- 
ordered cesarean delivery is the extreme end of 
coercion in the obstetric setting, and the issues it 
raises are ethically and legally complex. The pre
ceding discussion illustrates the possible multiplicity 
of observed levels of coercion by staff and diminu
tion of capacity to choose already impeding the 
respect for patients’ wishes or autonomy in that 
setting. The requirements of informed consent are 
intended to protect this ethical right of patients to 
self-determination. The legal principle often tied to 
these deliberations is the right to privacy, bodily 
integrity, and a protected liberty to refuse unwanted 
treatm ent [37], Curtailment of this right, as in 
other medical situations, might be based on the 
ethical principles of beneficence and proportional
ity. As noted by Mahowald, these conflicts can be 
"...m aternal wishes versus foetal interests where 
maternal welfare is not at s t a k e , . a s  illustrated 
previously [38], They also could be “...m aternal 
welfare versus foetal welfare where maternal wishes 
give priority to the foetus... ” when maternal wishes 
are unknown or when both maternal and fetal wel
fare are opposed by maternal wishes.

Adding to the confusion is the uncertain status of 
the fetus. The status of the fetus as a biologic reality 
was stated previously. As the trimesters advance, the 
increasing access to the fetus for beneficial medical 
intervention allows the fetus to assume an aspect of 
patienthood. This situation is still proposed as falling 
under maternal benefit, because an improved out
come could potentially prevent maternal suffering; 
however, the assessment of the proportional risk and 
benefit included elements of maternal values and 
needs that would be unknowable to her healthcare 
givers and that would require maternal assessment
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in the informed consent process. This concern con
tinues into the third trimester. The issue of viabil
ity has been cited as a point of compelling state’s 
interest in potential life since Roe v. Wade. The state 
cannot trade its interest in the health and well-being 
of the mother in favor of benefits to the health of 
the fetus, however. The problems lie in the fact that 
fetal life is in continuity with born infant human life, 
and complete dissociation of the two is impossible:» 
Furthermore,, fetal life cannot be completely disso
ciated from maternal life, so that valuing one cannot 
become independent of the other.

There is no direct analogous relationship to that 
of mother and third-trimester fetus from which to 
draw legal or ethical parallels. The closest analogy 
proposed for legal requirements for medical care is 
often that of parental bone marrow donation for a 
dying child [1,37-38]. In both situations, a poten
tial born child's life will be affected by a parental 
choice. Indeed, legally society does not force parents 
to donate bone marrow or kidneys to save the life 
of their child. This precept follows a line of thought 
that attaches no legal duty to a person to render 
needed assistance even if a life might be saved, and 
especially where rendering aid would put the person 
at some risk.

Involvement of legal processes is often evoked 
because of fear of liability; however, the impo
sition of a legal order to accept cesarean deliv
ery (or bone marrow donation] for a patient also 
requires physicians to act as agents of the state rather 
than as patient advocates. The maintenance of the 
physician-patient relationship is critical to medical 
care. A role for the caregiver in policing a patient’s 
behavior or choices is antithetical to that relation
ship and is potentially harmful if such behavior fur
thers distrust of physicians by pregnant women. 
Often the very women who present these issues 
are those who have previously had deleterious judg
mental care by the medical system. As an example, 
physicians often believe and usually act as if mater
nal addiction is the product of failure of individual 
will power. In their judgment, physicians and other 
caregivers often might ignore medical facts concern
ing the complex hereditary environment, and social 
issues that impair competency related to drug or 
alcohol use. Another example of the fragility of this 
relationship is a patient who has been sexually psy
chologically, or socially abused by a spouse, family 
member, or physician. The further limitation of her

self-determination by a court order might cause her 
to become nonfunctional or even suicidal.

These comments would argue in favor of avoiding 
the retention of legalistic solutions to these prob
lems and support the guidelines set by the ACOG 
Ethics Committee [29,30]. The benefits or harms 
and legal or psychological coercion for cesarean 
delivery must be framed by the patient’s values and 
setting. Physicians must retain the role of patient’s 
advocate for the patient’s immediate and long-term 
medical benefit. For both patient and fetus, a physi
cian obligation remains to be sure that all elements 
of informed consent are present. If informed con
sent is not possible, a reasonable attempt to find 
a surrogate decision maker who respects the val
ues and choices of the patient must be initiated. In 
the absence of such a surrogate, information about 
patient values and an assumption that favors mater
nal benefits and the best possible maternal and fetal 
survival are reasonable guides to decision making. It 
will be a rare case that falls outside this paradigm. 
These rare cases, although they are of interest to 
philosophers and lawyers, make both “bad” law and 
equally suspect ethical rule when they are applied 
to society m general.

Strong offers two guidelines to use for exceptions 
to a strong prohibition against forced cesarean deliv
ery or medical care, after careful consideration of 
the particular patient circumstances [37], First, the 
treatm ent must pose no significant health risk to the 
woman or promote her interest in life or health. 
Second, compelling and usually multiple reasons to 
override her autonomy exist. For example, abandon
m ent of dependent children by her death, protection 
of her life, and protection of the fetus's life are rea
sons to override autonomy, thereby promoting the 
well-being of the community.

CONCLUSION
Although the weight of the original maxims pro
posed in the beginning of this chapter vary through 
different gestational ages, they remain the basis for 
understanding the complex nature of the maternal- 
fetal relationship and the ethical problems encoun
tered in medical care. The fetus is a biologic real
ity that can form a continuum to a born human 
child. Continued fetal existence depends on an 
intact maternal circulation. Access to the fetus 
is possible only by accepting varying levels of
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maternal risk. The mother is the first patient and the 
only one capable of autonomous decision making for 
herself and the fetus. Society’s understanding of this 
relationship and of the fetus as a potential patient 
is being challenged and changed by technologic 
advances.

At all times, physicians must benefit the first 
patient -  the m other -  by offering care that advo
cates for the mother. Physicians can also be, sec
ondarily, advocates for fetal well-being, but not at 
the expense of their obligation to the mother. If 
physicians can maintain this ethical focus, it is likely 
to encourage use of the medical care system by 
those wary of implied “police” activities of health
care givers. The benefits of increased access and 
exposure to medical care through renewal of psy
chological or financial barriers for the well-being of 
mothers, born children, and society as a whole are 
unquestionable. This broader societal benefit is also 
the physician's obligation.
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Shanna L. Burke

Is it nothing to you, all ye that pass by? 
Behold and see if there be any sorrow 
like unto my sorrow, which is done unto me, 
Wherewith the Lord hath afflicted me in the 
day of His fierce anger.

Lamentations: 1:12 

The Holy Bible

Perinatal loss is a traumatic and often life- 
altering experience for women and their families 
[1-4,8,12,14,15,17,18], This is in part because 
there is a unique set of emotions that is attached to 
losing a fetus or infant and because this loss greatly 
disrupts the family narrative [3], Unfortunately, the 
effects of the loss of a fetus, a stillbirth, or the death 
of an infant are neither fully recognized nor socially 
legitimized, and because of this, support by other 
family members, friends, and even health profes
sionals is often limited. An important reason for 
this is the general lack of understanding that estab
lishing a relationship to a child begins long before 
birth [2],

Our response to perinatal loss reflects concepts 
of death in American society and culture [5-7], In 
our society, death remains a proscribed subject. In 
1968, Lifton suggested reasons why death is a taboo 
subject [7]:

• Urbanization -  A growing number of Americans 
have moved to urban environments, away from 
more natural locales where the normal cycle of 
life and death is witnessed.

• Exclusion of the aged and dying -  People of 
advanced ages are segregated into hospitals, hos
pice centers, or nursing homes and places where 
the general public is not required to see them.

• Movement away from multigenerational homes -  
Extended families are now less likely to live close 
by or under the same roof. Thus, when elderly 
family members die, these events are largely rele
gated to hospitals, nursing homes, and other skilled 
nursing facilities.

• Secularization in modem society -  Religion is a way 
to deemphasize death and focus on the afterlife 
and immortality of the soul. Although for some 
religion still functions in this way, for many Amer
icans this coping mechanism is either weak or 
nonexistent.

• Advances in medical technology -  Advances in med
ical technology provide parents with the potential 
for control over reproductive decisions. Given the
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change in laws (i.e., Roe v. Wade in 1973), parents 
can now act to control the fate of a pregnancy. As 
Lifton argues, “. . .  these advances have compro
mised the ability to understand death as a natural 
part of human life”.

Clinicians frequently have difficulty with perina
tal deaths. Little in their training prepares them  to 
face this issue. Fetal or neonatal loss makes even 
professional health practitioners feel uncomfortable 
and uncertain. Work in recent decades has empha
sized the importance of grieving rituals and, in 
the response to perinatal loss, recent experience 
favors proactive involvement with affected fami
lies, despite the difficulties that this presents for 
the birth attendants. Recognizing the importance of 
death and the historical limitations of medical spe
cialists in facing these issues, this chapter explores 
the literature concerning perinatal losses, grief, and 
bereavement. In this process, the role of the pro
fessional caregiver in family counseling and support 
is discussed in detail. Recommendations for practice 
are made, and, finally, a bibliography for women and 
their families is provided.

DEFINITION OF TERMS
Grief is best understood as the emotional, mental, 
and physiologic reactions to a loss [5]. Because peri
natal and neonatal losses are often unexpected, the 
grief reaction is complicated, often prolonging the 
distress. Mourning, which differs from grief, is the 
outward expression of the person’s internal feelings. 
Many factors, including culture, societal norms, gen
der, and forms of personal expression, influence the 
mourning process.

History: The Stages of Grief
It was not until the 1970s that grief and death 
became a subject for public discussion in the United 
States and that bookstores began to carry texts 
for bereaved parents as well as for professionals 
concerning these issues. This development accom
panied a shift from religious discussions of grief 
to more academic, candid, and nondenominational 
approaches.

Freud was the first to attem pt to outline task- 
oriented steps in grieving. He thought that it was 
vital to “. . .  disengage from the relationship with the 
deceased in order to place libidinal energy into a new

FIGURE 27.1.
The grief cycle. (From Straker D. The grief cycle [updated 
2006; cited 2006 Nov 28]; http://changingminds.org/
disciplines/change_management/ktdiler ross/kubler 
ross.htm; with permission.)

relationship . . [8], This disengagement was char
acterized as a task, whereas separation and abandon
ment were the ultimate objectives in Freud’s version 
of grief ivork. O f note, however, is that Freud did not 
study mourning empirically, and that the loss of his 
daughter, Anna Freud, occurred after he had finished 
his bereavement writings.

A pivotal event in opening the issues of death 
and grieving to the general public was the influential 
book, On Death and Dying: W hat the Dying Have to 
Teach Doctors, Nurses, Clergy, and Their Own Fam
ilies, by Elisabeth Kiibler-Ross. This popular text 
evoked a flurry of interest and prompted other cri
tiques and commentaries [6],

In her initial original formulation, Elisabeth 
Kiibler-Ross identified five stages of grief: 1) denial 
and isolation, 2) anger, 3) bargaining, 4) depression, 
and 5) acceptance (Figure 27.1). These stages were 
developed originally as the result of work with ter
minally ill patients and their families. Despite limita
tions, they do have universal application and can be 
creatively applied to fetal and neonatal loss and the 
grief process as experienced by the surviving family 
members.

Denial
Denial is the “No, not me" thought: the lack of 
acceptance that death has occurred. Denial is the 
result of an initial shock to the psyche and is a refusal 
to accept a change in one’s world. In the case of 
perinatal loss, the death could have occurred from 
a spontaneous miscarriage, an ectopic pregnancy, or 
an induced abortion. Apart from cases of pregnancy 
termination, perinatal losses are often unexpected
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and the fetus might have already been dead for some 
time by the time of diagnosis.

Anger
Anger is the "Why me?” step. A bad outcome is usu
ally accompanied by a sense of resentment because 
“. . .  other people’s pregnancies have turned out well, 
but mine did n o t.. Often this anger is displaced 
at God or whatever deity or spiritual figure the cou
ple embraces in their lives. The couple might view 
this spiritual deity as an "all-powerful” figure and 
the “enforcer of the death sentence” on their child. 
Anger is inevitable at one point or another. Couples 
often need permission to feel the full force of their 
anger at this difficult time.

In the hospital setting, this anger is often dis
placed toward nurses and other medical staff, includ
ing the perinatologist or obstetrician. This anger 
could include accusations of misdiagnosing or mis
handling the problem: in sum, not doing enough to 
save the fetus or child.

Bargaining
Bargaining is the “Yes, this is my situation, b u t . . 
step. In this stage, a couple might accept that 
their fetus/child is dead but try to strike bargains 
with God about future children, children that have 
already been born, or for more time with the 
deceased child. Parents might also find themselves 
asking that their lives be taken instead of that of 
their child.

Depression
Depression is the “I-don’t-care-anymore” phase, 
when the parents begin the actual mourning pro
cess, when the grief is internalized. After anger and 
bargaining, the depressed person becomes despon
dent and might push others away. This depression is 
noticed in passive behavior and in actions or somatic 
complaints.

Acceptance
Acceptance is the “Yes, me” stage of grief, in which 
the couple have mourned their loss and can move 
on with their lives. To reach this point of partial res
olution, the parents must have acknowledged that

the loss has occurred. Although their loss still lingers 
in memory, it is no longer a constant thought. Once 
this stage is reached, people begin to move on with 
their lives, take ownership for their actions, and heal.

RETHINKING 'THE STAGES OF GRIEF

In their 2005 book, Elisabeth Kiibler-Ross and 
David Kesseler [9] responded to the critics of their 
original compartmentalized hierarchy of grieving, 
stating:

The stages have evolved since their introduc
tion, and they have been very misunderstood 
over the past three decades. They were never 
meant to help tuck messy emotions into neat 
packages. They are responses to loss that many 
people have, but there is not a typical response 
to loss, as there is no typical loss. Our grief is 
as individual as our lives.

The five stages -  denial, anger, bargaining, depres
sion, and acceptance -  are a part of the framework 
that makes up learning to live with the fact that 
there is one who has been lost. These stages are best 
considered as tools to help people frame and iden
tify what they are feeling and how these emotions 
relate both to the lost object as well as to the future. 
The proposed stages are not stops on some linear 
timeline in grief, however. Not everyone with a loss 
goes through each or all of these stages in a specific 
order.

In an analysis of the process of loss and resolu
tion, Worden [10,11] argues that the completion of 
certain tasks is necessary for the grieving process to 
be completed. These tasks include:

• Acceptance of the loss

• Experiencing the pain of the grief

• Adjusting to the new environment without the 
deceased

• Commemorating and memorializing the loved 
one and integrating the loss into one’s life, while 
reinvesting the energy into something else in one’s 
life

Unfortunately, the original writings of Kiibler- 
Ross [6], the revised statements made by Kiibler- 
Ross and Kesseler 19], and the task-oriented process
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outlined by Worden [ 10,11 ] do not reflect the “lived 
experiences” as reported by many parents experi
encing perinatal losses. These writings still indicate 
that after the grief work is complete, one should be 
able to "get over their loss.” The unfortunate reality 
for most families with a perinatal loss is that active 
grieving never entirely disappears nor does the dis
tress completely heal [5].

EFFECTS O N  HEALTH PRACTITIONERS

Perinatal loss also has a profound effect on the mem
bers of the obstetric team. The delivering obstetri
cian or midwife often faces a complex and emotion
ally stressful task when an acute loss occurs. Personal 
distress, self-doubt, and anger are common reac
tions. Knowing what to say or do is often difficult, 
especially wdien the parturient is not well known to 
the clinician, when there is a language barrier, or 
when the family is from another culture, with very 
different norms and practices.

Cultural factors are important in how grief is 
experienced. As an example, as Chan and cowork
ers report, death is a taboo subject in the Chinese 
culture [ 1 ]. There is the prevailing notion that one 
should not discuss death in front of the sick and 
dying or their family. Confucianism and Buddhism 
play a large role in the daily living of many Chinese 
people, including bereavement and end-of-life care. 
Nurses and other staffers that come in contact with 
the family must be able to sense subtle emotional 
innuendos. It is common within the Chinese cul
ture for emotions to be masked and not outwardly 
expressed; emotional problems and issues are often 
disguised as somatic complaints. The important fea
tures of each person’s culture and religion must be 
understood. Sample questions include the following
[25]:

• Can you help me to better understand your beliefs 
that could affect funerals, burials, or a preference 
for cremations?

• Does your family prefer to observe these practices, 
or has your family developed their own rituals?

• Is there anyone else to w'hom you think I should 
speak to learn more about these practices?

® What are your beliefs about death and the 
afterlife?

THE GRIEVING M OTHER
Perinatal losses and the birth of premature or precar
ious infants are all-too-common events. More than 
one in four pregnancies end before term in either a 
spontaneous miscarriage or are purposely ended by 
physician intervention as a result of fetal abnormal
ities, perceived fetal jeopardy maternal jeopardy, or 
other obstetric complications [12 ,13 ] .  While cur
rent technology often leads to intervention, it also 
provides new windows into fetal life, directly involv
ing women with their pregnancies at a much ear
lier time than was possible in a prior generation. 
At present, women commonly view their fetuses by 
means of real-time ultrasound scanning at one or 
more times during their pregnancies. This fosters an 
additional layer of attachment that complicates grief 
when an unanticipated loss occurs. Although a sub
stantial percentage of pregnancies end with embry
onic or fetal loss, little attention is given to the griev
ing process in early pregnancies for the mother or 
the family that she imagined the fetus would one 
day join. This is unfortunate because maternal grief 
over a miscarriage or induced abortion is emotion
ally equivalent to the loss of a stillborn child or the 
death of an infant [2 ,14 ,15] .

Although the embryo might not have fully devel
oped at the time of a miscarriage, the m other has 
already created expectations for motherhood and 
plans for the child. In addition, if the mother had 
previous feelings of ambivalence about the preg
nancy, her guilt might increase, as w'ill feelings of 
fury, umbrage, and sorrow. Psychologically, the 
m other views the developing embryo as a child. As 
a result, in a miscarriage she feels a loss compara
ble to that of a mother losing a full-term infant. 
The grieving mother might have a response triggered 
by thoughts about what the child might have been, 
might have done, or how he or she could have con
tributed to the world. Last, guilt feelings often pre
vail. The m other might feel like a failure because of 
her incapacity to carry a child successfully. In a study 
conducted by Seibel and Graves involving women 
writh pregnancy loss, one fourth fully thought that 
they were responsible in some way for their miscar
riage [17]-

Following a loss, it is often difficult for women 
to return home or to their work lives |2 |.  They 
feel incomplete or like a failure, with “nothing to 
show” for their many weeks of pregnancy. As with
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situations of women who miscarry, women experi
encing a stillborn might feel that they are defective 
or are failures because of their inability to have a 
healthy surviving child. Couples and their families 
often feel isolated because others might not under
stand the need or existence of grief. Because the 
child never existed to those outside the close fam
ily relationship, it is difficult for outsiders to fully 
grasp the impact of the loss. An often unresolved 
issue is the family unit. Siblings must be involved 
in the mourning process. If other children felt envy 
or angry feelings towards the new baby this might 
make them feel responsible and guilty now that 
the infant has been lost [2], Despite pregnancy 
loss and often prior to complete resolution of the 
grieving process, many women go on to conceive 
again. Over one half of the women who experience 
perinatal loss will become pregnant again within 22 
months [26]. Most of those who do not become 
pregnant within the first two years appear to do so 
by choice rather than due to a biologic inability to 
reproduce.

Stillbirth
Because perinatal loss is often sudden and con
trary to the expectations of motherhood, it can 
have a particularly devastating and traumatic affect 
on the mother. W hether a loss results from either 
an induced or spontaneous delivery, women with 
stillborns suffer substantial psychological morbidity, 
with feelings of fear, anxiety, and perceived helpless
ness [1],

Grout and Romanoff [3], focusing on the chang
ing perception of the m other’s world, state:

Parents, particularly mothers, spend the preg
nancy preparing for the new baby. This psy
chological preparation includes constructing 
a representation of the new family member, 
based on prior experiences with babies, expe
riences from the family of origin, and indi
rect experience with the baby-to-be__ It may
also include daydreaming through the expec
tations for the new baby, imagining oneself in a 
new social role (especially if the baby is a first
born), and using stories with siblings to help 
them to create a representation of the antic
ipated baby.. . .  When the baby dies before 
or soon after birth, this process is abruptly

halted. Parents have fewer mental represen
tations of their dead baby with which to do
the work of grief.

Important elements in predicting a woman’s reac
tion to a perinatal demise include: [26]

• The extent of the attachment to the baby

• The degree of investment in the pregnancy

• The gestational age

Stillbirths intensify the emotional issues around 
childbearing. In more advanced pregnancies an elab
orate bond has formed between mother and fetus. 
By the time of the loss, baby showers and other 
culturally bound celebrations of birth have often 
occurred. Furthermore, the entire pregnancy might 
have been problem free until the loss. With the 
m other and family so heavily invested in the preg
nancy psychologically an unanticipated loss is per
ceived as particularly traumatic and can be emotion
ally devastating.

Twins and Higher-order Multiples
The loss of an infant in a multiple gestation raises 
special issues. 1 he grief of these parents is some
times underestimated, especially if a singleton sur
vives, and their grief also can be different from that 
of mothers who experience the loss of one child
[27], Parents might essentially be discouraged from 
grieving openly when there is a loss of one of a mul
tiple gestation. The strong bias is to focus instead 
on the surviving infant (or infants) or other children 
in the home. The discomfort of others also motivates 
the parents to keep silent and mourn quietly and 
alone [2 7—30]. Parents who lose multiples might be 
grieving not only the loss of the infants themselves 
but also the loss of their unique status as parents of 
twins.

In the experience of the author, health practition
ers have difficulty relating to families who have lost 
one or more in a multiple gestation. This avoidance 
has several roots. Inadequate training and supervi
sion, as well as a general discomfort with death 
are part of the problem. Also, practitioners com
monly experience a greater sense of guilt in such 
cases because of the known increased risk for these 
pregnancies, which were supposed to be under close 
surveillance by medical personnel. Thus the loss

ak
us

he
r-li

b.r
u



Perinatal Loss 825

implies either a failure of proper diligence on the 
part of the caregivers or a failure of the methods 
used for fetal evaluation. Even when bereaved par
ents of multiples are pleased with services provided 
in the prenatal and labor and delivery departments, 
the parents who have lost a fetus or an infant from 
a multiple gestation were still more dissatisfied with 
the support they received compared with parents 
who had lost a singleton [31 ].

THE GRIEVING FATHER
There are distinct differences in the grief suf
fered by fathers. These differences are only partially 
attributable to the differences in the physical experi
ences with the pregnancy [46,47], The bereavement 
of fathers is strongly affected by prevailing American 
sociocultural expectations of masculinity.

Fathers’ experiences are quite different from 
mothers’ with a pregnancy, especially with infants 
who are live born but not expected to live. In 
fact, men are outwardly less affected by a perinatal 
death, partly because they are experienced at hid
ing their emotions and their reactions to all tragic 
events, including a perinatal loss. As reported by the 
fathers themselves, their grief is often shorter and 
less intense than that experienced by the mother. 
This grief is often described by the fathers as inter
mittent, because the pregnancy itself, to them at 
least, was intermittent. Staudacher describes the 
difference for the mother and the father [19]. She 
writes

The intensity of that experience and the time 
spent with the child allow the mother to see 
that the body the child is in is just not going 
to last; it’s not worth trying to hang on to the 
dying child. The father, on the other hand, 
who spends less time with the child, may be 
removed enough from the situation that he’ll 
try to hang on longer. He’ll take a longer time 
to accept the inevitable before he goes through 
the detachment process.

Although Staudacher is clearly describing an 
anticipated death in this case, the opposite reaction 
can be expected from fathers in the case of a sudden 
death, such as a miscarriage or stillbirth.

When there is a miscarriage or a stillborn child, 
fathers are often overlooked during mourning, even

more so than if the death involved an older child. 
In addition, because of their apparently muted 
response, fathers often dismiss or underestimate 
their own grief. Because of this they can receive 
little social support. The focus of concern is fre
quently the m other’s physical health. Reflecting the 
fact that outward mourning is not socially accept
able and that men are expected to be protectors and 
grief managers, the father is expected to protect his 
family. In times of grief this translates to accepting a 
major role in family decision making and in protect
ing his family from the deep emotional sadness and 
stress of the situation. The father therefore might be 
required to make decisions and in fact might seek 
decisions to make about his wife’s care, the child’s 
burial, and many other matters. Although this fre
netic activity occupies his time and mind, it can also 
serve to increase his stress.

As part of his management tasks, the father is 
also expected to somehow handle his family’s grief, 
even though he is also coming to grips with his 
own bereavement [19]. Fathers commonly attempt 
to help comfort and control the grief of others to 
shorten the grieving period and "make it easier.”

Many fathers report a need to keep busy dur
ing their own grieving period. One father reported 
doing projects that had a very distinct beginning and 
ending as he struggled to seek a way of achieving a 
sense of both satisfaction and control [16].

In the case of a miscarriage or stillbirth, many 
fathers report feeling guilty, at least partially because 
of having impregnated their wives. This adds to the 
emotional tum ult the couple is experiencing. The 
father might also feel guilty because he wanted to 
have sex during the pregnancy, or that he did not 
spend enough time at home, or was “not otherwise 
there enough” for the woman emotionally.

BEST PRACTICES FOR HOSPITAL STAFF

It is usually the task of the attending physician to be 
the first to notify the family that a perinatal death 
has occurred. The attending physician should relay 
this terrible news to the family with as much empa
thy as possible. For the family, it is as if “. . .  the door 
to dreams and opportunities briefly opened and had 
been cruelly and [un]accountably s h u t.... ' [23]. 
Hospital personnel have a special and important 
role in perinatal grief and mourning. In 1983, Gar
dener surveyed 100 couples that had experienced a
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stillbirth [20], Coupl es identified as most helpful 
the nurses who tended to their needs after the child’s 
death; however, many other hospital personnel also 
play a role in bereavement.

When stillborns occur, there are institutional and 
usually state requirements for reporting and the han
dling of remains. In the Commonwealth of Mas
sachusetts, a fetal death is defined as," ... death prior 
to the complete expulsion or extraction from its 
mother of a fetus, irrespective of the duration of 
pregnancy. . .  th a t . . .  does not breathe or show any 
other evidence of life such as beating of the heart, 
pulsation of the umbilical cord or definite move
ment of voluntary muscles” [211. O ther states have 
regulations that are different in wording. Depending 
upon the circumstances at the time of delivery, the 
gestational age and whether the legal definition of a 
stillborn is met, specific legal forms may need to be 
prepared. Institutional policies may require the col
lection of samples and usually define how the fetus 
and placenta are to be handled. Clinicians should 
be aware of these requirements and protocols not 
only to be in compliance with local law but also 
to avoid potentially avoidable subsequent problems 
with documentation. Beyond the issues of grief, it is 
well to recall that fetal loss can have medical-legal 
importance, emphasizing the need for full and accu
rate recording at the time of delivery.

Following local requirements, the attending clin
ician present at the birth may be required to com
plete a fetal death report, which is filed with the 
state public health department. In the author’s hos
pital in the Commonwealth of Massachusetts, de
pending on the clinical classification of the perinatal 
death, there are different requirements for report
ing. Because necessary procedures are state and insti
tution specific, clinicians must remain aware of the 
legal and protocol requirements in their area.

Bereavement Protocol
Virtually all delivery services have developed for
malized bereavement policies, specifying w'hich 
steps should be taken when stillbirths occur. 
The recommendations made by most institutions 
include many of the elements in the following list, 
derived from the author’s hospital policy book [22]:

• Parents are allowed to view, hold, and bond with 
their infant.

• All infants are weighed, measured, and given an 
estimation of gestational age.

• Pictures are taken of the infant and either given to 
the parent[s) at the time of delivery or kept on file 
for 6 months with the name and medical record 
number attached. If and when the parents decide 
to ask for these photos, they will be available.

• The nurse manager, clinical supervisor, and medi
cal director are notified of the loss.

• A spiritual care or a bereavement counselor is noti
fied.

• The remains are prepared in the following manner, 
in case an autopsy is to be performed:

o The infant has a light coating of baby oil applied 
so that the blankets do not stick to the skin.

° The infant is diapered, swraddled in a blanket, 
identified with a toe tag, and also another tag 
on the outside of its blanket, and taken to the 
morgue.

° An autopsy permit is obtained and documented 
on the chart with notification of the medical 
examiner, if applicable.

• A death certificate is made available for the attend- 
ing physician to fill out, with the autopsy permit 
(if appropriate) in accordance with the family’s 
decision and state statutes.

• Documentation of the parents’ wish for either 
burial or hospital disposition is included with the 
forms.

• The name of the funeral director is obtained, if 
applicable.

How to Talk to the Grieving Family
Many studies reiterate the importance of health 
practitioners’ sensitivity and honesty when deliv
ering potentially devastating information, such as 
a perinatal death [32-45], In talking to a griev
ing family health practitioners should always be 
honest, but they must combine this with empa
thy. Expressing empathy is often difficult, especially 
when perinatal and neonatal deaths occur, often 
because the practitioner and the attending physician 
or care provider have experienced burnout from this 
issue. It is always appropriate and recommended to
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express one’s condolences, but it is not advisable to 
say anything such as, “You can always have another 
child,” “It was fate [God’s will],’’ or “Things are bet
ter this way.” To the grieving family, these statements 
convey a lack of empathy and might not always ring 
true, because the m other might be unable to have 
another child or might not believe in fate or God.

A few simple questions posed to the grieving fam
ily can usually begin a conversation and help the 
professional healthcare worker gain knowledge and 
insight about the grieving m other or family’s per
sonal grieving experience. Some examples of ques
tions include [25]:

• Was this death expected?

• Did you have any warning?

• (If the infant died in the hospital) Were you there 
at the time of death? W hat was that like for you? 
If you were not there, how do you feel about that?

• Do you have any plans for a wake, memorial ser
vice, or a funeral?

• Have you decided to see or hold the baby?

If possible, a follow-up assessment should be done 
a few weeks after the infant’s death. In this post
death period, the following information should be 
assessed [25]:

• W hat has been happening since the death?

• How have things been between you and your 
family? How have things been for you and your 
partner [if applicable]?

• How have people been reacting to you since the 
loss?

• How have things been at school, at work, at 
 ?

It is also advisable to gather information related 
to the mother’s physical health, because her grieving 
could affect this as well. Suggested questions include 
[25]:

• Have you been able to return to your usual 
activities?

• How have you been sleeping?

• How has your appetite been?

• How would you describe your energy level?

• Does anything seem to help you to feel better?

• W hen is it hardest for you?

These questions convey empathy and serve as an 
excellent tool. They also permit the grieving woman 
to feel that her concerns and problems have at least 
been heard, even if they cannot be easily resol
ved.

CONCLUSION

Perinatal loss is always difficult. At such times, fami
lies need their doctor, midwife, or nurse to be closer 
to them and provide support. Clinicians find it all 
too easy to retreat from this difficult task, to make 
themselves busy, and to believe that "leaving them 
alone is best.” This is a time when the work of 
grieving must be shared, however. The family long 
remembers all the events of the birth or miscarriage, 
and the psychological scars are deep. As professional 
people, if a physician or other health practitioner can 
treat to save life or reduce injury, he or she must do 
so. Similarly, if a life is lost, it remains the health 
practitioner’s responsibility and privilege to support 
the living and provide them with both strength and 
guidance.

RESOURCES FOR PATIENTS 

National Support Groups
Bereaved Parents of the USA (BPUSA)
National Headquarters 
P.O. Box 95 
Park Forest, IL 60466 
Ph: 708-748-7672

Center for Infant and Child Loss 
639 West Fayette Street, Room 5-684 
Baltimore, Maryland 21201-1585 
Ph: 410-706-5062

CLIMB: Center for Loss in Multiple Births
P.O. Box 91377
Palmer, Alaska 99509
Ph: 907-222-5321
Website: www.Climb-support.org

HAND: Helping After Neonatal Death 
P.O. Box 341 
Los Gatos, CA 95031 
Ph: 800-963-7070
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National Council of Jewish Women
New York Section
Pregnancy Loss Support Program
820 Second Avenue
New York, NY 10017-4504
Ph: 212-687-5030

Pregnancy and Infant Loss Center, Inc.
2070 Chain Bridge Road, Suite 450 
Vienna, VA 22182 
Ph: 612-473-9372

Resolve, Inc. (Infertility]
1310 Broadway 
Somerville, MA 02144-1731 
Ph: 617-623-0744

SHARE: Pregnancy and Infant Loss Support, Inc.
St. Joseph Health Center
300 First Capital Drive
St. Charles, MO 63301-2893
Ph: 800-821-6819

Sidelines National Support Network
(for complicated pregnancies, pregnancy after loss)
P.O. Box 1808
Laguna Beach, CA 92652
Ph: 714-497-2265
Fax: 714-497-5598

Sudden Infant Death Syndrome Alliance 
1314 Bedford Avenue, Suite 210 
Baltimore, MD 21208 
Ph: 800-221-SIDS

The Tenderhearts Support-Triplet Connection 
P.O. Box 99571 
Stockton, CA 95209 
Ph: 209-474-0885

Books

Canfield, Jack, Hansen, Mark V. Chicken Soup for the 
Grieving Soul: Stories about Life, Death, and Over
coming the Loss of a Loved One. Deerfield Beach, FL: 
Health Communications, 2003.

Davis, Deborah. Empty Cradle, Broken Heart. Golden 
CO: Fulcrum, 1996.

Finkbeiner, Ann. After the Death of a Child: Living with 
Loss through the Years. Baltimore, MD: John Hopkins 
University Press, 1998.

Fumia, Molly. A Piece of My Heart: Living through 
the Grief of Miscarriage, Stillbirth, or Infant Death. 
Berkley, CA: Conari Press, 2000.

Isle, Sherokee. Empty Arms: Coping with Miscarriage, 
Stillbirth, and Infant Death. Itasca, IL: Wintergreen 
Press, 1992.

Kluge-Bell, Kim. Unspeakable Losses; Understanding the 
Experience of Pregnancy Loss, Miscarriage, and Abor
tion. New York: W. W. Norton & Co., 1998.

Kohn, Ingrid, Moffit, Perry-Lynn. A Silent Sorrow. New 
York, NY: Routledge, 2000.

Lafser, Christine O ’Keefe. An Empty Cradle, A Full Heart: 
Reflections for Mothers and Fathers after Miscarriage, 
Stillbirth, or Infant Death. Chicago: Loyola, 1998. 

Lanham, Carol Cirulli. Pregnancy after Loss: A Guide to 
Pregnancy after Miscarriage, Stillbirth, or Infant Death. 
New York: Berkley Publishing Group, 1999,

Nelson, James D. (ed). The Rocking Horse is Lonely -  and 
O ther Stories of Father’s Grief, Wayzata, MN: Preg
nancy and Infant Loss Center, 1994.

Schweibert P, DeKlyen C, Bills T. Tear Soup: A Recipe 
for Healing after Loss (3rd reved). Portland, OR: Grief 
Witch, 2005. http://www.griefwatch.com/detail.aspx? 
ID =  60.

Strommen, Merton P., Strommen, A. Irene, Five Cries of 
Grief: One Family’s Journey to Healing after the Tragic 
Death of a Son. San Francisco; Harper, 1993.

VIDEO

Paraclete Video Productions. Footprints on Our 
Hearts: How to Cope After a Miscarriage, Stillbirth, 
or Newborn Death [DVD], Orleans, MA: Paraclete 
Press and Paraclete Video Productions.

INTERNET RESOURCES'

Hygeia Foundation, Inc. and the Institute for Perina
tal Loss and Bereavement, [www.hygeiafoundation. 
org]

The forgotten Grief, [www.forgottengrief.com]

Grief Watch Perinatal Loss: Infant Loss Recourse 
for Bereaved Families and Professional Caregivers. 
[www.griefwatch.com]

'Please note that these are suggested Web sites, and viewer discre
tion and caution m ust be used, because the author has no connec
tions to the webmasters o f these suggested web sites. Please view 
at your own risk.
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National Council of Jewish Women -  Pregnancy 
Loss Support Program (PLSP) for Miscarriage, 
Stillbirth, and Newborn Death, (provides nation
wide telephone counseling as well), [www.ncjwny. 
org/services-plsp.htm]

A Place to Remember: Uplifting support materi
als and resources for those who have been touched 
by a crisis in pregnancy or the death of a baby.
[ www.aplacetoremember.com ]

The International Council on Infertility Informa
tion Dissemination, Inc.: Miscarriage and Preg
nancy Loss, [www.inciid.org/index.php7page =  
miscarriage]

Storknet: Pregnancy Infant Loss Cubby, [www. 
storknet.com/cubbies/pil/]

The Ectopic Pregnancy Trust -  [www.ectopic.org. 
uk]

Hannah’s Prayer -  Christian support for fertility 
challenges, including infertility or the death of a 
baby at any time from conception through early 
infancy, [www.hannah.org]

EriChad Grief Support: home of loving support for 
bereaved parents, [www.erichad.com]

ACKNOWLEDGMENTS

The author would like to thank Sandra Johnson, RN, 
for her insightful remarks and general assistance in 
the preparation of this chapter and to express her 
gratitude for Dr. T. K. Fitzpatrick for his contribu
tions.

REFERENCES
1. Chan MF, Wu LH, Day MC, Chan SH. Attitudes of 

nurses toward perinatal bereavement: Findings from 
a study in Hong Kong. J Perinat Neonat Nurs 2005 
Jul-Sep;19(3):240-252.

2. Rando TA. Grief, Dying, and Death: Clinical Inter
ventions for Caregivers. Champaign, IL: Research 
Press Company, 1984.

3. Grout LA, Romanoff BD. The myth of the replace
ment child: Parents’ stories and practices after peri
natal death. Death Studies 2000 M ar;24(2):93-113.

4. Toedter LJ, Lasker JN, Janssen HJE. International 
comparison of studies using the perinatal grief scale:

A decade of research on pregnancy loss. Death Stud
ies 2001 Apr-M ay;25(3):208-228.

5. Walsh-Burke K. Grief and Loss: Theories and Skills 
for Helping Professionals. Boston: Pearson, 2006.

6. Kiibler-Ross E. On Death and Dying: W hat the 
Dying Have to Teach Doctors, Nurses, Clergy and 
Their Own Families. New York: Macmillan Publish
ing Co., 1969,

7. Lifton RJ. Death in Life: Survivors of Hiroshima. 
New York: Random House, 1968.

8. O ’Leary J. Grief and its impact on prenatal attach
ment in the subsequent pregnancy. Arch Womens 
Ment Health 2004 Feb;7(l):7-18.

.9. Kiibler-Ross E, Kessler D. On Grief and Grieving: 
Finding the Meaning of Grief through the Five Stages 
of Loss. New York: Scribner, 2005.

10. Worden IW. Grief Counseling and Grief Therapy: A 
Handbook for the Mental Health Practitioner. New 
York: Springer Publishing Company, 1982.

11. Worden W. Grief Counseling and Grief Therapy: 
A Handbook for the Mental Health Practitioner 
(3rd ed). New York: Springer Publishing Company, 
2002 .

12. Shaw CT. Grief over fetal loss. Fam Pract Recert 
1983;5:129-145.

13. Professional Desk Reference. PDR Family Guide to 
W omen’s Health and Prescription Drugs (vol. 4). 
Montvale, NJ: Medical Economics Data, 1994.

14. Peppers LG, Knapp RJ. Maternal reactions to 
involuntary fetal/infant death. Psychiatry 1980 
May;43(2): 155-159,

15. Stack JM. Spontaneous abortion and grieving. Am 
Fam Physician 1980 May;21 (5):99-102.

16. Paraclete Video Productions. Footprints on Our 
Hearts: How to Cope After a Miscarriage, Stillbirth, 
or Newborn Death [DVD]. Orleans, MA: Paraclete 
Press and Paraclete Video Productions, 1997.

17. Seibel M, Graves WL. The psychological implica
tions of spontaneous abortions. Reprod Med 1980 
Oct;24(4):161-165.

18. Moulder C. Towards a preliminary framework for 
understanding pregnancy loss. J Reprod Infant Psy
chol 1994;12:65-67.

19:. Staudacher C. Men & Grief: A Guide for Men 
Surviving the Death of a Loved One, A Resource 
for Caregivers and Mental Health Profession
als. Oakland, CA: New Harbinger Publications, 
1991.

20. Gardener JM. Nursing Interventions Perceived as 
Helpful by Parents of Stillborns. [unpublished

ak
us

he
r-li

b.r
u

http://www.ncjwny
http://www.aplacetoremember.com
http://www.inciid.org/index.php7page
http://www.ectopic.org
http://www.hannah.org
http://www.erichad.com


830 BURKE

master’s thesis], Minneapolis: University of
Minnesota, 1983.

21. Commonwealth of Massachusetts, General Laws, 
Chapter 111, Section 202.

22. Mercy Medical Center, Departm ent of Obstetrical 
Services/Family Life Center. Fetal Death/Care of 
Stillborn. Springfield, MA: Mercy Medical Center,
6 June, 2006.

23. Johnson MP, Puddifoot JE. The grief response in the 
partners of women who miscarry. Br J Med Psych 
1996 Dec;63(Pt. 4 ):313-327.

24. Straker D. The grief cycle [updated 2006; cited 2006 
Nov 28], http://changingminds.org/disciplines/change_ 
management/kubler_ross/kubler _ross.htm.

25. Jeffreys JS. Helping Grieving People When Tears Are 
Not Enough: A Handbook for Care Providers. New 
York: Brunner-Routledge, 2005.

26. Franche RL. Psychologic and obstetric predictors of 
couples’ grief during pregnancy after miscarriage or 
perinatal death. Obstet Gynecol 2001 Apr;97(4): 
597-602.

21. Swanson PB, Pearsall-Jones JG, Hay DA. How m oth
ers cope with the death of a twin or higher multiple. 
Twin Research 2002 Jun;5(3):156-164.

28. Bryan E. The death of a twin. In Sandbank A (ed): 
Twin and Triplet Psychology: A Professional Guide to 
Working with Multiples. London: Routledge, 1999; 
pp. 186-200.

29. Read B, Bryan E, Hallett F. W hen a Twin or 
Triplet Dies. London: The Multiple Births Founda
tion, 1997.

30. Simpson L, Paviour A. More Than One. Taroona, 
Australia: Do Not Press, 2001.

31. de Kleine M, Cuisinier M, Kollee L, Bethlehem G, 
de Graauw K. Guidance after singleton and neonatal 
death. Arch Dis Child 1995 Mar;36(2):F125-F126.

32. Widger KA, Wilkins K. W hat are the key com
ponents of quality perinatal and pediatric end-of- 
life care? A literature review. J Palliat Care 2004 
Summer;20(2): 105-112.

33. Wolfe J, Grier HE, Klar N, Levin SB, Ellenbo- 
gen JM, Salem-Schatz S, Emmanuel EJ, Weeks 
JC. Symptoms and suffering at the end of life 
in children. N Engl J Med 2000 Feb;342(5):326- 
333.

34. Sexton PR, Stephen SB. Postpartum m others’ 
perceptions of nursing interventions for peri

natal grief. Neonatal Network 1991 Feb;9(5): 
47-51.

35. Calhoun LK. Parents perceptions of nursing support 
following neonatal loss. J Perinatal Neonat Nurs 1994 
Sep; 8 (2): 5 7-66.

36. Malacrida CA. Perinatal death: Helping parents find 
their way. J Fam Nurs 1997;3:130-148.

37. Finlay I, Dallimore D. Your child is dead. Br Med J. 
1991 Jun 22,'302(6791): 1524-1525.

38. Stewart ES. Family-centered care for the bereaved. 
Pediatr Nurs 1995 M ar-Apr;21(2):181-187.

39. Papadatou D, Yfantopoulous J, Kosmidis HV. Death 
of a child at home or in hospital: Experiences 
of Greek mothers. Death Studies 1996 May-Jun; 
20(3):215-235.

40. While A, Citrone C, Cornish J. Bereaved parents’ 
views of caring for a child with a life-limiting disor
der. London: King’s College, 1996.

41. Contro N, Larson J, Scofield S, Sourkes B, Cohen
H. Family perspectives on the quality of pallia
tive pediatric care. Arch Pediatr Adolesc Med 2002 
Jan; 156( 1): 14—19.

42. American Academy of Pediatrics, Committee on 
Pediatric Emergency Medicine. Death of a child in 
the emergency department. Pediatrics 1994;93:861- 
862.

43. Primeau MR, Lamb JM. When a baby dies: Rights 
of the baby and parents. J Obstet Gynecol Neonatal 
Nurs 1995 M ar-Apr;24(3):206-208.

44. Masera G, Spinetta JJ, Jankovic. M, Ablin AR, 
D Angio GJ, Van Dongen-Melman J, Eden T, Mar
tins AG, Mulhern RK, Oppenheim D, Topf R, 
Chesler MA. Guidelines for assistance to terminally 
ill children with cancer: A report of the SIOP working 
committee on psychosocial issues in pediatric oncol
ogy. Med Pediatr Oncol 1.999 Oct;32(4):44-48.

45. American Academy of Pediatrics, Committee on 
Bioethics and Committee on Hospital Care. Pal
liative care for children. Pediatrics 2000; 106:351 — 
357.

46. Armstrong D. Exploring fathers'experiences of preg
nancy after a prior perinatal loss. MCN Am J Matern 
Child Nurs 2001 May-Jun;26(3):147-153.

4 /.  Wmg DG, Clance PR, Burge-Callaway K, Armistead 
L. bnderstanding gender differences in bereavement 
following the death of an infant: Implications for 
treatment. Psychotherapy 2001;38:60-73.

ak
us

he
r-li

b.r
u

http://changingminds.org/disciplines/change_


Cbapur 28 BIRTH INJURY: LEGAL 
COMMENTARY IV

Kevin Giordano

Predictions in acute diseases, whether favorable 
or unfavorable, are not absolutely certain.

Hippocrates (c. 460-377 b .c .e .)

Aphorisms o f  Hippocrates, trans, T. Coar 

London: A. J. Valpy, 1822, xix, p. 26.

O f all medical specialties, obstetrics possesses the 
greatest potential for disastrous adverse outcomes. 
This is true in the legal forum as well as within 
medicine. The patient condition that results in the 
most malpractice cases against physicians is preg
nancy, with the largest number of claims brought on 
behalf of the birth-injured infant [1], In any study 
that investigates the source of the largest indem
nity payouts, whether by settlement or jury ver
dict, it is the so-called brain-damaged baby case 
that universally tops the charts as the source of the 
largest indemnity payouts by medical malpractice 
insurance companies, whether such payouts occur 
as a result of settlement or jury verdict. In a study 
performed by the Physician Insurers Association of 
America, an association for more than 40 malprac
tice insurers, the average indemnity payment on 
cases involving birth injury was $549,481, whereas 
the average indemnity payout for all patient condi
tions in claims involving obstetrics and gynecology 
was $251,948, and there was a larger number of 
claims in which the payout exceeded $ 1 million than 
in earlier studies. Other conditions for which there 
was a prevalence of claims involved improper man
agement of pregnancy or of fetal distress, and injury 
during normal delivery of a single gestation [2].

Because of both the emotional and monetary 
stakes involved, and the impact that birth injury 
cases have on both sides, these cases require con
siderable resources and are litigated vigorously. The 
patient’s prenatal and intrapartum periods are scru
tinized to the highest degree. The fetal heart mon
itoring strips are analyzed and reanalyzed by the 
minute, with the hindsight that the baby’s con
dition at birth was compromised. O f consider
able importance, because of extraordinary progress 
of the science of medicine, both parties place a 
major emphasis on developing evidence to estab
lish legal causation and whether the injury to the 
baby was indeed caused by the labor process. The 
issue becomes whether the injury in utero would 
have been avoided or significantly lessened if the
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832 GIORDANO

physician had acted differently (see Appendix I for 
a detailed discussion of causation). Usually the alle
gations are of omission, either the failure perform a 
cesarean delivery or the failure to effectuate the delivery 
in a more timely fashion. The question to be answered 
by the jury, should it determine that the physi
cian was negligent, is whether the failure to per
form a cesarean, or in cases of delay, a more timely 
cesarean, significantly contributed to the baby’s 
outcome.

It is true that it is the plaintiff’s obligation to 
produce evidence that the injury resulted from the 
physician’s negligence. This element of the case 
obviously requires the testimony or one or more 
experts. Although it is the plaintiffs burden to 
establish the causal relationship, from the defense's 
perspective, the importance of not just refuting the 
plaintiffs allegations but also being able to identify 
an alternative explanation for the outcome cannot 
be understated. For instance, if the defense can show 
that the baby's condition is congenital, then earlier 
intervention during labor would most likely not have 
altered the outcome. This fact would be a critical 
blow to the plaintiffs case. Similarly, if the defense 
can establish that the injury most likely occurred 
during the prenatal and not during the perinatal 
period, and that intervention with a cesarean would 
not have avoided insult to the baby, the plaintiffs 
would be unable to prove a causal link and thus 
would incapable of establishing their burden. This 
is true even in cases in which the physician’s conduct 
might have deviated from the standard of care.

Antepartum and postpartum assessments have 
always played a distinct role in determining the 
onset of injury; however, advances in intrauterine 
assessment have increased the significance of prena
tal findings. Present ultrasonographic techniques can 
provide a detailed assessment of the baby’s condi
tion and possibly identify features indicating neuro
logic impairment or injury [3], O ther testing, such 
as fetal growth studies, fetal movement reports, bio
physical profile, and heart rate stress and fetal non
stress tests, all contribute to determining the well
being of the fetus before the onset of labor.

Lack of fetal heart rate (FHR) variability at the 
commencement of labor, in conjunction with clini
cal indications of depression in the prenatal period, 
can help to establish that the child’s condition was 
chronic and not the result of acute intrapartum 
problems [4], Passage of meconium, fetal acid-base

abnormalities, and Doppler ultrasound flow studies 
all can aid in the identification of a compromised 
baby. See Chapter 22, Fetal Assessment.

Important developments in diagnostic tools 
and neurologic assessment of the newborn have 
improved the ability to establish that the child’s out
come was unrelated to the birth process but was 
instead the result of some congenital condition or 
a chronic in utero event. As discussed in the legal 
commentary that follows Part I of this text, genet
ics can also be used as a sword against the obste
trician, establishing that proper genetic counseling 
did not occur and deprived the parents of the right 
to choose termination. Genetic science, in combina
tion with other developments, can also be a useful 
shield in defending against claims of alleged birth 
trauma, however. Genetic testing, antepartum and 
intrapartum ultrasound scans or monitoring data, 
postpartum neurologic assessments, and specialized 
radiographic studies can identify vital pieces of the 
puzzle that when placed together, establish whether 
the cause of an infant’s defects was something other 
than a perinatal event. The identification of increas
ing numbers of birth defects that are congenital and 
the development of other testing that can establish 
chronicity have been important tools in successfully 
defending many “bad-baby" claims that previously 
were deemed to be from birth trauma. By working 
with a wide array of expert consultants, defendants 
are better able to establish that the child’s hand
icapped condition did not result from an hypoxic 
perinatal event that was negligently caused or mis
diagnosed but instead was due to a specific prenatal 
event or exposure, or to a defect coded within that 
child’s chromosomes.

Neurologic assessment following delivery also 
provides findings contributing the determination of 
causal relationships between clinical events and out
come. Evaluation of serial imaging studies, includ
ing magnetic resonance imaging (MRI), computed 
tomography (CT), ultrasound scans, and EEG com
bined with findings on physical examination (e.g., 
mental status, cranial nerves, and motor function), 
and history (including onset of any seizures), as well 
as abnormalities in liver, kidney, and cardiac func
tion, can assist in the assessment of brain injury and 
in elucidating the timing and mode of the injury 
[4], Consequently, in the attempt to find the cause 
of a neonate s poor condition, specialists from neu
roradiology, neonatology, and pediatric infectious
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diseases are often consulted, in addition to pediatric 
neurologists.

Given advancements in medical knowledge and 
improvements in diagnostic technique, it is now 
understood that approximately 80% or more of the 
serious or permanent neurologic abnormalities that 
occur in newborns are sustained prior to birth [5]. 
Chromosomal and hereditary abnormalities, infec
tion, toxic exposures, and in-utero inflammation are 
considered to be the most common causes. Unfor
tunately, in any one particular case, the etiology of 
the infant’s injury is sometimes unknown or the 
case is complex, involving several potentially dam
aging clinical events, thus raising the potential for an 
argument established by expert witnesses that the 
event occurred during labor and delivery because 
of a management error. Consequently the primary 
issue in birth trauma cases remains whether the treat
ing obstetrician complied with standard of care in iden
tifying potential risk factors and managing the labor 
and delivery.

ELECTRONIC FETAL MONITORING

Fetal monitoring can be understood as the gather
ing and interpretation of information from the fetus 
about its well-being. Thus defined, fetal monitoring 
includes ultrasonographic evaluation of the fetus, 
direct observation of amniotic fluid, fetal capillary 
blood sampling, monitoring of the FHR by auscul
tation or electronic means, and even registration of 
the m other’s perception of fetal movements. These 
modalities have developed because of the inability 
to effectively evaluate the fetus on the basis of risks 
conferred by maternal disease. The clinician cannot 
be certain of fetal well-being merely because the 
mother lacks obvious risk factors.

The premise of fetal surveillance is anticipa
tion and prevention of fetal hypoxia and asphyxia 
and timely intervention before injury occurs. Intra
partum assessment, principally by the limited tech
nique of EFM, remains a key feature in determin
ing whether intervention is indicated. FHR patterns 
such as early and late decelerations have been associ
ated respectively with head compression and utero
placental insufficiency whereas variable decelera
tions are thought to be related to intermittent cord 
compression. This is not what these techniques do 
best, however. They are best at providing evidence 
of fetal well-being, and as such are tools of remark

able value. Normal FFIR patterns during labor, for 
example, give powerful reassurance that the fetus 
is normally oxygenated and neurologically intact. 
These findings obviate the need for intervention for 
fetal indication, regardless of the m other’s condi
tion.

Complete reliance on EFM is most likely mis
guided, however. The introduction of intrapartum 
EFM and its emergence as the standard for intra
partum management came about based on the 
results of early, uncontrolled and nonrandomized 
studies that appeared to show that implementation 
of EFM reduced perinatal neurologic morbidity and 
mortality [6]. Despite nearly universal acceptance 
in both high- and low-risk patients, EFM has not 
been shown to improve neonatal and perinatal mor
tality rates. Furthermore, EFM has not been shown 
to reduce the rates of intrapartum stillbirth, neona
tal intensive care unit (NICU) admissions, or Apgar 
scores. Whereas the primary rationale for institut
ing EFM testing was to prevent fetal asphyxia dur
ing labor, its efficacy over intermittent auscultation 
has not been established, at least as practiced in the 
studies performed to date [7]. There have been no 
major changes in the prevalence of cerebral palsy in 
the term infant since the introduction of EFM, and 
it has been found that a nonreassuring FHR pattern 
is not a specific and reliable predictor of fetal prob
lems such as decreased oxygenation or acidosis [8], 
Because EFM demonstrates a low specificity, a sig
nificant number of infants found to be normal at 
birth have had demonstrated FHR patterns consid
ered abnormal during labor.

Despite the lack of predictability the EFM has 
remained the dominant factor in clinical decision 
making that has resulted in increased rates of opera
tive delivery, primarily through increasing the inci
dence of cesarean and forceps or vacuum extrac
tion delivery, each with its specific maternal and 
fetal risks [9]. Given this predominance, in cases 
involving a claim of birth asphyxia, the EFM strips 
are "Exhibit A” in any malpractice case. Plain
tiffs’ attorneys and experts attem pt to prove that 
the EFM established that the baby was in a hos
tile environment and that therefore prompt deliv
ery should have occurred. Defense attorneys and 
experts attem pt to prove the absence of recognized 
patterns that are indications for expediting delivery. 
It thus becomes the “tale of the tape” whether sur
gical delivery was indicated.
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As the Court concluded in that matter of Baglio 
v. St. John's Queens Hospital “. . .  [t]he fetal moni
toring strips are the most critical evidence to deter
mine fetal well-being at the time of treatment, and 
in evaluating the conduct of healthcare providers 
with regard to obstetrical management thereafter. 
Further, under the facts of this case, the fetal m on
itoring strips would give fairly conclusive evidence 
as to the presence or absence of fetal distress” [10], 
In Baglio, the infant plaintiffs m other had initi
ated a medical malpractice action against St. John’s 
Queens Hospital and others, alleging that, among 
other things, the infant plaintiff had suffered brain 
damage because of a deprivation of oxygen during 
his delivery. Just prior to commencing the lawsuit, 
the plaintiffs’ attorney requested that the hospital 
provide her with the infant plaintiff’s fetal heart 
monitoring (FI I.VI) strips. Initially, in response, the 
hospital sent incorrect FHM strips (i.e., monitoring 
strips from another pregnancy}. After the plaintiffs’ 
attorney demanded the correct FHM strips, the hos
pital stated that it was unable to locate the cor
rect stiips. The court, confronted with a situation 
in which the hospital had lost the FHM strips, con
cluded that a judgment should be entered against 
the hospital because it had deprived the plaintiff of 
the means of proving her medical malpractice claim 
against the hospital.

The Baglio case emphasizes the evidentiary 
importance that the FHM strips play in the litigation 
of a birth trauma case. In addition to the FHR pat
tern, frequently there are often critically important 
mimical notations made on the FHM strips by nurses 
and doctors. The only mention of intrauterine resus
citation or other actions by the caregivers may be 
included in the handwritten notations on the FHM 
tapes. As an example, an increase or decrease of oxy
tocin infusion is commonly recorded on the tapes 
by hospital personnel or the attending physician. 
Efforts at intrauterine resuscitation, such as turn
ing the m other to her left side or giving a bolus of 
intravenous fluid, are also often noted on the FHM 
tapes.

As ciiscussed in Appendix I, errors in judgment 
do not constitute medical malpractice, provided 
the error is reasonable and has occurred after a 
full and complete analysis of the situation. This 
defense is most effectively used in instances when 
the physician demonstrates sound judgment and 
diligent monitoring, but a depressed baby is deliv

ered. Even in the best of hands, in the absence of 
an indication of negligence or misconduct, there are 
times when babies are born depressed. Typically, in 
the assessment of whether sound judgment and dili
gent monitoring have occurred, two principles are 
consistently at issue. The first is whether the obste
trician has identified any notable trends in the fetal 
condition on the FHM strips. Second, if any worri
some trends are seen, were they remediable. In other 
words, is the cause of the problem correctable and 
is the maternal-placental unit capable of sustaining 
adequate fetal oxygen delivery. If patterns of fetal 
distress are found not to be remediable, the issue in 
such cases is whether surgical intervention was indi
cated, and if so, was it undertaken as quickly as was 
consistent with maternal and fetal safety.

An effective defense must demonstrate that the 
medical records adequately reflect the physician's 
ongoing thought process in providing obstetric care. 
EFM studies can be carried out for many hours, and 
therefore the physician must periodically assess the 
entire tracing and look for subtle signs of deterio
rating fetal condition. This type of frequently per
formed review and analysis can help to protect the 
physician by confirming his or her presence and 
observations.

Given the current role that EFM has in clini
cal decision making and thus its importance during 
the defense of a malpractice case, the obstetrician 
should consider the following:

• Suspicious or even ominous FHR patterns are 
common even in normal healthy babies, as well 
as those with fetal hypoxia/asphyxia. Determin
ing the timing of intervention can be difficult, 
and the interpretation of such patterns is unfor
tunately subjective.

• The initial management of a nonreassuring FHR 
pattern requires determining the cause of the 
FHR pattern and undertaking corrective efforts. 
Discontinuance of any oxytocic agent, changing 
the maternal position, increasing fluid infusion to 
improve placental perfusion, and administration 
of oxygen are among standard conservative man
agement measures.

• If conservative measures are not effective, expe
diting delivery is sometimes necessary. This can be 
accomplished by operative vaginal delivery or by a 
cesarean. If the tracing is interpreted as abnormal,
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and the decision to intervene is. made, the delivery 
should be accomplished with deliberate haste;.

• Knowledge of and compliance with the Amer
ican College of Obstetricians and Gynecologist 
(ACOG] bulletins on FHM is imperative. ACOG 
bulletins do not attem pt to establish the standard 
of care; however, compliance with or departure 
from any of their recommendations can play a sig
nificant role during any trial.

• The patient must be included in the decision
making process once material risks arise. Keeping 
the patient informed of issues that could change 
the plan for labor management and obtaining 
informed consent are essential. The obstetrician 
should always document these discussions in the 
medical records.

• In the presence of a serious abnormality, efforts 
should be undertaken to establish the cause. 
Although often the cause is unidentifiable, a com
plete evaluation can establish that the inability 
to determine a cause is due to the nature of 
the infant’s insult and not to the lack of clinical 
review.

• In the event of a bad outcome, the obstetrician 
must make him- or herself available and show con
cern for both needs of the family and the health 
of the baby. If there is any apprehension about the 
substance of what should be conveyed to a patient 
after an adverse event, the obstetrician might want 
to seek advice from the hospital’s risk management 
team as soon as possible.

PLACENTAL PATHOLOGY

Histologic examination of the placenta and cord
can provide valuable insight in explaining abnormal
neonatal outcomes.

In 1892, Ballentyne [11] wrote:

A diseased foetus without its placenta is an 
imperfect specimen, and a description of a 
foetal malady, unless accompanied by a notice 
of the placental condition, is incomplete. 
Deductions drawn from such a case cannot 
be considered as conclusive, for in the missing 
placenta or cord, may have existed the cause of 
the disease or death. During intrauterine life 
of the foetus, the membranes, the cord and the

placenta form an organic whole and disease of
any part must react upon and affect the others.

Ongoing advancements made in placental pathol
ogy have given specialists the increased capability 
to correlate certain pathologic findings with specific 
causes. Placental villous abnormalities, identification 
of infarcts, and the presence of nucleated red blood 
cells in fetal vessels, among other findings, can assist 
in establishing the onset of an injury. In cases of 
alleged malpractice, pathologic examination of the 
placenta by a trained pathologist can establish that 
the neurologic or motor impairment suffered by a 
child is traceable to a specific intrauterine event, or 
to disordered intrauterine growth, thus removing 
perinatal events from consideration in etiology. It 
is now commonplace for the histologic examination 
of the placenta to be central in determining whether 
the child was harmed as a result of intrapartum mis
management or misdiagnosis. Using objective find
ings to establish that the outcome was an event unre
lated to the physician’s care and therefore beyond 
his or her control can be critical to the outcome of 
the case.

Unfortunately, in most instances, despite the 
availability of significant scientific advancements, 
neither the etiology of a neurologic insult nor its 
timing can be scientifically established [12]. Markers 
have not been identified for many hereditary condi
tions. Clinical findings used to assess the intrauter
ine, antepartum, and postpartum status of the infant 
could have features of a particular disease process, 
but often these data are either nonspecific or can 
be present even in normal babies [13]. For instance, 
although meconium staining of the amniotic fluid is 
associated with increased risk of quadriplegic cere
bral palsy, the majority of children born with meco
nium in the amniotic fluid are normal [14].

Similarly, the ability of pathologists to make a 
conclusive diagnosis pinpointing the cause and tim 
ing of any event leading to an infant’s irreversible 
brain damage or death is limited. Abnormal patho
logic findings such as a two-vessel cord, meconium 
staining of the membranes, or signs of chorioam
nionitis can occur even in deliveries resulting in a 
healthy baby [15,16], Given this, even if certain 
pathologic findings exist suggesting a chronic pro
cess, the plaintiff’s experts can and will argue that 
such findings are coincidental and often seen in 
instances when there is no harm. Thus it will be
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claimed that these data do not provide evidence that 
the findings are related to the actual cause of the 
infant’s injury.

The complexity of causation for fetal injury and 
the limitations of current knowledge are serious bar
riers to the accurate assignment of etiology. The 
point at which a common clinical event becomes 
a causative factor in fetal injury is often difficult 
to ascertain. Infection (chorioamnionitis) is recog
nized as an important factor in the development 
of cerebral palsy. In fact, it is believed that many 
cases oi cerebral palsy are erroneously attributed 
to birth asphyxia, when infection/inflammation is 
the actual cause [17,18], Some histologic evidence 
of chorioamnionitis is often present in the placenta 
in otherwise normal deliveries, however. Conse
quently, the finding of chorioamnionitis alone does 
not necessarily exclude intrapartum birth asphyxia 
as a potential etiology for a birth injury [19]. On 
contrast, the finding of funisitis may have more sig
nificance. Conversely, in other cases, because the 
pathologic findings appear to fall within the range 
of normal but the presentation mirrors that of 
asphyxia, it might be impossible to establish that 
chorioamnionitis was the specific cause of the bad 
outcome. At times, some conditions can occur in the 
placenta without leaving any recognizable traces. 
For example, B19 parvovirus, a recognized cause of 
fetal hydrops, can occur without any demonstrable 
placental structural pathology [20],

Because in most situations the cause and timing 
of onset of the baby’s condition cannot be scien
tifically established, the issue ultimately becomes a 
battle of expert opinion. This is illustrated in the 
following case [21], The plaintiff was a high-risk 
patient admitted to a labor and delivery service after 
rupture of membranes. She claimed that there was 
a delay in placing her on the fetal heart monitor 
and a further delay in the diagnosis of fetal distress. 
Because of this, a cesarean delivery was not per
formed in a timely manner. At birth, the baby was 
cyanotic, with no spontaneous respirations. The 1- 
minute Apgar score was 1. After resuscitation, the 
baby had the return of good color, heart rate, and 
tone, and was breathing on his own. The 5-minute 
Apgar score was 8. At the time of admission to 
the nursery, he was noted to be alert and exhibited 
no neurologic abnormalities. He ate and urinated 
well. Approximately 12 hours after birth, however, 
the baby became cyanotic and then exhibited right

sided seizure activity lasting several minutes. He 
was ultimately diagnosed with hypoxic ischemic 
encephalopathy and was subsequently noted to have 
permanent neurologic injuries. At the time of trial, 
despite being 13 years old, the child functioned at 
the level of 2 to 3 years old.

It was the defendants’ position that although 
the length of time it took for the placement of 
a fetal heart monitor was longer than the usual, 
the delay did not represent negligence. The defense 
also claimed that there was no evidence that earlier 
placement would have affected care. As to the tim
ing of the cesarean, it was averred that although the 
tracings became nonreassuring, they did not indicate 
fetal distress. Thus, although concerning, the FHR 
monitoring did not suggest “ . . .  an extreme urgency 
to do the [cesarean] section.” Consequently the 
defendants claimed that although in the presence 
of fetal distress the standard of care required deliv
ery in no more than 30 minutes, this “situation was 
a bit different,” because there was no true distress. 
Thus, it was their claim that although the duration 
between decision to perform a cesarean and delivery 
was approximately 45 minutes, the delivery in this 
clinical setting was timely.

The evidence on causation was contested. One 
defense expert went so far as to conclude that there 
was absolutely no way” that the injury occurred at 
or about the time of delivery, but rather days before.
I hus, neither the time at which the monitor was 
placed nor the interval between decision to deliver 
and the cesarean was relevant to the causation of 
the injury. Conversely the plaintiffs’ expert testi
fied that had the infant been delivered earlier, there 
would have been little or no brain damage.

The jury verdict was in favor of the plaintiff. 
The defendants sought to overturn the judgment 
on grounds that the plaintiffs failed to present “any
thing beyond pure speculation” with respect to 
the cause of the baby’s mental retardation. It was 
their contention that the testimony of the plaintiff’s 
experts was not accompanied by necessary reasoned 
analysis, therefore reducing it to mere conclusions 
that were incapable of supporting the verdict in this 
cause.

As the court noted, the determination of the legal 
cause of the baby’s condition boiled down to credi
bility -  a battle of the experts. It was further noted 
that the disagreement between the medical experts 
as to cause and effect did not preclude a verdict
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for the plaintiff; rather, an expert opinion, held to 
a reasonable degree of medical certainty, provides 
an adequate basis for a jury finding that a concept 
of causation was proved. The jury was free to believe 
the plaintiff’s expert testimony about the time- 
placement of the fetal monitor, the timing of the 
Cesarean, and whether either had any effect on out
come. Conversely, the jury was also free to dis
believe the plaintiff’s experts and instead rely on 
the testimony of the defendant’s experts. Making 
the determination is totally within the province of 
the jury and not the role of the court to decide.

EDUCATION AND TRAINING
Preventable errors in the provision of care are a 
constant source of patient morbidity, excess cost, 
and litigation. The landmark publication, To Err Is 
Human [22], estimates that between 45,000 and
98,000 patients die each year as a consequence of 
preventable errors, with the economic burden of 
errors estimated at 29 million dollars.

The common perception is that adverse events 
are the product of “human error;” that is, some indi
vidual deficiency that occurs by the failure of some
one to meet performance requirements or through 
sheer bad luck. Close evaluation of many adverse 
outcomes, however, indicates that rather than the 
errors of people, problems in the organization of 
care and communication between caregivers are fre
quently the root cause of the problem. In a study 
analyzing closed-claim files involving obstetrics and 
gynecology, the investigators concluded that 78% of 
the cases appeared to have at least one potentially 
preventable cause [23]. Analysis of adverse events 
is typically through quality assurance programs and 
peer review, emphasizing the individual care pro
vided. Occasionally, an adverse event is studied at 
morbidity and mortality grand rounds. The process 
of comprehensive evaluation of adverse events to 
identify system errors and to address broad changes 
in clinical procedures, to prevent errors in daily prac
tice, is in its infancy in hospital practice, however.

The unequivocal institutional goal must be the 
improvement of the quality of care and the reduc
tion in error rates and patient injuries. The hos
pital culture must be one of patient safety and 
good outcomes. A key component to a culture of 
safety is designing systems that encourage health
care providers to report not just adverse events

but averted mishaps, or “near misses.” In the study 
of closed claims discussed earlier, the authors con
cluded that a case-hy-case analysis of adverse out
comes might lead to a conclusion that each event 
was idiosyncratic; however, the researcher stated,

. .our aggregated data revealed clusters of com
mon issues that suggested opportunities for system- 
level improvement” [23]. The ability to analyze not 
only adverse events but also near misses that cur
rently go unrecognized provides a greater oppor
tunity to identify conditions that could lead to 
adverse events. The reporting system must clearly 
be one that fosters reporting without the potential 
for adverse consequences to the reporter.

Once identified, strategies must be developed to 
improve systems, as well as individual training if nec
essary. In some instances, this involves implementa
tion of technology. The improved technology could 
be directly for purpose of diagnosis or treatment 
that has been developed through scientific advance
ment. O ther technology might be developed as a 
substitute for the human element, or as a method 
for cross checking choices such as medications doses 
and timing, thus decreasing the potential for error.

Furthermore, simulations have become progres
sively more important components in educational 
systems. Simulation can be through the use of drills, 
to ensure that all the members of the team are fully 
aware of their roles and can function together when 
confronted with a real-life emergency. Computer 
programs can also be effective tools. Newer advance
ments are providing simulators so that training of 
residents and attending physicians can be under
taken in a safe environment and allow hands-on 
training for the implementation of new techniques 
or for the review of situations that involve uncom
mon but potentially serious occurrences. An exam
ple is the development by Johns Hopkins of a simu
lator that trains physicians confronted with shoulder 
dystocia. Among other things, the simulator mea
sures the force that is applied by the physician in 
performing downward traction, to provide an under
standing that gentle steady force is all that is needed 
during the delivery [24]. For additional discussion, 
see Chapter 25, Education and Certification.

The following considerations are important:

• Any program that is designed to create an atmo
sphere of patient safety must have multiple com
ponents. Conferences and courses are of great
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assistance in the on-going education of physicians. 
Computer programs and drills are also of great 
benefit. Educational tools that allow hands-on 
training through the use of simulation provide a 
dimension that cannot be reproduced through any 
other modality.

• Any system with a goal of truly reducing pre
ventable injuries must change the internal culture 
that assumes that the human factor is responsible 
for most adverse errors, and therefore improve
ment in current practices and protocols cannot 
dramatically affect outcomes. It is true that human 
error is inevitable; however, systems that quan
titatively analyze bad outcomes and near misses 
can identify causes of human error and improve 
systems that screen for error, or undertake addi
tional individual training to reduce the likelihood 
of error that results from insufficient training or 
lack of experience,

• Create a culture within the obstetric unit 
that enhances patient safety instead of fos
tering low expectations. Communication is a 
critical component of healthcare delivery, and 
efforts should improve communication methods 
between providers at every level. Obstetricians 
should take the lead in encouraging nursing staff 
and subordinate care providers to raise concerns 
about the decision-making process. Often nursing 
staff and subordinates recognize risk but are fear
ful of raising the issue with a particular obstetri
cian.

• Incorporate medicolegal education as a means for 
physicians to better understand the process and 
eliminate any mindset that lawsuits are inevitable 
and instituting good risk management tools are 
ineffective.

• Support root cause analysis when near miss or 
actual patient injury occurs, to analyze how both 
individuals and the system have failed.

NURSE MIDWIVES AND 
OPERATIVE OBSTETRICS

Nurse-midwifery in the United States dates back 
to 1925. At that time, Mary Breckenridge devel
oped the Frontier Nursing Service in Kentucky, a 
program that used public health registered nurses, 
who had received additional nurse-midwifery edu

cation in England, to staff nursing centers in the 
Appalachian mountains. The centers offered fam
ily healthcare services, including childbearing and 
delivery care, to underserved residents within this 
remote region [25], The first nurse-midwifery edu
cation program in the United States began in 1932, 
at the Maternity Center Association of New York 
City. This program enrolled public health nurses and 
awarded a certificate in nurse-midwifery on com
pletion of program requirements. Presently, there 
are more than 40 programs accredited by the U.S. 
Department of Education, primarily associated with 
academic medical centers. Furthermore, all 50 states 
have promulgated regulations providing for licen
sure of midwifery practice.

Certified nurse-midwives (CNM) are regulated at 
two levels. Similar to the role of ACOG, midwifery 
certification is uniformly standardized and provided 
through a national organization, the American Mid- 
wifery Certification Board (AMCB}. Certification 
is granted on completion of certain established 
requirement and satisfactory completion of an 
examination. Licensure is a process that takes place 
at the state level in accordance with specific state 
laws and regulations can vary from state to state.

Recently, some states have begun recognizing 
direct-entry midwives. The direct-entry midwife 

enters the profession not through nursing but by 
other routes that can include clinical training or 
apprenticeship with a senior midwife or obstetri
cian. Most commonly accepted is the Certified Mid
wife (CM], CMs have not completed a nursing 
program but are required to complete an accred
ited educational program and must satisfactorily 
complete the same certifying examination as the 
CNM, which is administered by the AMCB. Addi
tionally, an increasing number of states have rec
ognized other forms of direct-entry midwives, not 
certified by the AMCB. The legality and regulation 
of direct-entry midwifery varies from state to state. 
The states that allow other direct-entry midwives 
to manage labor and delivery typically require some 
form of registration or permit; however, in many 
states direct-entry midwifery is prohibited.

As the incorporation of CNMs/CMs has become 
more prevalent, they have been a valuable resource 
in many obstetric practice settings. The midwife phi
losophy includes an emphasis on individualized care 
and support during pregnancy and delivery, with as 
little obstetric intervention as possible [26], The use
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of midwives in attending the labor and delivery of 
mothers who are at low risk for obstetric compli
cations has been shown to be a cost-effective, safe 
alternative to delivery by physicians [27]. Midwife- 
attended births have birth outcomes comparable to 
those by physicians and are less likely to have obstet
ric interventions (e.g., EFM and epidural analgesia 
use], factors contributing to decreased costs. Fur
thermore, national and state malpractice data do not 
indicate significant increased liability risk for physi
cians who employ or supervise nonphysician clini
cians [28], ACOG has published a position state
ment that supports the role of CNMs and CMS of 
midwives in the management of women’s health 
issues [29], ACOG restricts its supportive position 
to only those midwives who have been certified by 
the AMCB, however.

In the obstetric practice setting, however, defin
ing the relationship between obstetrician and 
CNM/CM is very important and can have poten
tial impact on legal liability. The ACNM defines 
midwifery practice as the ‘independent manage
ment of women’s healthcare, focusing on preg
nancy, childbirth, the postpartum period, care of 
the newborn, and the family planning and gyne
cological needs of women” [30]. In its broadest 
sense,, the definition gives considerable autonomy to 
a midwife in the management of the patient during 
clinical evaluation (i.e., history taking, physical 
assessment, ordering appropriate laboratory tests 
and procedures), therapeutic management (i.e., out
lining care, providing prescriptions, coordinating 
consultations and referrals), labor and delivery (non
operative), as well as in general women’s health 
maintenance and risk-reduction issues. Consulta
tion and collaboration are as required in the clinical 
circumstance. To midwives, the term collaboration 
implies co-management of a patient who requires 
some level of care or evaluation beyond their scope 
of practice. In these circumstances, the role of each 
is determined by the particular clinical situation.

ACOG has weighed in on the relationship 
between obstetrician/gynecologists and midwives. 
The joint statement between ACOG and the Amer
ican College of Nurse-Midwives (ACNM) includes 
a statement that “ . . .  the appropriate practice of the 
certified nurse-midwife includes the participation 
and involvement of the obstetrician/gynecologist as 
mutually agreed upon in written medical guide
lines/protocols . . . .  This does not necessarily imply

the physical presence of the physician when care is 
being given by the certified nurse-midwife” [31].

Most important are the applicable statutory reg
ulations, however. Existing law defining the role 
of each can vary from state to state. Some state 
regulatory schemes require that a nurse-midwife 
be “supervised” or “directed by a physician with 
obstetric privileges and also limits the number of 
midwives any particular physician may supervise. 
The terms supennsed and directed, as used in the 
context of the regulation, often do not necessar
ily imply the physical presence of an obstetri
cian/gynecologist while care is being given by a 
nurse-midwife. The requirement of most states is 
that a nurse-midwife must have a “clinical practice 
relationship" with an obstetrician/gynecologist that 
“shall be based on mutually agreed upon medical 
guidelines and protocols” [31].

Consequently, the interpretation of statutory 
authority in most states allows for nurse practition
ers to practice independently, requiring no direct 
supervision under the law. In these situations, the 
physician’s liability exposure is much more limited 
and is for the most part confined to his/her own 
negligence, as in any situation of caring jointly for 
a patient.* Conversely, the potential for individual 
liability of the CNM/CM is increased as it becomes 
incumbent on him/her provide care within their 
scope of practice and seek consultation or collabo
ration in the appropriate circumstances. In fact, one 
of the leading reasons nonphysician clinicians are 
involved in litigation is based on a claim that they 
rendered a service beyond their capabilities.

The following considerations are important:

• Review state laws on licensure, scope of prac
tice, and supervision of CNMs/CMs. The clin
ical practice relationship between the obste
trician/gynecologist and the CNM/GM should 
provide for mutually agreed-on written medi
cal guidelines/protocols for clinical practice that 
define the individual and shared responsibilities of 
the CNM/CM and the obstetrician/gynecologist 
in the delivery of healthcare services. Guide
lines must be periodically reviewed and updated

♦This is, however, separate and distinct from th e  concept of 
employer liability. In cases in which the  obstetrician is the employer 
of the CNM /CM , there  remains vicarious liability, because any 
em ployer can be held responsible for the actions o f its agent.
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to ensure appropriate care and consistency with 
statutory regulations.

• Liability risks for physicians who employ 
CNMs/CMs can be minimized by developing 
and following reasonable guidelines for their 
performance, supervision, and review. Prior to 
employment, verify the CNMs/CMs credentials 
and prior experience thoroughly.

• It is critical that obstetrician/gynecologists and 
CNMs/CMs have a clear understanding of 
their individual, collaborative, and interdepen
dent responsibilities. As agreed on by ACNM and 
ACOG, the maternity care team must include 
either an obstetrician/gynecologist with hospital 
privileges or another physician with hospital priv
ileges, to provide complete obstetric care.

• Guidelines/protocols must be established for 
ongoing communication, which provide for and 
define appropriate consultation between the 
obstetrician/gynecologist and the CNM/CM. For 
optimal quality of care and reduced liability risk, 
there must be an interdependent practice of 
the obstetrician/gynecologist and the CNM/CM 
working in a relationship of mutual respect, trust, 
and professional responsibility. There should be 
clear “open lines “ of communication to discuss 
issues or concerns about patient treatment.

• Informed consent about the involvement of 
the obstetrician/gynecologist and the CNM/CM 
should be obtained from the patient.
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Appendix J APPENDIX OF LEGAL

Kevin Giordano

When you have assembled what you call your 
"facts" in logical order, it is like an oil lamp 
.. .filled and trimmed; but which will shed no 
illumination unless first you light it.

Antoine de Saint Exup6ry (1900-1944)

The Wisdom  o f the Sands (Citadelle) 1948 (posthumous)

This appendix includes a more technical discussion 
of selected legal principles as they apply to m ed
ical practice in obstetrics and gynecology. Impor
tant common law elements of medical negligence 
are discussed, and in many instances, specific case 
law is referenced. These comments are not to be 
construed as legal advice; however, they provide a 
general review of selected concepts and principles 
that underlie the legal approach to specific issues 
involving common problems of consent, expert tes
timony, duty, and causation. Application of these 
precepts to a specific case requires a review of the 
facts of a specific case and expert opinion by a qual
ified legal practitioner.

Medical malpractice is simply a form of negli
gence. The distinction between ordinary negligence 
and malpractice turns on the fact that the acts or 
omissions cited involve matters of special medical 
knowledge not ordinarily possessed by laypersons. 
Because of the complexity of the issues, these cases 
cannot be determined solely on the basis of the com
mon everyday experience of the jury [1]. The ana
lytic line that separates medical malpractice cases 
from other negligence cases is that typically a jury 
can determine the outcome only if expert medical 
testimony has been introduced.

The essential elements of proof in a medical mal
practice action are 1) a deviation or departure from 
accepted [medical] practice, and 2) evidence that 
such departure was a proximate cause of injury or 
damage to the plaintiff.

The law recognizes that obstetricians are not 
guarantors of the success of any medical treatment 
provided to a patient. Consequently, an obstetrician 
is not automatically deemed liable for the occur
rence of an undesirable result. Instead, malprac
tice arises when there is a departure from the stan
dards practiced in the same or similar circumstances 
by a reasonably competent obstetrician. The duty 
owed to any patient is to provide care consistent
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844 GIORDANO

with the accepted standard of care at the time and 
under the circumstances of the case. Implicit in this 
definition of medical negligence is that the clini
cian has departed from the duty that is owed to a 
patient.

DUTY: PATIENT-PHYSICIAN RELATIONSHIP

In the absence of a patient-physician relationship, 
a medical malpractice case cannot be maintained. 
Historically, the relationship between physician and 
patient was viewed as solely arising out of an implied 
contract in which the patient knowingly seeks med
ical attention from the physician, and the physician 
knowingly accepts the person as a patient [2], From 
this mutual understanding, the physician’s duty to 
provide care consistent with good and accepted 
practice arises. In most cases, relying upon the prin
ciples of contract law, the existence of a relationship 
is clear, yet there are many cases in which determin
ing whether a physician-patient relationship existed 
is often difficult, and an application of contract law 
is unjust. In such circumstances, the courts must 
consider the totality of the circumstances.

Case law has made it clear that the mere fact 
that a physician has had contact with a patient, or 
a physician treating any patient, does not in itself 
impose a duty. If, in fact, a patient has only had de 
minimis consultative contact with a treating physi
cian, that contact might be considered insufficient to 
support a physician-patient relationship. An exam
ple of de minimis contact is the case of Childs v. 
Weiss [3], In Childs, an ED nurse telephoned an 
obstetrician on call for the emergency department 
and advised him that an obstetric patient from a 
different locality was in the emergency department 
having labor pains. In response, the physician told 
the nurse to “have the girl call her doctor and see 
what he wanted her to do.” The physician was not 
involved in the incident beyond that communica
tion. The issue before the court was whether the 
obstetrician was. obligated to see every patient who 
arrived for treatment at the emergency department 
and whether he could be held liable for refusing to 
respond to the call | 4 | . The Texas court found it par
ticularly significant that the only action taken by the 
doctor was to instruct the nurse to have the patient 
call her own doctor. On this limited interaction, the 
court thus held that no physician-patient relation
ship was formed [5],

O ther examples exist where minimal contacts 
between the patient and the physician have led 
courts to conclude that the interaction was insuf
ficient to establish relationship. In Sidlenger v. 
Setco Northwest, the defendant doctor, on entering 
patient’s room, was asked whether he would like 
to manage the case and declined [6], Similarly, no 
relationship was found when a consulting physician 
gave the treating physician his informal opinion of 
the patient’s condition, without seeing the patient, 
and this opinion was relayed to the patient’s mother 
[7], The court held that there was no evidence 
' . . . f rom which it could be concluded that 
[consulting physician] has consented to treat the 
child, or any from which it could be inferred that 
he consented to act in a consulting capacity” [8].

An important policy consideration underlying the 
reluctance of courts to impose a duty when there 
is only minimal contact between a physician and 
a patient is the identified need for access to infor
mation between professionals. Courts have equated 
the consulted doctors with source material, such as 
a treatise or textbook, noting that the consultant 
contributed to the body of information available to 
the treating physician when treating a patient. Con
sultations between professional people facilitate the 
free flow of information between colleagues and 
work to the benefit of the physician and the patient. 
To assess liability against “. . .  doctors with whom a
treating physician has merely conferred__ would
unacceptably inhibit the exchange of information 
and expertise among physicians” [9].

Given the evolving medical environment, how
ever, courts have expanded the definition of the 
physician-patient relationship beyond the need for 
the mutuality of an implied agreement between the 
patient and the physician. With the complexity of 
modern medicine and its dependence on subspecial
ists and complicated medical technologic advances, 
care for patients has increasingly been undertaken by 
teams of professionals, some of whom never actu
ally come in contact with the patient to whom care 
is being provided. As one commentator has stated 
[10],

The health care environment requires coop
eration and teamwork. Physicians are depen
dent upon many other health care profession
als in a health care institution to ensure good 
patient care.. . .  The health care professional is
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obligated to take actions to protect the inter
est of patients, who are innocent parties in the 
health care environment. A failure to act in the 
interest of good patient care or in the protec
tion of the public welfare creates liability.

Consequently, analysis of this relationship 
through the lens of contract law is useful but often 
is not the dominant factor when additional, overrid
ing circumstances are present. Medical professionals 
are now being held accountable when they participate 
in the care of a patient if their actions do not meet 
the standard of care, even though the physician and  
the patient have never met. Recent case law makes 
it clear that physicians are not shielded from lia
bility merely because they have not had any actual 
contact with a patient. In Wheeler v. Yettie [11], the 
plaintiff was a pregnant woman who was brought 
to the emergency department, and a decision was 
required to determine whether she could be trans
ferred to another, more distant medical facility to 
give birth. She was examined by two nurses. During 
a single telephone call, one of the nurses discussed 
the plaintiff’s status with an on-call physician. The 
physician, who had privileges at the hospital, had 
no direct contact or connection with the plaintiff. 
In fact, the plaintiff was completely unaware that 
the nurse had telephoned the physician. The on- 
call physician evaluated the information commu
nicated to him and made a medical decision that 
the plaintiff could be transported. Until the time 
of this decision, prior case law had held that no 
such relationship was deemed to exist when ".. .  the 
rules and custom of the particular hospital required 
only that the ‘on-call’ physician consult with the 
attending physicians.” In distinguishing the case for 
these prior decisions, the Wheeler court noted the 

unique circumstances presented in a transfer sit
uation," and determined that the role of the on-call 
physician was not merely to be available for consul
tation, but that he actually had rendered medical 
decisions that foreseeably would have an impact on 
decision making about the plaintiff, thus establish
ing a physician-patient relationship [12]. I he court 
found that the traditional rule was no longer appli
cable, and that a physician-patient relationship can 
be deemed to exist between an “on-call” attending 
physician and a patient when treatment was either 
required by hospital rules or in fact was undertaken 
by the physician. The Wheeler court reasoned that

the best approach to determining the existence of 
a legal relationship is not to use a bright line rule 
such as whether a mutual agreement to provide care 
existed between the parties, but instead to under
take a qualitative analysis of the physician’s actions. 
This type of analysis undertakes to determine the 
extent to which the consultative physician has exer
cised independent professional judgment and the 
extent to which that judgment was relied upon by 
the careproviders [13].

It is the qualitative analysis approach that is gen
erally employed currently when one is attempting 
to evaluate the evidence of any physician-patient 
relationship. For instance, such an approach was 
used in Gilinshy v. Indelicato [14]. In i^ilinsky, the 
plaintiff introduced evidence to show that, during 
a 5-hour period, the defendant physician was con
sulted on seven different occasions about the phys
ical symptoms of a specific patient, who ostensibly 
needed emergent medical treatment. The telephone 
calls were placed by the physician consultant, and 
the duration of the calls was approximately 38 min
utes total. The case went to trial, and the consultant 
was a named defendant. The jury held the defen
dants liable and awarded damages to the plaintili. 
On appeal, the defendant consultant argued that 
the jury’s decision was in error because there was 
no physician-patient relationship that existed at the 
time. In framing the issue, the court concluded that 
the question was whether sufficient evidence existed 
that a reasonable jury could find that the physician s 
involvement crossed the boundary that divides mere 
curbside advice from actual direction. I he court 
concluded that there was evidence that the nature 
of the consultation was "continuous and substan
tial” rather than “fleeting and informal.” Thus it was 
determined by the appellate court that a jury, draw
ing on their common everyday experiences, could 
conclude that the defendant failed to act as a rea
sonably prudent physician under like circumstances 
by attempting to diagnose and direct the treatm ent 
of the plaintiff over the telephone.

The Gilinsky court identified the following cir
cumstances to be highly probative in evaluating 
whether a physician-patient relationship came into 
existence: 1) the extent to which the consultative 
physician exercised his professional judgment in a 
m atter bearing directly on the plaintiff, and 2] the 
ability the consulting physician to foresee that his 
exercise of judgment ultimately would determine
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the precise nature of the medical services rendered 
to the plaintiff. Where the consultative physician is 
merely providing informal advice to another physi
cian as to how to proceed with respect to a patient 
whose identity is unknown to him, and the treat
ing physician exercises his or her own independent 
judgment in determining whether to accept or reject 
such advice, the consultative physician probably will 
not be regarded as a joint provider of medical ser
vices nor as a party to a physician-patient relation
ship; however, the determination will be made by 
evaluating the circumstances of each case.

Courts have noted that by eroding the histori
cal requirement of a mutual agreement between 
the patient and physician, they do not wish their 
decisions to be construed to hamper the free flow 
of information between medical professionals. This 
does not detract from the distinction that occurs 
when a physician exercises professional judgment 
while in consultation with another physician, when 
the latter subordinates his/her independent profes
sional judgment to that of the consultant, specif
ically when this subordination of judgment was 
reasonably foreseeable. Assuming that such a rela
tionship existed, a physician can be properly 
regarded as a provider of medical treatm ent to the 
plaintiff, with the consultant functioning with the 
primary physician and not simply as a source of 
information.

If a duty should arise during a consultation, the 
important point is whether the consultant could 
foresee that physician attending the patient would 
rely on his/her advice and perform the exact pro
cedures that were given. The issue is whether there 
was actual direction that the consulting physician 
provided to the primary treating doctor and whether 
the consultant should have been aware of the like
lihood of his/her advice being followed directly. 
There need not be evidence to suggest that either 
the consulting physician or the plaintiff knew each 
other or had in any way contemplated a physician- 
patient relationship before the consultant's involve
ment in the case. In fact, the patient need not even 
be cognizant of the consultant’s involvement in her 
care.

Medicine still has a need for the curbside consul
tation. Particularly in light of the rapidity of scien
tific advancements being made in medicine, infor
mal consultations are of utmost importance and can 
be a more efficient means of assisting physicians

in keeping current with medical information. The 
law remains conscious of this benefit, and the mere 
discussion between professional people of hypo
thetical situations cannot be viewed as a basis for 
liability. To hold otherwise would tend to adversely 
affect the quality of the services that these physi
cians offer to the public. Consultations of this man
ner are evaluated on the particular circumstances 
attendant to the communication (s) of each case. A 
specialist should make it a practice to state clearly 
that without a formal consultation, any discussion 
is general and does not constitute a diagnosis or 
treatm ent plan. The more in-depth any particular 
discussion becomes, especially when it is clear that 
it involves a real patient or the specialist is called 
on more than once, then the consulting physician 
should consider recommending that a comprehen
sive clinical evaluation be performed before render
ing any further advice.

Supervision of Resident Physicians
Although it does not conform to traditional notions 
of a doctor—patient relationship, a physician’s duty 
of reasonable care has been extended to the super
vision of residents. Courts in most jurisdictions have 
recognized a duty of care owed by a hospital to pro
vide medically acceptable rules and regulations that 
would ensure appropriate supervision of ill patients, 
and the failure to do so is a reasonable basis on which 
to find a breach of the standards of medical care 
owed to that person [ 15,16]. In the case of Maxwell 
v. Cole [16], a department chairman was held legally 
responsible for failing to implement acceptable rules 
and regulations in the administration of a residency 
program sufficient to provide reasonable supervi
sion of hospitalized patients. In Maxwell, the patient 
suffered a bladder perforation during an elective 
tubal ligation. The resident physicians caring for the 
patient failed to diagnose the condition postopera- 
tively in a timely manner, and the patient developed 
septic shock. As the court determined, the hospital’s 
role as a provider of healthcare requires some obli
gation of supervisory responsibilities over those who 
practice medicine within the institution. The court 
stated that "if the chief of service fails to provide 
medically acceptable rules and regulations which 
insure appropriate supervision of ill patients, then 
it is reasonable to find that a breach of the standard 
of medical care by the individual has occurred.”
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Supervisory responsibility also trickles down to 
attending physicians who exercise improper super
visory oversight. In Moeller v. Hauser [17], the 
defendant had performed surgery on the plaintiff, 
and postoperative complications developed. The 
lawsuit was brought against the physician in his 
capacity as surgeon but also in his capacity as the 
supervising physician of the residents who provided 
care to the patient during her postoperative course. 
The jury found against the attending in this sec
ondary capacity but not as surgeon. In affirming the 
jury verdict against the surgeon, the court held that, 
in addition to the duty that arose out of the doctor- 
patient relationship, the appellate doctor would also 
have liability for his patients’ injuries caused by the 
negligent postoperative care rendered by the res
ident physicians. In McCullough v. Hutzel Hosp.
[18], the appellate court concluded that a super
vising physician owed the plaintiff a duty of care 
in supervising the residents actually caring for the 
plaintiff [19], The plaintiff in that case claimed that 
the defendants improperly performed a tubal liga
tion on her. Because the surgery was performed in a 
teaching hospital, a resident physician supervised by 
the defendant actually performed the operation. A 
few months after the operation, the plaintiff became 
pregnant and subsequently underwent a therapeu
tic abortion and a hysterectomy. The jury awarded 
damages to the plaintiff. In upholding the verdict 
the court stated, “Even though the surgical proce
dure was actually performed by a resident, defen
dants were under a duty to see that it was performed 
properly.. . .  [The defendants’] failure to take rea
sonable care in ascertaining that the surgery was 
competently performed renders them  liable for the 
resulting damages" [19].

Supervisory responsibility has also arisen despite 
little or no ties to establish a physician-patient rela
tionship between the attending and the particular 
patient. In Mozingo v. Pitt Cty. Mem. Hosp. [20], the 
defendant obstetrician had on-call duty as a super
visor for the obstetric resident physicians who were 
caring for hospitalized patients. During that duty, 
the attending physician remained at home, available 
to take telephone calls from the residents. During 
the evening, the obstetrician received a telephone; 
call from a resident physician informing him that she 
had encountered a problem with a delivery, specif
ically, a shoulder dystocia. The obstetrician stated 
that he would be there immediately and left his

home for the hospital, which was located approxi
mately two miles away. Not surprisingly, by the time 
the attending obstetrician arrived at the hospital, 
delivery had been accomplished. Unfortunately, the 
child had suffered neurologic impairment.

A.n action was brought against the senior obste
trician as the on-call supervising physician when 
the plaintiff child was born. The plaintiffs alleged 
that the physician ". . .  failed to make reasonable 
effort to monitor and oversee the treatment admin
istered by the second-year OB resident physician, 
and the agents of the Defendant, [the] Hospital." 
The attending obstetrician sought dismissal of the 
action, claiming that he had no physician-patient 
relationship and was not vicariously liable for the 
residents because they were not his agents. If the 
court decided that according to the law, the plaintiff 
could not prove the existence of a duty under any set 
of circumstances, then the case would be dismissed. 
In weighing the facts, the court considered the plain
tiffs’ expert’s sworn affidavit, which stated that the 
defendant “should have called in at the beginning 
of his on-call coverage and periodically thereafter to 
check on the status of the patients” being treated 
and managed by the residents. In addition, the affi
davits submitted on behalf of the defendant stated 
that an “on-call physician may take calls at home 
‘unless a problem is specifically anticipated.”' The 
court agreed that the resident physicians were not 
the agents of the attending physician. As noted by 
the court, however, according to defendant’s own 
experts, “simply remaining at home and available to 
take telephone calls is not always an acceptable stan
dard of care for supervision of residents." It there
fore concluded that the a jury could find that the 
defendant’s failure to call in and periodically check 
on the status of the patients being treated by the 
residents was a breach of duty, therefore “a genuine 
issue of material fact was established as to whether 
the defendant doctor breached the applicable stan
dard of care and thereby caused the plaintiffs’ 
injuries.”

The Mozingo case did not establish liability against 
the physician; instead, it determined that in light of 
the evidence, the jury had to decide whether the 
attending physician acted reasonably even though 
he did not call in to the hospital to determine the 
condition of the patients for whom he was cover
ing. One of the important lessons from Mozingo is 
that the risk of exposure to liability for nonpatients
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is undeniably greater for those physicians who prac
tice in an academic setting and are involved in the 
education and training of residents. Understanding 
all hospital rules and regulations regarding super
vision of residents is essential. Similarly, any on- 
call agreements and contracts with the hospital that 
include provisions regarding resident supervision 
must be understood. Providing reasonable oversight 
in accordance with hospital policy or contractual 
obligations is the key to reducing liability.

T he Physician As Good Samaritan
Is the duty that arises any different when the 
physician-patient relationship arises out of a moral 
or ethical decision to assist, rather than the usual 
manner in which physicians within their specialty 
are called on to provide care? It is a well-accepted 
legal proposition regarding rescuing a person from 
harm that no one is obliged by law to assist a 
stranger, even though he can do so by a mere word, 
and without the slightest danger to himself” [21,22], 
This is true for laypersons as well as physicians 
[21,22], Illustrating the point is the case of Hurley v. 
Eddingfield [22], In Hurley, the plaintiff’s child was 
dangerously ill, and the plaintiff requested medical 
attention from the defendant. The defendant had no 
prior physician-patient relationship with the fam
ily or child, nor was he under any other indepen
dent duty to provide, care; however, he was the only 
physician available to provide care. Nonetheless, he 
refused to offer care to the plaintiff’s child. The child 
died, and the plaintiff sued. The trial court held in 
favor of the physician, ruling that there was no duty 
imposed by law, nor any duty that was imposed by 
contract or otherwise, that required the physician to 
render care.

What is the liability of a physician who chooses 
to act in such situations, however? Does holding a 
physician responsible for causing injury when hap
pening on the scene of an emergency make sense, 
when failing to act would create no liability? A 
noted legal scholar, Dean William Prosser, summa
rized this conflict by concluding: “The result of all 
this is [would be] that the Good Samaritan who tries 
to help may find himself mulcted in damages, while 
the priest and the Levite who pass by on the other 
side go on their cheerful way rejoicing" [23],

Nonetheless, the common law imposes a duty 
that once a bystander endeavors to provide assis

tance, that person has a duty to do so reasonably. 
A volunteer could thus be held liable for injuries 
caused by his or her negligent assistance. In United 
States v. DeVane [24], the court was confronted with 
a nonmedical case in which the Coast Guard under
took to rescue a boat that was in peril. This decision 
is considered a discretionary function of the Coast 
Guard, is not a legal duty. The court noted though, 
that although the decision to conduct a search and 
rescue operation is discretionary, .. having under
taken the rescue and engendering reliance thereon, 
the obligation arose to use reasonable care in carry
ing out the rescue.”

Given the potential liability in these situations, 
Good Samaritan legislation has been passed in every 
jurisdiction. The objective of the legislation is to 
encourage the rendering of medical care to those 
who need it but otherwise might not receive it by 
persons who come upon such victims by chance, 
without the accoutrements provided in a medical 
facility, including expertise, assistance, sanitation, or 
special equipment. In 1959, California became the 
first state to immunize physicians from tort liabil
ity who render assistance at the scene of an emer
gency. The law was enacted despite the fact that 
’. . .  there could be found no instance, in California 
or any other state, of a physician being sued for negli
gence in rendering aid at the scene of an emergency” 
[25], A California Court of Appeals explained the 
rationale for the legislation as follows [26]:

[The statutes] were enacted to aid the class of 
individuals though requiring immediate med
ical care were not receiving it. Typically, it was 
the roadside accident victim who, as a result 
of the strictures of the common law malprac
tice doctrines, was left uncared for. However, 
hospital patients . . .  have historically enjoyed 
the benefits of full medical attention. There 
is no need for special legislation to encour
age physicians to treat this class of individuals.
The Good Samaritan sections were directed 
towards physicians who, by chance and on 
an irregular basis, come upon or are called to 
render emergency medical care. Often, under 
these circumstances, the medical needs of the 
individual would not be matched by the exper
tise of the physician and facilities could be 
severely limited.
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Typically, Good Samaritan statutes extend immu
nity to care provided to victim(s) at the scene of an 
accident or emergency; however, the legislation is 
not uniform, and various disparities exist among the 
statutes. The most significant difference is the defi
nition of “scene of an accident or emergency.” Leg
islative enactments in some states contain specific 
provisions to include emergency care provided in 
a hospital setting exclusive of care provided in the 
emergency department. In other states, however, 
Good Samaritan statutes unequivocally exclude 
immunizing healthcare providers from emergency 
care rendered to patients in a hospital or other 
healthcare facility. Still another group of states have 
promulgated statutes that do not explicitly address 
whether in-hospital care is shielded from liability.

In those jurisdictions that fall in the latter cat
egory, a further disparity exists in that there is no 
universal court interpretation for statutory language 
such as “scene of an emergency”; judicial decisions 
interpreting statutes that neither expressly exclude 
nor expressly include in-hospital emergency medical 
care are split. The difference in outcome between 
the cases is based, in great measure, on the court’s 
interpretation of the intent of the legislature when 
enacting the statute, and whether there is evidence 
favoring immunity in that setting. One of the 
most comprehensive discussions of this debate is 
incorporated in the decision of Velazquez v. Jiminez 
[27].

In Velazquez, the patient was hospitalized for 
the purpose of delivering her baby. Complications 
occurred during the delivery owing to a severe 
shoulder dystocia. After delivering the baby’s head, 
the treating obstetrician was unable to deliver the 
rest of the baby’s body, and she rang for assistance. 
The defendant physician responded and provided 
help in the delivery. After responding, the defendant 
first attempted to complete the delivery vaginally. 
When those efforts proved unsuccessful, the defen
dant assisted in making preparations for an emer
gency cesarean. The baby, who was born severely 
brain damaged, spent his life in a dependent state 
and died of pneumonia before reaching his third 
birthday.

The defendant physician had no prior relation
ship with or connection to the plaintiff. As a spe
cialist in maternal-fetal medicine, the physician was 
responsible both for attending to high-risk patients 
and for supervising resident physicians who cared

for the academic center's clinic patients. The plain
tiff was neither a high-risk nor a clinic patient, 
however; rather, she w'as the patient of a private 
attending physician with staff privileges at the med
ical center.

It was the defendant’s contention that the evi
dence supported that the physician had no obliga
tion to respond to the physician’s call, and thus her 
involvement was voluntary. Thus the court was con
fronted with whether the legislature intended the 
state’s Good Samaritan Act to intercede and immu
nize the assisting obstetrician from suit for care: she 
provided while providing care within the hospital 
setting. The issue was not addressed by the leg
islation in the statute. The court's pursuit was to 
attem pt to determine the goal of the legislature at 
the time that statute was enacted. In ruling against 
applying immunity to physicians who respond to 
emergencies in the hospital, the court stated that 
“. . .  [the Defendant’s] suggestion that she qualifies 
as a Good Samaritan because she had no prior duty 
to [the plaintiff] misconceives the Good Samaritan 
Act entirely. Although the absence of a preexisting 
duty is one element that volunteers must establish to 
qualify for Good Samaritan immunity . . .  standing 
alone it does not satisfy the statute.’’ The court fur
ther ruled that immunity would inure to those vol
unteers providing care at the ". . .  scene of an acci
dent or emergency . . . ” and that the reasonable inter
pretation of such language should be understood 
to incorporate only locales at which the provision 
of adequate and necessary medical care is compro
mised by the existing conditions. Their assessment 
determined that physicians who care for patients 
in hospitals are not volunteers in the same, sense as 
are persons who by chance come upon the scene 
of an accident. Moreover, physicians who provide 
emergency care in hospitals have at their disposal all 
the modern diagnostic and therapeutic equipment 
of the institution. In essence, as the court recognized 
that the choice of whether to extend immunity to 
the hospital setting was for the legislature to deter
mine. Given that, the Velazquez court was uncon
vinced that the state statute, as worded, reflected 
a legislative choice in favor of immunity in those 
circumstances.

It should be recognized that the Velazquez case 
addressed a legal issue and did not establish liability. 
Under consideration was whether the physician was 
immunized from potential liability. Although the
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court determined that she did not have immunity, 
it was ultimately for a jury to determine whether 
the care she provided under the circumstance was 
reasonable. Thus, Good Samaritan Acts render a 
very circumscribed population of emergency volun
teers immune from suit. In all other situations, peo
ple are subject to the ordinary common law rules 
governing conduct and negligence. That is, if a party 
has a duty to act and provides care in a negligent 
manner, the breach is potentially actionable [28], 
In the absence of a preexisting legal duty, if a party 
undertakes to act and does so in an unreasonable 
manner, that conduct is also potentially actionable 
[29,30],

Standard of care depends on the facts of each 
particular case and the clinical setting in which the 
physician finds him- or herself. In an emergency set
ting, a physician responding to an emergency might 
not be familiar with the patient’s medical history or 
any coexisting disease and thus is at a disadvantage 
when compared with the patient’s personal physi
cian. Although the existence of an in-hospital med
ical emergency might not create the application of 
the Good Samaritan statute, the limitations faced 
by the responding physician must be considered by 
the jury in determining whether the volunteer prac
titioner complied with the standard of care.

Standard of Care

Once a physician-patient relationship exists, the 
obstetrician’s duty to a patient is to employ the care 
and skill of the ordinary physician practicing in the 
specialty of obstetrics. The obligation that arises out 
of this relationship does not require the obstetri
cian to be the most skillful or careful physician. 
Instead, the obligation requires the obstetrician to 
meet a minimal standard, that being to use the care 
of the average or ordinary practitioner. If a physician 
possesses reasonable and ordinary learning and uses 
care such as that used in like or similar situations 
by practicing physicians of reasonable and average 
skill, then they are not negligent, even though the 
judgment employed might subsequently be proved 
incorrect. Thus, a mistake in judgment on the part 
of a physician is neither a breach of the duty owed, 
nor is it evidence that there has been a departure 
from the skill that would have been provided by the 
average competent physician. That is true even if 
there were alternative procedures in the treatm ent

of the patient that might have lead to an improved 
outcome.

Consequently to maintain an action for medical 
malpractice, after establishing that an obligation or 
duty to the patient existed, the plaintiff has the bur
den of proving 1) the standard of acceptable profes
sional practice in the profession that the defendant 
practices at the time of the alleged wrongful action, 
and 2) that the doctor acted with less than, or failed 
to act with, ordinary and reasonable care in accor
dance with such standard(s). Specifically, in refer
ence to obstetric cases, the plaintiff must establish 
through expert testimony what the standard of care 
required. Furthermore, the patient must prove that 
the obstetrician failed to act within the recognized 
standard of practice or care within the specialty of 
obstetrics and gynecology for the condition^] in 
question at the time of the alleged malpractice.

In the past, the applicable standard of care was 
established by the locality in which the obstetri
cian practiced. Most jurisdictions have repudiated 
the "same or similar” community test in favor of a 
national standard, however. Thus it is generally held 
that a physician is under a duty to use the degree of 
care and skill that is expected of a reasonably com
petent practitioner in the same class of practitioners 
to which he or she belongs, acting in the same or 
similar circumstances. W hatever geographic imped
iments might have existed previously that justified 
the need for a "similar locality” rule are no longer 
applicable in view of the present-day realities of the 
medical profession. As the Shilkret court observed 
[311:

The modern physician bears little resem
blance to his predecessors. As we have indi
cated at length, the medical schools of yes
terday could not possibly compare with the 
accredited institutions of today, many of which 
are associated with teaching hospitals. But the 
contrast merely begins at that point in the 
medical career: vastly superior postgraduate 
training, the dynamic impact of modern com
munications and transportation, the prolifer
ation of medical literature, frequent seminars 
and conferences on a variety of professional 
subjects, and the growing availability of mod
ern clinical facilities are but some of the devel
opments in the medical profession which com
bine to produce contemporary standards that
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are not only much higher than they were just
a few short years ago, but are also national in
scope.

The abrogation of the same or similar community 
tests has had the greatest impact in widening the 
pool of potential expert witnesses. The existence of 
a national standard is normally pro forma, but trial 
judges are required to address the admissibility of 
national standard-of-care testimony. Certain princi
ples should govern this assessment: 1) it is insuffi
cient for an expert’s standard-of-care testimony to 
merely recite the words “national standard of care”; 
2) such testimony may not be based on the expert’s 
personal opinion or what the expert would do under 
similar circumstances, nor on mere speculation or 
conjecture; and 3} such testimony, when critiquing 
a medical course of action or treatment, must 
reflect some evidence of a national standard, such 
as information presented at national seminars or 
meetings or conventions, or reference to published 
materials.

Ultimately, what is the applicable standard of care 
required is a question of fact to be determined by 
the jury, based on the expert testimony presented, 
and it can involve the evaluation of conflicting tes
timony and a weighing of credibility of the expert 
witnesses presented by both sides. In demonstrating 
that a particular course of action or treatment is fol
lowed nationally, reference to published standards 
is not required but can be important.

CAUSATION
In accordance with ordinary negligence principles, 
the plaintiff in a malpractice action has the bur
den of proving causation, that is, proving by the 
preponderance of the credible evidence not only 
that the defendant was negligent but also that they 
incurred damage as a direct and proximate result of 
the defendant’s negligence. The plaintiff must also 
present evidence that they sustained legally recov
erable damages. The rule of reasonable medical prob
ability relates to the showing that must be made to 
support an ultimate finding and to which the m ed
ical expert must testify regarding the issue of cau
sation [32]. Proof of causation equating to a “possi
bility,” a “might have,” “may have," or “could have” 
is insufficient to establish the nexus between the 
plaintiff’s injury and the defendant’s malpractice.

A plaintiff is not required to establish causation in 
terms of medical certainty, nor is he or she required 
to exclude every other reasonable hypothesis. Cau
sation in fact is a matter of probability, not possibil
ity, and in a medical malpractice case, such must be 
shown to a reasonable degree of medical certainty 
[33,34]. A reasonable degree of medical certainty is 
interpreted as greater than a 50% likelihood of an 
association; that is, the alleged association is simply 
more likely than not.

The recent trend among courts is to describe cau
sation as requiring that the defendant’s conduct be 
a substantial factor in bringing about the plaintiff’s 
harm. The substantial factor test has become popu
lar because in the complex litigation of today, courts 
are often forced to consider claims that might have 
arisen from multiple causes. In malpractice cases, 
referring to “the cause” can be misleading because, 
although an underlying illness or medical condition 
might be the cause of the patient’s harm, it might 
also be that such harm could have been averted in 
the absence of the physician’s negligence. Thus, the 
plaintiff must demonstrate that it is more likely than 
not that the injury, harm, or condition claimed to 
have resulted from that negligence was a substan
tial factor in causing the injury, harm, or condition, 
and without which that injury, harm, or condition 
would not have occurred [35-37].

Once the substantial contributing factor standard 
is established, the physician is liable for the reason
able and probable consequence of his or her neg
ligent conduct. Most courts do not apply a pure 
foreseeability test. Thus, it is not a defense in most 
jurisdictions to claim that damages are not causal 
because they were either unexpected or surprising. 
It is sufficient for liability if a reasonable defendant 
could foresee that a person could be injured, as opposed 
to the nature of the injury. As one court has stated, 
". . .  It is of course unnecessary that the party charged 
should have anticipated the very injury complained 
of or anticipated that it would have happened in 
the exact manner that it did. All that is necessary 
is that he knew or ought to have known that there 
was an appreciable chance some injury would result” 
[38],

Prosser stated it this way: “It is as if a magic circle 
were drawn about the person, and one who breaks 
it, even by so much as a cut on the finger, becomes 
liable for all resulting harm to the person, although 
it may be death” [39]
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Consequently, legal causation principles do not 
require that the obstetrician foresee that his or her 
negligence would produce the specific harm or dam
age that resulted. It is merely required that the clini
cian could foresee that the conduct could produce harm 
to the mother or fetus.

LOSS OF CHANCE

The traditional standard of the sufficiency of the evi
dence for establishing a medical malpractice case 
required a plaintiff to prove, to a reasonable medi
cal probability, that the harm suffered was caused by 
the negligence of one or more physicians. Many mal
practice cases, however, involve a preexisting condi
tion that can lead to serious morbidity, or even mor
tality, with the outcome being the inexorable result 
or the medical condition. Delay in diagnosis cases 
often fall within this category. Under a traditional 
standard for proving causation, where a preexisting 
condition is involved, the plaintiff must establish to 
a reasonable degree of medical certainty that absent 
the physician’s negligence, either survival or a bet
ter outcome would have been the result. In other 
words, that with proper care the plaintiff’s chances 
of survival or a significant improvement were better 
than 50/50. This created a hardship in many types of 
cases, particularly in cancer-related cases and obstet
rics, as the plaintiff's expert witnesses were called 
upon to establish that timely treatment would have 
prevented the outcome, rather than merely have 
improved the odds.

In recent years, several states have changed the 
traditional causation standard by adopting some ver
sion of the loss-of-chance doctrine [40-43], In adopt
ing to apply the doctrine, one court explained it as 
follows [44]:

. the loss of chance theory is, essentially, one 
that allows an injured plaintiff to recover dam
ages based upon a reduced standard of cau
sation rather than the traditional one which 
requires the plaintiff to prove that it is more 
probable than not that the damage suffered 
was caused by the negligence of the defen
dant. .. [Hie relaxed causation approach] 
requires [the] plaintiff to present evidence 
that a substantial or significant chance of sur
vival or better recovery was lost. If [the] plain
tiff meets this initial threshold, the causation

issue is submitted to the jury, using the tra
ditional proximate cause standard to ascer
tain whether, in fact, the alleged malpractice 
resulted in the loss of a substantial or signifi
cant chance. Thus, the jury must find by a pre
ponderance of the evidence that the alleged 
negligence was the proximate cause of the lost 
chance, but the lost chance itself need only be 
a substantial or significant chance, for a better 
result, absent any malpractice, rather than a 
greater than 50% chance of a better result.

Initially, this approach was used most often in cases 
involving allegations of wrongful death. The stan
dard applied that would be applied by the court 
would be ", . .  if a defendant physician, by action or 
inaction, has destroyed any substantial possibility of 
the patient’s survival, such conduct becomes a prox
imate cause of the patient’s death” [33,45,46],

The loss-of-chance doctrine was developed in 
response to the often-harsh results of the traditional 
all-or-nothing” rule [47], Under the traditional for

mulation, the plaintiff must prove within a reason
able probability that defendant’s breach of the stan
dard of care was a substantial factor in causing the 
underlying injury. Because the compensable injury 
is viewed as the underlying injury, the plaintiff must 
prove within a reasonable probability that she would 
have recovered or survived without the defendant’s 
negligent conduct. If the plaintiff is unable to prove 
a reasonable probability of recovery/survival, she 
would recover nothing. It is in these narrow cases 
that the loss-of-chance doctrine comes into play.

Although the traditional all-or-nothing rule and 
the loss-of-chance doctrine are similar, the right of 
recovery is vastly different. For example, a patient 
suffering from a potentially terminal illness might 
allege that the defendant physician failed to timely 
diagnose and treat that illness. Expert medical tes
timony incontrovertibly established that the physi
cian’s failure to diagnose and treat the illness quickly 
was a breach of the standard of care. The medical 
evidence also established that it was more proba
ble than not that the breach of the standard of care 
caused a lost chance of survival. Specifically, it might 
be determined that the patient had a 45% chance of 
survival at the time the physician failed to diagnose 
the illness. Later, wrhen the illness was properly diag
nosed, the patient’s chance of survival diminished to 
only 15%. The patient eventually died of the illness.
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Under the traditional all-or-nothing rule, the 
plaintiff would recover nothing because it could not 
be shown within a reasonable probability that the 
physician’s failure to diagnose caused the patient’s 
death. Conversely under the loss-of-chance doc
trine, the patient could recover for the lost chance 
of survival on a proportional basis. In this example, 
if the medical evidence were interpreted as proving 
within a reasonable probability that the physician’s 
failure to diagnose caused a 30% diminished chance 
of survival, the patient could recover damages pro
portional to that 30% loss. Thus, if the total dam
ages were assessed $100,000.00, the patient would 
recover 30% of that amount, or $30,000.00.

The background of this approach is in King’s 
influential article in the Yale Law Journal, in which 
the loss of chance of survival or improved health is 
conceptualized as a separate cause of action, merit
ing recovery [48]. In advancing his theory, King pos
tulated that the .. failure [of courts] to distinguish 
between the functions of causation and valuation, 
or to identify and value rationally the true interests 
lost, has created a serious gap in the remedial struc
ture. . . .’’ He also stated that “. . .  the loss of a chance 
of achieving a favorable outcome or of avoiding an 
adverse consequence should be compensable and 
should be valued appropriately, rather than treated 
as an all-or-nothing proposition.’1 King’s argument 
is that the loss-of-chance recovery in cases involving 
a preexisting condition merit compensation when it 
can be proved that except for the negligence of the 
defendant, the plaintiff would have attained a better 
result or avoided an adverse consequence. He agreed 
that courts should apply the traditional reasonable 
medical probability test, but that in recognizing a 
chance as compensable in its own right, unless the 
preexisting conditions of the plaintiff ". . .  have not 
absolutely preordained an adverse outcome, [then] 
the chance of avoiding it should be appropriately 
compensated even if that chance is not better than 
even.”

One commentator has further explained the 
rationale behind this loss-of-chance. doctrine as 
follows:

The [traditional] causation approach requires 
the finder of fact to determine whether the 
decedent’s chances to live or to achieve a more 
favorable result were more probable than not. 
Once the evidence shows that a probability

did or did not exist, the inquiry ends. As a 
result, chances of less than 51% are treated 
as if they were nonexistent. A more sensi
ble approach would be to redefine the vic
tim ’s injury as the loss of a chance. Instead of 
attempting to determine whether the physical 
harm was caused by negligence, a court could 
examine the extent of the victim’s lost chances 
for cure or improvement and grant a recov
ery that mirrors the extent of those chances. 
W hen viewing the question in the negligence 
setting, the harm suffered would be the loss 
of the chance. The relevant inquiry would be 
whether the defendant “probably” caused a 
reduction in the victim’s chances. If causation 
were found, the court would provide compen
sation for the lost chance in direct proportion 
to the extent of the lost chance [49].

As an Ohio court put it:

The loss of a speculative chance of recovery 
alone is not an injury from which damages 
flow. We are convinced that the better rule 
to follow is the one which requires the plain
tiff to prove that the defendants’ negligence in 
all probability proximately caused the injury'. 
Only by such proof will the plaintiff have 
proven proximate cause... [50].

The important feature is that the loss of chance 
in a specific instance cannot be only speculative. 
After again stressing that the chain of causation in 
establishing liability is concerned only “with reason
able probabilities and not possibilities." The court in 
LaBieniec v. Baker opined that “. . .  [in] this case, the 
evidence failed to remove the decreased chance of 
successful treatm ent from the realm of speculation 
[51]. The court then clearly stated that “. . .  [s]ince 
there was no evidence which could have led the jury 
to a reasonable inference that the defendants’ acts 
of malpractice were the direct and proximate cause 
of a decrease in the chance of successful treatment, 
it was proper for the trial court to direct a verdict 
on this issue.”

Under the interpretation of the loss-of-chance 
doctrine discussed here, the plaintiff is required 
to prove that defendant’s breach of the stan
dard of care was a substantial factor in causing a 
diminished chance of recovery/survival from the
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underlying injury [52-54], Most often, the loss-of- 
chance doctrine is employed where the breach of 
the standard of care involved a failure or delay in 
diagnosis or treatment.

Under the loss-of-chance doctrine, the substan
tial factor test, as set forth in Restatement (Sec
ond) of Torts [55], is applied to determine causa
tion. The substantial factor test is also used in tra
ditional malpractice actions, coming under the all- 
or-nothing rule; thus, causation remains congruous 
under the loss-of-chance doctrine. The degree of 
certainty required to establish causation, likewise, 
remains the same -  reasonable probability [56], Rea
sonable probability is defined in the usual manner as 
"more probable than not” or “more likely than not” 
[47,57,58], Again, from a statistical viewpoint, rea
sonable probability means with a greater than 50% 
chance[59-61],

At the case, the sole distinction between the tra
ditional all-or-nothing rule and the loss-of-chance 
doctrine is the compensable injury. Under the all-or- 
nothing rule, the compensable injury is the underly
ing injury. In contrast, under the loss-of-chance doc
trine, the compensable injury is viewed as the lost 
opportunity of recovery/survival from the underly
ing injury.

To maintain an action for a lost chance of recov
ery/survival, the plaintiff must still prove that defen
dant breached the applicable standard of care and 
that this breach was a substantial factor in causing 
a diminished chance of recovery/survival from the 
underlying disease or injury. The plaintiff must also 
present evidence proving causation by a reasonable 
probability, establishing that the chance of recovery/ 
survival was 50% or greater before the negligent 
act or omission. In the presentation, however, evi
dence establishing causation or plaintiff’s chance of 
recovery/survival need not be expressed in terms of 
percentages; this is a question for the jury. An exam
ple of a probable jury instruction in such a case is 
set forth here.

Special Jury Questions: Lost chance of recovery/ 
survival case

Questions for the jury to consider:

1. Do you believe from the evidence that the 
obstetrician breached the standard of care
in the treatment provided to patient?___
Yes___No

If you, the jury, answered "yes,” then you 
must answer the following question:

2. Do you believe from the evidence that the 
obstetrician’s failure to exercise reasonable 
care was a substantial factor in causing the 
patient’s injury or death?
__ Yes___ No

If you, the jury, answered the above in the 
affirmative, you shall find in favor of the 
plaintiff proceed to the question of dam
ages. However, if you answer the above 
question “n o ,' then you must answer the 
following:

3. Do you believe from the evidence that the
physician’s failure to exercise reasonable 
care in the care and treatment of the plain
tiff was a substantial factor in causing her 
to suffer a lost chance of recovery or sur
vival from the underlying medical disease 
or injury? For purposes of this instruction, a 
lost chance of recovery or survival is defined 
as a 50% or less chance of recovery or sur
vival at the time the defendant physician 
failed to exercise reasonable care in his 
treatment of the plaintiff.__  Yes___No

If you answer the above instruction in the 
affirmative, proceed to the next question. 
If you answer the above instruction in the 
negative, then you shall find in favor of the 
defendant physician.

4. What do you find, in terms of a percentage, 
represents the plaintiff’s chance of recov
ery or survival, at the time of the defen
dant physician’s failure to exercise reason
able care in his treatment of the plaintiff. 
The percentage you find cannot be greater
than 50%----- % (50% or less). Proceed to
Instruction 5.

5. What do you find, in terms of a percentage,
represents the plaintiff’s chance of recov
ery or survival at the time she was properly 
diagnosed and treated?___%

6. The plaintiff’s lost chance of recovery or 
survival will be determined by subtracting 
the percentage you find under Instruction 5 
from the percentage you find under Instruc
tion 4. The Judge then will determine the
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award by multiplying the total amount you 
determine as damages by the percentage 
previously determined to represent the lost 
chance of recovery or survival (subtracting 
the percentage under Instruction 5 from the 
percentage under Instruction 4).

In the example provided, to recover under the 
loss-of-chance doctrine, the jury must find that the 
defendant physician breached the standard of care 
under Instruction 1, but that such breach was not 
a substantial factor in causing the underlying injury 
under Instruction 2. If the jury finds that the physi
cian’s breach of the standard of care caused the 
underlying injury, the plaintiff would be entitled to 
damages ordinarily recoverable in a traditional mal
practice action. If the jury finds that such breach 
was not a substantial factor in causing the underly
ing injury, the jury may then consider whether such 
breach caused a lost chance of recovery/survival 
(Instruction 3}. The jury can then fix the exact per
centage representing that lost chance (Instructions 
4 and 5). Finally, the judge determines the final 
amount of damages by multiplying the total dam
ages by the percentage representing the lost chance 
of survival.

INFORMED CONSENT

The duty to disclose the risks and alternatives of 
a proposed treatment adequately has been well 
established in law for many decades. The basis of 
informed consent is the simple principle that every 
person of adult years and sound mind has a right to 
determine what shall be done with his or her own 
body. Thus, the duty that exists is for a physician to 
disclose sufficient information to enable the patient 
to make an informed judgment whether to give or 
withhold consent to a medical or surgical procedure. 
Failure to do so constitutes medical malpractice. As 
the court articulated in Dingle v. Belin, “Unlike the 
traditional action of negligence, a claim for lack of 
informed consent focuses not on the level of skill 
exercised in the performance of the procedure itself 
but on the adequacy of the explanation given by the 
physician in obtaining the patient’s consent” [62], 

Prior to 1972, most courts dealing with the prob
lem of consent made the physician’s duty depend 
on the custom of physicians practicing in the com
munity. This rule required a physician to disclose

whichever information a reasonable physician in 
similar circumstances would customarily disclose. It 
was held that a physician has a duty in the exercise 
of ordinary care to inform a patient of the dangers 
of, possible negative consequences of, and alterna
tives to a proposed medical treatm ent or procedure 
[63]. As with many aspects of malpractice litiga
tion, recovery in nondisclosure lawsuits hinged on 
the patient’s ability to prove, through expert tes
timony, that the physician’s performance departed 
from medical custom. To recover against a physician 
for failure to provide such information, the patient 
was generally required to establish by expert testi
mony whether and to which extent any information 
should have been disclosed [64-76],

In a trilogy of cases decided in 1972, however, this 
traditional standard of customary medical practice 
was abandoned by three jurisdictions as the basic 
criterion for informed consent. These cases rejected 
the customary practice standard as providing insuf
ficient protection for the patient’s autonomy, which 
is the very purpose of disclosure. A new standard 
was designed to provide a patient with information 
material to his or her decision on a course of therapy. 
Most notable is the case of Canterbury v. Spence [67]. 
In Canterbury, after a myelogram revealed a “filling 
defect” in the region of the fourth thoracic vertebra, 
the attending physician advised the plaintiff that he 
would have to undergo a laminectomy to correct 
what was suspected to be a ruptured intravertebral 
disc. The plaintiff did not raise any objection to the 
proposed operation, nor did he inquire about the 
specific details of the procedure. At no time prior 
to the procedure was the patient advised of any par
ticular risks of the procedure. Due to complications 
that occurred, the plaintiff became paralyzed fol
lowing surgery. Despite extensive medical care, he 
never recovered. He was subsequently able to ambu
late only with the use of crutches and was plagued 
with paralysis of his bowels and urinary inconti
nence.

In their opinion, the Canterbuiy court noted that 
historically, informed consent was given by a rea
sonable person who receives sufficient information 
to make an intelligent choice, and that it was up 
to reasonable healthcare professionals to determine 
the sufficiency of such evidence, Furthermore^ the 
court noted that to be successful in an informed 
consent malpractice suit, a causal relationship must 
exist between the physician’s failure to divulge
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information adequately and damage to the patient. 
In reaching its decision, the court rejected the his
torical notion that the practice within the medical 
community established the sufficiency of the disclo
sure. Instead, the court stated

Some have measured the disclosure by “good 
medical practice,” others by what a reasonable 
practitioner would have bared under the cir
cumstances, and still others by what medical 
custom in the community would demand. We 
have explored this rather considerable body 
of law but are unprepared to follow it. The 
duty to disclose, we have reasoned, arises from 
phenomena apart from medical custom and 
practice. The latter, we think, should no more 
establish the scope of the duty than its exis
tence. Any definition of scope in terms purely 
of a professional standard is at odds with the 
patient’s prerogative to decide on projected 
therapy himself. That prerogative, we have 
said, is at the very foundation of the duty to 
disclose, and both the patient’s right to know 
and the physician’s correlative obligation to 
tell him are diluted to the extent that its com
pass is dictated by the medical profession [67].

The court went on to state

In our view, the patient’s right of self-decision 
shapes the boundaries of the duty to reveal. 
That right can be effectively exercised only 
if the patient possesses enough information 
to enable an intelligent choice. The scope of 
the physician’s communications to the patient, 
then, must be measured by the patient’s need, 
and that need is the information material to 
the decision. I  us, the test for determining 
whether a particular peril must be divulged 
is its materiality to the patient’s decision: all 
risks potentially affecting the decision must 
be unmasked. And to safeguard the patient’s 
interest in achieving his own determination on 
treatment, the law must itself set the standard 
for adequate disclosure [67],

The Canterbury court thus established material
ity as the standard for determining whether a physi
cian has an affirmative duty to disclose the informa
tion that the patient claims he or she was deprived. 
W hether a risk of injury is material to a patient

depends on the severity of the potential injury as 
well as the probability of its occurrence. If the like
lihood of an injury occurring is negligible, then the 
risk is not considered material and is insufficient 
to trigger the physician’s duty to disclose. As the 
court noted, the risk of injury “.. .cannot be con
sidered a material factor. . . ” if “the probability of its 
occurrence... is so small as to be practically nonexis
tent. Similarly, if the severity of the potential injury 
is “very minor,” the risk is immaterial and need not 
be disclosed [68].

Additional court opinions are important in eval
uating this point. "Materiality may be said to be 
the significance [that] a reasonable person, in what 
the physician knows or should know is his patient’s 
position, would attach to the disclosed risk or risks 
in deciding whether to submit or not to submit 
to surgery or treatm ent” [69], Material information 

. . .  may include the nature of the patient’s condi
tion, the nature and probability of risks involved, 
the benefits to be reasonably expected. . .  the likely 
result of no treatment, and the available alternatives, 
including their risks and benefits” [70],

The materiality standard for disclosure does 
weigh the risks of alternative treatments in decid
ing which information is material to the patient. An 
obstetrician in the delivery suite is in the unique sit
uation of having to take into account the best inter
ests of two people, m other and child, in rendering 
medical care. As such, in recommending a course 
oi treatment, the standard of care might require 
the doctor to consider the risks to the mother, the 
risks to the child, and the appropriate balance of 
these risks. The standard of care that governs a con
ventional medical malpractice case differs from the 
materiality standard that governs informed consent 
cases, however. Under informed consent law, if a 
risk to the baby or a risk to the mother is mate
rial to the patient-m other’s decision, the doctor has 
a duty to disclose that risk. Once these risks and 
other material information have been disclosed, it is 
the patient’s prerogative to balance these risks and 
choose the form of treatm ent that best meets that 
patient s needs. To the physician, whose training and 
experience suggest a specific course, the “correct” 
answer might seem clear, but it is the prerogative 
of the patient, not the physician, to determine the 
direction in which his or her interests seem to lie.

In considering the question of materiality the case 
of Harrison v. United States is important [71], In
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Harrison, the case involved balancing the risks to 
the child from a vaginal birth against the risks to 
the mother from a cesarean. The patient had been 
admitted at 37.5 weeks gestation for induction of 
labor. During labor, the baby’s head crowned, but 
the shoulders did not deliver. The delivery team 
followed standard steps to attempt to resolve the 
shoulder dystocia. After the initial maneuvers were 
unsuccessful, the obstetrician delivered the poste
rior arm, which then allowed delivery of the baby. 
The baby weighed 4,508 grams at birth and was 
subsequently diagnosed with Erb’s palsy resulting 
in a permanent neurologic injury. The judge deter
mined that, although the risks of vaginal birth for the 
baby were “something more than negligible,” when 
these risks were balanced against the risks to the 
mother from a cesarean, “a cesarean section to avoid 
brachial plexus injury was not a reasonable medical 
judgment.” Thus, because the cesarean presented a 
greater risk, it was therefore not medically indicated 
at the time, and the doctor had no duty to disclose 
the risks of either procedure.

The court of appeal, however, reversed the dis
trict court judge’s finding in Harrison that the physi
cian had no duty to afford an expectant mother 
the opportunity to have a cesarean. Applying Mas
sachusetts law, the court found that if a risk to 
the baby or a risk to the mother is material to the 
patient-mother’s decision, the doctor has a duty to 
disclose that risk. The court noted

The patient’s opportunity to perform this 
balancing may assume particular importance 
when the patient is a mother giving birth. In 
such a case, the mother may purposefully dis
count risks to herself in order to choose a treat
ment or procedure that will present the least 
risk to her newborn child. While the treating 
physician will undoubtedly feel the need to 
balance the welfare of mother and child, the 
mother may consider her baby’s health as the 
paramount concern.

The appellate court remanded the case for further 
findings by the trial judge. In guiding the trial judge 
about the issue at hand, the court determined that 
if a risk existed either to the m other’s or the child’s 
health, such information would have been material 
to a reasonable patient. In this setting, therefore, the 
obstetrician had a duty to disclose that risk. More

over, because there are only two methods of child
birth, if the district court found the data concerning 
the risk of vaginal birth to be material to the patient, 
then the obstetrician also had a duty to present the 
alternative option of a cesarean that might minimize 
such risk, regardless of his medical opinion on the 
proper course of treatment.

In jurisdictions that have adopted the material
ity standard, there remains an important role that 
only medical evidence can fill. Unlike the jurisdic
tions where the standard for determining informed 
consent is based on the ordinary physician in a sim
ilar circumstance, expert testimony is not neces
sary, because the issue does not revolve around the 
accepted standard. Instead, experts are to identify 
and elucidate the risks and benefits of therapy, and 
the consequences of leaving existing medical con
ditions untreated. Furthermore, expert testimony is 
needed on issues about the cause of any injury or dis
ability suffered by the patient and the lack of proper 
consent.

The guiding principle is that medical facts are 
for medical experts; however, for jurisdictions that 
judge nondisclosure cases, the issue of materiality 
does not entirely reside within the medical domain. 
The patient’s testimony can establish a physician’s 
failure to disclose particular risk information, and 
the adverse consequences following the treatment. 
Experts are unnecessary to establish the materiality 
of a risk to a patient's decision on treatment, or to 
the patient’s response had material risk disclosure 
occurred. Nonetheless, it is the rare consent case 
that can be resolved w ithout expert testimony

EXPERT WITNESSES

With few exceptions, in an action based on medi
cal malpractice, the only way in which the jury can 
properly determine whether the defendant physi
cian’s conduct deviated from the appropriate stan
dard of care to constitute negligence is through the 
testimony of expert witnesses. This does not mean, 
however, that a jury is bound by the opinions of any 
of the experts who testify. Such opinions may prop
erly be discarded, even when there is no evidence 
to contradict them; however, a jury cannot discard 
an opinion as to the standard of care, and adopt a 
different standard unless there is testimony in favor 
of the alternate standard of care. In other words, the 
jury decides to create a standard that has not been
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articulated by an expert. In most cases, the standard 
of care that is applicable is disputed by the parties. 
When the expert opinions conflict, the jury, as a 
trier of fact, must determine which is more worthy 
of credence. In such a case, in determining what is 
the greater weight of evidence;, the jury should not 
content itself with merely counting the number of 
witnesses but should consider the relative qualifica
tions and credibility [76-78], Expert testimony that 
is purely speculative should be excluded [72], 

Before the jury considers how much weight to 
ascribe to a give opinion proffered by an expert, 
however, it is the responsibility of the trial court to 
determine that the expert witness is * .. qualified as 
an expert by knowledge, skill, experience;, training, 
or education" before their testimony is presented to 
the jury [73]. This gate-keeping function requires 
the trial court to determine, given the proffered 
expert’s background, whether the scientific, techni
cal, or other specialized knowledge he [or she] offers 
".. .  will assist the trier better to understand a fact in 
issue.. . . ” [74,75], To qualify as an expert in a medi
cal malpractice action, a physician is not required to 
be familiar with all the medical statistics of a partic
ular community. Furthermore, the appropriate stan
dard of care to be used in any given procedure is not 
necessarily compartmentalized by a physician’s area 
of professional specialization or certification. Courts 
consider the focus in any medical malpractice case 
to be the procedure performed and whether it was 
executed in conformity with the recognized stan
dard of care, the primary concern being whether the 
treatment was administered in a reasonable manner. 

One court noted that:

. . .  if an expert was required to have similar, 
if not identical, education, training, and expe
rience the obvious result of such an applica
tion, [would be] to reduce the pool of qual
ified experts to its lowest common denomi
nator. This is a consequence that [the court 
has] never intended. Therefore, any doctor 
with knowledge of or familiarity with the 
procedure, acquired through experience, 
observation, association, or education, is com
petent to testify concerning the requisite stan
dard of care and whether the care in any 
given case deviated from that standard. The 
resources available to a physician, his or her 
specific area of practice, or the length of time

he or she has been practicing are all issues 
that should be considered by the trial jus
tice in making his or her decision regarding 
the qualification of an expert. No one issue, 
however, should be determinative. Further
more, except in extreme cases, a witness who 
has obtained board certification in a particu
lar specialty related to the procedure in ques
tion, especially when that board certification 
reflects a national standard of training and 
qualification, should be presumptively quali
fied to render an opinion. [76]

I hus, the proffered expert physician need not 
be a specialist in a particular medical discipline to 
render expert testimony relating to that discipline 
[77,7 8], In fact, it would have been an abuse of dis
cretion for the court to exclude testimony on the 
sole basis that the medical specialty of the expert 
was something other than gynecology or obstetrics, 
for example [79], The case of Sheely v. Leslie illus
trates the issue that confronts the court in the exer
cise of its gate-keeping function [80],

In Sheely, the plaintiff delivered a healthy child at 
a Rhode Island hospital. At the time of the birth, the 
plaintiff was under the care of a second-year fam
ily practice resident. The faculty supervisor during 
the delivery was a family practice specialist. During 
the delivery, an episiotomy was performed that was 
subsequently repaired. After her discharge from the 
hospital, the plaintiff developed a rectovaginal fis
tula that required corrective surgery. Notwithstand
ing an apparently successful repair after her surgery, 
the plaintiff continued to experience pain and dis
comfort at the episiotomy site. The patient and her 
husband then brought suit, alleging negligent per
formance and repair of the episiotomy incision.

At the trial on the malpractice action, the plaintiff 
sought to introduce the expert medical testimony 
of a board-certified obstetrician/gynecologist. The 
obstetrician was expected to testify about the fac
ulty supervisor’s alleged malpractice and the stan
dard of care related to the performance of an 
episiotomy. The plaintiff’s obstetrician/gynecologist 
expert testified that his board certification repre
sents a level of achievement of skill and knowl
edge as established by a national standard, in which 
the standard of care is uniform throughout the 
medical specialty. This expert was eminently quali
fied and had delivered approximately 4,000 babies
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during his career. Although at the time of the trial 
this expert witness no longer practiced obstetrics, he 
testified that he had maintained his familiarity with 
the standards and practices in the field of obstetrics 
through weekly conferences, active obstetric work, 
professorial responsibilities, and continuing educa
tion. The defendants objected and filed a pretrial 
motion to exclude this testimony, arguing that a 
trained obstetrician/gynecologist was not qualified 
to testify against a family practice resident who was 
providing obstetric and gynecologic care.

At trial, the judge excluded the plaintiff expert’s 
testimony, stating: “1 fail to see where this case is 
distinguishable from [prior case law]. 1 don’t quarrel 
with the doctor’s background and qualifications. I 
think he’s the inappropriate expert to testify in this 
case." The plaintiff did not have any other experts 
prepared to testify, nor was she able to procure one 
within the 2-day period allowed by the trial justice. 
Consequently, the plaintiff’s case was dismissed.

On appeal, the plaintiff argued that the trial 
justice’s ruling constituted an abuse of discretion 
in exercising the gate-keeping function, since the 
recruited expert was amply qualified to testify 
concerning the alleged malpractice. The defendant 
maintained that the plaintiff’s expert was not com
petent to offer expert testimony on the appropriate 
standard of care, despite the fact that he had the 
prerequisite knowledge, skill, experience, training, 
and education in the field of the alleged malprac
tice, because he had more specialized training than 
a family practitioner. Furthermore, testimony con
cerning the standard of care required of a family 
practitioner practicing obstetrics had to be intro
duced by an expert in family medicine.

The appellate court refused to reverse the lower 
court’s decision. The court argued that, “The deter
mination of the competency of an expert witness 
to testify is within the discretion of the trial justice.
. . .  This court will not disturb that decision in the 
absence of clear error or abuse. . . . ” In similar cir
cumstances, most trial courts would permit the 
obstetrician/gynecologist to testify against a fam
ily practice physician given that the issues involved 
obstetrics. There were some extenuating circum
stances in the Sheely case that led to the judge's rul
ing. It is an example, however, of the role that the 
trial court is supposed to play in determining the 
relevance of evidence that the jury should receive. 
Similarly, even if permitted to testify, the range of

subjects about which an expert is qualified to opine 
in any particular trial is also a m atter within the trial 
court’s discretion.

As the Sheely court notes, the gate-keeping func
tion of the trial court requires use of j udicial discre
tion, as such appellate courts will not supplant in 
judgment an overturn a ruling unless there has been 
a clear abuse of discretion. Although a trial court’s 
decision on the qualifications of an expert ordinar
ily is conclusive, an appellate court can come to the 
opposite conclusion if it determines the trial court 
reached its decision by applying erroneous legal 
principles. In Lake u. Clark, a lawsuit was brought 
against a general surgeon for alleged negligence in 
performing an abdominal hysterectomy [81,82]. In 
this instance, the appellate court decided that the 
trial judge erred in refusing to permit a gynecologist 
to testify about the standard of care.

AUTHORITATIVE SOURCES 
AND LEARNED TREATISES
The rule against hearsay precludes many out-of- 
court statements, except for statements made by a 
party to the case or prior inconsistent statements of a 
witness given under oath. Consequently, if this rule 
were strictly followed in a medical malpractice case, 
scientific literature would be precluded. Given the 
considerable resources available to physicians and 
the reliability of much of the scientific literature, 
however, procedural rules provide an exception to 
the hearsay rule for what are termed learned trea
tises. The Federal Rule states

To the extent they are called to the attention 
of an expert witness upon cross-examination 
or relied upon by the expert witness in direct 
examination, statements contained in pub
lished treatises, periodicals, or pamphlets on a 
subject of history, medicine, or other science 
or art, established as a reliable authority by 
the testimony or admission of the witness or 
by other expert testimony or by judicial notice.
If admitted, the statements may be read into 
evidence but may not be received as exhibits.
[83]

A majority of states have adopted the Federal 
Learned-Treatise Rule or follow an analogous rule 
[84-108],
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The Federal Rule provides for specific publi
cations to be established as reliable authorities 
by experts other than an expert under cross- 
examination, as well as by judicial notice in which 
a judge accepts the reliability of a particular writ
ing. Expert witnesses may also refer to statements 
from learned treatises on direct examination, to the 
extent that they relied on those statements in form
ing their own opinion.

The use of learned treatises during trial can be a 
quagmire for trial attorneys. Given the plethora of 
publications, and the role that controversial research 
or approaches play in provoking discourse, pub
lished statements that are not generally accepted can 
nonetheless give the appearance of being authori
tative and the trial becomes one of journal articles 
and textbooks. Given that even legitimate authorita
tive sources are rarely definitive and the application 
to a particular clinical situation requires interpreta
tion, it is the expert witnesses that are relied upon 
to provide the medical standards. Literature, when 
it is used, is most often used to cross-examine an 
adverse witness, as opposed to bolstering one side or 
the other with “evidence-based” writings. Interest
ingly, the Federal Rules of Evidence do not require 
the cross-examined witness to recognize any trea
tise as authoritative [109], This ". . .  avoid [s] the 
possibility that the expert may at the outset block 
cross-examination by refusing to concede reliance 
or authoritativeness . . .” [110], Prior to allowing 
other means for introduction, if an expert during 
cross-examination did not legitimize the publica
tion as an authority, the document could not be 
used. The black-and-white nature of the standard 
is illustrated in the case of Swank v. Halivopoulos
[111]. In Swank, the plaintiff’s counsel sought to 
cross-examine the defendant’s medical expert about 
the standard oi care for administration of oxygen 
to premature infants by reference to the Standards 
and Recommendations of the American Academy of 
Pediatrics. The defense expert stated that he was 
unfamiliar with the book, however, and that he 
did not recognize it as authoritative. The appellate 
court held that the text had been properly excluded 
because the defense expert had never acknowledged 
its authoritativeness.

The promulgation of the Federal Rule and sim
ilar state rules of evidence was in response to the 
perceived danger that an expert can tactically avoid 
cross-examination with the use of the claim of

authoritative language. As the court in Gridley a  
Johnson [112] stated:

An expert need say only that he or she is not 
acquainted with the book or its author to pre
vent its use in testing his or her qualifications, 
no matter how eminent or accepted the author 
might be. The fewer books and authorities 
that the witness acknowledges, and the less 
knowledge he or she has of what has been 
written in the field, the more difficult it can 
be to cross-examine this witness along this 
line. This not acknowledging the source mate
rial (s) gives the witness full veto power over 
the cross-examiner’s efforts.

In a similar vein, the Illinois Supreme Court 
observed that “. . .  [t]o prevent cross-examination 
upon the relevant body of knowledge serves only to 
protect the ignorant or unscrupulous expert witness 
. . . ” [113],

Because of the black-and-white standard, trial 
cross-examination of expert witnesses often became 
a dance in semantics, as seen in the case of Jacober 
vs. St. Peter’s Medical Center [114], In Jacober, a 
trial court prevented the plaintiff’s counsel from 
cross-examining defense experts about the med
ical literature. One of the experts testified that 
a commonly used pediatric textbook (Klaus and 
I^anaroff: C are of the High-Risk Neonate) was “a stan
dard text.” Another expert acknowledged Stanley 
James as an ‘eminent neonatologist” w4io authored 
a standard textbook. Each of the defense experts, 
however, refused to declare the proffered texts as 
authoritative.’ The issue on appeal was whether, 

although not willing to utter the “magic words,” 
did the testimony of the expert witnesses constitute 
sufficient acknowledgment that the texts referred 
to were “recognized and standard authorities] on 
the subject.” The appellate court overturned the 
preclusion, arguing that procedural law requires an 
expert only to recognize a text as a standard author
ity, not expressly to declare the text “authorita
tive.” In the eyes of the appellate court, the med
ical literature that plaintiff’s counsel sought to use 
on cross-examination strongly supported the plain
tiff’s theory and challenged the defense experts’ tes
timony. The appellate court noted that the trial 
court’s exclusions precluded the jury from ade
quately assessing the defense experts’ credibility. In

ak
us

he
r-li

b.r
u



Appendix of Legal Principles 861

part, the appellate court was concerned that the trial 
court’s ruling prevented the plaintiff’s counsel from 
referring to any medical articles to rebut the defen
dant’s expert factual assertions despite statements 
in the literature that might be considered contradic
tory.

Consequently, the Federal Rule and now several 
state courts permit cross-examiners to establish the 
authority of learned treatises through judicial notice 
or through the testimony of other expert witnesses 
[115-119]. In addition, the Federal Rule allows 
experts to refer on direct examination to state
ments from learned treaties if they relied on those 
treatises in forming their opinions [120].

The federal courts have explicated how learned 
treatise statements may be introduced into evidence 
[121]. An expert witness must lay a proper foun
dation for the reliability and authoritativeness of a 
text before its contents can be admitted as a learned 
treatise [122-123], Merely because a paper or book 
is published does not establish the document as an 
authority, and it is recognized that publication does 
not automatically render a text a reliable author
ity [124], The tex t’s reliability is potentially estab
lished by an expert witness acknowledging under 
testimony that professional people within the field 
regard the publication as trustworthy.

Duly admitted learned treatises do not indepen
dently establish the standard of care in a medical 
malpractice action, however. They are merely evi
dence of the standard of care to the extent relied 
on by the expert witness in direct examination, or 
called to the attention of the expert witness on cross- 
examination.

In Kilpatrick v. Wolfond [125], the issue of an 
appeal was the trial court’s allowance of the defen
dant physician’s introduction of learned treatises 
into evidence as proof of the. standard of care, rather 
than merely allowing the jury to derive the relia
bility of the expert witness’s testimony when con
fronted with literature that appeared to contradict 
him. Prior to trial, the defendant filed a motion for 
determination of authoritativeness of certain tech
nical bulletins and committee opinions of ACOG. 
The motion noted that two of the defendants’ 
experts were present or former members of ACOG 
and were intricately involved with the organization, 
including participation on certain committees. An 
affidavit from one of the experts described ACOG's 
membership and its purpose and role “to provide

education and to serve as guidance for doctors as 
to the current state of medicine.” The other expert 
stated by affidavit that he considered the technical 
bulletins and committee opinions authoritative and 
that prior to publication the materials are exten
sively reviewed by committees of doctors chosen 
for their expertise. Furthermore, affidavit testimony 
was presented that ACOG materials are authorita
tive and that “[t]he ACOG publications that are 
currently in effect are the best available knowledge 
regarding the issues which they cover and are scien
tifically agreed upon nationwide," In opposition, the 
plaintiffs submitted affidavits of experts who stated 
that the ACOG materials are not “in and of them 
selves, authoritative” and that "the general obstetric 
community does not recognize [the materials] per 
se., as authoritative.”

The trial judge framed the legal requirement 
for introduction as follows: “.. .the  real question is 
whether they are generally acknowledged, accepted,
and utilized in the medical community__ [I]f so,
then I think that makes them authoritative.” The 
judge went on to state that “I don't think it’s sup
posed to be one hundred percent accurate or per 
se authoritative. I think it’s supposed to be gen
erally acknowledged, accepted and used.” In fact, 
as the judge pointed out, the defendant’s attorney 
acknowledged, “[t]here is not anything in medicine 
that everybody agrees is absolutely authoritative.” 
The original court accepted the texts in question as 
authoritative. An appeal was filed and it was argued 
that the trial court erred in determining that certain 
medical texts were authoritative for use in cross- 
examination of their experts. The plaintiff claimed 
that the preponderance of the evidence did not sup
port a finding of authoritativeness and also asserted 
that the standard for determining authoritativeness 
of medical texts should be at least “clear and con
vincing” evidence.

In this instance, the appellate court determined 
that the ACOG technical bulletins and commit
tee opinions were authoritative and upheld the 
introduction of the documents agreeing that the 
sworn statements from the defendant’s own experts 
met the burden of establishing authoritativeness. 
The court concluded that even in the absence of 
acknowledgment of authoritativeness by the cross- 
examined experts themselves, authoritativeness was 
properly established by the acknowledgment of 
other experts. The court noted that one of the
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defendant's experts had stated in his affidavit that 
he considered the ACOG bulletins and commit
tee opinions authoritative, and he also described 
the extensive procedure by which these bulletins 
and opinions are formulated, noting that he did not 
know of other publications that went through such 
thorough expert review prior to publication. Addi
tionally, other affidavits stated that these ACOG 
materials were designed to educate and provide 
guidance for gynecologists and obstetricians in prac
tice.

Ultimately, the ability to rely on medical litera
ture and learned treatises at trial depends on the 
rules of evidence for the particular jurisdiction. Typ
ically, it does not boil down to a battle of experts, 
with each party trying to bring in one more expert 
than the other so that "more weight” favors author
itativeness or nonauthoritativeness. As long as there 
is some credible evidence to support the conclu
sion that a text is authoritative, a trial judge is 
free to act within his or her discretion in deem
ing a medical text authoritative for purposes of 
cross-examination. In most instances, literature is 
not admitted as substantive evidence, but only for 
purposes of cross-examination. The expert testify
ing in reference to these data is free to explain his 
or her reason for disagreement with the text, such 
as a flawed methodology.

SPECIAL ISSUES

Emergency Medical Treatment 
and Labor Act Rules

Amid an increasing number of reports that hos
pital emergency departments were refusing to 
accept or treat patients with emergency condi
tions if the patient did not have medical insurance, 
Congress enacted the Emergency Medical Treat
ment and Labor Act (EMTALA) [126], EMTALA 
was enacted to address a growing concern that hos
pitals were “dumping” patients who could not pay, 
either by discharging them before their emergency 
condition was stabilized or by transferring such 
patients to another hospital. It should be recognized 
that EMTALA is not a malpractice statute; it is not 
intended to guarantee proper diagnosis or to provide 
a separate means for bringing a claim based on mis
diagnosis or medical negligence. Instead, Congress’s 
manifest intent was that all patients be treated fairly

when they arrive at a hospital s emergency depart
ment, and that those patients who are in need of 
emergent care receive some minimal level. As one 
court stated, “The avowed purpose of EMTALA 
was not to guarantee that all patients are properly 
diagnosed, or even to ensure that they receive ade
quate care, but instead to provide an 'adequate first 
response to a medical crisis’ for all patients and send 
a clear signal to the hospital com m unity. . .  that all 
Americans, regardless of wealth or status, should 
know that a hospital will provide what services, 
it can when they are truly in physical distress” 
[127],

There are two requirements placed on hospitals 
by the EMTALA. First, if a patient arrives at the hos
pital requesting treatment, the hospital must pro
vide an appropriate medical screening examination 
to determine whether an emergency medical condi
tion exists. Second, if the hospital determines that 
an emergency medical condition exists, the hospi
tal may not transfer the patient until the medical 
condition is stabilized, unless certain circumstances 
exist [128-134],

The determination of whether a given hospi
tal has performed an “appropriate medical screen
ing examination,” as defined by EMTALA, varies 
with the unique capabilities of each specific hos
pital. 1 he courts have given considerable deference 
to the screening procedures used by the hospital. 
Essentially, the court’s primary issue in determin
ing whether appropriate screening has been under
taken is to determine whether the hospital adhered 
to its own procedures, not whether the procedures 
were adequate if followed. This is of fundamental 
importance, because a basis for establishing liability 
for failing to properly screen a patient who presents 
requesting emergent care can be when the hospital 
does not follow its own standard procedures [131], 
In Marshall v. East Carroll Parish Hospital, the U.S. 

Court of Appeals for the Fifth Circuit held that an 
appropriate medical screening “. . .  is not judged by 
its proficiency in accurately diagnosing the patient’s 
illness, but rather by whether it was performed equi
tably in comparison to patients with similar symp
toms [133]; however, a violation of policy or pro
tocol is not a per se violation of EMTALA. The 
case of United States Rush Foundation Hospital 
[134] is directly on point because it considered the 
issue of appropriate screening examination in the 
obstetrics setting. During the course of a woman’s

ak
us

he
r-li

b.r
u



Appendix of Legal Principles 863

prenatal care, the nurse-midwives at her clinic 
became aware that she had a history of deep-vein 
thrombosis (DVT) during a previous pregnancy. 
Because of this risk, in consultation with one of the 
supervising physicians, the patient was to receive 
care at a university medical center located in a dif
ferent city from where she lived. The patient agreed 
with this plan.

On the day in question, a member of the patient's 
family called an ambulance service because the 
patient thought that she was in labor. The paramedic 
staffing the ambulance* on learning of the patient’s 
medical history, became concerned about transport
ing her out of the ambulance district without being 
evaluated locally. Thus, the patient was brought to 
the hospital at which her prenatal clinic was affili
ated.

A registered nurse employed in the labor and 
delivery department came to the emergency depart
ment to examine the patient. The nurse took vital 
signs, performed a sterile vaginal examination, man
ually palpated for contractions, and documented the 
fetal heart tones using a Doppler device. After com
pleting her assessment, the nurse reported her find
ings to a certified nurse midwife employed at the 
hospital. The plan was to proceed with transport 
to the medical center, and therefore the patient 
was placed back in the ambulance. During trans
port, however, the patient’s membranes ruptured. 
As time passed, she began to have the urge to push. 
Based on his experience and training, the paramedic 
thought that the delivery was progressing, and as a 
result, the patient was taken to the closest available 
hospital. A nurse and an emergency physician deliv
ered the baby. There were no complications, and the 
mother and her baby were ultimately transported to 
the medical center.

This issue that was presented was whether the 
nurse’s evaluation of this patient represented an 
appropriate medical screening examination, sat
isfying the requirements of section 186 7 of the 
EMTALA law. The Inspector General argued that 
because the patient was not taken to the labor and 
delivery department and did not receive electronic 
fetal monitoring, her evaluation was inappropri
ate. Relying on the hospital’s own policy regarding 
obstetric patients who present to the delivery suite, 
an attempt was made to establish disparity between 
the policy and the patient’s screening examination. 
The hospital’s policy stated that

any patient presenting to the Emergency 
Room for questionable labor from 20 weeks 
gestation to term will be evaluated by 3 West 
Nursing staff. After completing identifying 
data and notifying the floor, the patient will 
be taken to 3 West observation room to be 
attached to Electronic Fetal Monitor.

As the court noted, however, the difficulty with 
the argument is that the Inspector General pre
sented no evidence from any staff member or con
cerning any other hospital patient that would tend 
to prove that other pregnant patients would have 
received an examination different from the one pro
vided this particular patient. In fact, there was evi
dence to the contrary. The nurse who performed the 
evaluation testified that the examination she con
ducted was the same examination she would have 
performed on any other pregnant patient present
ing to the hospital with similar symptoms. In addi
tion, expert testimony established that the examina
tion performed was the same examination that they 
would have performed. Moreover, there was testi
mony to establish that the nurse’s evaluation in the 
emergency department was the functional equiva
lent to that described in the policy, the only distinc
tion being the change in the point of service for the 
evaluation. In concluding that the medical screen
ing examination was the same as that which would 
have been provided to any other pregnant patient 
presenting to the hospital, the court concluded that 
there was no violation of the EMTALA.

Thus, for purposes of the EMTALA, the critical 
point in question is not whether a hospital arrived at 
a correct diagnosis or determination of the patient’s 
stability, but whether it provided an appropriate 
medical screening examination. From a practical 
perspective, as the adopted policy and procedures 
of a hospital are relevant to the issue, such policies 
and procedures should be reviewed to ensure that 
they are consistent with practice. Although in the 
Rush Foundation case the hospital was not found 
to be in violation of EMTALA, it was their own 
policy that was being used in an effort to establish 
that the patient at issue was treated in a disparate 
fashion.

The other issue of responsibility that the hospital 
has is to stabilize the patient prior to transferring 
or discharging him or her. Pursuant to EMTALA, a 
patient is “stabilized” if his or her condition will not
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materially deteriorate during the short time neces
sary to transfer the patient to another facility [130], 
As discussed previously, however, the EMTALA 
is not a substitute for medical negligence. The 
hospital's duty under the statute therefore is to sta
bilize only those emergency medical conditions that 
its staff detects and that duty does not arise until the 
hospital first detects an “emergency medical condi
tion” [126,135-137], Consider Urban v. King, in 
which a plaintiff presented to the obstetrics depart
ment of a medical center for electronic fetal moni
toring (EFM) [1 3 '] . She was pregnant with twins, 
in a high-risk pregnancy. Her test was nonreactive; 
however, the fetal heart tones were in the 150s for 
each twin. The patient’s vital signs were normal. The 
nurse who conducted the test, after consulting with 
a doctor but without informing the patient of her 
test results, instructed the patient to come back to 
the hospital the next morning for a repeat test.

The patient left the hospital at 20:00 and 
returned the next day for the repeat test. During the 
repeat stress test, the morning nurse realized that 
something was wrong and called in another obste
trician. I his second obstetrician ordered a fetal bio
physical profile. This study revealed no movements 
or fetal breathing movements by both fetuses and 
no fetal heart motion in one. A cesarean was sub
sequently performed. One baby was delivered still
born, and the other was born with brain damage. 
A lawsuit was brought against the medical center 
for violating the EMTALA by sending this woman 
home after the first nonreactive stress test. The 
plaintiffs also initially brought various malpractice 
claims against the medical center and the center’s 
physicians. The malpractice claims were abandoned 
by the plaintiffs during the pretrial stage of the case, 
most likely owing to the inability to prove negli
gence.

In this case, the plaintiffs did not challenge the 
hospital’s compliance with the first requirement of 
the Act, that being the duty to perform a screening 
examination. Instead, they argued that the medical 
center violated the EMTALA by releasing the plain
tiff with an emergency medical condition without 
first stabilizing that condition. rl he plaintiffs argued 
that the statute imposed strict liability such that any 
failure to stabilize an emergent condition imposes 
liability. The courts have held, however, that a plain 
reading of the statute reveals “actual knowledge” 
of an unstabilized emergency medical condition 
is a requirement to establish liability. The hospi

tal therefore cannot be held to stabilize an emer
gency situation without knowing that an emergency 
exists.

There are provisions in EMTALA that allow hos
pitals to transfer patients before stabilizing them. 
Pursuant to the statute, a hospital may transfer 
someone who is in active labor or who has an emer
gency medical condition that has not been stabi
lized, if either 1) the patient requests a transfer, or 
2) a physician determines that based on the infor
mation available at the time, the anticipated benefits 
of transfer outweigh the increased the risks inherent 
during the transfer and so it is in the best interests of 
the patient. If the transfer occurs because of clinical 
concern for the patient’s condition, before the trans
fer is accomplished, the physician must certify that, 
prior to executing the certification, he or she evalu
ated the patient and weighed the medical risks and 
the medical benefits of transfer. Similar to the court 
rulings th at a hospital is required to stabilize only the 
conditions of which it has knowledge, the EMTALA 
does not require a physician to ascertain correctly 
all risks and benefits associated with transfer. Thus, 
a physician’s certification ultimately might prove to 
be incorrect; however, he or she is not responsible if 
the physicians undertook the appropriate process of 
actual assessment and weighing of the medical risks 
and benefits of transfer. The case o f Burditt u United 
States highlights the statute’s provisions [138],

In Burditt, the patient was in early labor, hyper
tensive, and thought to be at increased risk of pla
cental abruption and other complications. She pre
sented to the hospital for evaluation, where she 
remained in the hospital for 2 hours prior to trans
fer. During this 2-hour period, however, the patient 
was not reevaluated. The defendant, an obstetri
cian, made an immediate decision to transfer a preg
nant woman without weighing the medical risks and 
benefits of transfer. Given the patient's high blood 
pressure and the obstetrician’s indifference to the 
patient s condition during the 2 hours after he con
ducted his single examination, the court found not 
that the physician unreasonably weighed the medi
cal risks and benefits of transfer, but simply that he 
had never made such a judgment. In determining 
that there was a violation, the court concluded that 
the facts established that the transfer was so unac
ceptable that it was likely that the physician had cer
tified that the benefits of transfer outweighed the 
risks without actually engaging in any meaningful 
deliberation.
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Remarkably, in Burditt, the defendant asked the 
court to interpret the EMTALA statute as requiring 
an improper, or nonmedical, motive for trans
fer as an element to be established to prove 
a violation. To that end, the obstetrician tes
tified that he was completely ignorant of the 
EMTALA’s requirements, and in fact stated that 
he did not believe that the EMTALA governed his 
actions. He specifically testified that “I didn’t know 
what I was doing, but I signed her [certification] 
so I Could send her o u t... because [the nurse] 
insisted.” As the court stated, although it does 
not assign responsibility for clinical judgment that 
later turns out to be erroneous, the purpose of the 
EMTALA is to prevent patient dumping regardless 
of whether the motive was improper, or for other 
reasons other than the patient’s ability to pay for 
services.

In addition to certifying the medical need for 
transferring patients protected by the EMTALA, 
transfer requires that both qualified personnel and 
appropriate equipment are used. The statutory defi
nition of appropriate transfer requires that “the trans
fer [be] effected through qualified personnel and 
transportation equipment, as required, including 
the use of necessary and medically appropriate life- 
support measures during the transfer.” Courts have 
interpreted “qualified personnel” to depend on the 
clinical circumstances. There must be people capa
ble of addressing not just the medical condition, 
but potential complications that might arise during 
transport. Similarly, “transportation equipm ent” has 
been interpreted to include all physical objects rea
sonably medically necessary for safe patient trans
fer. These provisions were also an issue in Bur
ditt. The evidence given during trial was that an 
obstetric nurse and two emergency medical tech
nicians accompanied the patient during transport. 
Although they were qualified to deliver the patient’s 
baby in the absence of complications, it was undis
puted that they were unqualified to perform or 
treat the other complications from her hyperten
sion. Consequently, the court held that, under the 
circumstances of this case, only a physician could 
have fulfilled the “qualified personnel” requirement. 
Furthermore, despite the increased risk that a hyper
tensive woman faces for complications, the patient 
was transferred without a fetal heart monitor in the 
ambulance, making it difficult if not impossible to 
diagnose this condition during transport. Given that 
there was evidence to conclude that a reasonable

physician would have included a fetal heart moni
tor as equipment to ensure the patient’s safe transfer, 
the failure to do so was also deemed a violation. The 
fact that the patient was transferred in an ambu
lance that met state licensing requirements was 
not sufficient, given the clinical presentation of the 
patient.

In essence, if the patient has been evaluated in 
compliance with the hospital’s screening procedure 
and a “good faith” effort has been undertaken to eval
uate a patient’s condition, it is not a violation of the 
EMTALA if the hospital fails to diagnose the emer
gency condition, although there might be grounds 
for a separate action for medical negligence. Strict 
liability attaches for any violation of the EMTALA, 
and there need not be any harm caused to either the 
mother or the baby. In most instances, when trans
ferring a patient, any emergency medical condition 
must be stabilized. For a patient in labor, this typ
ically requires admission and delivery. W hen trans
ferring a patient whose condition has not been sta
bilized, necessary equipment and qualified personal 
must be present to attend not only to the condition 
but also to potential complications.

New Technology and the Standard 
of Care
Both medicine and the law have difficulty in estab
lishing what the accepted care standards are. When 
does emerging technology or progress of knowledge 
through clinical research become the standard of 
care? Typically, there is no delineating point in time 
when a particular new type of evaluation or man
agement becomes “standard.” Given this, it must be 
understood that a physician is not held to a standard 
of absolute precision, nor is he or she expected to 
have knowledge of all developing scientific advance
ments. Rather, his or her conduct and judgment are 
evaluated in terms of reasonableness under then- 
existing circumstances, not on the basis of hind
sight or in light of subsequent events such as the 
recognition of diagnostic or testing procedures that 
did not exist or were in trial at the time that the 
care was provided. In this context, the legal ques
tion remains the same, wrhat should the reasonable 
practicing obstetrician have, known about the exis
tence of the particular procedure, test, or manage
ment protocol in question, and the possible indica
tions for such a new approach at that time care was 
being provided?
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As one court put it [139]

Just when a scientific principle or discov
ery crosses the line between the experimental 
and demonstrable stages is difficult to define. 
Somewhere in this twilight zone, the eviden
tial force of the principle must be recognized, 
and while courts will go a long way in admit
ting expert testimony deduced from a well- 
recognized scientific principle or discovery, 
the thing from which the deduction is made 
must be sufficiently established to have gained 
general acceptance in the particular field in 
which it belongs.

In determining whether a novel scientific proce
dure is generally accepted in the scientific commu
nity, the dispositive issue is consensus versus con
troversy over a particular technique. The standard 
of care requires that the procedure on which the 
claim of negligence is premised must be “generally 
accepted."

Legally it is for the jury to determine the requi
site standard of care, based on the evidence provided 
during trial. The trial judge, as gate-keeper, must first 
determine ii the evidence surrounding the science of 
medicine is reliable and therefore adequate for the 
jury’s consideration. A proponent of scientific evi
dence must prove its reliability and its general accep
tance in the community. In attempting to establish 
its reliability, the proponent primarily relies on the 
testimony of expert witnesses; however, expert tes
timony alone might be insufficient. Thus, the party 
might be required to establish general acceptance of 
a standard through the use of peer-reviewed publi
cations, clinical trials, or other sources, to demon
strate the attitude of physicians practicing in field 
or specialty. There is ample room for controversy. 
Although a particular principle might be established 
as an "accepted” standard of care, in medicine there 
is often more than one way to “skin the cat,” and 
it is uncommon for one management scheme to be 
so overwhelmingly proper that it entirely precludes 
another approach. Thus, even if a plaintiff can estab
lish that a proposition or scientific advancement had 
gained general acceptance within the medical com
munity an obstetrician is not considered negligent 
if he or she chose a different course, as long as that 
course is also generally accepted as within the stan
dard of care at the time treatm ent was provided.

Put another way if an obstetrician in the exercise 
of medical judgment undertakes a course of action, 
he or she is not negligent if the course chosen was 
recognized as acceptable under the specific clinical 
circumstances and at the time of treatment. Even 
if better technology or a better course existed, the 
physician is nonetheless within the standard of care 
even if the path chosen, or the failure to employ a 
particular technology, turns out to be wrong.

In labor and delivery, the standard of care is usu
ally considered to be a national standard, and ref
erence to the particular locality where the physi
cian practices is not relevant. An exception can exist 
when the issue is one of emerging technology, how
ever. In such cases, it must also be established that 
the obstetrician knew that the technology was avail
able within his or her community. Should the tech
nology not yet be available to a physician given the 
particular locality and its surrounding area, then 
standard of care might be different for that obstetri
cian versus one who practices in a community where 
the emerging technology has become available.

Abortion and the Law

There is no topic in obstetrics and gynecology that 
has created as much public controversy as the issue 
of abortion. In fact, a search of the internet for the 
term “abortion.' identifies more than 62.6 million 
hits whereas searching the phrase “cesarean sec

tion” identifies only 2.2 million "hits.” The center
piece of the tumultuous debate is the landmark case 
of Roe v. Wade [140]. This case is widely misun
derstood and, furthermore, the principles set forth 
in the decision have been affected by subsequent 
Supreme Court rulings.

Although the Supreme Court’s decision in Roe 
provided the basis for a woman’s right to choose 
to have an abortion, the Court did determine that 
maternal health and potential life are legitimate 
state interests, and thus, states may regulate abortion 
practice. Consequently, not every limitation placed 
on a wom an’s right to choose abortion can be found 
to unduly burden that choice. In Roe, the Supreme 
Court observed that the legality of abortion, from 
the times of ancient Greece to the present day, had 
its premise in the issue of viability. Thus, prior to 
' quickening,” the fetus was considered part of the 
mother, and destroying a fetus did not fit within 
the legal definition of homicide. After the American
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Civil War, state legislatures began to replace com
mon law concerning abortion, with statutory laws 
that specifically addressed the issue. Most of these 
initial statutes dealt severely with abortion after 
quickening but were lenient on the m atter of abor
tion prior to viability. In Roe, the Supreme Court 
observed that " ... throughout the major portion of 
the nineteenth century, abortion was viewed with 
less disfavor than under most American statutes cur
rently in effect.” In fact, by the end of the 1950s, 
most jurisdictions had banned abortion entirely 
unless it was performed to preserve the m other’s 
life.

Ultimately, the historical review provided the 
underpinnings of Supreme Court’s rationale, which 
recognized that the state's interest in protecting 
the fetus becomes compelling only after viability; 
before that time any interest in the unborn fetus 
must be balanced against concerns for the m other’s 
health, and the state may not protect the fetus at 
the expense of the m other’s health. Thus, in their 
1973 decision, the Supreme Court employed the 
trimester standard for determining the significance 
of the state’s interest in and ability to regulate abor
tion. In Planned Parenthood v. Casey [141 J, how
ever, the Supreme Court abandoned the trimester 
framework ol Roe v. Wade, stating that a state has a 
profound interest in potential life throughout preg
nancy. In this case, the Supreme Court turned the 
spotlight on the more obscure language in Roe v. 
Wade -  that throughout pregnancy, the state retains 
an “. . .  important and legitimate interest in potential 
life.”

In Casey, the challenge was to Pennsylvania’s 
1989 Abortion Control Act. The 1989 statute 
required that, except in medical emergencies: 1) a 
woman wait 24 hours between consenting to and 
receiving an abortion; 2} the woman be given state- 
mandated information about abortion and offered 
state-authored materials on fetal development; 3} a 
married woman inform her husband of her intent 
to have an abortion; and 4) minors’ abortions be 
conditioned upon the consent, provided in person 
at the clinic, of one parent or guardian, or upon 
a judicial waiver. In addition, physicians and clin
ics that perform abortions were required to provide 
to the state annual statistical reports on abortions 
performed during the year, including the names of 
referring physicians. The court reaffirmed the valid
ity of a woman’s right to choose abortion under Roe

v. Wade but announced a new standard of review 
that allows restrictions on abortion prior to fetal 
viability so long as the restrictions do not consti
tute an “undue burden" to the woman. A restric
tion is an undue burden when it has the purpose or 
effect of placing a substantial obstacle in the path 
of a woman seeking an abortion. Under this stan
dard, only the husband notification provision was 
considered an undue burden and therefore uncon
stitutional. All the other provisions were upheld 
as not unduly burdensome. The Casey decision set 
forth several important points for courts to consider 
in assessing the constitutionality of laws regulating 
abortion. Among those points are the following:

• A state may not prohibit any woman from making 
the ultimate decision to terminate her pregnancy 
before viability.

• A state may not interfere with a woman’s choice to 
undergo an abortion procedure if continuing her 
pregnancy would constitute a threat to her health.

• After viability, a state:" ... may, if it chooses, regu
late, and even proscribe, abortion except where it 
is necessary, in appropriate medical judgment, for 
the preservation of the life or health of the mother.

Thus, the Casey Court allowed the state the 
right to legislate a requirement that a woman 
considering an abortion be fully informed of the 
" ... consequences to the fetus, even when those con
sequences have no direct relation to her health ...

In Maher v. Roe, the court let stand a Connecticut 
statute that limited state Medicaid funding to medi
cally necessary abortions, refusing to fund “elective” 
abortions [142]. In doing so, it upheld the Hyde 
Am endment’s ban on the use of Federal Medicaid 
funds for abortion, except those necessary to save 
the woman’s life, determining that the government 
has no obligation to provide funds for other than 
medically necessary abortions. Meanwhile, in Har
ris v. McRae [143], the court permitted a Utah law 
to stand that required the physician to notify a par
ent of an unemancipated minor before an abortion, 
except in cases involving mature minors and those 
whose best interests mandated that the parents not 
be involved.

Applying the Casey standard, however, the Court 
has. deemed a ban on partial-birth abortions as 
unconstitutional because it lacks an exception for
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situations when the procedure is necessary to pro
tect the woman’s health. Furthermore, the Court 
has held that statutes proscribing this type of pro
cedure create an undue burden on a woman’s right 
to abortion because it has the effect of outlawing 
the dilation and evacuation (D&E) procedure, the 
safest and most commonly used m ethod for per
forming second-trimester abortions. In the case of 
Stenbergv. Carharl [144], the Court was concerned 
with what it perceived to be arbitrary and irrational 
legislative effort to single out the D&E procedure. 
The Court stated that despite its profound interest, a 
state cannot place an “undue burden” on the right of 
a pregnant woman to seek an abortion. Thus, a state 
cannot put in effect any statute that has the purpose 
or effect of placing a substantial obstacle in the path 
of a woman seeking an abortion of a nonviable fetus. 
The Court clearly acknowledged that the undue bur
den standard applies only to previability abortions 
and that the state’s interest in the life of the fetus 
allows it to regulate or proscribe abortion after via
bility, ex c ep t" ... where it is necessary, in appropri
ate medical judgment, for the preservation of the life 
or health of the mother.” Thus, partial-birth abor
tion laws are unconstitutional, even though those: 
laws were viewed as banning only selected previa
bility abortion methods.

Wrongful Life and Wrongful Birth
The U.S. Supreme Court decisions in Griswold m 
Connecticut [145] and Roe v. Wade [ 140] has led the 
way in creating the legal underpinnings for wrongful 
life and wrongful birth cases. In Grisivold, the Court 
determined that the decision of a man and woman 
to procreate or use some form of birth control fell 
within their constitutional right of privacy. Subse
quently, in Roe, the Court extended protection for 
issues surrounding procreation by providing for the 
right to an abortion in the first trimester. These two 
cases in particular established that decisions con
cerning conception, including the right to terminate 
a pregnancy, are the private and exclusive rights of 
the parents.

Before the Roe decision, an obstetrician practic
ing in a state where legislation had banned abortion 
could not be held liable for failing to diagnose any 
postconception anomaly or condition in which the 
outcome could not have been altered with treat

ment. In these jurisdictions, in the absence of the 
ability to treat the anomaly, an obstetrician’s negli
gence for failure to diagnose the fetus’s condition in 
utero could not be causally connected to harm. The 
only therapy to avoid the harm, therapeutic abor
tion, was at that time illegal. I his would have been 
true even if obstetricians then had had access to the 
today’s advanced technology.

Wrongful life and wrongful birth cases do not 
stem from the parents claiming that their child's 
defects were caused by her physicians’ negligence; 
rather, they allege that it was the physician’s negli
gence that kept the mother ignorant of the under
lying affliction or medical condition and thus pre
cluded her legal right to choose whether to carry the 
child to term. These legal remedies are not intended 
to disparage the value of human life, Instead, the 
remedies are intended to enforce the right of the 
parents of a genetically unhealthy fetus to have the 
option of pregnancy termination when preconcep
tion or prenatal previability testing could have iden
tified a serious abnormality. Because of these past 
Supreme Court decisions, most states now recog
nize in some form a cause of action for wrongful life 
or wrongful birth.

The evolution of the legal theories behind these 
types of cases is interesting. Historically the courts 
initially refused to recognize wrongful life or birth as 
a cause for action [146], Under traditional tort the
ory, an injured plaintiff is entitled to recover dam
ages only for the harm caused by a negligent party. 
Claims for wrongful life and birth were considered 
legally incognizable because it was philosophically 
impossible to measure damages to a child injured 
by a hereditary condition as opposed to not being 
born at all. In declining to recognize a child’s claim 
for wrongful birth, the New York Court of Appeals 
stated in Becker v. Schwartz [147]:

Whether it is better to have been born at 
all than to have been born with even gross 
deficiencies is a mystery more properly to 
be left to the philosophers and theologians. 
Surely, the law can assert no competence to 
resolve the issue, particularly in view of the 
very nearly uniform high value which the law 
and mankind has place on human life, rather 
than its absence.
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Simply put, a cause of action brought on 
behalf of an infant seeking recovery for wrong
ful life demands a calculation of damages 
dependent upon a comparison between the 
Hobson’s choice of life in an impaired state 
and nonexistence. This comparison the law is 
not equipped to make.

Another reason that courts were reluctant to rec
ognize the wrongful birth cause of action was that in 
the past the postconception remedy available -  abor
tion -  was illegal. This reasoning is no longer valid 
after Roe v. Wade, which upheld a woman’s constitu
tional right to undergo an abortion during the first 
two trimesters of pregnancy. As one court noted, 
“[t]he value of genetic testing programs. . .  is based 
on the opportunity of parents to abort afflicted 
fetuses, within appropriate time limitations.”

In wrongful birth and wrongful life cases, the 
plaintiff claims to have suffered injury or damage 
as a result of a lack of information about potential 
genetic problems of the fetus. The courts have cus
tomarily applied principles of tort theory in deter
mining whether a legally valid cause of action can 
be alleged in such cases; these same courts usually 
reject such claims when they are based on a the
ory of informed consent. In obtaining a patient’s 
consent to treatment, the doctor has a duty to dis
close all significant medical information that he or 
she in fact possesses or should possess that is mate
rial to a patient’s decisions to undergo a proposed 
therapeutic procedure. The underlying rationale is 
that before patients can participate in the decision
making process, they must be educated about any 
risks of such treatment not considered remote. In 
cases that arise out of wrongful birth or wrongful 
life, however, the injury does not stem from the 
nondisclosure of the risks of a proposed course of 
treatment, but rather from the condition of preg
nancy itself.

Consider Reed v. Campagnolo [148]. In this case, 
the plaintiffs’ daughter was born with several genetic 
abnormalities. These included spina bifida, imper
forate anus, and ambiguous genitalia. She also had 
only one kidney, a vesicoenteric fistula, and hydro
cephalus. An increasing head circumference ulti
mately required the placement of a cerebroabdom-

The court further concluded inal drainage shunt. It was the plaintiffs’ claim that 
the treating physicians failed to recommend and per
form a blood test for a-fetoprotein (AFP) on the 
mother during the pregnancy. Evidence was pre
sented to suggest that had such testing been per
formed, it would have revealed an elevated level of 
AFP, an abnormality that would have led to ultra
sound scanning and amniocentesis. It was argued 
that ultimately through amniotic fluid aspiration 
and ultrasound scanning, the extent of the fetal 
defects would have been diagnosed. The family 
stated that they would have chosen to terminate 
the pregnancy had they known of the fetal anoma
lies. The Maryland court rejected the suggestion that 
the applicable rule regarding the appropriateness of 
the genetic counseling and testing should be deter
mined by what the reasonable person, similarly sit
uated as the plaintiff, would want to know. Instead, 
the court stated that the obligation to recommend 
tests is based on the standard of care, with consider
ation given to the reasons for or against recommend
ing one or more of the testing options. The case was 
then remanded for trial to determine whether there 
had been a breach of the standard of care.

In consideration of this opinion, the physician’s 
liability is therefore not predicated on the patient’s 
subjective state of mind. Instead, liability is deter
mined by the objective standards of the medical pro
fession. This is an important point. To be held liable, 
a physician must deviate from accepted medical 
practice. This deviation usually occurs either by the 
failure to recognize the significance of the genetic 
history and therefore to not make testing available, 
or by the physician’s failure to appreciate the find
ings that are revealed by the tests. The following 
cases exemplify the types of claims possible under 
these arguments. In Siemieniec v. Lutheran General 
Hospital, a physician failed to follow up with Certain 
aspects of genetic counseling [149]. The plaintiff 
had sought genetic counseling because she was con
cerned about an apparently inherited coagulation 
disorder in her first child. This child was afflicted 
with what was described as hemophilia. The patient 
told her treating physician of her desire to terminate 
the pregnancy if there was a substantial likelihood 
that a second child would be similarly afflicted. An 
important fact is that two of the m other’s deceased 
cousins had bleeding disorders. Despite the history, 
the plaintiff was advised that her risk of being a
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carrier of classic hemophilia was very low. She subse
quently gave birth to a son. After a bleeding episode, 
he was subsequently diagnosed with Christmas dis
ease, a coagulation defect involving a deficiency in 
Factor IX that is transmitted as an X-linked trait. 
On the basis of these facts, the court upheld her 
potential claim for recovery if the allegations could 
be substantiated.

A 1988 case, Gallagher v. Duke University Hos
pital, highlights the difficulties that potentially can 
result if the treating physicians do not compre
hend the significance of the information obtained 
through genetic testing [150], The plaintiff gave 
birth to a daughter, who suffered severe multiple 
birth defects. Life-sustaining treatm ent was unsuc
cessful, and the infant died less than 3 weeks later. A 
chromosomal analysis was performed on the baby’s 
blood. The cytogeneticist reviewing the karyotype 
of the affected infant was of the opinion that there 
were no chromosomal abnormalities. Before con
ceiving a Second child, the plaintiffs were advised 
by a physician that their chances of having a normal 
child were the same as any other couple in the gen
eral population. They were also advised that neither 
individual testing nor amniocentesis were indicated 
because of the reportedly normal test results from 
the first pregnancy. The couple conceived again, and 
their second daughter was afflicted with the same 
severe multiple defects as had occurred in the first 
pregnancy. A new chromosomal analysis was per
formed, and on this study, a genetic abnormality 
was iden tified. After reexamination of the data from 
the first child, it was subsequently discovered that 
the child had also possessed the same genetic defect 
but that it had not been diagnosed. Further test
ing revealed a high probability that the husband 
was the carrier of this genetic abnormality and was 
likely to transfer it to his issue. The court concluded 
that the plaintiff had a right to pursue a claim against 
the treating physician because it had been proved 
that both children suffered from the same genetic 
disorder. Furthermore, it was determined that the 
plaintiff would be entitled to recovery if it could 
be established that the physician deviated from the 
accepted standard of care by not properly diagnos
ing the second child’s disorder prior to birth.

It was only until recently that the role genetics 
played in medical malpractice cases was forensic, 
specifically as a shield to claims involving perina
tal injury. Within the perinatal injury case, a com

mon plaintiff’s claim is that a developmentally dis
abled child has been damaged by a potentially avoid
able birth injury. For example, a litigant might claim 
that intrapartum asphyxia occurred and the physi
cian failed to properly manage the labor or, more 
specifically, failed to recognize various clinical signs 
of fetal stress/distress and intervene appropriately. 
The advances in genetic science and the recogni
tion of increasing numbers of birth defects have 
allowed the successful defense of many of these 
cases. Working with genetic experts established that 
the child’s handicapped condition did not result 
from an alleged hypoxic perinatal event that was 
negligently caused or misdiagnosed, but instead was 
due to a hereditary condition or defect. This type of 
evidence has been a death knell to many so-called 
brain-damaged baby cases, even when the physi
cian’s conduct may have deviated from the standard 
of care.

Soon after the introduction of this new genetic 
technology, the novel theories of physician liabil
ity for wrongful birth and wrongful life emerged in 
medical malpractice litigation. Unlike with the birth 
of a normal child, courts began to recognize that the 
birth of a severely deformed baby is necessarily an 
unpleasant and aversive event and the cause of inor
dinate financial burden that would not attend the 
birth of a normal child. An afflicted child requires 
the expenditure of extraordinary medical, therapeu
tic, and custodial care expenses by the family, not to 
mention the additional reserves of physical, mental, 
and emotional strength that will be required of all 
concerned. If the diagnosis of abnormality is made 
sufficiently early in pregnancy, those who do not 
wish to undertake the many burdens associated with 
the birth and continued care of such a child have the 
legal right, under Roe v. Wade and subsequent deci
sions, to terminate their pregnancies.
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John P. O ’Grady

Every improvement in practice must therefore 
take its rise from the establishment of more just 
ideas. . .  and the causes of the disorders 
accompanying it, and by a proper attention to 
these, I am experimentally convinced that not 
only the method of cure may be much 
advanced, but, what is still more important, 
that these mischiefs so distressing and 
dangerous may be entirely prevented.

Charles W hite  (1728-1813)

A Treatise on the Management o f  Pregnant and Lying-in 

Women

London: Dilly, 1773, x.

Venous thrombosis (VT) during pregnancy is a rel
atively common condition that is potentially dan
gerous when complicated by venous thromboem
bolism (VTE) [1,8,12,27], There are substantial 
variations among available estimates of incidence 
for VT and VTE, probably reflecting the differ
ent methods of diagnosis and case ascertainment 
[2-7,9], A reasonable approximation is 1 to 2 in 
1,000 pregnancies. The incidence of VT is generally 
thought to be threefold higher. In recent decades, 
while the incidence of VT during pregnancy has 
remained relatively stable, the VTE incidence has 
apparently declined significantly [2,9], The reasons 
for this change in incidence is unknown. In general, 
the risk for VT and VTE is greatest in the post
partum period, especially among older women. The 
risk is also increased among mothers undergoing 
cesarean deliveries [2], Smoking, thrombophilias, 
obesity, and a history of prior thrombosis are other 
important risk factors for recurrence [3,4,10], See 
also Chapter 9, Obstetric Anesthesia, for additional 
discussion.

PATHOPHYSIOLOGY

Pregnancy is a high-risk state for both VT and 
VTE. Pregnancy, and especially the puerperium, 
increase the risk of deep VT five- to sixfold (OR, 
5.7; 95% Cl 2.5-12.9], compared with nonpreg
nant women of the same age [ 11,12]. This increased 
risk is attributable to several factors. Most impor
tant among these are the existence of underlying 
thrombophilias (up to 50% of cases) [ 13], the occur
rence of major surgery (primarily cesareans), and the 
natural increase in several clotting factors (i.e., Fac
tors I, V, VII, VIII, IX, X, and XII) combined with 
decreases in antithrombin III and in proteins C and S. 
Most deep VTs occurring during gestation develop 
postpartum and involve the left leg. This unilateral 
preference is thought to be due to direct compres
sion of venous return by the right iliac artery as it 
passes over the left iliac vein.
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Although the serious complications of throm 
boembolism are uncommon, they are still among 
the leading causes of maternal mortality, especially 
because maternal losses from the traditional risks of 
hemorrhage, infection, and hypertension have been 
progressively reduced by improved clinical manage
ment [9,12,27]. Approximately 20% of untreated 
cases of deep VT are complicated by embolism, 
which has a 15% mortality risk. In contrast, a treated 
deep VT has a likelihood of embolism of <5% and an 
associated mortal risk of <1 %. These data emphasize 
the importance of diagnosing deep VT promptly and 
initiating appropriate treatm ent to reduce the risk of 
developing VTE.

Tendencies toward a thrombosis or throm 
bophilia are conditions that are either inherited or 
acquired [20,23,25,39], Such thrombophilias are 
best considered as intrinsic prothrombotic condi
tions that alone are often insufficient to result in 
a thrombosis or VTE. These conditions do pre
dispose to thrombotic events in the presence of 
other specific risk factors or clinical events, such 
as pregnancy, exogenous estrogen treatment, or 
surgical trauma. The principal inherited forms of 
thrombophilia include Factor V Leiden mutation, 
antithrombin III deficiency, the protein C and S 
deficiencies, and the Factor II (G20210 A) varia
tion. O ther important risk factors for thrombosis 
are either acquired or transient. The most impor
tant factors for consideration in this discussion 
are pregnancy, surgery, or an acutely debilitating 
orthopedic injury. The most important acquired 
thrombotic conditions include the antiphospholipid 
syndrome (APLS] and the hyperhomocystinemia 
syndrome (HHCS). The latter is believed to be both 
genetic and environmental in cause. These condi
tions can either be temporary or become permanent. 
Regardless of whether abnormalities in coagulation 
are either hereditary or acquired, the various throm 
bophilias increase the risk of VT and VTE among the 
affected population by three- to fifteen-fold.

The currently identified inherited forms of 
thrombophilia and APLS also are variably associ
ated with several obstetric complications, includ
ing growth disturbances involving intrauterine 
growth retardation; abruptio placentae; stillbirth; 
preeclampsia/pregnancy-induced hypertension; the 
hemolytic anemia, elevated liver enzymes and low 
platelet count (HELLP) syndrome; and recurrent

fetal loss [23,25,30,37,39], The unifying features 
of these conditions are abnormalities in either the 
development of normal placentation or in sub
sequent placental function. Such pathologies are 
probably due to poorly understood changes in the 
maternal vascular responsiveness to trophoblastic 
invasion mediated through immunologic reactions 
at the cellular level.

DIAGNOSIS

Unfortunately, the ability to diagnose deep VT and 
VTE during pregnancy by clinical signs and symp
toms is at best limited. In fact, clinical diagnosis is 
correct only about 50% of the time. The classic find
ings of peripheral edema and complaints of dyspnea, 
tachycardia, or tachypnea characteristic of VTE are 
also common and often normal occurrences during 
gestation [12,26].

Establishing the correct diagnosis requires a 
high degree of suspicion, aided by specific test
ing. Venous duplex ultrasound studies, ventilation/ 
perfusion lung scans, spiral computed tomography 
(CT) studies, arterial blood gases, and, less fre
quently, pulmonary angiography or venography are 
among the common methods used for diagnosis 
[14-18,27],

In acutely symptomatic pregnant women, neither 
lung scans nor the various radiographic diagnos
tic techniques are contraindicated. The magnitude 
of fetal risk from such investigations is incon
sequential compared with the risk of failing to 
diagnose a VTE. In many cases, however, diagno
sis is not easy. As an example, a high-probability 
ventilation/perfusion scan is nearly specific for an 
acute embolism, whereas a completely normal scan 
essentially excludes the diagnosis. Unfortunately, 
when these studies are performed in suspect cases, 
low-to-intermediate probability scans are the most 
common finding, and these have low specificity 
(~15%-30%) for embolism. In these equivocal 
cases, additional data such as blood gases, radio
graphy, or invasive tests (e.g., angiography] are 
required to secure the diagnosis. In recent years, 
a spiral CT scan has become popular as an ancil
lary test but might or might not improve over
all detection of embolization. These studies claim 
both high sensitivity (~85%) and specificity (~90%) 
[17,18],
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TREATMENT

Simple measures to reduce the risk of deep VT, 
such as early ambulation after surgery, intra- and 
postoperative use of compression boots or leggings, 
and perioperative drug prophylaxis, are now part of 
routine hospital and postsurgical care for most 
patients, pregnant or not [26], These measures 
doubtless avoid some cases of both VT and VTE. 
Among pregnant women with a prior VTE history, 
or with an established thrombophilia, or with certain 
obstetric risk factors combined with a thrombophilia, 
the risk for thrombosis is higher than that for the gen
eral population, and drug prophylaxis with heparin or 
another agent either during pregnancy or in the puer
perium is appropriate to reduce risk.

The principal drugs for use in prophylaxis include 
the vitamin K antagonists (warfarin [Coumadin]) 
and various types of heparin. Warfarin crosses the 
placenta, and, although effective in blocking throm 
bosis, this drug is potentially teratogenic and its 
effects are difficult to easily or rapidly modulate. In 
late pregnancy, warfarin also results in fetal antico
agulation, which places the infant at risk for spon
taneous hemorrhage either before or during partu
rition. There are restricted warfarin protocols that 
are used during pregnancy for special cases, such as 
the treatm ent of women with artificial heart valves 
or those unable to tolerate heparin [19], In gen
eral, however, the vitamin K antagonists are con
traindicated during gestation. Because warfarin is 
not secreted in breast milk, however, this drug is 
safe to administer in the puerperium to lactating 
women who require prophylaxis. Currently, this is 
the principal use of warfarin in association with 
pregnancy.

Heparin, which does not cross the placenta, is 
the drug of choice to inhibit thrombosis in gravid 
women. Treatment with heparin is not risk free, 
however; long-term use can result in osteoporo
sis. Approximately one third of those treated with 
unfractionated heparin for several months have 
radiographically demonstrable reductions in bone 
density. There is also a risk of spontaneous hem 
orrhage in approximately 2% of cases when hep
arin is administered in full dose. This risk is the 
same as in the nonpregnant population. Immune- 
mediated heparin-induced thrombocytopenia also 
complicates 5% to 30% of patients treated with 
unfractionated heparin.

Because of a reduced risk of induced throm 
bocytopenia (and probably a reduced risk for 
osteopenia as well) and owing to easier monitor
ing of effect (anti-factor Xa levels), low-molecular- 
weight heparin (LMWH) derivatives have pro
gressively replaced unfractionated heparin as the 
drug of choice for long-term treatment or prophyl
axis.

Anticoagulation treatm ent is generally recom
mended during pregnancy for several specific 
medical conditions [21-22,24,27,29,38-39], These 
conditions include pregnancies complicated by 1) 
artificial heart valves; 2) rheumatic heart dis
ease with atrial fibrilliation or a history of atrial 
fibrillation; 3) prior documented VTE, and 4) 
selected thrombophilias (e.g., homozygous Fac
tor V Leiden, prothrombin G 20210A m uta
tion, antiphospholipid syndrome, and antithrom
bin IJI deficiency). Exactly which of this last 
group to treat and how to order this treatment 
are the problems; as usual, the devil is in the 
details.

The concern is not only which women with 
thrombophilias or other risk factors to treat but also 
which drug to use and the best dosing schedule. The 
uncommon cases involving women diagnosed with 
a VTE. during pregnancy are not the issue. An acute 
embolism is treated essentially the same way for 
pregnant as for the nonpregnant patients. Support
ive care is provided, and full anticoagulation with 
heparin, or occasionally a vitamin K antagonist, is 
initiated [12,24,27,36], O ther scenarios for treat
m ent are more controversial.

Alternative and rarely employed treatments for 
deep VT or VTE during pregnancy include low-dose 
unfractionated heparin combined with a vena cava 
filter, or iliofemoral thrombectomy. Direct throm 
bolytic therapy is hardly ever used and is appropriate 
only in the rare and extreme situation of maternal 
hemodynamic instability accompanying acute pul
monary embolization [12], Postpartum prophylac
tic treatm ent should also be considered for all cases 
when there is a substantially increased VTE risk. Tra
ditionally, the drug of choice in the puerperium has 
been oral warfarin. The uncertainties in antepartum 
treatm ent unrelated to VT and VTE are the main 
concern. Furthermore, whenever treatment is initi
ated, it is far from standardized.

The problem cases include the following subsets 
of patients:
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• Women with a history of a prior venous throm 
bosis but without evidence of embolization, and 
who are asymptomatic during pregnancy

• Women with an identified thrombophilia who 
have been symptom free prior to pregnancy

• Women with thrombophilias and an abnormal 
previous pregnancy history that does not include 
a demonstrated VT or VTE [13].

There is general concurrence that women with 
a thrombophilia (including the APS) and a prior 
history of embolism need continuous antepartum 
and postpartum prophylaxis to reduce the risk of 
recurrence [20,28]. In this instance, the risk(s) of 
treatment are offset by the benefits. The most com
mon therapy is initial LMWH during pregnancy 
followed by conversion to a vitamin K antagonist 
(warfarin) in the puerperium, with treatm ent con
tinued for 3 to 6 months, and in some cases indefini
tely.

Many women with a documented thrombophilia 
and a prior pregnancy loss or other related obstetric 
complications have been treated with either unfrac
tionated heparin/LMW H or unfractionated hep- 
arin/LMWH combined with low-dose aspirin (81 
mg/day) during gestation. The benefits of such treat
ment as reported in the literature are inconsistent, 
however. The available studies are all methodologi
cally flawed, usually involving too few treated cases 
to judge efficacy and risk; thus, the best treatment 
for many of these cases remains simply unsettled 
[ 20 ,21 ],

Some data are clear, however. Corticosteroid 
treatment for the specific group of women with 
APS (i.e., demonstrated antiphospholipid antibod
ies plus recurrent fetal loss) is less effective than 
heparin therapy [30-33], Steroid therapy alone 
for these APS cases has largely been abandoned 
unless there is evidence of a coexisting autoimmune 
abnormality such as systemic lupus erythematosis 
or thrombocytopenia. Heparin treatm ent combined 
with low-dose aspirin is apparently superior to low- 
dose aspirin alone,, although it is fair to say that 
there is no agreement on this point in the litera
ture. Recent data suggest that LMWH has equal effi
cacy with unfractionated heparin when combined 
with low-dose aspirin in treating APS [34], Fur
thermore, the combination of LMWH plus low- 
dose aspirin in APS is more efficacious than intra

venous immunoglobulins in achieving live births
[38],

Treatment for women who do not have a docu
mented thrombophilia but who do have a prior his
tory of VT without evidence of embolization is also 
controversial. In some protocols, routine anticoagu
lation treatm ent is withheld because of the narrow
ness of the risk/benefit ratio in light of the low risk 
of a thrombosis complication. In precisely the same 
clinical situation, however, other consultants favor 
treatm ent [13].

This is a continually evolving field, and recom
mendations for treatm ent are under constant revi
sion. Interested readers therefore are referred to 
other sources for additional information and advised 
to check specific treatm ent recommendations from 
more than one source [26-29,35,39].
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%w£l III FETAL HEART RATE MONITORING: 
SURGICAL PROCEDURES

John P. O ’Grady

Ask , and it shall be given you;
seek, and ye shall find;
knock and it shall be opened unto you.

Matthew: 7:7 

The Holy Bible

It is estimated that 8 of 75,000 pregnant 
women, or up to 2%, undergo surgical proce
dures during pregnancy each year [2-4,8,10,14, 
17], This wide range of estimate is because of 
poor reporting, case exclusion, and differences in 
case ascertainment. Many of these procedures are 
directly or indirectly related to pregnancy such 
as performance of cerclage. Others are less clearly 
related, such as ovarian cystectomy, cholecystec
tomy, or urologic procedures such as stent place
ment [6], Finally, there is an important number of 
surgical cases that are seemingly incidental to preg
nancy such as appendectomy, cancer surgery, and 
various procedures for automobile accidents and 
other trauma [17], While in general elective pro
cedures are avoided during gestation, laparoscopy, 
organ transplantation, cardiopulmonary bypass, and 
induced hypothermia have all been successfully per
formed in unique circumstances [4],

The major fetal risks from surgery usually arise 
from the underlying pathology or from acute prob
lems with maternal hypoxia. Inflammatory pro
cesses in the peritoneal cavity, excessive blood loss, 
and maternal hypotension are the principal clinical 
causes of fetal loss.

The best perioperative management of these 
patients is frequently questioned. In determining 
best practice there is limited literature, because most 
papers report experience in specific and usually dif
ficult cases or discuss management based on general 
physiologic or anesthetic principles and no system
atic studies are available.

This chapter presents protocols for pre-, peri-, 
and postoperative fetal evaluation divided by gesta
tional age. In each category specific recommenda
tions for evaluation are made. Direct fetal monitor
ing is neither necessary nor technically possible in 
all cases. In the author's opinion, however, when
ever a pregnant woman is taken to surgery the min
imum requirements are the documentation of fetal 
heart tones either by direct auscultation or by using 
a Doppler device before and after the surgery. In
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most eases, reasonable attention to adequate mater
nal oxygenation, hydration, and, when the uterus is 
more than 20 to 22 weeks’ size, maternal position
ing, is usually all that is required.

The necessity for continuous fetal monitor
ing during surgery is controversial [7,9,15-17,19], 
Major procedures have been successfully conducted 
without such surveillance. Furthermore, the use of 
monitoring is by no means universal. In a 1995 hos
pital survey, only 60% of responding institutions 
reported routine fetal or uterine monitoring during 
nonobstetric surgery during pregnancy [8]. As Hor- 
rigan and coworkers assert [15], neither fetal mor
bidity nor mortality has been documented to occur 
without concomitant maternal hypoxia, regardless 
of whether monitoring occurred or not. In this view, 
intraoperative monitoring of the fetus is only a dis
traction because the important abnormalities that 
lead to fetal harm are reflected in the standard 
maternal parameters of cardiovascular and respira
tory function normally evaluated intraoperatively by 
the anesthesiologist. Even if this position is correct, 
it does not release the clinician from pre- and post
operative documentation of fetal condition/status, 
as well as close attention to the important risk of 
perioperative and postoperative preterm labor.

The decision to attem pt intraoperative surveil
lance of the fetus and/or record uterine activity is 
predicated on several assumptions:

• Fetal condition (oxygenation/acid-base balance) is 
reasonably reflected by FFIR patterns and rate.

• There is the technical capability to adequately 
record the FHR and uterine activity, and more 
importantly, trained personnel are available to 
interpret these tracings and suggest appropriate 
remedial treatment.

• There is plan for intervention if either inappropri
ate uterine activity or unacceptable or bothersome 
FHR patterns occur.

• Treatment for perceived fetal problems as 
reflected in FHR pattern changes is necessary to 
avoid injury or to provide early treatm ent for inap
propriate uterine activity.

Gestational Age
To evaluate the appropriateness of electronic fetal 
monitoring (EFM) and other measures, the clinician

must know the period of gestation. The physiology 
of uterine perfusion and fetal oxygenation at vary
ing gestational ages is an important consideration. 
The earlier the gestation, the less critical maternal 
positioning is, and when the pregnancy is less than 
24 weeks, delivery in the case of difficulty is not a 
reasonable option. Unfortunately, because maternal 
positioning and routine measurements of maternal 
brachial artery pressure do not necessarily ensure 
adequate perfusion at the level of the uterus, moni
toring can be required to provide reassurance of the 
fetal status. In more advanced gestations, both the 
FHR and the pattern of the fetal heart (i.e., reactive 
or not, decelerations or not) or direct observation 
of fetal activity and in-utero breathing movements 
(i.e., the biophysical profile [BPP]) serve as reason
able, indirect measures of uterine perfusion, ade
quate fetal oxygenation, and stable condition. See 
Chapter 9, Obstetric Anesthesia.

Labor
Labor provides an additional stress to the fetus. Peri
odic myometrial contractions block uterine perfu
sion by occluding vessels that traverse the uterine 
wall. A fetus that is tolerant of a particular set of 
physiologic circumstances in the absence or labor 
might show important heart rate changes or develop 
hypoxia under the recurrent stress of contractions 
as blood flow is intermittently interrupted. Tocol
ysis during surgery therefore might be desirable 
in selected cases, assuming that the drugs admin
istered as tocolytics do not cloud the evaluation 
of the mother (e.g., by tachycardia) or result in 
other adverse maternal cardiovascular effects (e.g., 
hypotension or arrhythmia). Clearly, uterine con
tractions can be either a harbinger of actual labor 
or threaten membrane stability. Fortunately, under 
normal circumstances, the time required for tocoly
sis is limited, and coverage for the period of surgery 
or a few hours of postoperative recovery are often all 
that is required unless there is a persisting inflamma
tory focus present in the peritoneal cavity [3]. The 
overall risk of preterm labor in women with pelvic or 
lower abdominal surgery during pregnancy is 4% to 
6%. For nonabdominal procedures, the risk drops to 
approximately 1% and in these latter cases is related 
to maternal hypovolemia [12].

Tocolytic agents should not be routinely admin
istered, but if the uterus is irritable or the patient is
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perceived to be at increased risk, they should be con
sidered. 1 he risk of uterine activity/threatened labor 
is greatest when a inflammatory process is present 
within the peritoneal cavity or when direct manipu
lation of the uterus or myometrial incisions are per
formed during the surgical procedure.

Tocolysis

For acute tocolysis, nitroglycerine administered in 
boluses of 100 |xg to 150 jxg IV every few min
utes to effect (to 500 jxg maximum] is the most 
rapidly acting tocolytic and the drug of choice for 
use perioperatively. Although nitroglycerine is effi
cacious, its effects are brief, and this drug is not 
suited for other than acute or emergency use. The 
betamimetics (primarily terbutaline] are also rea
sonably effective tocolytic drugs but have serious 
side effects, primarily maternal tachycardia, hyper
glycemia, electrolyte abnormalities, and pulmonary 
congestion, which limit their use. Although par- 
enterally administered terbutaline (100 (xg-250 (xg 
SC or IV) is rapid in onset, it is also relatively brief 
in duration.

Recently, long-term tocolysis has depended more 
on other oral agents. The calcium channel block
ers (e.g., nifedipine) are popular, as are the 
prostaglandin inhibitors (e.g., indomethacin). These 
drugs are best administered prophylactically, with 
indomethacin having the potential advantage of rec
tal administration. Indomethacin can be adminis
tered for up to 48 hours in doses of 25 mg to 50 mg 
every 6 to 8 hours. Long-term treatm ent or more 
than brief treatm ent in pregnancies beyond the 
32nd to 33rd weeks can lead to important fetal 
cardiovascular complications and should generally 
be avoided, unless the pregnancy is followed by 
real-time ultrasound surveillance. Among the cal
cium channel blockers, nifedipine, given in titrated 
doses of 10 mg to 20 mg every 4 to 6 hours, is 
the most commonly used drug and is generally well 
tolerated with few maternal side effects of clinical 
consequence. Magnesium sulfate administered as a 
continuous infusion, following a loading dose bolus, 
is no longer favored for tocolysis because of con
cerns of efficacy and the potential for adverse fetal 
and maternal side effects [1], Obviously, if any of 
the long-term tocolytic agents are administered, the 
decision to treat must be known by both the surgeon 
and the anesthesiologist before the surgery.

POTENTIAL VIABILITY

The various parameters of fetal well-being and the 
possibility of intervention are necessarily tied to the 
concept of potential fetal viability. Potential viabil
ity refers to the likelihood of long-term survival of 
the infant at a specific gestational age. Important 
ancillary issues are the inherent normality of the 
fetus, condition at birth that might be affected by 
hypoxia, asphyxia, or injury and the availability of 
neonatal support (neonatal intensive care unit). A 
related and most important issue for families that is 
surprisingly little discussed in the literature is that 
of intact survival, a prediction that is often difficult 
to make. As the period of potential survivability for 
very small infants has been pushed to progressively 
earlier gestational ages, the risk for permanent and 
serious infant injury as a consequence of prem atu
rity has also increased. Difficulty lies in determin
ing how aggressive intervention should be in situa
tions in which the likelihood of fetal survival is low 
or the fetal condition is thought to be precarious, 
even il the gestational age is advanced to the point 
at which there is a reasonable likelihood of survival. 
This becomes a question of both practicality and 
ethics.

Based on the experience of the last decade, poten
tial viability is best viewed as a changing measure 
that depends on several factors, including the extent 
of local facilities, the experience and skill of the 
pediatric attendants, the presence or absence of 
fetal anomalies, and the fetal condition at birth, 
among other factors. As a practical matter, fetal 
survival at less than 22 completed weeks is at 
best uncommon; survival becomes more likely after 
23 completed weeks and an estimated weight of 
approximately 400 g. To reasonably ensure intact 
survival of approximately 50% or better, the ges
tational age must be 24 or preferably 25 com
pleted weeks [18]. Because intact survival in very 
premature infants is so problematic, in pregnan
cies of less than 24.5 to 25 weeks it is best to 
attem pt to keep these fetuses in utero for addi
tional maturation, while optimizing the m other’s 
condition if possible. Conversely, with gestations 
advancing beyond the 32nd week, delivery in the 
face of substantially adverse conditions is a much 
more compelling strategy owing to the high likeli
hood of intact survival for these infants. There are 
no easy answers. At the bitter edge of fetal viability
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(22-24 weeks), care must be individualized, bal
ancing both fetal and maternal interests. The family 
must be involved in the decisions that are reached 
about intervention if severe fetal jeopardy is possi
ble or suspected, and delivery is among the potential 
therapies considered by the primary attendants.

The assistance of a pediatrician/neonatologist in 
counseling is helpful, but continuity of approach is 
an issue. In the author’s experience, obstetricians 
are generally more pessimistic than pediatricians 
about infant outcomes in markedly premature preg
nancies. To avoid increasing the difficulties in an 
already problematic situation, all clinicians involved 
in counseling should present complementary data, 
reflecting general agreement on major points of 
potential viability, the risks of long-term disability, 
and the type of treatment that might be required. It 
is therefore prudent to review the clinical situation 
with the pediatric consultant before patient/family 
counseling and reconcile any differences in fac
tual data. Receiving different assessments from 
otherwise well-meaning physicians is distressing 
and unnecessarily confusing for the family, espe
cially because this problem is mostly avoidable. 
Clinicians should be aware of a new website that 
provides rapid estimates of fetal survivability and 
permanent injury that can assist in counseling: 
www.nichd.nih.gov/about/org/cdbpm/pp/ 
prog_epbo/epbo_caseestimates.cfm.

PROTOCOLS
Based on the considerations previously discussed, 
the author has developed a series of guidelines 
for perioperative and postoperative management 
of pregnant women undergoing nonobstetric sur
gical procedures (Table A .l). The importance of 
establishing a protocol designed for each institu
tion is emphasized. When the general approach 
is standardized, appropriate treatm ent and evalu
ations are possible without undue confusion and 
uncertainty, and either overevaluation or undereval
uation becomes less likely. There are several impor
tant points:

• When surgical procedures are performed on preg
nant women, the surgeon, obstetrician, and anes
thesiologist should jointly decide on measures to 
be taken for fetal evaluation and actions to avoid 
or treat presumed fetal jeopardy prior to begin
ning the surgery. Documentation of the specifics

of the chosen method(s) of surveillance must be 
noted in the medical record.

• A designated obstetrician must be available if 
cesarean delivery is considered among the accept
able methods of treatm ent and if unresolved fetal 
problems occur or are strongly suspected.

• In all instances, the surgeon should discuss the case 
preoperatively with the responsible obstetrician 
and the anesthesiologist.

• If abnormalities in maternal pulse oximetry or 
EFM or other parameters are observed in preg
nancies >23 weeks' gestation during surgery, it 
is recommended that the responsible obstetrician 
be promptly notified if standard maneuvers such 
as maternal positioning, fluid administration, and 
discontinuation of uterine manipulation or com
pression do not result in the prompt resumption 
of more normal findings.

• Anesthesia-induced changes in FHR variability 
must be distinguished from abnormalities caused 
by asphyxia/poor perfusion [9],

• Postoperative pregnancy surveillance should con
tinue for 12 to 24 hours, depending on the original 
pathology and the procedure(s) performed [6],

General Management
It should be remembered that in many instances, 
even in gestations in the third trimester, continu
ous monitoring of the fetal heart during surgery 
is impossible or unsatisfactory because of techni
cal reasons. Either the abdomen is not available for 
the use of a Doppler monitor, or the maternal posi
tion precludes obtaining a good tracing. In most 
instances, FHR study of the fetus pre- and postin
duction of anesthesia and postoperatively by FHR 
study, non-stress test (NST), or some other method 
(e.g., a BPP) proves best.

A brief preoperative evaluation of fetal status is 
reassuring to both patient and surgeon. In addition, 
if uterine activity is noted, prophylactic tocolysis can 
be considered. In trauma cases, the immediate pre
operative fetal condition can have legal implications, 
especially if a fetal loss subsequently occurs.

Perioperatively, if the uterus is large enough to 
become an abdominal organ, supine hypotension 
is possible, and lateral recumbency positioning is 
indicated. This is not often an issue of significance,
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I ABLE A .l Protocol for Fetal Monitoring in Pregnant Women Undergoing Surgery*

I. <14 weeks (embryonic phase/early fetal life):
•  Pre-/postprocedure, notation, and docum entation of 

fetal heart tones (FHTs) in the medical record by a 
handheld Doppler device or auscultation by fetoscope

• If the clinician is unable to auscultate or locate the FH 
externally, fetal cardiac m otion can be directly 
visualized by real-time ultrasound scan and 
subsequently documented, t

•  Perioperative pulse oximetry per anesthesia protocol
II. 14-22 Com pleted Weeks (previable fetus):

•  Maternal i.I.K or hip wedge positioning is prudent 
after 20 weeks' gestation, and strongly recommended 
after 22-23 weeks with attention to  possible supine 
hypotension (BP <80/50, urine ou tput <30 m l/hr).
As the uterus is small at gestational ages o f 20-22 
weeks or less, marked supine positioning is of less 
importance because the risk of interference with 
maternal/fetal blood flow is low. More im portant is 
the avoidance of unnecessary perioperative pressure 
to  or manipulation of the uterus

• A t this gestational age, continuous EFM is neither 
necessary nor usually interpretable. It is 
recommended that the FHTs be simply auscultated or 
located and recorded pre-/postpro<5edure as in I.

•  Perioperative maternal pulse oximetry is performed 
by standard anesthesia protocol

III. >23 weeks (period of potential extrauterine viability):
•  Preoperative: If the surgery is elective, the patient is 

stable, and there is no acute maternal 
decompensation, a normal BPP or NST is perform ed 
within the 24 hours preceding the procedure. The 
study might not be interpretable as reassuring by 
standard criteria owing to  early gestational age, and 
allowance must be made for this common limitation 
to  avoid unnecessary or inappropriate additional 
studies. If the maternal condition is acute, a BBP or 
NST should be perform ed when clinical 
circumstances permit. In all cases, at a minimum 
there should be a FHT obtained and docum ented in 
the medical record before surgery. If the recorded 
FHR is >200 beats/m in or 5 100 beats/min, the 
attending obstetrician must be notified.

•  The charge nurse in the labor and delivery suite 
should be informed when scheduling cases in the 
operating suite involving obstetric patients with 
gestational ages falling within the period o f potential 
viability (>23 weeks).

•  Perioperative LLR or hip wedge positioning should be 
performed with close attention to  possible supine 
hypotension (BP <80/50; urine ou tput <30 ml/hr).

•  Continuous external EFM may electively be 
perform ed during the procedure (FHR and uterine 
activity/contraction) if deemed appropriate by the 
attending obstetrician and technically possible. O ften 
Continuous monitoring is not realistic owing to

difficulties with maintaining a consistent fetal signal 
or early gestational age. The type of surgery 
perform ed also might preclude such monitoring. If 
the obstetric attending elects not to perform 
continuous EFM, a pre- and postoperative fetal 
assessment should be perform ed in all cases. In 
nonem ergent cases, appropriate maternal positioning 
and the notation of the FHR following the induction 
of anesthesia and prior to  commencing the surgery is 
prudent.. Interm ittent rechecks of the FHR can be 
electively perform ed perioperatively by ultrasound or 
D oppler scan, on a schedule decided on by the 
attending physician. If interm ittent or continuous 
FHR checks are deemed necessary, however, an 
obstetrically experienced designated clinician -  not 
the anesthesiologist -  must be present to conduct and 
record these determinations. If the attending physician 
elects to perform continuous EFM, an obstetrician, an 
obstetric nurse, or other trained attendant must be 
present to continuously review the fetal heart tracing.

•  Postoperative: Appropriate postsurgical management 
includes LLR positioning as is possible, FHR 
recording, and palpation for uterine contractions 
every 15 minutes x 4; then every 30 minutes x 2. If 
the FHR is stable (>110 beats/min <180 beats/min), 
and no active contraction pattern is present, the fetal 
condition is thereafter reevaluated each shift or per 
physician orders. If the FHR falls outside these heart 
rate parameters or uterine activity is recurrent or 
suspected, continuous external EFM should be 
perform ed as possible given the constraints of 
gestational age, maternal positioning, and access to 
the abdomen. Under these circumstances, the 
attending obstetrician should be notified for 
appropriate patient evaluation, possible transfer, 
further fetal monitoring (e.g., a BPP) or tocolysis.

•  Tocolysis is not routinely indicated unless uterine 
surgery is performed, docum ented uterine irritability 
is suspected, or an intraperitoneal inflammatory 
process is diagnosed. Choice of tocolytic agent is a 
joint decision of obstetrician, surgeon, and 
anesthesiologist.

•  FHR findings requiring notification of the attending 
obstetrician include
h Recurrent FH bradycardias (FHR <110 beats/min) 

especially if there is a late return to the baseline
-  Recurrent or fixed FH decelerations (FHR <110 

beats/min)
-  Recurrent uterine activity patterns (contractions 

> 8 -10  per hour) or uterine tetany (contraction 
w ithout apparent relaxation)

-  Markedly irregular or noninterpretable FHR 
patterns

-  Nonreactive EFM tracing in fetuses of >30 weeks’ 
gestation

(Continued)
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TABLE A.l Protocol for Fetal Monitoring in Pregnant Women Undergoing Surgery (Continued)*

Perioperative measures to improve an abnormal or 
possibly abnormal FHR pattern include
-  t.LR positioning, or a change to RLR 

positioning

-  Administration of high-concentration oxygen to 
m other by mask, if she is not intubated or already 
receiving oxygen

-  Prom pt discontinuation of uterine/abdominal 
pressure or manipulation

' See te s t  for details.
f If the FHR is recorded as ©insistently > 200 beats/m in o r <100 beats/m in, the attending obstetrician should be notified.

however, until after the 22nd to 23rd week. In all 
cases, attention to full hydration and the avoidance 
of even transient maternal hypoxia is important.

Stable pregnant women in good health who 
lack major medical problems and who are normo
volemic can easily tolerate the stress of routine 
surgical procedures. W ith reasonable attention 
to hydration, avoidance of abdominal/uterine 
pressure or compression, the use of left lateral 
recumbent (LLR) positioning, and the occasional 
administration of tocolytic agents, fetal problems 
should be rare. In most cases, documentation of 
fetal condition pre- and postoperatively (usually by 
FHR auscultation or Doppler determination) and 
reasonable attention to the potential for premature 
labor are all that is required.

The suggested precautions and preparations for 
surgery listed in Table A .l  during pregnancy are 
intended for nonemergent procedures. In a true surgi
cal emergency, necessary procedures must be per
formed for maternal safety under the best possi
ble clinical circumstances that can be established 
at the time. This is particularly true when mater
nal hypotension, coagulopathy, sepsis, or hypoxia 
is present. Urgently required maternal treatm ent 
should not be withheld, curtailed, or delayed 
because of signs suggesting fetal jeopardy.

As a general rule, fetal well-being is best ensured 
by prompt maternal treatm ent and cardiopul
monary support. In difficult circumstances, preg
nant women should be treated the same as nonpreg
nant patients, with special attention to the issues 
of maternal positioning, oxygenation, and hydra
tion. If the maternal condition is precarious or the 
fetal status becomes either unstable or uncertain, 
an attending obstetrician must be summoned. One 
important exception to the dictates of this protocol 
is perimortem cesarean delivery. How best to act if 
the mother sustains a cardiopulmonary arrest during 
surgery is obviously problematic. The best estimate

of gestational age, the time that has elapsed since 
the arrest, and the adequacy of the maternal resus
citation efforts are critical. The choice concerning 
prompt delivery is clinical. As a practical matter, in 
the midst of maternal resuscitation efforts, attem pt
ing to locate or visualize the fetal heart is always dif
ficult and frequently impossible, Furthermore, if the 
heart rate either cannot be determined or the heart is 
seen to be arrested, it is unclear for how long this has 
been present. In extreme situations, cesarean deliv
ery can be life saving for both the m other and fetus, 
because emptying the uterus permits better resusci
tation and support for both.

Thus, if the mother is moribund and an adequate 
trial of resuscitation has been attempted (usually 
defined as >5 minutes but <15 minutes), and the 
gestation is within the period of presumed viability, 
prompt delivery is indicated [14],

Maternal mortality related to anesthesia is rare. 
In the review of Cohen-Kerem and coworkers of 
12,452 cases of nonobstetric surgeries, the mortal 
risk was 0.06% [3]. Fetal difficulties related to anes
thesia and, more importantly, to the surgical proce
dure performed and the underlying pathology is the 
issue. Karly pregnancy losses related to anesthesia are 
uncommon, although difficult to determine due the 
variable background rate [3], Because of theoretic 
risks of anesthetic agents as potential teratogens, the 
declining incidence of spontaneous losses as preg
nancy proceeds, and the potential for patient/family 
misunderstanding if loss occurs, elective operations 
are best scheduled in the midtrimester, when pos
sible. Surgery at this time occurs after the majority 
of spontaneous losses have occurred, the pregnancy 
is sufficiently advanced to permit both biochemi
cal and ultrasound surveillance to generally ensure 
normality and that the uterus is not too large as to 
seriously interfere with observation/exposure. The 
uterus also is usually relatively nonirritable at this 
time.
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Fetal well-being depends on the adequacy of 
maternal circulation to the placenta and maternal 
oxygenation [14,17], Placental flow reflects both 
the net perfusion pressure/effective vascular vol
ume/maternal position and the state of myometrial 
tonus. The presence of contractions is an important 
observation. At the height of uterine contractions, 
intervillous flow is essentially occluded due to the 
multiple physiologic vessel “ligatures” resulting from 
the interdigitating myometrial fibers. The physiol
ogy of uterine blood flow is also of importance. 
Under normal physiologic conditions, the uteropla
cental vascular bed is usually maximally dilated, 
and autoregulation of flow is minimal or absent. 
Thus, perfusion highly depends on the effectiveness 
of the m other’s cardiovascular system to provide 
blood under pressure to the uterus. Important strate
gies to maintain good placental flow include use 
of lateral recumbency positioning, rapid and gener
ous fluid loading, Trendelenburg position and, when 
required, vasopressors. As related issues, it is also 
extremely important to avoid hyper- or hypocarbia, 
both of which can have adverse effects on uteropla
cental physiology [17].

Based on these concepts, the important principles 
for pregnant women undergoing surgery include

• Maintenance of a stable intrauterine environment 
(oxygenation and perfusion)

• Recognition of special features of the physiol
ogy ° f  pregnant women (vascular volume, cardiac 
function, placental circulation, etc.) [5,10,11]

• Attention to the effect(s) of medications/ 
anesthetic agents on the fetus

• Acid aspiration prophylaxis should be used [17]

• There should be clinical attention to the physi
cal aspects of maternal positioning that potentially 
affect uteroplacental perfusion (lateral recum
bency, Tredelenberg position).

• For women facing long procedures and bed rest, 
prophylactic anticoagulation should be consid
ered. Intraoperative and perioperative compres
sion boots are recommended for all cases.

There is essentially no difference in outcome when 
procedures performed under laparoscopy are com
pared with those performed in the usual manner 
[2,13], An important retrospective study from the

Swedish Health Registry compared 2,233 laparo
scopic with 2,491 standard laparotomy cases. There 
were no statistically significant differences in out
comes between the groups for a series of major 
obstetric parameters (birth weight, gestational age, 
growth disturbances, stillbirths and neonatal deaths, 
and congenital malformations). An equal distribu
tion of early deliveries (<37 wks) and fetal weights 
of <2,500 grams were noted for both groups. Thus, 
despite theoretic risks, laparoscopy in experienced 
hands has outcomes similar to regular transab
dominal surgery. In terms of general recommenda
tions, laparoscopy should be deferred to the second 
trimester, an open technique for abdominal entry 
should be used, low intraabdominal pressures are 
appropriate (<12 mmHg), and intermittent pneu
matic boots should be employed on the mother
[17].
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pretreatm ent medications, 123-124 
sedation during, 124-126 

abruptio placentae. See placental abruption, 
acardiac twins, 332
ACNM (American College of Nurse-Midwives),

788
acute dermal gangrene. See necrotizing fasciitis (NF) 
AFE. See amniotic fluid embolism (AFE).
AFI. See amniotic fluid index (AFI).

889
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alcohol abuse, 201. See also illicit drugs/alcohol, 
alfentanil, 195-196
alloimmune thrombocytopenia (ATTP). See 

thrombocytopenia (TTP).
American College of Nurse^Midwives (ACNM),

788
amniocentesis

complications
accidental fetal needling, 28-29 
amniotic fluid discoloration, 28 
blood-tinged amniotic fluid, 27 
gestational age, 26 
MS AFP elevation, 27 
maternal age, 26 
maternal infection, 28 
neonate orthopedic disorder risk, 29 
neonate respiratory risk, 29 
study design/evaluation, 26 
vaginal leakage/spotting, 28 

vs. CVS safety, 32-33 
early procedures, 32 
laboratory problems, 35-36 
in m ultiple gestation, 34 
transabdominal procedure 

fluid sample collection, 25 
needle gauge/length, 25 
patient instructions, 25-26 
preparation for, 25 
successful/unsuccessful attempts, 26 

ultrasonography benefits, 28 
amniotic fluid embolism (AFE) 

causes of death, 737 
clinical symptoms, acute, 737-738 
diagnosis, 738-739 
etiology, 736 
incidence of 736-737 
morbidity/mortality, 736, 738 
pathophysiology, 736 
treatm ent, 738, 739 

amniotic fluid index (AFI)
AFI/MVP accuracy comparison, 49 
obtainm ent method, 49 
oligohydramnios thresholds, 49-50 
polyhydramnios thresholds, 50 
volume as assessment tool, 48-49 
volume/perinatal outcom e relationship, 49 

amphetamines, 201 
Amsterdam Surgeon’s Guild, 13-14 
anesthesia, obstetric. See obstetric anesthesia, 
anticholinergics, 199
antiphospholipid syndrome (APS), 875. See also venous 

thrombosis (VT). 
aortic stenosis 

future role, 655 
morbidity/mortality, 654-655 
pathophysiology, 654 
in restrictive atrial septum, 655 
in utero aortic valvuloplasty, 655

appendicitis. See under surgery in pregnancy, surgical 
complications.

APS. See antiphospholipid syndrome (APS), 
aspirin, low-dose, 200
assisted reproductive technology (ART), 322 
asynclitism, 486
ATP (autoim m une thrombocytopenia purpura).

See thrombocytopenia (TTP). 
atracurium, 198
ATTP (alloimmune thrombocytopenia), 532-533. See also 

thrombocytopenia (TTP). 
autoim m une thrombocytopenia purpura (ATP).

See thrombocytopenia (TTP).

B-hCG measurement, 74-75 
B-Lynch suture (Brace suture), 278 
Baudelocque, Jean Louis, 258 
Benedetti, T. J., 274-275
benign cystic teratomas, 438. See also ovarian tumors. 
Bernhardt-Roth syndrome (meralgia paresthetica)

770-771 
biophysical profile (BPP) 

in intrapartum  period, 51 
predictive parameters, 50-51 
score interpretation, 51 
uses of, 50 

birth injuries
development disorders and adult disease, 767-768 
etiology of, 725-726 
grief and mourning, perinatal, 769 
trauma, blunt abdominal 

fetal risks, 768 
incidence of, 768 
maternal/fetal assessment, 769 
maternal resuscitation, 768 
m otor vehicle accidents/safety, 768-769 

birth injuries, fetal
castration, accidental, 754 
cephalohematoma, 745-746 
environmental risks/exposures, 765-767 
eye injuries, 749-750 
facial nerve palsy, 753-754 
fetal infection, 758-759 
fractures, long bones

in breech/cephalic presentations, 750 
clavicle fracture, 7 51 
congenital abnormalities, 750 
diagnosis, 750 
elective fracture, 750 
family counseling, 750-751 
incidence/etiology, 7.50 
treatm ent/therapy, 750 

head and neck injuries, 743 
intracranial hemorrhages 

clinical associations, 759, 761 
clinical indicators, 760-761 
incidence of, 759
intracranial bleeding, types of, 759
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periventricular hemorrhage, 7 59 
subarachnoid bleeding, 759-760 
treatm ent, 761 

nerve injury
femoral neuropathy, 771-773 
iatrogenic surgical risk factors, 769 
incidence of, 769 
isolated, 754
lumbosacral palsy, 773-774 
meralgia paresthetica, 770-771 
postoperative/postpartum paralysis (POP), 

769-770 
upper extremities, 774 

overview, 743 
perineal injuries, 754 
perm anent neurologic injury

cerebral circulation vulnerability, 763 
cerebral palsy, 762 
clinical indicators, 762-763 
EFM, role of, 763-765 
etiology, 761
hypoxic ischemic encephalopathy, 762. 
incidence of, 762. 
mental retardation, 762 
neonatal encephalopathy, 761-762 
pathology, 763 
terminology, 761 
treatment/therapies, 763 

retinal hemorrhage, 754-755 
scalp injuries, minor, 743-745 
shoulder dystocia. See also macrosomia; shoulder 

dystocia terms; shoulder impaction, 
brachial plexus injuries, 756 
cesarean delivery, 758 
clinical observations of, 755 
fetal macrosomia, 757 
fetopelvic relationship, 758 
incidence of, 755 
morbidity/mortality, 755-756 
prediction o f 757 
pseudo-Erb palsy, 756 
recovery, 756-757 
treatm ent/m anagem ent, 756, 757 
Weigart palsy, 350, 756 

skull/facial fractures 
cranial plasticity, 748 
dental defects, 749 
depressed fractures, 748 
diagnosis, 748-749 
identification of, 748 
leptomeningeal cysts, 749 
nasal injuries, 749 
occipital osteodiastasis, 749 
treatm ent/m anagem ent, 749 

spinal cOrd injuries
Cranial hyperextension, 752 
diagnosis, 751
experimental/simulation findings, 752

incidence of, 751-752 
treatm ent, 752-753 

subgaleal/subaponeurotic hemorrhage 
diagnosis, 747 
incidence of, 747 
morbidity/mortality, 748 
pathology, 746-747 
prevention of, 747 
treatm ent, 747-748 

visceral injuries
in instrumental delivery, 754 
intra-abdominal organs, 758 
subcutaneous fat neurosis, 758 

birth injuries, in clinical settings
cesarean delivery, 727. See also cesarean delivery terms, 
dystocia/macrosomia, 727-728. See also macrosomia;

shoulder dystocia terms, 
fetal monitoring, 729-730. See also fetal monitoring 

terms.
instrum ental delivery, 728-729. See also instrumental 

delivery terms, 
overview, 725-726 

birth injuries, maternal. See also episiotomy/extensions 
amniotic fluid embolism (AFE). 

causes of death, 737 
clinical symptoms, acute, 737-738. 
diagnosis, 738-739 
etiology, 736 
incidence of, 736—737 
morbidity/mortality, 736, 738 
pathophysiology, 736 
treatm ent, 738, 739 

coccygodynia
Coccyx anatomy, 741 
diagnosis, 741-742 
etiology/symptoms, 741 
treatm ent, 742 

infection, 733 
medical errors

crew resource management, 743 
medication errors, 743 
patient/surgical site identification, 742-743 
study findings, 742 

pelvic relaxation syndrome 
anatomy o f 739-740 
chronic pelvic joint pain, 740 
diagnosis, 740 
etiology, 739 
osteomyelitis, 741
symphysis rupture/division, 740-741 
symptoms, 740 
treatm ent, 740 

urinary tract infection (UTI), 733-734 
uterine atony/inversion, 735-736. See also uterine 

atony; uterine inversion, 
uterine infection, 734 
uterine rupture, 734-735 
vaginal/cervical lacerations, 732-733
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bladder injury/management 
bladder injuries, 622 
bladder repair, 622-623 
vesicocervical/vesicouterine fistula repair, 624 
vesicovaginal fistula repair, 623-624 

BPP. See biophysical profile (B PP).
Brace suture (B-Lynch suture), 278 
brachial plexus 

anatomy of, 350 
injury classifications 

Erb's palsy, 350 
H orner’s syndrome, 350 
Klumpke palsy, 350 
Weigart palsy, 350, 756 

injury occurrence,, 350-351, 355-356 
brachial plexus injuries, 314-315. See also shoulder 

impaction.
brachial plexus palsy, 349-351, 356-357. See also 

shoulder dystocia terms; shoulder impaction. 
Bracht maneuver, 303. See also breech presentation, 

delivery techniques.
Brandt-Andrews maneuver, 218, 260-261 
breech presentation 

adverse outcomes, 297 
cesarean indications, 297-299 
cesarean vs. vaginal delivery, 31 7 
definitions/types of, 300 
fetal/maternal risk balance, 299 
incidence of, 297 
labor, mechanisms of’ 300-301 
low-birth weight fetuses, 299 
operative delivery rate, 299 
patient counseling, 316-317 
residency education, 317 
risk factors, 297, 298 
trial of labor, 299-300 
vaginal delivery, pre-modem , 297 

breech presentation, delivery techniques 
aftercoming head delivery 

Kristellar maneuver, 303 
Mauriceau-Smellie-Viet (MSV) maneuver, 303 
Naujok’s maneuver, 303 
Prague maneuver, 303-304 
Wigand-Martin-Winkle maneuver, 303 

approaches, type of, 301 
assisted breech delivery 

Bracht maneuver, 303 
fetal position, 301 
Loveset maneuver, 301-303 

breech extraction 
partial breech extraction, 304-305 
total breech extraction, 304 

cesarean delivery, 306 
external cephalic: version, 307, 312-313 
forceps in, 305
internal podalic version, 306-307 
selective trial of labor, 308 
spontaneous breech delivery, 305-306

breech presentation, labor and delivery management 
anesthesia support, 313 
cesarean delivery, elective, 312 
current practice, 313-314 
delivery room equipment, 313 
pediatric support, 313 
personnel requirements, 313 
trial o f labor (TOL) 

dilation/descent, 309-310 
fetal acidosis, 309 
fetal outcome, 312 
im m inent delivery, 310-311 
low-birthweight fetus, 312 
maternal evaluation, 309 
progression of labor, 309 
umbilicus appearance, 312 
vaginal delivery, 311-312 

breech presentation, outcomes 
preterm  infants

cesarean vs. vaginal delivery, 316 
delivery risk factors, 315 
external cephalic version, 315-316 
VLBW /low-birthweight infants, 316 

term infants
bony injury/nerve damage, 315 
brachial plexus injuries,; 314-3 15 
cerebral palsy, 314 
cesarean delivery, 315 
congenital abnormalities, 314 
ECV-related injuries, 315 
resuscitation at delivery, 315 
traum atic injury, 314 
worldwide Study results, 315 

bupivacaine, 195, 198 
fentanyl combination therapy, 204 
in postoperative pain management, 218 

butorphanol, 196, 212

Caesar, Gaius Julius, 3 
castration, accidental, 754
CCAMs (congenital cystic adenomatotic malformations) 

648.-650
CDH. See congenital diaphragmatic hernia (CDH). 
cephalohematoma, 745-746
cephalopelvic disproportion (CPD), 245, 246, 463-464 
cerclage. See cervical cerclage; cervical insufficiency;

cervicoisthmic cerclage (TACIC). 
cerebral palsy (CP), 314, 323-324, 762 
Cervical cerclage, See also cervical insufficiency,' 

cervicoisthmic cerclage (TACIC). 
efficacy of, 92-93 
epidemiology, 92-93 

cervical incompetence. See cervical insufficiency, 
cervical insufficiency 

acquired cervical lesions 
Conization, 91 
lacerations,, 91 

cerclage operations
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incidence of, 92 
indications, 111
intraoperative complications, 95-96 
intrauterine infections, 95-96, 102 
membrane rupture, 96, 102-103 
postoperative'complications, 95, 96 
postoperative treatm ent, 96-97 
surgical technique, l i t H  11 

congenital factors, 91 
diagnosis

obstetric history, 93 
sonography, 94-95 
techniques for, 93-94 

epidemiology, 92
historical observations/procedures, 90 
nonsurgical treatm ent, 111 
pathophysiology, 90-91 
pessary insertion, 111 
preterm  delivery risk, 89-90 
sonography

endovaginal, 94 
significance of, 94-95 
transperineal/transvaginal, 94 
Valsava maneuver, 94 

surgical procedures
cervicoisthmic. cerclage (TACIC), 104-107 
classifications of, 97 
elective cerclage, 97, 99 
emergency cerclage, 98-99, 100-101 
McDonald cerclage, 101-102, 103-104 
Shirodkar cerclage, 101-102, 103 
and tocolytic therapy, 102 
Trendelenburg’s positioning, 102 
urgent cerclage, 97 

transcervical cerclage 
Lash operation, 107 
Mann cerclage, 107 
Page "wrapping” technique, 107 
trachelorrhaphy, 107 
Wurm technique, 107-108 

cervical intraepithelial neoplasia (CIN) 
biopsy, 425 
colposcopy, 424-425 
cytopathology, 424 
risk factors, 424 
treatm ent, 425 

cervical length assessment. See ultrasound, cervical 
length assessment, 

cervical malignancy
classification/staging, 426-427 
diagnosis, 425-426 
epidemiology, 425 
management, 427-428 
pathology, 426 
prognosis, 428 

cervical pregnancy, 83 
cervicoisthmic cerclage (TACIC) 

laparoscopic approach, 107

transabdominal approach, 105-107 
transvaginal approach, 107 

cesarean delivery 
delivery rate

international comparisons, 510-511 
vaginal delivery effects on, 512-513 

docum entation, 564
epidural anesthesia. See obstetric anesthesia, 
morbidity reduction, 567-568 

cesarean delivery, and VBAC trial
epidural analgesia/anesthesia, use of, 537 
fetal macrosomia, 537 
issues of concern, summarized, 533 
management, 537 
morbidity/mortality, 533 
m ultiple prior cesareans, 536-537 
twins and breech position, 537 
uterine exploration, 536 
uterine gear separation 

clinical consequence, 535 
clinical risk, 535 
dehiscence vs. rupture, 533-534 
literature .review/data interpretation, 534 
maternal morbidity, 535 
oxytocin stimulation, 534-535 
patient counseling, 535 
repeat rupture, 535 
uterine rupture, 535-536 

Cesarean delivery, associated risk factors 
breech presentation, 512 
demographic factors 

maternal age, 512 
medicolegal environment, 512 
socioeconomic factors, 512 

dystocia, 511. See also shoulder dystocia terms, 
electronic fetal monitoring, 511-512 
repeat procedures, 511 

cesarean delivery, complications 
fetal injury, 566-567 
general/frequent complications, 564 
management of, 564-565 
wound disruption, 565-566 

cesarean delivery, elective procedures 
controversy of, 539, 540 
indications for, 538-539 
morbidity/mortality, 540 
obstetrician opinion survey results, 539-540 
operative delivery rates, 538, 539 
timing of, 537-538 

cesarean delivery, fetal indications. See also 
throm bocytopenia (TTP). 

abnormal presentation, 522 
fetal anomalies, 522-523 
fetal compromise, suspicion of, 522-523 
fetal macrosomia, 530-531 
hepatitis C virus (HCV) 

chronicity, 529
incidence/seroprevalence, 5 2 8-5 29
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interferon/ribavirin therapy, 529-530 
obstetric management, 529 
perinatal transmission, 529 
spontaneous cure rates, 529 
types, 528 

herpes simplex virus (HSV] 
and AIDS/HIV, 525 
asymptomatic carriers, 525 
diagnosis, 525 
fetal infection, 524-525 
incidence of, 524 
management, 525 
STD screening, 525 

human immunodeficiency virus (HIV) 
antiretroviral therapy, 526-527 
m anagem ent/treatm ent, 527-528 
pathology, 526 
perinatal transmission, 527 
prevalence, 526 

multiple gestation, 530 
cesarean delivery, history of, 509 
cesarean delivery, maternal indications. See also 

thrombocytopenia (TTP). 
birth canal obstruction, 517-518 
cerebral aneurysm/arteriovenous 

malformation, 519 
cervical cancer, 518-519 
combined indications, 522 
connective tissue disorders

Ehlers-Danlos syndrome (EDS), 520-521 
Marfan's syndrome, 519-520 

hypertension, 521 
informed consent, 522 
pelvic malformations, 521 
placenta accreta/increta/percreta, 516 
placenta previa, 513-516 
vaginal surgery, prior, 519 
vasa previa, 517 

cesarean delivery, operative procedure. See also 
symphysiotomy, 

abdominal-pelvic exploration 
abdominal wall closure, 558-559 
adnexal examination, 557-558 
appendix delivery, 558 
Cam per’s fascia closure, 560 
drains/drainage, 558 
fascia closure, 559 
lavage/irrigation, 558 
myometrial wound closure, 558 
skin closure, 560 
subcutaneous tissue closure, 560 
vesicouterine fold closure, 558 

additional procedures. See tubal ligation, 
alternative technique, 567
anesthesia, 544-545. See also obstetric anesthesia, 
auto stapler, 557

cesarean  de liv e ry  ( Contd.)
ind ica tions, 528

cranial delivery difficulty, 553 
fetal monitoring, 545-546 
general preparation, 545 
incision

abdominal wall entry, 547-548 
in breech presentation, 551-552 
fascia exposure/separation, 548 
gutter packing, 549 
for morbidly obese patients, 547 
myometrial incision, 551 
peritoneal entry, 549 
rectus muscle division, 548-549 
retractors, use o f 549 
severed uterine arteries, 553 
in transverse lie, 552-553 
transverse vs. vertical incisions, 546-547 
uterine entry, 549-551 
vesicouterine reflection identification, 549 

myometrial wound closure, 555-556 
peritoneal closure 

adhesion formation, 561-562, 563-564 
adhesion prevention, 562 
closure/nonclosure debate, 560-561, 564 
patient outcomes, 563 
physiology, 561-562 
study findings/limitations, 562-563, 564 

placental delivery, 555 
skin preparation, 546 
uterine closure, 556-557 

cesarean delivery, perim ortem 
ethical issues, 544 
fetal outcome/survival, 541 
gestational age assessment, 542-543 
history of, 541 
legal issues, 544
maternal resuscitation, 541, 543 
surgical procedures, 543-544 

cesarean hysterectomy. See also hemorrhage, operations for. 
history of, 9 -10  
indications, 568-569 
procedure 

cervix removal, 570, 571 
closure, 571-572 
complications, 572 
hemorrhage control, 569, 570-571 
hysterectomy technique, 569-570 
incision, 569 

cesarean, term derivation 
Caesar myth, 3 
current usage, 4 
Latin roots, 3 
from legal responses, 3 
in medical literature, 3 
“section" linkage, 3-4 

Cham berlen forceps, 12-14, 15 
chloroprocaine, 198
choriocarcinoma, 439. See also gestational trophoblastic 

diseaise; ovarian tumors.
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chorionic villus sampling (CVS) 
vs. amniocentesis, 30-31, 32-33 
complications 

general, 31
limb anomalies, 31, 32 
oromandibular-limb hypogenesis, 32 
transverse limb reduction defects (TLRD), 32 

contraindications, 30 
efficacy of, 30
gestational restrictions to, 30 
laboratory problems, 35-36 
maternal cell contamination (MCC), 30-31 
mosaicism, 30“3 1 
specimen assessment, 30 
study design/evaluation, 31 
transabdominal biopsy (TA-CVS) 

single-needle technique, 30 
two-needle technique, 29-30 

transcervical biopsy (TC-CVS) 
procedure, 29 
ultrasonic assessment, 29 

chromosomal aneuploidy, 33-34 
cimetidine; 195, 200
CIN. See cervical intraepithelial neoplasia (CIN). 
clinical pelvimetry

as controversial technique, 241-242 
limitations, 242-243 
measurem ent techniques, 242 
use/utility of, 242, 243 

clonidine, 196
coagulopathy, in neuraxial procedures, 211 
cocaine, 200-201. See also illicit drugs/alcohol 
coccygodynia

coccyx anatomy, 741 
diagnosis, 741-742 
etiology/symptoms, 741 
treatm ent, 742 

combined spinal/epidural (CSE) analgesia 
duration, 214
vs. epidural anesthesia, 214 
vs. general anesthesia, 214 
in labor pain management, 210-211 
sequential CSE, 214-215 

com puted tomography (CT) scan, in labor, 243 
congenital cystic adenomatotic malformations 

(CCAMs), 641-650 
congenital diaphragmatic hernia (CDH) 

clinical outcomes, 652-653 
EXIT-to-ECMO intervention, 653 
morbidity/mortality, 652 
open diaphragmatic repair, 652 
tracheal occlusion, 652, 653 

continuous quality improvement (CQI), 220-221 
Coombs’ test, 28 
corticosteroids, antenatal, 33.7 
Couvelaire uterus, 170 
CP (cerebral palsy), 314, 323-324, 762 
CPD (cephalopelvic disproportion), 245, 246, 463-464

cranial deflection correction, 485-486 
Crede method, 261
CSE. See combined spinal/epidural (CSE) analgesia. 
CVS. See chorionic villus sampling (CVS).

death. See perinatal loss.
deep vein thrombosis (DVT). See under surgery in 

pregnancy, systemic complications.
DeLee, Joseph Bolivar, 17-18 
DES (diethylstilbestrol), 91 
desflurane, 197 
diazepam, 195
dichorionic-diamniotic placenta, 325. See also multiple 

gestation, physiology of, 
diethylstilbestrol (DES), 91
Doppler, Christian, 51. See also ultrasound, Doppler. 
DVT (deep vein thrombosis). See under surgery in 

pregnancy, systemic complications, 
dysgerminoma, 438-439. See also ovarian tumors.

eclampsia. See preeclampsia/eclampsia, 
ectopic pregnancy 

diagnosis
differential, 76 
empiric treatment* 77 
hormonal assays, 74-75 
surgical, 76-77 
symptoms, 74 

epidemiology, Sfk-70
future detection/m anagem ent directions, 84 
future fertility, 78-80 
maternal mortality, 70 
vs. normal pregnancy, 69 
pathophysiology 

extrauterine, 73 
tubal, 70-71 

Rh prophylaxis, 83-84 
risk factors 

agef 73
contraception, 72 
ectopic pregnancy, prior, 72, 77 
infertility/infertility treatm ent, 73, 77 
maternal DES exposure, 73 
pelvic inflammatory disease (PID), 71-72 
smoking, 73 
surgical sterilization, 72 
tubal surgery, prior, 72-73 

surgical diagnosis 
approaches, 76 
frozen section analysis, 76 
laparoscopy, 77 
pipelle biopsy, 76-77 

surgical management
prophylactic methotrexate, 78 
salpingectomy, 78 
salpingostomy, 77-78 

transvaginal ultrasound 
B-hCG levels, 75, 76
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ectopic pregnancy (Contd.) 
diagnostic accuracy, 75-76 
gestational sac observation, 75 
vs. transabdominal approach, 75 

treatm ent
abdominal pregnancy, 81 
cervical pregnancy, 83 
expectant management, 81 
heterptopic pregnancy, 81 
interstitial (cornual) pregnancy, 83 
medical management, 80-81 
ovarian pregnancy, 81 
surgical management, 77-80 

uncommon types 
abdominal, 81 
cervical, 83 
heterotopic, 81 
interstitial (cornual), 83 
ovarian, 81 

ECV. See external cephalic version (ECV). 
education/certification. See medical simulations.
EFM (electronic fetal heart rate monitoring), 683-684 

See also fetal monitoring terms.
Ehlers-Danlos syndrome (EDS), 520-521 
Elliot, George T., 17
embryonal carcinomas, 439. See also ovarian tumors. 
Emergency Medical Treatment and Labor Act (EMTALA) 

rules. See under legal principles;: 
endoanal examination, 62
endodermal sinus tumors, 439. See also ovarian tumors, 
endometrial carcinoma 

epidemiology, 431 
management, 431-432 
pathology, 431 
prognosis, 432 

endometriosis, 734 
enflurane, 197, 200 
ephedrine, 198, 199, 201
epidural analgesic technique. See also labor pain 

management; obstetric anesthesia, 
catheter dislodgment/malposition, 206 
catheter placement, 205 
delivery management, 207-208 
dosing

loading, 205
maintenance, 205-206, 207 

subdural erosion, 206 
subdural injection, 205-206 

epinephrine, 198, 201, 204 
episiotomy/extensions: 

adverse effects, 731 
complications, long-term, 731 
elective perineal incision, 731 
historic advocacy/acceptance, 269-270 
injury reduction claims, 730 
injury risks, 730 
lacerations, occurrence of, 270 
perineal lacerations, 271

rectal dysfunction/incontinence issues, 
repair techniques, 730-731 
supporting studies/claims, 270-272 
timing of, 271 

episiotomy repair, 265, 266-268. See also 
perineal/periurethral injuries, 

epithelial cell tumors, 438. See also ovarian tumors.
E rb’s palsy, 350 
ergometrine, 263-264 
ergot derivatives, 264 
ethical issues

fetal viability, 811
general agreements/maxims, 810-811, 817-818 
legalistic solutions, avoidance of, 817 
physician-patient relationship, 814, 817 
prenatal testing, 814. See also prenatal genetic testing, 
social/racial inequality, 811 

ethical issues, elective termination 
characteristic selection, 813-814 
congenital abnormalities in, 811-813 
m aternal/fetal interests, 813 
selective reduction, 814 

ethical issues, second/third trimesters 
ethical parallels, 817 
fetal status, uneertainty of, 816-817 
informed consent, 816 
physician obligations

in detrimental maternal behavior, S15 S16 
in experimental procedures, 815 
in maternal/fetal conflict, 814-815 

risk assessment, 814 
etomidate, 197
EXIT (ex utero intrapartum  treatm ent) procedure, 

646-648 ,653
external cephalic version (ECV), 299-300, 307, 312-313. 

See also breech presentation.

facial nerve palsy, 753-754 
failure to progress (FTP), 245 
fallopian tube disease 

diagnosis, 440 
incidence, 440 
management, 440-441 
pathology, 440 
staging, 440 

fentanyl
bupivacaine combination therapy, 204 
for hypoxia/apnea, 195 
in postoperative pain management, 218 
in systemic analgesia, 1.95, 212 

fetal birth injuries. See birth injuries, fetal, 
fetal fibronectin (FFN) test, 249 
fetal monitoring

electronic fetal heart rate monitoring (F.FM),
683-684

intrapartum  surveillance:techniques, 683 
pulse oximetry, 713 
standard maneuvers, 713-714
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fetal monitoring, deceleration recovery 
baseline rate/variability, return to, 701 
contraction frequency control, 702 
deceleration severity classification, 701 
EFM tracing, reading of 701-702 
fetal distress

agonal pattern, 702-703 
pattern of injury, 702 

fetal monitoring, heart rate patterns 
fetal deterioration from hypoxia 

late decelerations, 697-699 
pattern of decelerations, 693-697 
recurrent decelerations, 701 
variable/prolonged decelerations, 699-701 

fetal deterioration w ithout hypoxia, 692-693 
fetal Well-being estimation, 693-697 
long-term neurologic outcome, 709-710 
neuroradiological studies, 710 

fetal monitoring, intervention timing 
pattern assessment, 715 
pattern progression, 714 
prevention vs. rescue role, 714-715 

fetal monitoring, neurologic injury diagnosis 
FHR patterns, use of, 710 
hypoxic/ischemic episode, 711-713 
injury severity, 710-711 

fetal monitoring, physiological principles 
baseline heart rate, 687 
FHR pattern influences, 686 
tachycardia/bradycardia 

basal vs. baseline rates, 687 
baseline variability measurement, 689 
contributing factors, 687 
development speed of, 687-688 
diagnosis, 690
irregular fluctuations, 688-689 
saltatory/jumping patterns, 690-691 
servocontrol mechanisms, 689 
variability, causes of, 689-690 

fetal monitoring, second stage of labor 
complications/risks, 705 
decelerations, frequency of, 703 
excessive uterine activity, 704-705 
fetal blood sampling 

technique, 708-709 
tissue pH  maintenance, 708 

maternal pushing strategies, 703-704 
nomenclature issues, 705-706 
tracing abnormalities, 706-708 

fetal monitoring, surveillance methods 
vs. adult coronary care systems, 686 
contraction effects 

fetal stimulation, 686 
on uterine blood flow (UBF), 685-686 

EFM functions 
heart rate measurements, 685 
uterine contraction measurements, 685 

interm ittent auscultations (IA), 684-685

fetal occiput position
digital examination for, 57-58 
identifying landmarks, 58 
as labor management tool, 56-57 
m alposition/malrotation, 58 
transvaginal examination, 58 

fetal position assessment. See ultrasound, fetal 
position assessment, 

fetal status assessment. See ultrasound, fetal status 
assessment 

fetal surgery
fetal ethics. See also ethical issues terms, 

informed consent, 639-640 
maternal-fetal conflicts, 638-639 
maternal safety, 639, 640 

preoperative diagnosis, 640-641 
fetal surgery, established applications 

airway obstruction 
causes/diagnosis, 646 
EXIT procedure, 640 64 S 

bladder outlet obstruction 
diagnosis, 651 
indications, 651-652 
procedures, 652 

sacrococcygeal teratomas (S C T f 650-651 
thoracic anomalies

congenital cystic adenomatotic malformations 
(CCAMs), 648-650 

hydrothoraces, 648 
twin-reversed arterial perfusion (TRAP) sequence, 646 
twin-twin transfusion syndrome (TTTS) 

alternative interventions, 645-646 
amnioreduction, 645 
fetoscopic laser ablation, 645 
mortality/morbidity, 645 
pathophysiology, 645 

fetal surgery, experimental applications. See aortic stenosis; 
congenital diaphragmatic hernia (CDH); 
myelomeningocele (MMC). 

fetal surgery, general operative approaches 
challenging factors, 641 
fetoscopic surgery

advantages/disadvantages of, 644 
development of, 643 
preoperative preparation, 643 
specialist roles, 643 
surgical procedures, 643 

open fetal surgery
postoperative activity, 642-643 
preoperative preparation, 641 
specialist roles, 641 
Surgical procedure, 641-642 

percutaneous approaches, 644-645 
fetoscopy, 159 
fetus papyraceus, 330-331 
FFN (fetal fibronectin) test, 249 
fibroids. See leiomyomata, 
fibroleiomyomas. See leiomyomata.
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fibromyomas. See leiomyomata, 
fluorescent in situ hybridization (FISH), 25-37 
forceps, historic 

axis-traetion, 17 
Chamberlen, 12-14
destructive vs. atraumatic instruments, 11-12 
development/modifications, 11, 15, 18 
Elliot’s, I 7
Palfyn instrument, 14-1 5 
prophylactic forceps operation, 17-18 
rotational maneuvers, 17 
Simpson’s, 17 
solid-bladed, 1 7 
term derivation, 11
van Roonhuysian instrument(s), 13-14 

Fournier gangrene. See:necrotizing fasciitis (NF).
Freud, Sigmund, 821
FTP (failure to progress), 245

Gainey, H. I.., 270-271
gallbladder disease. See under surgery in pregnancy, 

surgical complications, 
gas gangrene, 289. See also necrotizing fasciitis (NF). 
genetic disease 

clinician/obstetrician role, 23 
financial/social impacts, 22-23 
identification advances, 23 
medical importance, 22 

genital herpes. See herpes simplex virus (HSV). 
germ cell tumors, 438. See also ovarian tumors, 
gestational thrombocytopenia (GTP), 532 
gestational trophoblastic disease 

classification/staging, 418-419 
diagnosis, 417-418 
epidemiology-: 416 
historic recognition of, 416 
management 

follow-up, 422
high-risk metastatic tumors, 421-422 
nonmetastatic/low-risk metastatic disease, 419-421 

morbidity/mortality, 416-417 
pathology, 416-41 7 

gestational trophoblastic neoplasia. See gestational 
trophoblastic disease, 

glyeopyrrolate, 195
gonadal stromal tumors, 439-440. See also ovarian tumors, 
granulosa cell tumors, 439-440. See also ovarian tumors. 
Greenfield filter, 405 
grief See perinatal loss.
GTP (gestational thrombocytopenia), 532. See also 

thrombocytopenia (TTP).
Guillemeau, Jacques, 4

Haas maneuver, 490
Hale forceps, 471
halothane, 197, 199, 200, 201
Haultain operation, 283
HCV. See hepatitis C virus (HCV).

hemolytic streptococcal gangrene. See necrotizing 
fasciitis (NF).

hemorrhage. See hemorrhage, operations for; intracranial 
hemorrhages; massive hemorrhage; postpartum 
hemorrhage (PPF1); subgaleal/subaponeurotic 
hemorrhage, 

hemorrhage, operations for 
angiographic embolization

advantages/disadvantages o f 581 
complications, 581 
indications, 580-581 
procedure, 581 

balloon tamponade, 581-582 
hypogastric vessel ligation 

complications, 579-580 
indications, 579, 580 
pelvic circulation effects, 580 
problems following, 580 
procedure, 579 

incidence/risk factors, 572-573 
initial management, 572 
maternal resuscitation, 573 
principal surgical procedures, 573 
uterine artery ligation (O ’Leary technique) 

advantages of, 575 
B-Lynch sutures, 576-577 
complications, 574-575 
compression techniques, 575 
drains/drainage, 578
extent of bleeding, judgm ent of, 577-578 
oversewing techniques, 577 
packing techniques, 575-576 
postoperative management, 578-579 
procedure, 573-574 

heparin, 402-403, 404-405 
hepatitis C  virus (HCV) 

chronicity, 529
incidence/seroprevalence, 528-529 
indications, 528
interferon/ribavirin therapy, 529-530 
obstetric management, 529 
perinatal transmission, 529 
spontaneous cure rates, 529 
types, 528 

herpes simplex virus (HSV) 
and AIDS/HIV, 525 
asymptomatic carriers, 525 
diagnosis, 525 
fetal infection, 524-525 
incidence of, 524 
management, 525 
STD screening, 525 

heterokaryotypia, 332 
heterotopic pregnancy, 81 
HIE (hypoxic ischemic encephalopathy), 762 
high-order m ultiple gestation (HOM), 340 
history. See obstetric history.
HIV. See:human immunodeficiency Virus (HIV).
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HOM  (high-order multiple gestation), 340 
Horner’s syndrome, 350
hospital gangrene. See necrotizing fasciitis (NF).
HSV. See herpes simplex virus (HSV). 
human immunodeficiency virus (HIV) 

antiretroviral therapy, 526-527 
management/treatment, 527-528 
pathology, 526 
perinatal transmission, 527 
prevalence, 526 

Huntington procedure, 283
hydatidiform mole. See gestational trophoblastic disease;

gestational trophoblastic disease, 
hydralazine, 200
hydrostatic uterine replacement, 282 
hyperhomocystinemia syndrome (HHCS), 875.

See also venous thrombosis (VT). 
hypotension treatm ent, 198 
hypoxic ischemic encephalopathy (HIE), 762 
hysterectomy. See cesarean hysterectomy.

IA (interm ittent auscultations), 684-685 
idiopathic thrombocytopenia purpura (ITP).

See thrombocytopenia (TTP). 
ileocecal cystoplasty bladder augmentation, 629 
illicit drugs/alcohol

alcohol abuse complications/therapies, 201 
drug interactions 

amphetamines, 201 
cocaine, 200-201 
marijuana, 201 

narcotic abuse complications/therapies, 201 
indomethacin, 199
infection, 287. See also necrotizing fasciitis (NF);

surgery in pregnancy, wound infection, 
instrumental delivery 

contraindications, 470 
equipment, types of 

forceps, 459-460 
specialized instruments, 461 
vacuum extractors, 459-460, 461 

follow-up study findings, 499-500 
intervention indications

elective shortening of second stage, 457 
fetal compromise, suspicion of, 458-459 
prolonged second stage, 457 

mandatory prerequisites, 456 
procedure: coding

forceps deliveries, 461-462 
vacuum extraction operations, 462 

risks. See also instrumental delivery, fetal injuries 
from episiotomy, 493-494 
in fetal macrosomia, 492 
maternal/fetal injuries, 491-492 

role of, 442
station system scoring, 456 
trial vs. failed procedures, 496-499 

instrumental delivery, clinical issues

digital examination errors, 465-466 
documentation, 467 
pelvic adequacy evaluation 

abdominal examination, 464 
cephalopelvic disproportion, 463-464 
fetal malpositioning, 463 
intervention indications, 463 
Leopold’s maneuvers, 464 
oxytocin stimulation, 465 
prolongation/arrest disorders, 463 
ultrasound, 464-465 

sequential instrum ent use, 466 
training deficiencies, 467-468 

instrumental delivery, conduct of 
analgesia/anesthesia use, 472 
choice of instrument, 477-478 
descent, 474 
febrile morbidity, 472 
forceps application, 474-476 
forceps motion, 473 
prerequisites, 471-472 
traction, 472-473 
use o f force, 476-477 
vacuum extractor, 473-474, 476 

instrumental delivery, fetal injuries 
from forceps, 494 
intracranial hemorrhages, 495 
scalp bruising/lacerations, 495 
subgaleal/subaponeurotic hemorrhage, 494-495 
from vacuum extraction, 494 

instrumental delivery, forceps/vacuum extractor 
comparison 

analgesia/anesthesia use, 469 
maternal/fetal injuries, 468, 469 
in midpelvic procedures, 469 
surgeon/practitioner experience level, 468-469 
vacuum extractor advantages/application, 469-470 

instrumental delivery, instrum ent application 
in breech presentations, 491 
fetal station, 482-483 
forceps operation procedure, 478-480 
manual rotation, 483 
in rotation of 45 degrees or less 

forceps operation, 481-482 
vacuum extractor technique, 481-482 

in rotation of 45 degrees or m ore 
forceps rotation, 482 
transverse arrest, 482 

transverse arrest 
Barton forceps, 484 
blade introduction, 483 
Kielland forceps, 483-484 
Tucker-McLean forceps, 483 

vacuum extraction procedure, 480-481 
instrumental delivery, maternal injuries 

perineal lacerations, 495 
risk factors, 495-496 
stress urinary and anal incontinence, 496
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instrumental delivery, occiput posterior (OP) positions 
associated conditions/complications, 486-487 
incidence of, 486 
management 

antepartum  repositioning, 487 
Haas maneuver, 490
instrum ent/procedure selection, 488-489 
Kielland rotation, 490-491 
manual rotation, 487-488 
procedure failure rates, 488 
Puddicombe’s maneuver, 487 
reverse Scanzoni maneuver, 489-490 
Scanzoni rotation, 489 
vaginal vs, cesarean delivery, 488 

morbidity/mortality, 486 
risk factors, 487 

instrumental delivery, special applications 
cranial extraction, 470-471 
multiple gestation, 471 
upward extractor procedure, 471 

instrumental delivery, special issues 
asynclitism, 486
cranial deflection correction, 485-486 
wandering, 485 

interm ittent auscultations (IA), 684-685 
internal podalic version (IPV), 306—307. See also breech 

presentation; breech presentation, delivery 
techniques, 

interstitial (cornual) pregnancy, 83 
intracranial hemorrhages 

clinical associations, 759, 761 
clinical indicators, 760-761 
incidence of, 759 
and instrum ent delivery, 495 
intracranial bleeding, types of, 759 
periventricular hemorrhage, 759 
subarachnoid bleeding, 759-760 
treatm ent, 761 

intrauterine growth restriction (IUGR), 289, 298, 314 
intravenous patient-controlled analgesia (IV-PCA) 212 

218
intravenous pyelography (IVP) use, 626 
invasive mole. See gestational trophoblastic disease.
IPV (internal podalic version), 306—307. See also breech 

presentation, delivery techniques, 
isoflurane, 197
ITP (idiopathic thrombocytopenia purpura). See 

thrombocytopenia (TTP)
IUGR (intrauterine growth restriction), 289, 298, 314 
IV-PCA (intravenous patient-controlled analgesia) 212 

218
IVP (intravenous pyelography) use, 626

Jonas, Richard, 3, 4

ketamine, 196-197, 199, 201 
ketorolac, 19:6, 201 
Kielland forceps, 305

Kielland rotation, 490-491 
Kleihauer-Betke test, 155 
Klumpke palsy, 350
Kristellar maneuver, 303. See also breech presentation, 

delivery techniques.
Kiibler-Ross, Elisabeth, 821 
Kustner procedure, 283

labetalol, 200, 201 
labor, abnormal conduct 

dystocia 
causes, 245
disproportion, 245-246 
“pelvic/passenger/powers” issues, 245 

malpresentation/disproportion diagnosis 
CPD, 246
cranial molding estimation, 246-247 
etiology establishment, 246 
Muller-Hillis maneuver, 246 
oxytocin stimulation, 246 
palpation techniques, 246 
ultrasound, real time, 247 

management of 
latent phase treatm ent, 247 
oxytocin stimulation/augmentation,

247-248 
labor, active management of 

American/Canadian experience, 252 
Dublin group system, 252 

labor induction/augmentation 
contraindications/criteria, 249 
fetal fibronectin (FFN) test, 249 
indications, 248-249 
mechanical methods 

amniotomy, 250 
cervical dilators, 250 
cervical ripening, 249 
Foley catheter, 250 
membrane sweeping, 249-250 

oxytocin, 251-252 
pelvic examination, 249 
prostaglandins, 250-251 
timing of, 252 

labor, normal conduct, 252. See also labor pain
management; labor pain management, epidural 
blockade; obstetric anesthesia, 

analgesia, 234 
clinical pelvimetry

as controversial technique, 241-242 
limitations, 242-243 
m easurem ent techniques, 242 
use/utility of, 242, 243 

clinician/obstetrician role, 232 
com puted tomography (CT) scan, 243 
cranial flexion evaluation, 244 
diagnosis o f labor, 233-234 
epidural anesthesia, 244-245 
fetal position/presentation, 240

ak
us

he
r-li

b.r
u



Index 901

fetopelvic relationship 
fetal size estimation, 241 
pelvic types/architecture, 240-241 

maternal posture effects, 239-240 
medical/surgical intervention, 240 
patient history/examination, 232-233 
physiology of 248
prem ature rupture of membranes (PROM), 233 
radiographic (x-ray) pelvimetry, 243 
ultrasound, real-time, 243-244 

labor pain
characteristics of, 202 
complications from, 202 
natural childbirth beliefs, 202 
patient expectations, 202
prenatal childbirth training (PCT) effectiveness, 202 

labor pain management. See also obstetric anesthesia 
combined spinal/epidural (CSE) analgesia, 210-211 
contraindications to neuraxial procedures, 211 
paracervical block (PCB), 212
parturient-controlled epidural analgesia (PCEA), 209 
pudendal block/perineal infiltration, 212-213 
spinal analgesia, 209-210 
systemic analgesia, 211-212 

labor pain management, epidural blockade. See also 
epidural analgesic technique, 

analgesic regimen 
vs. anesthesia, 202-203 
delivery management, 207-208 
initiation, 205-206 
maintenance, 206-207 
neuropharmacology of pain, 204 
technique, 204-205 
timing of, 208-209 

contraindications, 211 
hazards, anesthesia-related 

aortocaval compression, 207 
oral intake, 207 

local anesthetics, negative effects, 203-204 
maternal benefits, 206-207 
in second-stage management, 209 
terminology usage, 202 

labor, progress of
evaluation methods, 252 
influencing factors, 252 
intervention judgment, 253 
oxytocin stimulation, 252-253 

labor, stages of
partogram, 237-238 
prolonged labor

and epidural anesthesia, 239 
fetal monitoring, 238-239 
medical/surgical intervention, 239 
protocol development, 238 
two-hour rule, 238, 239 
ultrasound examination, 238 

station
cervical dilation, 236

labor pattern analysis, 236-237 
reporting systems, 234-236 

terminology, 234 
uterine activity measurem ent 

manual palpation, 239 
Montevideo units, 239 
tocodynamometry, 239 

labor, third/fourth stage 
active management

basic com ponents of, 263 
cord blood drainage/collection, 265 
cord clamping, 264-265 
ergot derivatives, 264 
oxytocin, 263-264 
prostaglandins, 264 
study findings, 263 
uterotonic agents, 263-264 

complications. See postpartum  hemorrhage; uterine 
inversion, 

history
Bard, John, 258 
Baudelocque, Jean Louis, 258 
British monarchy, 258-259 
Dewees, William P., 258 
Mauriceau, Francois, 257-258 
Smellie? William, 258 
Taj Mahal, 258 

normal physiology
placental separation, 259 
uterine involution, 259-260 

placenta delivery
Brandt-Andrews maneuver, 260-261 
cord traction/tension, 260-261 
Credi method, 261 
episiotomy/laceration repair, 261 
kneading/massage techniques, 261 
retained placenta, 261-262 
separation confirmation, 260 
twisting/lifting methods, 261 

post-delivery placenta examination 
drainage/injection practices, 263 
gross examination, 262-263 

lacerations, birth  canal 
cervical, 286 
uterine, 286 
vaginal, 286-287 

Lash operation, 107. See also cervical cerclage, 
legal considerations, antepartum  

cervical insufficiency
diagnosis/evaluation of 189-190 
primary considerations, 190-191 

ectopic pregnancy
communication errors, 181-182 
medicolegal issues, 180 
misdiagnosis, risk of, 181 
primary considerations, 182-183 

genetic testing
H oward u Lecher, 179
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legal considerations (C ontd .)
physician liability theories, 177-178 
primary considerations, 179-180 
Schim ier v. M t. A uburn  Obstetrics and  Gynecologic 

Assoc., 177-178 
standard of care/causation, 179 

legal/cthical landscape, 176-177 
placental abnormalities, 189 
therapeutic abortion 

informed consent, 187-188 
M artinez v. Long Island Jewish H ilbide Medical 

Center, 187-188 
patient rights, 186
Perez v. Park M adison Professional Laboratories, 

Inc., 187-188 
primary considerations, 188 
Sheppard-Mobley v. King, 187 
wrongful pregnancy, 186-187 

ultrasound
personnel expertise, 183-185 
primary considerations, 185-186 
Standard of care issues, 185 

legal considerations, birth injuries 
causation, 831-832, 851-852 
education/training, 837-838 
electronic fetal monitoring 

Baglio v. St. John's Queens Hospital, 833-834 
in clinical decision making, 833 
errors in judgment vs. malpractice, 834 
in intrapartum  assessment, 833 
medical record review/analysis, 834 
morbidity/mortality, 833 
obstetrician considerations, 834-835 

genetic science/counseling, 832 
genetic testing. See under legal considerations, 

antepartum , 
indemnity payouts, 831 
intrauterine assessment, 832 
neurological assessments/abnormalities, 832-833 
nurse midwives. See also midwives/midwifery.

"direct entry” midwives, 838 
history, in United States, 838 
independent vs. collaborative practice, 839 
vs. physician outcomes, 838-839 
practitioner considerations, 839-840 
regulation of, 838 

placental pathology
expert opinions, battle of, 836-837 
explanation of neonatal outcomes, 835-836 

plaintiffs burden, 832 
legal considerations, fetal surgery 

A dam s v. Arthur, 679-680 
efficacy of' 678
experimental vs. standard medical therapy,

678-679
indications for, 678 
informed consent, 679 
obstetrician considerations, 680

legal considerations, intra- and postpartum 
breech presentation

cesarean indications, 383 
complications, 383-384 
Draper v. Jasionowski, 384-385 
informed consent, 384 
obstetrician considerations, 385-386 
safe conduct of breech delivery, 384 
vaginal delivery, 384-385 

cesarean delivery
cesarean on demand controversy, 672., 673 
M eador v. Stabler and  Gheridian, 674 
Schreiber v. Physicians Insurance, 672  

damages/jury awards
economic/non-economic, 370-3 7 I 
Gourlev v. Nebraska Methodist Health System  

371
insurer payments, 372 
Wareing v. United States, 371-372 

instrumental delivery 
fetal/maternal injury, 
midforceps operation controversy, 
obstetrician considerations, 

malpractice claim reduction, 373 
m ultiple gestation

congenital abnormalities, 387 
diagnosis failure, 386 
gestational age assessment, 386 
M undell a  La Pata, 386-387 
obstetrician considerations,

387-388 
tocolytic agents, 387 
vaginal vs. operative delivery, 387 

obstetric anesthesia 
acts, or omission, 374 
Denton v. LaCroix, 374-375 
Lanzet v. Greenberg, 374 
maternal mortality, 373 
nonmortal injuries, 373-374 
Oberzan v. Smith, 374 
obstetrician/anesthesiologist responsibility 

374
obstetrician considerations, 375-376 
policy/protocol standardization, 374 

shoulder dystocia 
litigation rebuttal, 389-390 
management controversy, 388 
obstetrician considerations, .'MO 3U1 
res ipsa doctrine, 389 

to rt reform, 370, 372 
legal considerations, maternal-fetal conflict 

contradictory outcomes 
criminal prosecution, 666  
Ferguson v. C ity o f Charleston, 666  
illicit drug use, 666 

fetal-rights advocacy 
Jefferson m Griffin Spalding C ounty Hospital, 

664-665
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Pemberton i/. Tallahassee Memorial Regional 
Hospital, 665 

Planned Parenthood v. Casey, 664 
informed consent, 666-675 
maternal behaviors, 663-664 
maternal-rights advocacy 

M atter o f Angela C., 665 
McFall v. Shrimp, 664 
religious convictions, 665-666 
Roe u  Wade, 664 

legal considerations, surgery in pregnancy 
clinical evaluation difficulties, 667-668 
common nonobstetric procedures, 667 
complications/liability relationship, 668 
incidence of, 667 
nondelegable duties, 668-669 
obstetrician considerations, 669 
risk assessment, 668 

legal considerations, surgical complications 
improper surgical recommendation, 441 
improper treatm ent of complications, 442 
surgical technique, 441-442 

legal considerations, third stage of labor 
Gabaldoni v. Board of Physicians, 6 1 2 -611  
maternal care, 669-672 
obstetrician considerations, 680 
placental examination, 669 
postpartum  complications, 677-680 
postpartum  hemorrhage (PPH), 680 

legal considerations, urologic complications 
delayed diagnosis risks, 677 
maternal/fetal injuries, 675-676 
negligence allegations, 676 
principles for practice, 677-678 
Seats v. Lowery, 676-677 

legal principles
abortion, legal decisions in 

Harris v. McRae, 867 
M aher v. Roe, 867
Planned Parenthood v. Casey, 867-868 
Roe m Wade, 866-867 
Stenberg. v  Carhart, 868 

authoritative sources/learned treatises 
in evidence introduction, 861, 862 
Federal rule regarding, 859-860 
Gridley v. Johnson, 860 
Jacober it St. Peters M edical Center, 860-861 
Kilpatrick v. Wolfond, 8:61-862 
Sw ank v. Halivopoulos, 860 

causation, 851-852 
duty (doctor-patient relationship)

consultation between professionals, 844-845, 846 
de m inim is contact, 844 
G ilinsky v. Indelicato, 845-846 
implied contract, 844
Wheeler v. Yettie Kersting M emorial Hospital, 845 

EMTALA rules 
B u rd itttl United States, 864-865

M arshall v. East Carroll Parish Hospital, 862 
patient ''dumping”, 862 
patient transfer, 863-864, 865 
requirem ent of, 862, 865 
screening examination, 862, 863 
Urban v. King, 864
U.S. v. Rush Foundation Hospital, 862-863 

expert witness 
jury consideration of, 857^858 
Lake v. Clark, 859 
qualifications of, 858 
Sheely v. Leslie, 858-859 

informed consent
Canterbury v. Spence, 855-856 
customary practice standard, 855 
Dingle v. Belin, 855 
Harrison v. United States, 856-857 
materiality standard, 856 
m edical/expert testimony, 857 

loss-of-chance doctrine 
vs. “all-or-nothing” rule, 852-853 
compensable injury, 854 
probabilities vs, possibilities, 853-854 
as reduced standard of causation, 852 
substantial factor test, 854-855 

medical malpractice, 843-844 
new technology, standard of care, 865-866 
physician as Good Samaritan

Good Samaritan legislation, 848-849 
Hurley v. Eddingfield, 848 
vs. layperson, 848 
reasonable care, 848 
United States v. DeVane, 848 
Velazquez es. Jiminez, 849-850 

standard of care issues, 850-851 
supervision of resident physicians 

M axw ell v. Cole, 846 
M cCullough u, H utzel Hospital, 847 
Moeller v. Hauser, 846-847 
Mozingo. v. Pitt C ity M emorial Hospital, 847-848 

wrongful life/wrongful birth 
Becker B Schwartz, 868-869 
Gallagher it. D uke University Hospital, 870 
genetic technology, 868-870 
injury, nature of, 869 
physician negligence, 868 
Reed v. Cam pagnoh, 869 
Roe v. Wade, 868-869, 870 
Siemieniec v. Lutheran General Hospital, 869-870 

leiomyofibromas. See leiomyomata, 
leiomyomata 

diagnosis, 430 
epidemiology, 429 
management, 430 
pathology, 429-430 
prognosis, 430-431 

levobupivacaine, 198 
lidocaine, 198, 200
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Loveset maneuver, 301-303
lower urinary tract injuries and trauma. See also bladder 

injury/management; ureteral injury/management; 
urethral injury/management, 

accidental trauma, 620 
intrapartum injuries, 620-621 
surgical injuries, 62 i (v’2 

lumbosacral palsy (LSP), 773-774

macrosomia 
diagnosis 

fetal weight assessment, 352 
ultrasound reliability, 352 

labor abnormalities, 353-354 
management/injury profile, 361-362 
related risks

maternal diabetes, 353 
maternal factors, 353 
maternal weight, 352 
post-term pregnancy, 352 
prior macrosomic infant, 352-353 

magnesium sulfate, 199 
magnetic resonance imaging (MRI), 158-159 
Malmstrom extractor, 18-19 
Mann cerclage,- 107. See also cervical cerclage 
Marfan’s syndrome, 519-520 
marijuana, 201
MSAFP (maternal serum alpha fetoprotein),

27
massive hemorrhage, obstetric 

anesthetic management, 216-217 
causes/treatment, 216 
childbirth vs. surgery misperception, 217 

maternal cell contamination (MCC), 30-31 
maternal-fetal medicine (MFM) specialists, 335-336 
maternal serum alpha fetoprotein (MSAFP) 

elevation, 27 
Maurigeau, Francois, 5-7, 13, 257-258 
Maurigeau-Smellie-Viet (MSV) maneuver, 303, 471.

See also breech presentation, delivery techniques, 
maximum vertical pocket (MVP), 49 
M CC (maternal cell contamination), 30-31 
McDonald cerclage, 101-102, 103-104. See also cervical 

cerclage.
McGill Pain Questionnaire, 202 
medical simulations

continuing education, role in, 806 
development of, 797-798 
example simulations

bad-news communication, 805 
circumcision, 804 
docum entation training, 804-805 
i'clampsia, 803
operative vaginal delivery, 803, 805-806 
postpartum  hemorrhage, 802-803 
professionalism scenarios, 805 
shoulder dystocia, 801-802 
surgical skill assessment, 806

ultrasound scanning/procedures, 803-804 
vaginal breech delivery, 804 

future applications, 808 
in graduate medical education, 801 
patient safety/outcomes, 806-807 
rationale for, 799-800 
simulation products, 798-799 
team drills, 807-808 
as training tool, 798
in undergraduate medical education, 800-801 

Meigs, Charles, 193
M elaney’s ulcer, 289. See also necrotizing fasciitis (NF). 
membranous twin, 330-331 
meperidine, 195, 212 
meralgia paresthetica (MP), 770-771 
m etham phetamine, 201 
methergonovine maleate, 264 
m ethotrexate therapy 

contraindications, 80 
future fertility, 81 
side effects, 80-81 
single/multidose therapies, 80 
uses of, 80 

metoclopramide, 195
MFM (maternal-fetal medicine) specialists, 335-336
midazolam, 195
midwives/midwifery

circumcision, newborn, 794 
core competencies, 789-790 
first assisting, 792-793 
intervention, role of, 795-796 
procedures perform ed by, 787, 789 
technology, appropriate role of 795 
training/credentialing

American College of Nurse-Midwives (ACNM), 788 
clinical privileging, 791 
liability concerns, 791-792 
of physician assistants (PAs), 788-789 
state laws/regulations, importance of 791 

trends/future 
at-risk evaluation, 794 
cesarean delivery rates, 795 
hospitalist movement, 794-795 
laborists, role of, 794-795 
medical education, 795 

vacuum-assisted birth, 793-794 
mifepristone (RU 486), 133-134 
Misgav-Ladach (ML) cesarean technique, 567 
misoprostol

in labor induction/augmentation, 250-251 
in third/fourth stage labor, 264 

mixed germ cell tumors, 439. See also ovarian tumors. 
MMC. See myelomeningocele (MMC) 
monochorionic-diamniotic placenta, 325. See also 

multiple gestation, physiology of. 
monochorionic-monoamniotic placenta, 325. See also 

multiple gestation, physiology of.
Montevideo units, 239
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morphine, 1.95, 218 
mosaicism, 30-31
MP (meralgia paresthetica), 770-771 
MRI (magnetic resonance imaging), 158-159 
Muller-Hillis maneuver, 246 
Mullerian anomalies, 91
multiple gestation. See also tw in-twin transfusion 

syndrome, 
acardiac twins, 332
antenatal corticosteroids, in triplet gestations, 337 
assisted reproductive technology (ART) effects, 

322
Cerebral palsy, incidence of, 323-324 
congenital anomalies, 331-332 
diagnosis, 326-327 
epidemiology, 322, 324 
fetal complications, 329 
growth restriction in, 330 
high-order multiple gestation (HOM ), 340 
intrauterine death, 330-331 
medicolegal issues, 341-342 
monoamniotic twins, 335 
perinatal mortality, 322-323 
placental/cord complications, 335 
preterm  birth prevention, 337 
preterm  labor/delivery 

incidence of, 329 
predictive factors, 329 

psychosocial issues, 341 
selective fetocide, 332 
selective reduction, 340-341 
“vanishing tw in” syndrome, 329-330 

m ultiple gestation, antepartum  care
maternal-fetal medicine (MFM) specialists, role 

o f 335-336 
prenatal screening, 336-337 
prenatal visits/nutrition, 336 
ultrasound evaluation, 336 

multiple gestation, intrapartum management 
interval between deliveries, 338 
nonvertex/any presentations, 339-340 
vertex/nonvertex presentations, 339 
vertex/vertex presentations, 33.8 

multiple gestation, maternal physiologic changes 
complications, 328-329 
hypertensive disorders, 328 
organ system adaptations, 327-328 
weight gain, 328 

multiple gestation, physiology of 
dizygotic twinning, 324 
monozygotic twinning, 324-325 
placentation

chorionicity determination, 325-326 
complications, 326 
dichorionic-diamniotic placenta, 325 
monochorionic-diamniotic placenta, 325 
monochorionic-monoamniotic placenta, 325 

superfecundation/superfetation, 324

multiple gestation, preterm  labor management 
delivery timing, 338 
fetal lung maturity, 338 
preterm  rupture of membranes (PROM), 337 
tocolytic therapy, 337 

Murless forceps, 471 
MVP (maximum vertical pocket), 49 
myelomeningocele (MMC) 

incidence of, 653 
MMC repair approaches, 654 
standard of care, 653 
study/data interpretation, 654 
in utero repair rationale, 653-654 

myomas. See leiomyomata.
myonecrosis, 289. See also necrotizing fasciitis (NF).

nalbuphine, 196, 212, 218 
naloxone, 201
Naujok’s maneuver, 303. See also breech presentation, 

delivery techniques, 
necrotizing fasciitis (NF) 

causative organism, 288 
diagnosis, 288
form s/alternate names, 287-288 
gas gangrene, 289 
laboratory findings, 288 
medical management, 289 
myonecrosis, 289 
surgical treatm ent, 288-289 
symptoms/disease progression, 288 
wound infection, 399-400 

neoplastic diseases. See cervical intraepithelial neoplasia 
(C1N); cervical malignancy; endometrial 
carcinoma; fallopian tube disease; gestational 
trophoblastic disease: leiomyomata; ovarian 
tumors; vaginal malignancy; vulvar malignancy, 

neostigmine, 196 
neuraxial analgesia, 218
neuraxial procedures, contraindications to, 211 
NF. See necrotizing fasciitis (NF). 
nifedipine, 199 
nitroglycerin 

in PIH, 200
urgent uterine relaxation, 215-216 
in uterine relaxation, 282 

nitroprusside, 200: 
nitrous oxide, 197

obstetric anesthesia. See also labor pain; labor pain 
management, 

vs. analgesia, 213 
drug interactions

illicit drugs, 200-201 
obstetric pain management, 201-202 
PIH therapy, 200 
tocolytic agents, 199 
uterotonic agents, 199 

epidural anesthesia
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obstetric anesthesia (C ontd .) 
catheter position, 213-214 
for cesarean delivery, 213 
vs. general anesthesia, 214 
pain during, 213 

general anesthesia
antacid prophylaxis, 215 
practice standards, 215 
safety, 215 
uses of, 215 

for massive hemorrhage, 216-217 
pharmacology 

analgesics, 195-196 
circulation support agents, 197-198 
general anesthesia, induction agents, 196-197 
general anesthesia, volatile agents, 197 
local anesthetics, 198 
neuromuscular blocking agents, 198 
premedicants, 195 
tranquilizers, 195 

postoperative pain management, 2 18 
spinal/CSE anesthesia 

duration, 214
vs. epidural anesthesia, 214 
vs. general anesthesia, 214 
sequential CSE, 214-215 

surgery during pregnancy 
fetal monitoring, 217-218 
fetal risks/outcome, 217 
general precepts, 217 
maternal/fetal survival, 218 

vs. surgical anesthesia, 193, 194-195 
urgent uterine relaxation, 21 5-216 

obstetric anesthesia service 
com munication/coordination 

characteristics of, 219 
informed consent, 2.20 
outpatient anesthesiology clinic, 219-220 

management o f 218 
quality assurance 

continuous quality improvement, 220-221 
traditional approaches, 220 

staffing/equipment, 218-219 
obstetric history. See also forceps, historic, 

abortion
in ancient/classical texts, 119 
controversy in medical practice, 119 
H ippocrates’ injunction, 119-120 
legality o f  120 
religious doctrines, 120 

cesarean delivery 
advice against, 5-7 
in classic theater, 2 
docum ented operations, 4-5, 7 
in myths/legends, 1-2 
Porro operation, 9-10 
propriety controversy, 5 
safety preclusions, 8

self/traumatic delivery, 2 
support for, 7
surgical innovations, 9, 10-11 
vs. symphysiotomy, 7-8 
uterine sutures/suturing, 8-9 

cesarean hysterectomy, 9-10 
instrumental delivery 

advances in, 17 
axis-traction forceps, 17 
Cham berlen, forceps, 12-14 
conservative obstetric management, 15 
destructive vs. atraumatic instruments, 11-12 
Elliot’s midwifery forceps, 17 
incidence o f procedures, 16-17 
instrum ent development/modifications, 11, 15, 
intervention error example, 15 
maternal mortality, 17 
Palfyn instrument, 14-15 
popularization o f 15 
Princess Charlotte debacle, 15 
procedural alternatives, 11 
prophylactic forceps operation, 17-18 
rotational maneuvers, 17 
Simpson’s forceps, 17 
solid-bladed forceps, 17 
usage guidelines, 15 
van Roonhuysian instrument(s), 13-14 

labor, third/fourth stage 
Bard, John, 258 
Baudelocque, Jean Louis, 258 
British monarchy, 258-259 
Dewees, William P., 258 
M aurijeau, Francois, 257-258 
Smellie, William, 258 
Taj Mahal, 258 

prenatal genetic testing 
amniocentesis, 23-24 
chorionic villous biopsy (CVS), 24-25 
technologic advances, 25 
ultrasonography, 24-25 

vacuum extractors 
cupping, 18
Malmstrom extractor, 18-19 
Simpson extractor, 18 

occiput posterior (OP) positions. See instrumental 
delivery, occiput posterior (OP) positions. 

O ’Leary technique, 278, 573-574 
oromandibular-limb hypogenesis, 32 
ovarian pregnancy, 81 
ovarian tumors 

classification/staging, 434-435 
diagnosis, 433-434 
epidemiology, 432 
management

benign cystic teratomas, 438 
choriocarcinomas, 439 
dysgerminoma, 438-439 
embryonal carcinomas, 439

ak
us

he
r-li

b.r
u



Index 907

endodermal sinus tumors, 439 
epithelial cell tumors, 438 
germ cell tumors, 438 
gonadal stromal tumors, 439-440 
granulosa cell tumors, 439- 440 
mixed germ cell tumors, 439 
ovarian cancer, 435-438 
ovarian imm ature teratomas, 439 
Sertoli-Leydig cell tumors, 439-440 

pathology, 432 
prognosis, 438

oxytocin stimulation. See also hemorrhage, operations for. 
active labor, 263-264 
drug interactions, 199 
labor, abnormal conduct, 247-248 
labor induction/augmentation, 251-252 
labor physiology, 248 
labor progression, 252-253 
m alpresentation/disproportion diagnosis, 246 
pelvic adequacy evaluation, 465 
retained placenta treatm ent, 284 
shoulder dystocia, 354 
in third-fourth-stage labor, 263-264 
third-fourth-stage labor, 263-264 
uterine scar separation, 534-535

Page “wrapping" technique, 107, See also cervical cerclage. 
Palfyn instrument, 15 
Palfyn, Johannes, 14-15 
pancuronium, 198
paracervical block (PCB), 212. See also labor pain 

management.
Pare, Ambroise, 4, 5-7, 14
parturient-controlled epidural analgesia (PCEA), 209 
PAs (physician assistants), 788-789 
patient-controlled analgesia (PCA), 212, 218 
PCA (patient-controlled analgesia), 218 

in hypotension, 199 
PCB (paracervical block), 212. See also labor pain 

management.
PCEA (parturient-controlled epidural analgesia), 209,

See also labor pain management.
PCR (polymerase chain reaction), 25 
(PCR) polymerase chain reaction, 36-37 
PCT (prenatal childbirth training) effectiveness, 202 
pelvic girdle relaxation. See pelvic relaxation syndrome, 
pelvic inflammatory disease (PID), 71-72 
pelvic relaxation syndrome 

anatomy of, 739-740 
chronic pelvic joint pain, 740 
diagnosis, 740 
etiology, 739 
osteomyelitis, 741
symphysis rupture/division, 740-741 
symptoms, 740 
treatm ent, 740 

percutaneous umbilical blood sampling (PUBS),
60-61

perinatal loss
clinician response to, 821 
death, as taboo subject, 820-821 
as family trauma, 820 
grief, stages of

Freud, Sigmond, 821 
Kiibler-Ross, Elisabeth, 821 
texts on, 821-823 

grieving father, 825 
grieving m other 

miscarriage, 823 
multiple gestation, 824-825 
overview, 823-824, 827 
stillbirth, 824-826 

hospital staff practices
bereavem ent protocol, 826 
cultural considerations, 823 
personnel roles, 823-825 
talking to grieving families, 826-827 

patient resources 
books, 828 
Internet, 828-829 
support groups, 827-828 
video, 828 

terminology, 821 
perineal infiltration, 212-213 
perineal/periurethral injuries 

avoidance of, 266 
common injuries, 265-266 
surgical repairs

episiotomy repair, 265, 266-268 
internal/external sphincter lacerations, 268^269 
rectal mucosa tear, 268 
suture material, 269 
vaginal lacerations, 266 

phenylephrine, 198, 199, 201 
phenytoin, 200
physician assistants (PAs), 788-789 
physiologic pelvic girdle relaxation. See pelvic relaxation 

syndrome,
PID (pelvic inflammatory disease), 71-72
PIH. See pregnancy-induced hypertension (PIH) therapy.
Pinard maneuver, 304
Pipelle biopsy, 76-77
Piper forceps, 305
placenta. See also ultrasound, placental, 

development/physiology, 145-147 
pathology

description at delivery, 160 
maternal floor infarction, 161 
maturation disorders, 160-161 
weight aberrations/variations, 160 

perinatal evaluation, role of, 145 
placenta accreta/increta/percreta. See also placental 

abnormalities terms, 
associations/risk factors, 284 
diagnosis, 284, 285 
etiology, 152, 284-285
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placenta accreta/increta/percreta (C ontd .) 
hemorrhage risk, 284 
infant mortality, 285 
management o f 166-167 
pathophysiology, 55-56, 150, 285 
treatm ent

conservative management, 285 
surgical procedures, 285 
vaginal vault/pelvic packing, 286 

ultrasound diagnosis, 156-157 
placenta delivery. See under labor, third/fourth stage, 
placenta increta. See placenta accreta/increta/percreta- 
placenta percreta. See placenta accreta/increta/percreta. 
placenta previa 

etiology/incidence, 55 
management 

activity restriction, 164 
antenatal corticosteroids, 166 
artery/vessel ligation, 163-164 
bleeding, assessment of, 162-163, 164-165 
blood transfusion, 165 
cervical cerclage, 166 
home-care vs. hospitalization, 165 
hysterectomy, 164 
incision locations, 163 
intraoperative/postpartum  hemorrhage, 163 
pre-surgery planning, 163, 165 
tocolytics, 165-166 

pathology, 149 
prevalence, 150-152
ultrasound diagnosis

transabdominal ultrasound (TAS), 155 
transperineal sonography (TPS), 156 
transvaginal ultrasound (TVS), 155-1 56 

placental abnormalities
abnormal trophoblastic invasion, 148-149 
epidemiology

marginal placental separation, 150 
placenta accreta, 152 
placenta previa, 150-152 
placental abruption, 152-154 
vaginal bleeding, 150 

fetal heart rate monitor, 160-169 
implantation disruption, 148 
intrinsic abnormalities

amniotic band syndrome, 147 
chorioangioma, 147 
circumvallate placenta, 147 
single umbilical arteries (SUA), 148 
velamentous insertion, of cord, 147-148 

patient/family communication, 170 
placenta accreta, 150 
placenta previa, 149 
placental abruption, 149 
preeclampsia/fetal growth restriction,

148-149
placental abnormalities, Complications 

coagulation disorders,

hemorrhagic shock, 
in newborns, 
organ damage, 
respiratory failure/distress,
Rh isoimmunization, 

placental abnormalities, diagnosis 
fetoscopy, 159
magnetic resonance imaging (MRI), 158-159
patient history, 154
physical examination, 154-155
placental migration, 156
ultrasound scanning

placenta accreta, 156 I 57 
placenta previa, 155-156 
placental abruption, 157-158 
uses of, 155

placental abnormalities, management of. See also placental 
abruption, 

placenta accreta, 166-167 
placenta previa

activity restriction, 164 
antenatal corticosteroids, 166 
artery/veSsel ligation, 163-164 
bleeding, assessment of, 162-163, 164-165 
blood transfusion, 165 
Cervical cerclage, 166 
home-care vs. hospitalization, 165 
hysterectomy, 164 
incision locations, 163 
intraoperative/postpartum  hemorrhage, 163 
presurgery planning, 163, 165 
tocolytics, 165-166 

previable pregnancy 
bleeding, 161-162 
chorioangioma, 161 
maternal well-being, 161-162 

viable gestation, 162 
placental abruption

bleeding/blood replacement, 169-170 
Couvelaire uterus, 1 70 
evaluation o f 167-168 
fetal monitoring, 169
mild/minimally symptomatic: cases, 167-168 
moderate/severe cases, 168-169 

mortality/morbidity, 152-154 
pathophysiology, 149 
ultrasound diagnosis, 54-55, 157-158 

placental examination 
benefits of, 289
in obstetric management review, 289 
study/storage recommendations, 28.9-290 

placental separation, 259
placental site trophoblastic tumor. See gestational 

trophoblastic disease.
Planned Parenthood P. Casey

abortion, legal decisions in, 867-868 
fetal-rights advocacy, 664 

polymerase chain reaction (PCR), 25-37
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Porro, Eduardo, 9 -10
postoperative/postpartum paralysis (POP),

769-770
postpartum  hemorrhage (PPH). See also hemorrhage, 

operations for; retained placenta; uterine atony; 
uterine inversion, 

causes/signs, 272, 273 
diagnosis

blood/arterial pressure, 274 
blood loss, 273-274
four-stage classification scheme, 274-275 
laboratory tests, 275 
urinary output, 274 

incidence of, 272 
management

compression sutures, 278 
embolization, 278 
fluid resuscitation, 275 
gauze packing, 276-277 
hem atom a identification, 277-278 
hysterectomy, 279 
initial/supportive therapy, 275 
O 'Leary technique, 278 
physician assistance, 279 
placental examination, 277 
subinvolution, 279 
surgical control, 278 
uterine compression, 277 
uterotonic agents, 275 
vessel ligation, 278-279 

management o f 272 
maternal mortality, 272 
risk factors, 272-273 

Power, R. M. H„ 271
Prague maneuver, 303-304. See also breech presentation, 

delivery techniques, 
preeclampsia/ eclampsia

abnormal trophoblastic invasion, 148-149 
Doppler flow measurement, 52 
drug interactions, 199, 208-209, 210-211 
health care education, 680 
in hypertensive disorders, 328 
IUGR, 146
in maternal mortality, 676-680 
and PPH, 272-273 
and thrombocytopenia, 211 

pregnancy-induced hypertension (PIH) therapy, drug 
interactions 

aspirin, low-dose, 200 
cimetidine, 200 
hydralazine, 200 
labetalol, 200 
nitroglycerin, 200 
nitroprusside, 200 
verapamil, 200 

pregnancy termination. See abortion terms, 
prem ature rupture of membranes (PROM), 233, 337 
prenatal childbirth training (PCT) effectiveness, 202

prenatal genetic program trends 
quality assurance, 36 
service organization development, 36 
technological advances, 25-37 

prenatal genetic testing. See also amniocentesis; chorionic 
villus sampling (CVS); genetic disease,: 

prenatal genetic testing, multiple gestations 
accuracy/sampling error, 35 
identification approach, 34 
laboratory problems, 35-36 
risks

chromosomal aneuploidy, 33-34 
miscarriage, 34-35 
vs, singleton gestations, 34 

selective pregnancy term ination, 35 
single/dual puncture methods, 34 

PROM (prem ature rupture of membranes), 233, 337 
propofol, 197 
propranolol, 200
Prosser, William L., 848, 851-852 
prostaglandin 1 S-methyl-P?,, (PGFj),
PUBS (percutaneous umbilical blood sampling),

60-61
Puddicom be’s maneuver, 487 
pudendal block, 212-213

ranitidine, 200 
remifentanil, 196, 212
retained placenta, 261-262. See also placenta 

accreta/increta/percreta. 
clinical associations, 283-284 
diagnosis, 284 
treatm ent

manual removal, 284 
oxytocin, 284 

retinal hemorrhage, 754-755 
Rh prophylaxis, 83-84 
Rh sensitization, 27-28 
ritodrine, 199 
roeuronium, 198 
Roe v. Wade

abortion, legal decisions in, 866-867 
and genetic testing, 177-178 
maternal-rights advocacy, 664 
wrongful life/wrongful birth, 868-869, 870 

ropivacainCj 198 
Rosslin, Eucharius, 3, 4 
Rousset, Francois, 5 
RU 486 (mifepristone), 133-134

sacrococcygeal teratomas (SCT), 650-651 
Sanger, Max, 9 -10 
Scanzoni, Friedrich Wilhelm, 17 
Scanzoni rotation/reverse maneuver, 489-490 
SCT (sacrococcygeal teratomas), 650-651 
selective feticide, 328, 332, 335, 341-342 
selective pregnancy termination, 35 
selective reduction, 35, 340-341, 814
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selective trial of labor
in breech presentation, 308 
CT pelvimetry, 309 
X-ray pelvimetry, 308-309 

Sertoli-Leydig cell tumors, 439-440. See also ovarian 
tumors, 

sevoflurane, 197
Shirodkar cerclage, 101-102, 103. See also 

cervical cerclage, 
shoulder dystocia. See also macrosomia; shoulder 

impaction, 
clinical issues

morbidity/mortality, 349 
neflnatal injury, 349-351 
prevalence, 349 

clinician/obstetrician role, 348 
intrapartum  factors 

episiotomy, 354 
labor abnormalities, 353-354 
oxytocin/anesthesia incidence, 354 

management/injury profile
disimpaction maneuver study findings, 361 
routine cesarean, 361 

medical record, 363 
occurrence analysis, 349 
predictipn/prevention, 360 
risk factors, predictive value: of, 348-349, 354 

shoulder dystocia, disimpaction maneuvers 
clavicle fracture, 360 
posterior arm extraction, 359 
rotation maneuvers 

fundal pressure in, 359 
Rubin's maneuver, 359 
Woods “cork-screw" maneuver, 358-359 

simple maneuvers
historical surveys, 357-358 
McRoberts maneuver, 358, 361 
suprapubic pressure application, 358 
Walcher position, 358 

Zavanelli maneuver, 360 
shoulder dystocia, emergency management plan 

anticipation of, 362 
assistance, 362 
episiotomy, 362-363 
obstetric intervention techniques, 363 
optimal delivery route determination, 362 

shoulder dystocia, medicolegal issues 
prevention strategies, 365-366 
reasonable conduct, 363-364 
standard o f care issues; 364-365 

shoulder impaction 
forces operating in, 355-356 
pathophysiology, 354-355, 356’

Simpson forceps, 305, 471 
Simpson, James Voung, 17, 18, 193, 194 
single umbilical arteries (SUA), 148 
spinal analgesia, 209-210 
Spinelli operation, 283

subgaleal/subaponeurotic hemorrhage 
diagnosis, 747 
morbidity/mortality, 748 
prevention of, 747 
treatm ent, 747-748 

succinylcholine, 198 
sufentanil, 195-196 
superficial perineal infection, 287 
suppurative fasciitis. See necrotizing fasciitis (NF). 
surgery in pregnancy, See also legal considerations, surgical 

complications; neoplastic diseases, 
diagnosis

history/physical examination, 393-394 
laboratory data, 395 
location/progression of pain, 394 
radiography, 395 
traum atic injury, 394 

surgical technique 
drains, 397-398 
hemostasis, 396' 
knot tying, 397 
operative incisions, 395-396 
skin closure, 397 
skin preparation, 396 
suture materials, 396-397 
wound closure, 396 

wound complications 
dehiscence/evisceration, 398-399 
incisional hernia, 398 
integrity, risks to, 398 

wound infection
clinical signs/symptoms, 399 
etiology, 399
necrotizing fasciitis (NF), 399-400 
preventive measures, 399 
treatm ent, 399 

surgery in pregnancy, fetal heart rate monitoring 
appropriate use of, 880-881 
gestation age, role of, 881 
labor effects, 881-882 
and potential viability, 882-883 
protocols, 883
surgical management, 883-885 
tocolytic administration, 882 

surgery in pregnancy, iatrogenic injuries 
avoidance, 406 
fetal injuries, 410 
gastrointestinal injuries

intestinal tract/bowel lacerations,
406-407 

therm al bowel injuries, 407-408 
neurologic injuries, 409-410 
reporting, 406
reproductive tract injuries, 410 
urinary tract injuries, 408-409 

surgery in pregnancy, surgical complications 
appendicitis

diagnosis, 413-414
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epidemiology, 412-413 
management, 414-415 

gallbladder disease 
diagnosis, 411 
epidemiology, 410-411 
management, 41 1-412 

surgery in pregnancy, systemic complications 
deep vein thrombosis (DVT)

antiphospholipid syndrome (APS), 
diagnosis, 403-404 
Greenfield filter, 405 
heparin therapy, 402--403, 404-405 
incidence of, 401-402 
inherited thrombophilia, 402, 405-406' 
mechanical intervention, 403 
pulmonary embolism, 402 
risk factors, 402 
therapy, 404 
warfarin therapy, 405 

febrile morbidity
abdominal abscess, 401 
differential diagnosis, 400-401 
infection, 401 
treatm ent, 401 

symphysiotomy, 7-8, 582-583 
symptom-giving pelvic girdle relaxation. See pelvic 

relaxation syndrome, 
synergistic necrotizing cellulitis. See necrotizing 

fasciitis (NF). 
syntometrine, 263-264 
systemic analgesia, 211-212

TA-CVS (transabdominal biopsy). See under chorionic 
villus sampling (CVS), 

tachycardia/bradycardia. See under fetal monitoring, 
physiologic principles.

TACIC. See cervicoisthmic cerclage (TACIC)
TAS (transabdominal ultrasound), 155 
TC-CVS (transcervical biopsy). See under chorionic villus 

sampling (CVS), 
terbutaline, 199
termination, of pregnancy. See abortion terms, 
thiopental, 196-197 
thrombocytopenia (TTP)

alloimmune thrombocytopenia (ATTP), 532-533 
gestational thrombocytopenia (GTP), 532 
immune thrombocytopenia, 532 
incidence, 531-532
obstetric intervention recommendations, 533 
physiology, 531 

thrombophilias. See venous thrombosis (VT).
TLRD (transverse limb reduction defects), 32 
tocolytic agents, drug interactions 

P 2-agonists,
calcium ion antagonists, 199 
magnesium sulfate, 199 

TPS (transperineal sonography), 156 
transabdominal ultrasound (TAS), 155

transperineal sonography (TPS), 156 
transvaginal ultrasound (TVS), 155-156 
transverse arrest, .see under instrumental delivery, 

instrum ent application, 
transverse limb reduction defects (TLRD), 32 
TRAP (twin-reversed arterial perfusion) sequence, 332,

646
trauma, blunt abdominal 

fetal risks, 768 
incidence o f 768 
maternal/fetal assessment, 769 
maternal resuscitation, 768 
m otor vehicle accidents/safety, 768-769 

Trautmann, J«remias, 5
Trendelenburg's positioning, 102. See «iso cervical 

cerclage.
TTP. See, thrombocytopenia (TTP).
TTTS. See twin-twin transfusion syndrome (TTTS). 
tubal ligation

in cesarean delivery, 583 
complications, 588-589 
counseling/consent, 584-585 
incision, 585 
surgical operations

fimbriectomy, 587-588 
Irving technique, 586-587 
Kroener technique, 587-588 
Madlener technique, 585-586 
Pomeroy technique, 586 
Uchida technique, 587-588 

in vaginal delivery, 584 
TVS (transvaginal ultrasound), 155-156 
twin-reversed arterial perfusion (TRAP) sequence, 332, 

646
twin-twin transfusion syndrome (TTTS). See abo  multiple 

gestation terms, 
alternative interventions, 645-646 
amnioreduction, 645 
diagnosis, 333 
donor risks, 332 
fetoscopic laser ablation* 645 
management

laser photocoagulation, 334-335 
Selective fetocide, 335 
septostomy, 335 
serial amnioreduction, 334 

mortality/morbidity, 645 
pathophysiology, 332-333, 645 
staging, 334

UBF (uterine blood flow), 685-686 
ultrasound

expanded use of. 44 
fetal weight assessment, 54 
gestational age assessment, 53-54 
importance o f 62-63 
transvaginal approach, 75-76 
twin gestation, 58-59
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ultrasound, cervical length assessment 
accuracy importance, 44-45 
w ith digital examination, 46-47 
effacement process, 46-47 
endocervical length, 46 
funneled cervix criteria, 47 
labor outcome prediction, 48 
measurement procedure, 46 
normal lengths, 47 
preterm  delivery prediction, 47-48 
transabdominal approach, 45 
transperineal/translabial approach, 46 
transvaginal approach, 45-46 

ultrasound, Doppler 
eerebroplacental ratio, 53 
fetal arterial assessment, 51-52, 53 
in intrapartum period, 52-53 
perinatal mortality rates, 52 
properties o f 51
vascular impedance measurement, 52 

ultrasound, fetal position assessment 
fetal occiput position 

identifying landmarks, 58 
as labor management tool, 56-57 
malposition/malrotation, 58 
ultrasound vs. digital examination, 57-58 

fetal presentation, 56 
ultrasound, fetal status assessment 

amniotic fluid index (AFI)
AFI/MVP accuracy comparison, 49 
obtainm ent method, 49 
oligohydramnios thresholds, 49-50 
polyhydramnios thresholds, 50 
volume as assessment tool, 48-49 
volume/perinatal outcome relationship, 49 

biophysical profile (BPP) 
in intrapartum  period, 51 
predictive parameters, 50-51 
score interpretation, 51 
uses of, 50 

fetal occiput position, 58 
m aximum vertical pocket (MVP), 49 

ultrasound, placental
diagnosis o f abnormalities, 155 
placenta accreta, 55-56 
placenta previa, 55, 155-156 
placental abruption, 54-55 

ultrasound, procedure guidance 
endoanal examination, 62
percutaneous umbilical blood sampling (PUBS), 

60-61 
prenatal diagnosis 

amniocentesis, 59 
CVS, 59-60
as invasive: procedure adjunct, 59 
needle visualization, 60 

retained uterine products, 61-62 
3D /4D  techniques, 61

ureteral injury/management 
in cesarean delivery, 625 
in cesarean hysterectomy, 625 
crush/suture ligation injuries, 626 
incision/needle puncture injuries, 626 
intravenous pyelography (IVP) use, 626 
in pregnancy termination, 625-626 
ureteral injuries, 625 
ureteral transections, 626-628 

ureteroneocystostomy, 626-628 
urethral injury/management 

urethral injuries, 624 
urethral repair, 624 
urethrovaginal fistula repair, 624-625 

urinary calculi
diagnosis, 614-616 
epidemiology, 613-614 
etiology, 614
management, expectant, 616 
management, operative 

lithotripsy, 616-617 
timing o f  618 
ureteral stents, 617 
ureteroscopy, 617-618 

management, pharmacologic, 618 
urinary tract infection (UTI), 733-734 
urolithiasis. See urinary calculi, 
urologic disorders, during pregnancy. See also lower

urinary tract injuries and trauma; urinary calculi 
anatomic changes, 608-610 
common urinary complaints

stress urinary incontinence, 611-613 
urinary frequency/nocturia, 610-611 
urinary tract infection, 613 
urinary urgency/urge incontinence, 611 
voiding difficulties, 611 

genitourinary malignancy 
diagnosis, 632 
epidemiology, 631-632 
etiology, 632 
management, 632-633 

lower urinary tract obstruction 
impacted/incarcerated uterus, 619 
ureteral compression/obstruction,

.618-619
urinary retention in labor, 619 

physiologic changes, 610 
previous urologic surgery

anti-incontinence procedures, 630 
artificial urethral sphincters, 629-630 
enterocystoplasty, 629 
general recommendations, 629 
ureteral reimplantation, 631 
urinary diversion, 630-631 

urethral diverticulum 
diagnosis, 628 
etiology, 628 
management, 628
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uterine atony
clinical associations, 279 
treatm ent, 279-280 

uterine blood flow (UBF), 685-686 
uterine inversion 

causes/risk factors, 281 
diagnosis, 280-281 
maternal mortality, 281 
types of, 280 

uterine inversion, surgical treatm ent 
abdominal approaches 

Haultain operation, 283 
Huntington procedure, 283 

hydrostatic uterine replacement, 282 
shock, incidence of, 282 
uterine relaxation, 282 
vaginal approaches

Kustner procedure, 283 
Spinelli operation, 283 

vaginal replacement, 281-282 
uterine involution, 259—260 
uterine relaxation, 215-216, 282 
uterotonic agents 

oxytocin
drug interactions, 199 
in labor physiology, 248 

prostaglandins
drug interactions, 199 
in labor physiology, 248

vacuum extractors. See also obstetric history, 
vacuum extractors, 

experimental devices, 19 
plastic/disposable devices, 19 
practitioner education, 19-20 

vaginal birth after cesarean (VBAC), 511. See also 
cesarean delivery and VBAC trial, 

vaginal malignancy
classification/staging, 424 
diagnosis, 423

epidemiology, 423 
management, 424 
pathology, 423 
prognosis, 424 

Valsalva maneuver, 94 
van Roonhuysian instrument(s), 13-14 
"vanishing twin" syndrome, 329-330 
VBAC (vaginal birth after cesarean), 511. See also cesarean 

delivery and VBAC trial, 
vecuronium, 198
venous thromboembolism (VTE), 874-875 
venous thrombosis (VT) 

diagnosis, 875 
incidence, 874 
pathophysiology, 874-8.75 
treatm ent

alternative treatments, 876 
antepartum  concerns, 876 
embolism, prior history of, 877 
pharmacology, 876, 877 
postsurgical care, 876 
pregnancy loss, prior history of, 877 
thrombophilia, lack of, 877 

verapamil, 199, 200
very-low-birthweight (VLBW) infants, 316,

322-323 
vulvar malignancy

classification/staging, 423 
diagnosis, 423 
epidemiology, 422 
management, 423 
pathology, 422-423

wandering, 485 
warfarin, 405
Weigart palsy, 350, 756. See birth injuries, fetal. 
Wigand-Martin-Winkle maneuver, 303. See also breech 

presentation, delivery techniques.
Williams, J. Whitridge, 355
Wurm technique, 107-108. See also cervical cerclage.
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