GetFullAccessandMoreat  p  ExpertConsult.com

4

JAGGISH KARRAM

Atlas of Pelvic Anatomy

and Gynecologic Surgery

FOURTHI(B EDITION



Atlas of Pelvic Anatomy
and Gynecologic Surgery

FOURT DITION

MICHAELS. BAGGISH, MD, FACOG

Gynecologist
The Women’s Center of Saint Helena and Saint Helena Hospital
Saint Helena, California
Professor
Department of Obstetrics and Gynecology
University of California, San Francisco
San Francisco, California

MICKEY M. KARRAM, MD

Director of Fellowship Program
Female Pelvic Medicine and Reconstructive Surgery
The Christ Hospital
Professor of Obstetrics/Gynecology and Urology
University of Cincinnati
Cincinnati, Ohio

ELSEVIER



ELSEVIER

1600John F. Kennedy Blvd.
Ste 1800
Philadelphia, PA 19103-2899

ATLAS OF PELVIC ANATOMY AND GYNECOLOGIC SURGERY, ISBN: 978-0-323-22552-6
FOURTH EDITION

Copyright © 2016 by Elsevier, Inc. All rights reserved.

No part of this publication may be reproduced or transmitted in any form or by any means, electronic or
mechanical, including photocopying, recording, or any information storage and retrieval system, without
permission in writing from the publisher. Details on how to seek permission, further information about
the Publisher’s permissions policies and our arrangements with organizations such as the Copyright
Clearance Center and the Copyright Licensing Agency, can be found at our website: www.elsevier.com/
permissions.

This book and the individual contributions contained in it are protected under copyright by the Publisher
(other than as may be noted herein).

Notices

Knowledge and best practice in this field are constantly changing. As new research and experience
broaden our understanding, changes in research methods, professional practices, or medical treatment
may become necessary.

Practitioners and researchers must always rely on their own experience and knowledge in
evaluating and using any information, methods, compounds, or experiments described herein. In
using such information or methods they should be mindful of their own safety and the safety of
others, including parties for whom they have a professional responsibility.

With respect to any drug or pharmaceutical products identified, readers are advised to check the
most current information provided (i) on procedures featured or (ii) by the manufacturer ofeach
product to be administered, to verify the recommended dose or formula, the method and duration of
administration, and contraindications. It is the responsibility of practitioners, relying on their own
experience and knowledge of their patients, to make diagnoses, to determine dosages and the best
treatment for each individual patient, and to take all appropriate safety precautions.

To the fullest extent of the law, neither the Publisher nor the authors, contributors, or editors,
assume any liability for any injury and/or damage to persons or property as a matter of products
liability, negligence or otherwise, or from any use or operation of any methods, products, instructions,
or ideas contained in the material herein.

Previous editions copyrighted 2011, 2006, and 2001 by Saunders, an imprint of Elsevier Inc.
Library of Congress Cataloging-in-Publication Data

Baggish, Michael S., author.
Atlas of pelvic anatomy and gynecologic surgery/ Michael S. Baggish, Mickey M. Karram.-Fourth edition,
p.;cm.
Includes bibliographical references and index.
ISBN 978-0-323-22552-6 (hardcover : alk. paper)
I. Karram, Mickey M., author. Il. Title.
[DNLM: 1. Pelvis—surgery—Atlases. 2. Gynecologic Surgical Procedures—methods—Atlases.
3. Pelvis—anatomy & histology—Atlases. WP 17]
RG104
618.1'059-dc23
2015032360

Executive Content Strategist: Kate Dimock

Senior Content Development Specialist: Marybeth Thiel
Publishing Services Manager: Patricia Tannian

Senior Project Manager: Claire Kramer

Design Direction: Brian Salisbury

Cover art based on illustrations by medical artist Max Brodel.

Printed in China

Last digit is the print number: 9 8 7 6 5 4 3

Working together
to grow libraries in
H SEVAR developing countries

www.elsevier.com ¢« www.bookaid.org


http://www.elsevier.com/
http://www.elsevier.com
http://www.bookaid.org

This book is dedicated to my wife, Leslie Baggish; my children, Cindy Baggish,
Julia Baggish, Mindy Baggish, Stuart and Pamela Baggish;
my grandchildren, Owen and Scarlet Reagan Baggish;
and to the memory of my deceased oldest son, Jeffrey Baggish.

Michael S. Baggish, MD

This Atlas is dedicated to my wife, Mona, and my three daughters, Tamara,
Lena, and Summer, for their love and support of my professional pursuits.
Also, to all thefellows and residents | have had the privilege of working with,
for continually motivating me to strivefor excellence in the surgical management of my patients.

Mickey M. Karram, MD



Vi

EDITORS

Michael S. Baggish, MD

JUCKEYIINRVIV

Mickey M. Karram, MD



CONTRIBUTORS

Brian J. Albers, MD, FACS
Margaret Mary Community Hospital
Batesville, Indiana

Michael S. Baggish, MD, FACOG

Gynecologist

The Women'’s Center of Saint Helena and Saint Helena
Hospital

Saint Helena, California

Professor

Department of Obstetrics and Gynecology

University of California, San Francisco

San Francisco, California

Jack Basil, MD

Chairman Department of Obstetrics and Gynecology
Good Samaritan Hospital/TriHealth

Cincinnati, Ohio

Alfred E. Bent, MD

Professor and Head

Division of Gynecology

IWK Health Center
Dalhousie University
Halifax, Nova Scotia, Canada

Lesley L. Breech, MD

Associate Professor

Division of Pediatric and Adolescent Gynecology

University of Cincinnati Department of Obstetrics and
Gynecology

Cincinnati, Ohio

Division Director

Pediatric and Adolescent Gynecology

Cincinnati Children’s Hospital Medical Center

Cincinnati, Ohio

Karen S. Columbus, MD
Cincinnati Breast Surgeons, Inc.
Cincinnati, Ohio

Geoffrey W. Cundiff, MD, FACOG, FACS, FRCSC
Head, Department of Obstetrics and Gynaecology
University of British Columbia

Vancouver, British Columbia, Canada

Bradley R Davis, MD, FACS, FASCRS
Associate Professor of Clinical Surgery
Director

Division of Education

Director

Residency Program in General Surgery
University of Cincinnati

Cincinnati, Ohio

Roger Dmochowski, MD, FACS

Professor of Urology

Director, Pelvic Medicine and Reconstruction Fellowship
Executive Physician for Safety

Vanderbilt University Medical Center

Nashville, Tennessee

Tommaso Falcone, MD, FRCSC, FACOG
Professor and Chair Obstetrics
Gynecology and Women'’s Health Institute
Cleveland, Ohio

John B. Gebhart, MD, MS

Professor

Departments of Obstetrics/Gynecology and Surgery

Fellowship Director—Female Pelvic Medicine and
Reconstructive Surgery

Mayo Clinic

Rochester, Minnesota

Bryan Henry, MD, FACOG

The Women’s Center of Saint Helena and Saint Helena
Hospital

Saint Helena, California

Audra J. Hill, MD

Fellow in Female Pelvic Medicine and Reconstructive
Surgery

Cleveland Clinic

Cleveland, Ohio

Bradley S. Hurst, MD

Director of Assisted Reproduction
Professor

Reproductive Endocrinology and Infertility
Carolinas HealthCare System

Charlotte, North Carolina

Mickey M. Karram, MD

Director of Fellowship Program

Female Pelvic Medicine and Reconstructive Surgery
The Christ Hospital

Professor of Obstetrics/Gynecology and Urology
University of Cincinnati

Cincinnati, Ohio

John H. Kirk, MD, FACOG

The Women'’s Center of Saint Helena and Saint Helena
Hospital

Saint Helena, California

David J. Lamon, MD, FACS

Naples Surgical Associates
Naples, Florida

Michael Maggio, MD, FACS
Good Samaritan Hospital
Cincinnati, Ohio
Dearborn County Hospital
Lawrenceburg, Indiana

vii

SHOLNdIdLNOD



\ALLl contributors

Javier FE Magrina, MD

Professor of Obstetrics and Gynecology
Barbara Woodward Lipps Professor
Mayo Clinic Arizona

Phoenix, Arizona

Ayman Mahdy, MD, PhD

Associate Professor of Urology

Director of Voiding Dysfunction and Female Urology
University of Cincinnati College of Medicine
Cincinnati, Ohio

Chad M. Michener, MD

Assistant Professor of Surgery

Cleveland Clinic

Obstetrics, Gynecology and Women'’s Health Institute
Cleveland, Ohio

James Pavelka, MD

Director, Division of Gynecologic Oncology
TriHealth

Cincinnati, Ohio

W. Stuart Reynolds, MD

Instructor in Urology

Vanderbilt University Medical Center
Nashville, Tennessee

John A. Rock, MD

Founding Dean

Senior Vice President for Health Affairs
Professor of Obstetrics and Gynecology
FIU Herbert Wertheim College of Medicine
Miami, Florida

Helmut F Schellhas, MD

Senior Gynecologic Oncologist

Good Samaritan Hospital

Cincinnati, Ohio

Adjunct Professor

Department of Obstetrics and Gynecology
University of Cincinnati Medical Center
Cincinnati, Ohio

Kevin Schuler, MD

Division of Gynecologic Oncology
TriHealth

Cincinnati, Ohio

Enrique Soto, MD, MSc
South Florida Institute for Reproductive Medicine
Miami, Florida

Donna L. Stahl, MD
Breast Surgeon
Private Practice
Cincinnati, Ohio

Emanuel C. Trabuco, MD, MS

Assistant Professor of Obstetrics and Gynecology
Department of Obstetrics and Gynecology

Mayo Clinic

Rochester, Minnesota

Mark D. Walters, MD

Professor and Vice Chair, Gynecology

Center of Urogynecology and Female Pelvic Medicine
Obstetrics, Gynecology, and Women’s Health Institute
Cleveland Clinic

Cleveland, Ohio

James L Whiteside, MD, MA, FACOG, FACS

Associate Professor

Obstetrics and Gynecology

Residency Program Director

Department of Obstetrics and Gynecology

Division of Female Pelvic Medicine and Reconstructive
Surgery

University of Cincinnati College of Medicine

Cincinnati, Ohio



PREFACE

The fourth edition of the Atlas ofPelvic Anatomy and Gynecologic
Surgery has maintained and extended the original mind-set of
the two authors—a single picture is worth a thousand words”"—
which holds true for this book as it similarly did for the anteced-
ent three editions. Busy, practicing gynecologists, residents,

fellows, and students do not wish to read laborious, wordy
descriptions when photographs and illustrations better display

the specific anatomy and the detailed operative techniques. Not

only do visual images imprint more rapidly, but additionally,

the images are more likely to be retained permanently within

the memory centers of the prefrontal and limbic portions of the

brain.

Important new chapters, as well as pertinent revisions to
existing chapters, have been added to this edition. Chapter 3,
titled “Max BrodePs Pelvic Anatomy,” is unique. Max Brodel, a
world- renowned medical artist, drew detailed medical illustra-
tions for Dr. Howard Kelly's 1898 textbook Operative Gynecology.
Howard Kelly was one of the four immortal physicians who
comprised the founding staffatJohns Hopkins. The other three
physicians were Welch (pathology), Osier (medicine), and Hal-
stead (surgery). Our artist, Joe Chovan, has created full-color
reproductions of Brodel’s original black-and-white drawings,
showing details of the century-old material that appeared in
Kelly’s original two volumes.

Revisions have been made in Chapters 5 and 6, as well as 9,
10, 13, 14, 19, 20, 29, 42, 54, 55, 56, 58, and 60. Drawings that
initially appeared as black and white in the first edition have
been colorized for the fourth edition. This colorization will be
completed to include 100% of all drawings in the next edition.
A major revision has been carried out for Chapter 12 (“Abdomi-
nal Hysterectomy”). A step-by-step comparison between lapa-
rotomy and laparoscopy has been added to show the operative
procedure performed.

Within this fourth edition is a novel illustration technique
that has been applied to several chapters, including Chapters 32
and 37. An actual photograph was enhanced and added to by
our artist using his computer imaging to create a hybrid figure
that merged photograph and drawing into a singular, high-
resolution picture.

Four additional new chapters have been added to this edition:
Chapter 57 (“Use of Biologic and Synthetic Mesh to Augment
Vaginal Prolapse Repair”) provides greatly detailed illustrations
relating to the correct and most appropriate uses of mesh mate-
rials for reconstructive pelvic surgery. Chapter 59 (“Avoiding
and Managing Synthetic Mesh Complications After Surgeries
for Urinary Incontinence and Pelvic Organ Prolapse”) focuses on
the most up-to-date information about warnings by the Food
and Drug Administration and the current status of commer-
cially available vaginal mesh kits. Numerous illustrations in this
chapter show various complications that can occur and the best
ways that they can be managed. Chapter 66 (“Atlas of Vulvar
Disorders”) depicts a plethora of common and unusual vulvar
disease. Numerous photographs have been included to facilitate
for the reader the ability to make the most precise diagnosis and
to select the most appropriate treatment regimen. Finally,
Chapter 120, dedicated to Robotic Surgery, completes the roll of
new additions. This latest chapter pictorially describes the tech-
niques of robotics as applied to gynecologic surgery from Ato Z

New photographs have been added to the chapter that deals
with the treatment of vulvar hypertrophy. These photographs
show the step-by-step surgical methodology required to obtain
the most satisfactory results. Several chapters within the Lapa-
roscopic Surgery section have undergone significant revisions,
including one that depicts the technique of single entry laparo-
scopic surgery. Chapter 121, which deals with Laparoscopic
Complications, has grown with the incorporation of new,
unusual photographs and illustrations detailing serious inju-
ries that occur during laparoscopic procedures.

The fourth edition is the most complete volume of the Atlas
ofPelvic Anatomy and Gynecologic Surgery ever published. We have
created a comprehensive resource comprising a multitude of
quality photographs and detailed drawings. More than 100 new
illustrations have been added, and nearly 200 existing illustra-
tions have been colorized. The overriding goal for this edition
was, most importantly, the preservation of exceptional quality.

Michael Baggish, MD
Mickey Karram, MD
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Basic Pelvic Anatomy
Michael S. Baggish

See Videos 1-1 to 1-24 on www.ExpertConsult.com.

The anatomy taught in this book is based on actual cadaveric
dissection. This section consists entirely of color drawings con-
structed from anatomic models (cadavers). This section was
added to help the reader orient the dissection photographs to
the overall geography of abdomen, pelvis, breasts, and extremi-
ties. In several pictures, our artist has used actual photographs
of body parts (pelvic bone) into which muscles and ligaments
were sketched with a computer.

The following terms are used in this section to provide direc-
tive relationships: (1) cranial = toward the head; (2) caudal =
toward the foot; (3) superior = above; (4) inferior = below; (5) deep
= to the interior; (6) superficial - to the surface; (7) medial -
toward the midline; (8) lateral = toward the side; (9) beneath =
under; (10) anterior-to the belly; and (11) posterior = to the back.

The surgeon needs to be familiar with certain bony land-
marks. The pelvic bones consist of the sacrum and coccyx, the
ilium, the pubic bone, and the ischium (Fig. 1-1). The first
anterior projection of the sacral vertebra is the sacral promon-
tory, and the exaggerated transverse processes form the sacral
ala (Fig. 1-2). On both anterior and posterior surfaces are the
holes, or foramina, from which nerve roots exit. Articulating
with the last sacral vertebra is the coccyx (Fig. 1-3). When the
pelvis is observed from above (see Fig. 1-2), the iliac fossa, iliac
crest, and anterior superior iliac spine are prominent. The
articulations at the sacroiliac joint and the symphysis pubis
mark major posterior and anterior joints, respectively. Between
the two are the iliopectineal lines and the linea terminalis.
Facing the pelvis, the anterior superior iliac spine and the
pubic tubercle mark the boundaries of the inguinal liga-
ment. The two pubic bones form an arch beneath the sym-
physis pubis. The rhomboid space between ischial and pubic
bones is the obturator foramen (see Fig. 1-1). The lowest
portion of the ischium forms a broad, rounded accumulation
of bone referred to as the ischial tuberosity. Above that struc-
ture is a hemispheric socket (acetabulum), where the head of
the femur articulates (see Fig. 1-1).

When one faces the back of the pelvis, the sacrum and the
sacral canal are visible. The ischial tuberosity, ischial spines,
and greater and lesser sacral sciatic notches are identified
(Fig. 1-4). From the side, the iliac crest, ischial tuberosity, ischial
spine, greater sciatic notch, and lesser sciatic notch are seen, as
is the obturator foramen (Fig. 1-5).

The following ligamentous structures can be observed:
Cooper’s ligaments, the sacroiliac ligaments, the symphysis
fibrocartilage, the sacrospinous and sacrotuberous ligaments,
the inguinal ligament, the lacunar ligament, and the obturator
membrane (Figs. 1-6 through 1-8). The sacrospinous and

CHAPTER

Cooper’s ligaments are utilized in pelvic reconstructive surgery,
as are the pubic symphysis and the anterior longitudinal liga-
ment (overlying the anterior sacral surface, not sketched). Large
vessels and nerves cross from the abdomen to the thigh beneath
the inguinal ligament and through the obturator foramen. The
lacunar ligament forms the medial abutment of the femoral
canal and sometimes is referred to as the pectineal portion, or
extension, of the inguinal ligament.

The muscles of the pelvis that have practical and special
importance for our discussion are the obturator internus
muscle, which constitutes the “pelvic side wall” or “ovarian
fossa,” the coccygeus, the piriformis, and the levator ani
muscles (Fig. 1-9).

The obturator fascia is a well-defined, tough structure. A
particularly thickened portion of the obturator fascia is named
the arcus tendineus, or white line (Fig. 1-10). The line stretches
from the inner aspect of the ischial spine across the belly of the
obturator internus muscle and terminates at the lower margin
of the posterior pubic bone (Fig. 1-11).

The levator ani muscle takes its origin from the inferior margin
of the pubic bone and the entire arcus (obturator fascia). Several
anatomy texts have divided the levator into anterior and posterior
portions; however, these subdivisions are artificial and have little
practical value (Fig. 1-12). Functionally, the gynecologist can feel
this muscle contract by performing a rectovaginal examination
and requesting the patient to tighten her muscles as if holding in
a bowel movement. At a point 2 cm up (cranial) from the vaginal
introitus, the U-shaped muscle is felt along the side and posterior
vaginal walls. A similar contraction can be felt posterior to the
rectum when the anal sphincter is contracted. Insofar as the
rectum is concerned, the levator component can be palpated
across the posterior rectal wall. The levator ani in concert with the
external sphincter ani squeezes the rectum to narrow the bowel
lumen while elevating the anorectum.

The muscles and ligaments divide notches into windows
(foramina). The coccygeus is overlain (deep) by the sacrospinous
ligament. The piriformis muscle exits the pelvis via the greater
sciatic foramen and is partially overlain (deep) by the sacrotu-
berous ligament (see Figs. 1-7 through 1-9). Internally, the
hollow iliac fossa is covered by the iliacus muscle. At the medial
margin and slightly superficial to the iliacus muscles are the
psoas major muscles. Together with the iliacus (iliopsoas),
the psoas major muscles pass into the thigh beneath the ingui-
nal ligament to insert on the femur (lesser trochanter). Occa-
sionally, the psoas minor tendon may be seen on the anterior
surface of the psoas major muscle (Fig. 1-13).

Text continues on page 16.
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Pubic arch

A GUR] 1-1 uhe RIVCb° ne C nSi °£the 'lium’ ischium' anﬂ Pubis- The ilium is bound to *e sacrum at the sacroiliac joints. This anterior aspect of the pelvis
shows the pubic arch, symphysis, and obturator foramen via a head-on view.
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FIGURE 1-2 This overhead view details the pelvic inlet, which is bounded anteriorly by the pubic symphysis and the pubic tubercle; laterally by the iliopectineal
line and the linea terminalis; and posteriorly by the sacral alae and the first sacral vertebra. This view also nicely shows the ischial spines.
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FIGURE 1-3 High-power detail viewed through the pelvic inlet shows the sacrum and coccyx. The anterior sacral foramina are distinct, as are the ischial spines and
the subpubic arch.
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FIGURE 1-4 The posterior view of the pelvis is combined with an outlet "looking-in" perspective. The ischial tuberosity, ischial spine, and greater and lesser
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FIGURE 1-5 This right lateral view depicts the acetabulum, sacrosciatic notches, anterior superior iliac spine, and ischium.
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FIGURE 1-6 The inguinal ligament stretches between the anterior superior iliac spine and the pubic tubercle. From the latter is reflected the lacunar ligament,
which forms the medial boundary of the femoral canal. Cooper's ligament is a stout structure that clings to the iliopectineal line (see inset). Between the ischial
spines and the lateral aspect of the sacrum is the sacrospinous ligament. This ligament also creates the greater and lesser sacrosciatic foramina.
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FIGURE 1-7 This side view displays the obturator membrane, as well as the sacrotuberous ligament. The latter begins on the ischial tuberosity and terminates on

the lateral margin of the sacrum.



FIGURE 1-8 Posterior view combined with outlet view. The sacrotuberous ligament and the sacrospinous ligament cross.
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FIGURE 1-10 The large obturator internus muscle covered with tough obturator fascia forms the pelvic sidewall. The arcus tendineus, or white line, is produced
by athickened area of obturator fascia. The levator ani muscle arises from the arcus. The cut edge of the levator is shown on the patient's right side (viewer's left
side). The left levator has been removed. The enclosure of the pelvis is completed by the piriformis and coccygeus muscles.
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FIGURE 1-11 This view shows the intact levator ani muscle arising along the length of the arcus tendineus. Note the exposed retropubic space, together with the

cut edges of the urethra and vagina.
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FIGURE 1-12 Frontal view of the funnel-like levator ani and its relationship to the vulva and superficial muscles of the perineum. The levator arises in part from
the inferior margins of the pubic bone. The artist has superimposed the arcus tendineus (dashed white line) onto the obturator internus and pubic bone.
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FIGURE 1-13 The large muscles of the retroperitoneum include the psoas major muscle, iliacus muscle, and quadratus lumborum muscle. The psoas and iliacus

(liopsoas) depart the abdomen and enter the thigh beneath the inguinal ligament.
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The muscles of the thigh are in many cases relevant to pelvic
anatomy. For example, the iliopsoas muscles leave the pelvis
beneath the inguinal ligament with accompanying nerves to
enter the thigh. The sartorius muscle is detached from the
anterior superior iliac spine in radical vulvectomy surgery and
transposed to cover the exposed femoral vessels. The gracilis
muscle is used for pelvic reconstructive surgery as a myocutane-
ous graft. In addition to the muscles mentioned earlier, the
gynecologist should be familiar with the fascia lata, tensor
fascia lata muscle, rectus femoris, vastus lateralis, vastus
medialis, pectineus, and adductor longus muscles (Figs. 1-14
and 1-15A and B).

The muscles and fascia of the abdominal wall are discussed
in detail in Chapter 8.

However, the schema of the external oblique, internal
oblique, rectus abdominis, and transversus abdominis
muscles, and inguinal ligament are convenient to view in a
single picture (Fig. 1-16).

The inferior epigastric vessels are identified crossing the
transversus abdominis fascia from their origin in the external
iliac vessels. In this drawing, the left rectus abdominis muscle
has been divided and the lower muscle belly has been reflected
downward (caudal) to show the details of the inferior epigastric
vessels, which lie on the post sheath of the rectus abdominis
muscle and the transversus fascia. The triangle formed by the
inferior epigastric vessels, the inguinal ligament, and the
lateral border of the rectus is Hesselbach’s triangle (Fig. 1-17).
Indirect inguinal hernias most commonly develop here
(Hesselbach'’s triangle).

When the lower abdomen is opened, the peritoneal cavity is
seen to be filled with intestines. A fat pad, the greater omentum,
which is attached cranially to the greater curvature of the
stomach and the transverse colon, hangs like an apron over
the small and large intestines. Lifting the omentum reveals the
large intestine on the periphery surrounding coils of small
bowel. The large bowel is anchored normally to the parietal
peritoneum along the right and left gutters (Fig. 1-18). The
pelvic colon, or sigmoid colon, is a mobile intraperitoneal
structure that is suspended by a mesocolon. The pelvic colon
ranges from 5 to 35 inches in length and usually lies under the
ileum. The rectum is 5 to 6 inches in length. It begins at the
third sacral vertebra and hugs the curve of the sacrum, termi-
nating just beyond the end of the coccyx. The rectum is covered
only partially with peritoneum, with its upper third having peri-
toneal covering on the front and sides and the lower two thirds
lying largely retroperitoneally (middle third has peritoneum in
front only). The large bowel consists of cecum, ascending
colon, transverse colon, descending colon, sigmoid colon,
rectum, and anus.

The blood supply to the large intestine emanates from the
superior mesenteric artery (right colon and transverse colon)
and the inferior mesenteric artery (left flexure, left colon
sigmoid colon, upper two thirds of rectum), as well as the inter-
nal pudendal artery (anus and lower rectum). The venous
drainage is to the hypogastric veins to a smaller extent and to
the splenic, or portal, vein to a greater extent (Fig. 1-19).

Text continues on page 24.
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FIGURE 1-14 Muscles of the thigh are shown, together with their relationships to the saphenous vein, femoral vessels, and femoral nerve. Note that the
saphenous vein lies in the fat (dissected away) overlying the adductor longus muscle. The femoral vein is directly superficial to the pectineus muscle. The femoral

artery and nerve lie on the iliopsoas muscle(s).
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FIGURE 1-15 A. On the cadaver's right side, the sartorius muscle has been removed, as have the rectus femoris and the vasti. Similarly, the tensor fasciae latae
muscle, together with the fascia lata, has been removed to expose the course of the nerves and vessels, as well as the deeper muscles.
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FIGURE 1-15, cont'd B. On the cadaver's left side, the obturator externus muscle, which covers the obturator membrane and foramen, is visible. Note the
relationship of the latter to the pectineus muscle and the femoral vessels. Note that the adductor longus has been removed. On the right side, the adductor longus

and pectineus muscles have been divided.
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u i? The anterior abdominal wall has been dissected deeply on the patient's left (viewer's right) and more superficially on the right. The anterior rectus

sheath and the aponeurosis of the external oblique muscle are prominent on the right. On the left, the external oblique has been cut and largely removed. The
internal oblique and transversus abdominis muscles are exposed. Note the direction of the external and internal oblique, and of the transversus fibers. The anterior
rectus sheath has been opened on the left side, allowing the entire left rectus abdominis muscle to be viewed. The anterior sheath of the rectus is derived only
from the fascia of the external and internal obliques below the umbilicus. At this location, the posterior sheath is derived solely from the transversus abdominis

muscle.
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FIGURE 1-17 The inferior epigastric vessels are important landmarks on the anterior abdominal wall, particularly because of their risk for injury during laparoscopic
trocar entry. The artery arises from the lower medial aspect of the external iliac artery. The vein flows into the external iliac vein just cranial to the inguinal
ligament. The femoral nerve emerges from within the substance of the psoas major muscle to be exposed directly under the tough inguinal ligament. This view
shows the upper portion of the adductor longus, as well as the pectineus muscle. The latter overlies the obturator foramen (canal) and the obturator externus
muscle, through which penetrate the obturator nerve plus the obturator vessels (not shown). Note also that the saphenous and femoral veins cross above the
pectineus muscle.
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FIGURE 1-18 The transversus fascia, which is bound to the anterior parietal peritoneum, is cut and retracted, exposing the greater omentum (irset). When the
greater omentum itself is retracted cranially, the underlying large and small intestines dominate the abdominal cavity.
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FIGURE 1-19 The blood supply to the right colon emanates from the superior mesenteric vessels. The inferior mesenteric vessels supply the left colon and
sigmoid colon. The rectum receives blood from the inferior mesenteric vessels, as well as from branches of the hypogastric vessels. The inferior rectal vessels are
branches and tributaries of the internal pudendal vessels. The transverse colon receives dual supply and drainage from superior and inferior mesenteric arteries and

veins.
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The small intestine measures approximately 20 feet in
length. The shortest portion of the small bowel is the duode-
num (10 inches), which is closely related to the stomach at its
first part and to the jejunum in its fourth part. The major
portion of the small intestine consists ofjejunum and ileum.
The jejunum and ileum are totally surrounded by visceral peri-
toneum and are anchored to the posterior abdominal wall by a
mesentery. The root of the mesentery is 6 to 8 inches in length
and extends obliquely from the duodenojejunal flexure to the
right colon. The small intestine itselfextends from the ligament
of Treitz to the ileocecal valve (Fig. 1-20). The superior mes-
enteric artery supplies the small intestine by a series o f arcades.
Venous drainage occurs via the superior mesenteric vein to the
portal vein (Fig. 1-21). The ileum should be carefully examined
2 to 3 feet before the ileocolic junction for the presence of a
finger-like projection called Meckel’s diverticulum. This is
located on the antimesenteric border. When the small and large
bowels are retracted, the uterus, adnexa, and urinary bladder
are brought into view (Fig. 1-22). The posterior and lateral pari-
etal peritonei are clearly and similarly viewed but cover the
underlying retroperitoneal structures. The peritoneum is incised
over the psoas major muscle. The muscle (which may include
the psoas minor) is exposed, and the genitofemoral nerve is
identified. At the medial margin of the pelvic portion of the
psoas muscle is the external iliac artery. Beneath the artery is
the larger external iliac vein. The external iliac artery is dis-
sected retrograde and cephalad for identification of the
common iliac artery and vein. The latter are marked by the
crossover ofovarian vessels coupled with the ureter (Figs. 1-22
and 1-23). The common iliac bifurcation should be identified.
The common iliac vein is seen to lie in the crotch formed by
the bifurcation of the internal and external iliac arteries.

Continuing in a cephalad direction, the common iliac arteries
are dissected to their origin at the bifurcation of the abdominal
aorta at the L4-L5 interface. Just beneath (caudal to) the aortic
bifurcation, the large, blue left common iliac vein crosses the
L5 vertebral body. It next tracks beneath the right common iliac
artery and joins the right common iliac vein to form the infe-
rior vena cava. The middle sacral artery and vein can likewise
be seen on L5-S1 vertebral bodies before descending into the
sacral hollow on the sacral vertebrae.

Lateral to the psoas major muscle is the iliacus muscle, over
which courses the lateral femoral cutaneous nerve. The ureter
begins at the renal pelvis. It then courses on the psoas major
muscle in company with the ovarian artery and veins. The ureter
enters the pelvis by crossing over the common iliac vessels and
then assumes a medial position relative to the hypogastric
artery (see Fig. 1-23).

If the pelvic viscera are removed, details of the relationship
between the uterine artery and the ureter can be easily appreci-
ated. Similarly, the relationships of the obturator vessels and
nerve to the obturator internus muscle and foramen are
clear. The external iliac artery and vein cross into the thigh
between the inguinal ligament and the iliopectineal line (of the
pubic bone). The femoral nerve lies within and is protected by
the substance ofthe psoas major muscle but emerges from this
protection as it leaves the abdomen and enters the thigh beneath
the inguinal ligament. It is therefore not surprising that com-
pression injuries can happen when women are placed in the
lithotomy position with the thigh hyperflexed or severely
abducted (Figs. 1-23 and 1-24).

Text continues on page 30.
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FIGURE 1-20 The normal mesenteric attachments of the intestines are shown in this picture. The small bowel mesentery runs obliquely from left to right. The
mesentery starts at the duodenojejunal flexure and ends at the cecum. The right and left sides of the colon are attached by peritoneum to the posterolateral
abdominal gutters (left and right). During surgery, inspection of the small intestine should be performed systematically. The entire small bowel should be examined,
beginning at the ligament of Treitz and ending at the ileocecal junction.
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FIGURE 1-21 The blood supply to the small intestine emanates from the superior mesenteric vessels. The branches of the superior mesenteric vessels are located
within the fat of the small bowel mesentery and form a series of arcades as they divide distally. These arcades provide excellent overlapping circulation to the
intestine. The collateral circulation is protective in cases of vascular compromise within one of the feeding branches.
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FIGURE 1-22 The intestines have been removed. The uterus, adnexa, urinary bladder, ureters, kidneys, and rectum remain. The great vessels, as well as their
branches, are exposed. Note that a deeper dissection has been performed vis-a-vis the broad ligament on the left side. The anterior leaf of the left broad ligament

has been removed, exposing the course of the uterine and vaginal vessels, as well as the pelvic ureter.
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FIGURE 1-23 The ureter descends into the pelvic cavity lying on the psoas major muscle. It is lateral to the inferior vena cava. The ureter crosses over the
common iliac vessels just cranial to the iliac bifurcation. It is medial to the hypogastric artery, the obturator neurovascular bundle. At the level of the cardinal
ligament, the uterine vessels cross over the ureter. This drawing illustrates the relationships of structures crossing from the abdomen beneath the inguinal ligament
into the thigh. The genitofemoral nerve lies on the psoas major muscle. The lateral femoral cutaneous nerve lies on the iliacus muscle. The femoral nerve (see
cutaway) is buried within the substance of the psoas major and emerges from the muscle just above where it crosses under the inguinal ligament.
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FIGURE 1-24 Sagittal section through the pelvis (see inset). The muscles enclosing the pelvis include the sidewall muscles, that is, the obturator internus,
coccygeus, and piriformis. The white line, or arcus tendineus, stretches between the ischial spine and the lower margin of the pubic bone. The levator ani takes its
origin from the thickened obturator internus fascia (the arcus tendineus), as well as from the lower margin of the pubic ramus. The bifurcation of the common iliac
vessels is seen. The internal iliac, or hypogastric, vessels supply the pelvic viscera via several branches and tributaries. The hypogastric artery divides into a superior
posterior division and an inferior anterior division. From the posterior division, the following emanate: superior gluteal vessels, lateral sacral vessels, and iliolumbar
vessels. Anterior division branches include lateral umbilical, superior and inferior vesical, obturator, uterine, and vaginal. Terminal branches of the anterior division
include the inferior gluteal and internal pudendal vessels. The posterior division of the hypogastric artery will lead the dissector to the sacral nerve roots and the
sciatic nerve. The obturator neurovascular bundle is best exposed by retraction of the external iliac vein. The lateral umbilical vessels ascend the anterior abdominal
wall supported superficial to the external iliac vessels on either side of the urachus (not shown here).
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The sagittal cut shows details of the bony pelvis and muscu-
lature but mainly the pelvic blood supply (Figs. 1-24 and 1-25).
After bifurcating from the common iliac artery, the hypogas-
tric artery (internal iliac artery) itself immediately splits into
anterior and posterior divisions. The anterior division sup-
plies most of the pelvic viscera. The posterior division branches
to form the superior gluteal, lateral sacral, and iliolumbar
vessels. Following the posterior division down into the depths
of the pelvis will lead to the sacral nerve roots, which together
constitute the huge sciatic nerve. A vein retractor is placed
carefully under the external iliac vein; an upward pull will
expose the obturator fossa (see Fig. 1-23). When the fat is
cleared from this space, the lateral margins of the fossa are seen
and consist of the pubic bone and the obturator internus
muscle. Several branches of the anterior division of the hypo-
gastric artery can also be identified. These include the lateral
umbilical vessels, the superior vesical vessels, and the obtu-
rator vessels. Variations in these vessels are common, for
example, anomalous obturator vessels (see Fig. 1-23). The ter-
minal branches of the anterior division are the internal puden-
dal and inferior gluteal vessels. The uterine and vaginal vessels
may come offvia a common trunk or separately (see Fig. 1-25).

The internal pudendal artery actually leaves the pelvis via
the greater sciatic foramen then reenters by crossing behind
and under the sacrospinous ligament to reenter the pelvis via
the lesser sciatic foramen. The neurovascular bundle trans-
verses the lowest portion of the obturator internus muscle and
fascia (Alcock’s canal), just medial to the ischial tuberosity (see
Fig. 1-25).

The relationship of the sacrospinous and sacrotuberous liga-
ments to major pelvic vessels and nerves is of important clinical
value in that surgery performed in this area must be precise to
avoid injury to those vital structures. As can be readily observed,
inaccurate placement of stitches could damage the superior or
inferior gluteal vessels (or both), as well as the sciatic nerve
(see Fig. 1-25).

Because some urethral tape-suspensory surgical procedures
use the obturator foramen, the precise location of the obtura-
tor vessels and nerves is required to avoid injury to these struc-
tures. For operations involving the presacral space, knowledge
of the location of the middle sacral vessels and emerging
sacral nerve roots is essential (see Fig. 1-25).

Exposure of the pelvic ureter is a required skill for anato-
mists as well as for gynecologic surgeons. Any technique to
accomplish the goal of ureteral identification should be easily
performed with a low risk for bleeding or ureteral injury.

On the right side, the surgeon or anatomist should grasp the
cecum, elevate it, and place light traction toward the left. The

peritoneum along the right gutter is incised (dashed line, Fig.
1-26), which in turn produces great mobility. As the cecum is
freed, the psoas major muscle comes into view, as do the right
ureter and common iliac vessels. Next, the medial edge of the
peritoneum, to which the ureter is closely attached, is grasped
with fine forceps and placed on traction (see Fig. 1-26). The
ureter can be easily separated from the peritoneal edge with a
dissecting scissors, using a closed-push, open-spread technique.
Thus, the ureter can be freed from the pelvic brim to the point
where the uterine arteries cross over the ureter (Fig. 1-27). The
surgeon should be aware that the ovarian artery and veins are
in the same peritoneal fold as the ureter at the crossover of the
common iliac artery (see Fig. 1-22). The ovarian pedicle and the
ureter should be separated from one another by sharp dissec-
tion. Only after both structures are separately identified should
the ovarian vessels be clamped, cut, and ligated. Ifshort-cuts are
taken in accurately identifying and securing the anatomic land-
marks, ureteral injury will be inevitable.

The left ureter is identified by similar measures to those
described for the right side of the pelvis. However, on the left,
the sigmoid colon is grasped and pulled to the right, thereby
placing tension on the left peritoneal attachment. Retroperito-
neal entry and exposure are produced by incising the perito-
neum along the left paracolic gutter (dashed line, Fig. 1-28).
Once this is done and the loose areolar tissue dissected, the
psoas major muscle comes directly into view. The muscle crosses
the incision line in a perfect perpendicular direction. The left
iliac vessels are identified, and medial to these is the left ureter.
The left ureter proceeds deep into the pelvis to the left and in
the bed of the sigmoid colon.

As the right and left ureters descend inferiorly and caudally
into the depths of the pelvis, they also vector medially. At the
point where the ureters encounter the uterus, they are less than
a centimeter from the uterosacral ligaments. The ureters enter
the substance of the cardinal ligaments at the point where the
uterine vessels cross above and the vaginal vessels cross below
(Fig. 1-29). For the lower ureter to be exposed, the cardinal liga-
ment must be dissected; that is, the ureter will be unroofed. This
dissection is sharply performed and requires knowledge of the
sense of direction that the ureter is taking through the cardinal
ligament. A tonsil clamp creates an oblique tunnel over (supe-
riorly and anteriorly) the ureter. The clamp is spread, thereby
enlarging the space; then the cardinal ligament on each side is
clamped and cut, thereby exposing the ureter as it enters the
bladder, as well as securing the uterine vessels as they cross
above the ureter (Figs. 1-30 through 1-33).

Text continues on page 40.
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FIGURE 1-25 Sagittal section with several pelvic muscles removed to show the inguinal, sacrospinous, and sacrotuberous ligaments. Note the internal pudendal
artery and the pudendal nerve leaving the pelvis via the superior sacrosciatic foramen and reentering via the inferior sacrosciatic foramen. At the reentry point, the
pudendal neurovascular bundle enters a fascial canal created within the lowest portion of the obturator internus muscle—Alcock's canal. Note that the femoral

nerve (within the substance of the psoas major muscle) emerges from within the psoas major muscle as it passes exposed beneath the inguinal ligament. The huge

sciatic nerve (L4, L5, SI, S2, S3) leaves the pelvis over the piriformis muscle via the greater sacrosciatic foramen. Note that the sacrospinous and sacrotuberous

ligaments form the sciatic foramina from the sacrosciatic notches.
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FIGURE 1-26 A quick, safe, and relatively easy technique for entering the retroperitoneal space is illustrated in this drawing. The cecum is grasped, elevated, and
pulled to the left. The peritoneum (parietal) supporting the cecum to the right abdominal gutter is cut (dashed line). The cecum is mobilized upward. The
underlying psoas major muscle, common iliac vessels, and ureter are brought into clear view. Note that the ovarian vessels have been removed in the drawing. This

view is oriented from below in a cranial direction. The ovarian vessels have been removed.
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FIGURE 1-27 Exposure of the retroperitoneal space on the right by incising the lateral peritoneal supports, the cecum, and ascending colon (dashed line) allows
the large bowel to be mobilized toward the left. The right common iliac vessels, the vena cava, and the ureter are brought into view. The genitofemoral nerve is
seen on the surface of the psoas major muscle. The uterine vessels are shown crossing the ureter at the level of the cardinal ligament. Note the right ovarian
vessels cut and ligated but overlying the ureter on the right side. This view is oriented to allow observation of the field from above, looking caudally.
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FIGURE 1-28 The technique for exposure of the retroperitoneal space on the left side is shown. The sigmoid colon is grasped, elevated, and pulled to the right.
The lateral peritoneal attachments of the sigmoid and descending colon are cut along the left gutter (dashed line in inset), permitting free mobilization of the large
bowel. The left psoas major crosses the sigmoid colon at a perfect 90° angle. The left common iliac vessels and the left ureter are brought into view. The left
ovarian vessels, which overlie the ureter, have been removed in this drawing. The ovarian vessels (infundibulopelvic ligament) are not shown in this drawing (i.e.,

they have been removed).
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FIGURE 1-29 This view from the back shows the course of the ureters as they descend deeply into the pelvis. Note that the ureters are closely approximated to
the hypogastric arteries. The ovarian vessels have been pulled laterally to separate them from the ureters and to better expose the ureters. The cardinal ligaments
have been exposed by incising the posterior leaf of the broad ligament. Note the uterine vessels above and the vaginal vessels below as the ureters curve inward
during their short journey through the cardinal ligaments. The infundibulopelvic ligament (ovarian vessels) has been retracted laterally and away from the ureters in
this picture. In actual dissection, the ovarian vessels and the ureters cross over the common iliac vessels very close to one another.
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FIGURE 1-30 The uterus is pulled upward by means of a fundal clamp. This technique places the broad ligament on tension and makes it easier to see. The
dashed line shows how an incision will be made through the top of the ligament and extended to open the anterior and posterior leaves.
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FIGURE 1-31 The left broad ligament has been opened. The loose areolar tissues between the leaves have been dissected to expose the deeply situated left

ureter.
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FIGURE 1-32 The ureter is further dissected to expose the uterine arteries crossing over the ureter.
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FIGURE 1-33 The uterus is rotated to stretch the ureter and uterine vessels. Tonsil clamps are placed on the uterine artery to divide it above the point where the
ureter crosses under it. The entire course of the ureter is visible.
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The blood supply to the uterus is generous. The uterine
artery is a major branch of the anterior division ofthe hypo-
gastric artery. The uterine artery in the vicinity of the junction
of the cervix and uterine body splits into ascending and
descending branches. The former is a coiled vessel that makes
its way up the side of the uterus beneath the round ligament to
the area between the junction of the tube, utero-ovarian liga-
ment, and upper uterine corpus. At that point, the uterine and
ovarian arteries anastomose (Figs. 1-34 and 1-35).

Just before the uterine artery bifurcation, the vaginal artery
may come off a common trunk, with the uterine artery. Alter-
natively, the vaginal artery may arise directly as a branch of the
main hypogastric artery. Several sources ofcollateral circulation
may be observed relative to the pelvic viscera. Although the
hypogastric artery may be bilaterally ligated, blood flow to the
pelvic organs continues via these collaterals. The inferior mes-
enteric and ovarian vessels are examples of collaterals via
middle and inferior hemorrhoidal connections, as well as
between ovarian and uterine branches of tubo-ovarian vessels
(see Figs. 1-34 and 1-35).

The vagina is a musculoepithelial tube extending from the
level of the external genitals to the cervical portion ofthe uterus.
It is a reproductive conduit in all respects, connecting the exter-
nal environment to the internal genitalia. Anatomically, the
vagina is anchored caudally and directly at the introitus by the
levator ani muscles and bulbocavernosus muscles. Indi-
rectly, other structures may contribute to the caudal vaginal
support; these include the external sphincter ani, superficial
transverse perineal muscles, and the perineal membrane.
The anterior and posterior vaginal walls share fascial support
in a manner analogous to that in unibody automobile construc-
tion with the bladder/urethra and rectum/anus. The vagina
is intimately close to the bulb of the vestibule and clitoral
apparatus. At the upper (cranial) end, the vagina shares support
with the same structures that support the uterus. Specifically,
these are the cardinal and uterosacral ligaments (Fig. 1-36).

Between the two terminals, the vagina is relatively flexible
and may be easily freed from surrounding fatty tissue and loose
fascia. Anteriorly and posteriorly, the potential spaces are the
vesicovaginal and rectovaginal, respectively. Laterally, on either
side, the free space may be identified by cutting medially to the
bulbocavernosus and levator ani muscles and developing the
space along the outer wall of the vagina.

The relationship of the lower ureters to the uterosacral
ligaments and anterolateral vagina is important in that inju-
ries to the ureters are most likely to occur in areas where there
is proximity of structures such as these. Similarly, the cervix
uteri and anterior fornix of the vagina are intimately close to
the bladder base (trigone and interureteric ridge). Because
multiple operations (e.g., hysterectomy [vaginal and abdomi-
nal], cervical suture, colposuspension, transvaginal urethral sus-
pensions, culdoplasty) are performed in the area, knowledge of
the anatomy ofthe vagina, ureters, and bladder is vital for avoid-
ing unintended iatrogenic injury (Figs. 1-37 and 1-38).

The hypogastric plexus is anterior to the lower aorta and
enters the presacral space from above over the retroperitoneal
fat anterior to the left common iliac vein and middle sacral
vessels and to the right of the inferior mesenteric vessels. As the
plexus descends into the hollow of the sacrum, it typically splits
into right and left divisions. The inferior hypogastric plexuses
join other nerves to form the pelvic plexuses, which in turn are
named for the organ with which they are associated. The hypo-
gastric plexus is a conduit for autonomic nerves, as well as vis-
ceral pain fibers. The pelvic plexuses contain visceral and
parasympathetic fibers from sacral roots 2, 3, and 4 and sympa-
thetic fibers via the sympathetic trunks and hypogastric plexus
(Figs. 1-39 and 1-40).

Several of the large nerves of the pelvis and inferior extremity
originate deep in the retroperitoneum of the lower abdomen
and pelvis. The plexuses include lumbar, sacral, and coccygeal
(Fig. 1-41). The lumbar plexus is buried deeply beneath the
substance of the psoas major muscle. The subcostal nerve sends
a branch to the first lumbar nerve and should be considered part
of the plexus. The following nerves emanate from the lumbar
plexus (see Fig. 1-41):

. lliohypogastric

. Hioinguinal

. Genitofemoral

. Lateral femoral cutaneous
. Obturator

. Femoral

OO AE WN R

The lumbosacral trunk consists of the anterior ramus of the
fifth lumbar nerve joined to the descending branch ofthe fourth
lumbar nerve. The lumbosacral trunk and the anterior rami of
sacral nerves 1, 2, and 3, as well as the upper fourth sacral ante-
rior root, form the sacral plexus. The sciatic nerve consists of
fibers from the lumbosacral trunk, as well as sacral roots 1, 2,
and 3. The pudendal nerve springs from the second, third, and
fourth sacral nerves and leaves the pelvis between the piriformis
and coccygeus muscles (see Fig. 1-41).

The following additional nerves have their origin in the
sacral plexus:

. Superior gluteal

. Inferior gluteal

. Posterior cutaneous nerve

. Nerve to quadratus femoris

. Nerve to obturator internus
Perforating cutaneous nerve

Perineal branch of fourth sacral nerve

NOoOURAWN R

The lymph channels of the pelvis generally follow the course
ofthe major blood vessels. The pelvic lymph nodes are located
at various vascular and nonvascular sites (Fig. 1-42).

Text continues on page 50.
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FIGURE 1-34 This illustration details the blood supply to the uterus and upper half of the vagina. The anterior division of the internal iliac, or hypogastric, artery
branches to give off the uterine and vaginal arteries. Not uncommonly, these vessels emanate from a common arterial trunk (as illustrated here). The uterine artery
passes obliquely through the lower portion of the broad ligament to reach the upper portion of the uterine cervix at a point where cervix and corpus fuse. The
uterine artery divides to form an ascending branch, which heads up the side of the uterus to the level of the fundus, and a descending or cervical branch, which
heads downward toward the cervix and its ultimate anastomosis with the vaginal artery. Plentiful cross-uterine anastomoses occur where the ascending branch of
the uterine artery reaches the point at which the oviduct joins the fundus of the uterus. It anastomoses with the ovarian and tubal branches of the ovarian artery.
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FIGURE 1-35 Sagittal view of the uterine artery and vein. Note the close relationship of the bifurcation of the uterine vessels and the uterosacral ligaments. The
main trunk of the artery is just lateral to the point where the uterosacral ligament attaches to the uterus. The anastomosis between the descending branch of the
uterine artery and the vaginal artery is clearly seen. The ureter has been excluded from the drawing on the right side.
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FIGURE 1-36 This three-dimensional drawing shows the relationships of the vagina to other structures in the pelvis. The lower figure also shows the
superimposed outline of the urinary bladder relative to the vagina. The upper vagina shares support with the uterus and bladder. Principally, this consists of the
deep cardinal ligament and, to a lesser extent, the uterosacral ligaments. Note in the upper illustration the schematically drawn location of the portion of the
uterosacral ligaments that attach to the vagina.

The lower vagina is clearly supported by the levator ani muscle, the anal sphincter, and the deep vascular structures located beneath the bulbocavernosus
muscle, as well as by the commonly shared connective tissue, smooth muscle, and vessels found in the tissues between the rectum and vagina, and, likewise,
between the bladder and vagina. Between these anchors, the lateral vaginal wall is not attached and opens into fat-filled paravaginal space. If the lateral wall is cut
and the fat being dissected is removed, the anatomist will be looking into a retropubic (extraperitoneal) space filled with fat. If the fat is cleaned away, the obturator
internus muscle is visible.
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\ Cervix
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FIGURE 1-37 Sagittal view of the ureters and urinary bladder shown in relation to the vagina (green) and the uterus (dark pink). Note that the bladder base and
trigone are closely applied to the anterior vaginal fornix and to the cervix, as well as to the cervicocorpal junction. The ureters cross the anterolateral aspects of the
vaginal fornices just before entering the bladder wall. Sutures placed too high into the vagina during a colposuspension operation could conceivably injure the
ureter(s).
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FIGURE 1-38 This full frontal view of the bladder with an anterior window of tissue excised shows the trigone and interureteric ridge. Beneath the bladder
posteriorly lies the (phantom) uterus and cervix, which are pink. Note that the bladder base overlies the cervix and vagina (green). The phantom vagina is seen
because this stylized drawing has presumed to make the posterior wall of the bladder selectively transparent. Again, note that a misplaced and high suture placed
in the vagina during a colposuspension could injure the terminal ureter. The ureters must traverse the tissue above the anterolateral vaginal fornices to reach the

bladder.
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FIGURE 1-39 Full view of the abdomen showing the hypogastric nerve plexus descending into the pelvis superficial to the aorta and the left common iliac vein.
Below the bifurcation, the hypogastric nerve is embedded within the fat of the presacral space. The hypogastric nerve plexus is sometimes referred to as "the

presacral" nerve.
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FIGURE 1-40 The pelvic viscera are innervated via the autonomic nervous system, which can be seen as a somewhat amorphous concentration of nerve fibers
and ganglia. These collections are named on the basis of the organ(s) they supply, for example, vesical, uterine. The sympathetic fibers originate in the thoracic and
lumbar segments of the spinal cord and reach the pelvic organs via the hypogastric plexus. In this illustration, the superior, middle, and inferior hypogastric plexuses
are shown. The parasympathetic contribution joins the inferior hypogastric plexus via the pelvic nerves (sacral nerve roots 2, 3, and 4). The picture shows the pelvic
nerves and the inferior hypogastric plexus joining in the right uterine plexus.
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FIGURE 1-41 The lumbar and sacral plexuses shown here contribute efferent and afferent fibers to the major somatic nerves of the pelvis and inferior extremity.
The lumbosacral trunk and the first four sacral nerves form the sacral plexus.
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FIGURE 1-42 The lymphatic vessels and nodes of the pelvic viscera are shown. Note the relationship of the primary cervical drainage to the paracervical lymph

nodes located at the point where the uterine vessels cross above the ureter. The parametrial lymph vessels draining the corpus and fundus drain into nodes located

in the obturator fossa and the internal iliac nodes. The ovarian lymph vessels drain along a course following the ovarian veins to periaortic, caval, and renal lymph

nodes. Lymphatics along the round ligament drain into groin lymph nodes.
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From the cervix, channels drain into a series of primary
nodes:

1. Parametrial nodes at the junction of the corpus and cervix

located within the fat of the broad ligament.

2. Paracervical nodes located at the point where the uterine

artery crosses over the ureter.

3. Obturator nodes located within the fat of the obturator

fossa surrounding the obturator nerve and blood vessels.

4. Internal iliac nodes located along the hypogastric vein and
in the crotch between the divisions of the common iliac
artery.

. External iliac nodes located between the artery and the vein.

6. Sacral nodes located along the middle sacral vessels and the

sacral promontory and the lateral margins of the sacrum.

ol

Secondary lymph nodes consist of the following:

A. The common iliac lymph nodes, which lie on both lateral
and medial surfaces of the iliac arteries and veins.

B. The periaortic nodes, which lie on the anterior and lateral
surfaces of the aorta from the bifurcation to the diaphragm.

C. The inguinal lymph nodes, above and around the femoral
vein and artery and the great saphenous vein.

If one were to draw a transverse line through the middle of
the cervix at the vaginal attachment, it would divide the lym-
phatic drainage into superior and inferior segments, with the
former draining the upper cervix and lower uterus into the
hypogastric nodes, and the latter draining the lower cervix
and upper vagina into the lateral sacral nodes (Fig. 1-43).

Interiliac nodes are located at the bifurcation ofthe common
iliac arteries and along the external and hypogastric vessels.
Uterine fundal lymphatics may drain along the round and
inguinal ligaments to the superficial and deep inguinal nodes.
Similarly, the lymph vessels that drain the ovaries follow the
ovarian arteries and veins, hence to the pericaval, periaortic,
and right and left renal nodes.

The vulva consists of the labia majora, labia minora, vesti-
bule, clitoral and periclitoral tissues, and perineum (Fig. 1-44).
The greater vulva would include the mons veneris, crural
tissues, and anal and perianal skin and structures. The vesti-
bule contains many mucus-secreting glands and their ducts.
The urethra and vagina also open into the vestibule. Beneath
the vulvar skin is fatty subcutaneous tissue. The general contour
of the vulva is largely created by fat and the deeper, Colles’
fascia. The round ligaments and the vestigial canal of Nuck
insert into the deep layers of fat within the labium majus.

The pudendal vessels and nerves are found within the deep
fat. The neurovascular bundle emergesjust medial to the ischial
tuberosity on either side. Branches are given offto the anus and
lower rectum, perianal skin, vulvar skin, and superficial and
deep vulvar structures (Fig. 1-45). When Colies’ fascia is peeled
away, the muscular structures of the vulva are exposed. These
consist of the external (and internal) sphincter ani, the super-
ficial transverse perineal muscle, the ischiocavernosus
muscle, and the bulbocavernosus muscle. Bridging the space
between the latter three muscles stretches a tough fascial sheet,
the perineal membrane. When the perineal membrane is
opened, the underlying levator ani muscle is exposed. The dis-
sector should note the topographic relationships by locating
the ischial tubers and the pubic arch and by inserting a finger
into the rectum and vagina (Fig. 1-46).

By careful dissection, the perineal muscles are separated
from the underlying structures. The deep perineal cavernous
apparatus is brought into view (Fig. 1-47). This consists of the
bulb of the vestibule, corpora cavernosa clitoris, clitoris
body, and glans clitoris. Lying on the underbelly of the bul-
bocavernosus muscle and attached to the vestibular bulb is the
Bartholin gland. Deep to the space located between the peri-
neal muscles is the levator ani muscle. It is curious that, in both
fixed and fresh cadaver dissections, the “perineal body” cannot
be found. The muscle directly beneath the perineal skin and fat
is the external sphincter ani.

The femoral triangle, although part of the thigh, is closely
linked to the anatomy of the vulva directly and to gynecologic
reconstructive surgery indirectly. The muscles of the thigh were
discussed and illustrated earlier (see Figs. 1-14 and 1-15). The
great saphenous vein lies within the fat on the medial aspect
of the thigh. Dissection of that large vein cranially will lead the
anatomist to an oval depression filled with meshlike connective
tissue (cribriform fascia) and the fossa ovalis (Fig. 1-48). The
saphenous vein empties into the large femoral vein, which is
itself encased in a very tough fascial compartment. Immedi-
ately lateral to the femoral vein, likewise within its own fascial
compartment, is the femoral artery, and lateral to it, the
femoral nerve. Three small vessels emanating from the femoral
vein (or saphenous) and femoral artery may be identified by
careful dissection. These are the superficial external puden-
dal, the superficial epigastric, and the superficial circumflex
iliac vessels. Medial to the femoral vein is the femoral canal,
whose medial boundary lies against the lacunar ligament.

The round ligament encased in transversalis fascia and
accompanied by the genital branch of the genital femoral
nerve, as well as the ilioinguinal nerve, spills over the pubic
bone superficial to Colles’ fascia. It inserts deeply within the fat
of the labium majus (see Fig. 1-48).

The lymphatics of the vulva drain to the thigh (groin) via
lymph vessels first to the superficial inguinal and secondarily
to the deep inguinal lymph nodes (femoral nodes). The former
(superficial) are associated with the three superficial vessels
described earlier, as well as the saphenous vein, and lie within
the fat of the thigh (Fig. 1-49).

The deep inguinal (femoral) lymph nodes lie along the
femoral vein and femoral canal. They drain into the external
iliac nodes. The lowest of the external iliac nodes lies in the
femoral canal and is known as Cloquet’s node.

The vulvar lymphatics cross over from right to left and vice
versawithin the fat of the mons veneris; therefore, contralateral
as well as ipsilateral lesions may drain to the groin nodes on any
given side.

The relationships of the major vessels, nerves, lacunar, ingui-
nal ligament, iliopsoas, and pectineus muscles, as well as the
pubic bone, are illustrated in Figure 1-50.

In summation, the surgeon must have a precise and
thorough knowledge of pelvic anatomy and specifically of
the relationship of one structure to neighboring structures at
every location within the pelvis. This knowledge is particularly
vital when distortion is encountered because of adhesion for-
mation. The basic anatomy is preserved within the underlying
retroperitoneum.
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External iliac nodes

- Obturator nodes
Internal iliac nodes

Ureter Bladder

Parametrial node

Periaortic nodes

Common iliac nodes Cervix

Sacral nodes
Uterine artery Superior-inferior lymphatic
system division
Ureteral node

Uterosacral ligament

FIGURE 1-43 This sagittal view illustrates the drainage of the upper cervix (above the blue divisional line) into the hypogastric nodes, as well as the lower cervix
draining into the lateral sacral nodes. (After Meig's Surgical Treatment of Cancer of the Cervix, 1954, Grune and Stratton, p. 91, with permission.)
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Urethra Clitoral hood

Gians clitoris

Labium minus

Frenulum
Labium majus Paraurethral
duct
Hymen Skene's duct

Vaginal

. . Bartholin duct
introitus

Posterior
commissure

Perineum

FIGURE 1-44 The greater vulva consists of the external genitalia, the mons, the crura, the perineum, and the perianal skin. Mucous glands derived from
endoderm are located around the vaginal introitus and the external urethral meatus and consist of the Bartholin glands/ducts and the paraurethral glands/ducts.
The area of the posterior fourchette and fossa navicularis is studded with minor vestibular (mucous) glands.
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, . llioinguinal nerve
Eli (anterior labial branch)

Posterior femoral
cutaneous nerve
(perineal branch)

Posterior femoral
cutaneous nerve
(cluneal branch)

Ischial tuberosity

Pudendal artery and vein

Perforating Inferior hemorrhoidal
cutaneous nerve arteries and veins

FIGURE 1-45 Pudendal nerves and internal pudendal vessels emerge from Alcock's canal just medial to the ischial tuberosity. Branches pierce the fascia covering
the muscles and can be found with the perineal fat. Colies' fascia has largely been stripped away in this drawing.
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Ischiocavernosus
muscle Adductor longus

Bulbocavernosus Inferior ramus of pubis

muscle

Superficial transverse Perineal membrane

perineal muscle

Pudendal nerve
(cut)

Pudendal (Alcock's) Ischial tuberosity

canal

Internal pudendal
artery and vein
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Sacrotuberous ligament

Ischiorectal fossa Obturator internus muscle

Gluteus maximus muscle

Levator ani muscle .
) ) Anococcygeal ligament
External sphincter ani
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FIGURE 1-46 The muscles forming the pelvic floor are shown here. The crural area is prominently seen and felt by the adductor longus muscle. The
bulbocavernosus muscle is immediately lateral to the outer wall of the vagina. The ischiocavernosus lies along the margin of the pubic ramus. Between these
muscles is a tough connective tissue structure called the perineal membrane. Blending into and deep to the bulbocavernosus muscle and external sphincter ani
muscle is the levator ani muscle. Between the levator ani and the ramus of the ischium is the obturator internus muscle.
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Vulvar flap

Ischiocavernosus
muscle (cut edge)

Ischiopubic ramus

Corpus cavernosum
with overlying fascia

Bulb of vestibule
with overlying fascia

Colles' fascia
(cut edge)

Ischial tuberosity

Superficial transverse
perineal muscle

Colles' fascia

Levator ani muscle

FIGURE 1-47 This picture shows the bulbocavernosus muscle turned down. Clinging to its inferior margin is the Bartholin gland. The bulb of the vestibule is
exposed beneath the upper portion of the muscle. Beneath the ischiocavernosus muscle is the corpus cavernosa clitoris. The two corpora (right and left) unite at
the lowest margin of the symphysis pubis to form the body of the clitoris. Essentially, these cavernous structures form a virtual blood lake.
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Anterior layer Inguinal ligament

icial ingui i of rectus sheath
llisinguinal nerve Superficial mguma\l3 ring

Round ligaments
Superficial epigastric
vessels

Superficial circumflex
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Fascia lata

Femoral artery, vein,
and nerve

Fossa ovalis

Saphenous vein
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of genitofemoral
nerve

Superficial external
pudendal vessels

Genital branch of
genitofemoral nerve

Colles' fascia

FIGURE 1-48 The round ligament exits through the superficial inguinal ring accompanied by the ilioinguinal nerve and the genital branch of the genitofemoral

nerve. These structures are buried in the fat of the mons and upper labium majus.
The fossa ovalis lies within the deeper layer of fat within the thigh. Three small blood vessels branch from the femoral artery and flow into the femoral vein.

They include (1) the superficial external pudendal vessels, (2) the superficial epigastric vessels, and (3) the superficial circumflex iliac vessels. Lateral to the femoral
artery is the femoral nerve. The large vein winding upward in the medial thigh fat is the saphenous vein.
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External iliac
artery and vein

Femoral artery
and vein

Subinguinal
fat-gland
i (dissected)

Great
sapheneous
A vein
(ligated)
Superficial circumflex
" iliac vessels
Subinguinal
fat-gland overlying
fossa ovalis
Great

saphenous vein

FIGURE 1-49 The vulvar lymphatics drain first to the superficial groin (i.e., inguinal lymph nodes that are arranged in the cribriform fascia overlying the fossa
ovalis and along the three superficial vessels noted in Fg. 1-48). Additional lymph nodes are located along the great saphenous vein, as are accessory saphenous

tributaries.

The secondary inguinal lymph nodes consist of the femoral (deep inguinal) nodes, which are located mainly around the femoral vein and in the femoral canal.
These in turn drain into the external iliac chain. The lowest of the external iliac (deep pelvic) lymph nodes lies at the top of the femoral canal and is known as

Cloquet's node.

The lymphatic channels of the vulva drain ipsilaterally and contralaterally with the crossover channels located in the fat of the mons venous.
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Femoral artery and vein
Femoral nerve ol q
oquet's node
Lateral femoral cutaneous nerve q

Arcus iliopectineus Lacunar ligament

lliopsoas muscle . . .
Inguinal ligament Pectineus muscle

FIGURE 1-50 This frontal view of the right hemipelvis shows, from medial to lateral, the femoral canal, Cloquet's lymph node, the femoral vein, the femoral
artery, the femoral nerve, and lateral femoral cutaneous nerve. These major structures lie on the pectineus and iliopsoas muscles.
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Advanced Pelvic Anatomy
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Autonomic Nervous System

The motor innervation of the intestines, ureter, urinary bladder,
uterus, and adnexa is derived from the autonomic nervous
system (Fig. 2-1).

The latter system in turn is divided into sympathetic and
parasympathetic components.

The sympathetic cells are located within the lower thoracic
and lumbar segments of the spinal cord; the parasympathetic
cells are located in the sacral portion of the spinal cord. In
general, the two systems work in opposition to each other (dual
intervention) to maintain homeostasis. For example, the smooth
muscles of the bronchioles relax under sympathetic mediation
and constrict under parasympathetic stimulation.

Two types of cholinergic receptors are known: nicotinic,
which are found on the postganglionic cells (postsynaptic) of
both sympathetic and parasympathetic effectors, and musca-
rinic, which are found only in the parasympathetic portion of
the autonomic nervous system.

Adrenergic receptors for norepinephrine and epineph-
rine are divided into a and |[3and into further subtypes, which
demonstrate sundry agonist and antagonist activities. For
example, P one (Pt) receptors are present in cardiac muscle, and
P two (p2) receptors are present in the coronary arterioles.

Fibers that emanate from the central nervous system are
designated as preganglionic. In the case of sympathetic
preganglionic fibers, synapses occur in paravertebral and prever-
tebral ganglia, where acetylcholine is the transmitter. Parasym-
pathetic fibers synapse near or within the effector organ, with
acetylcholine as the neurotransmitter. Postganglionic sympa-
thetic fibers travel from the ganglion to the effector (e.g., a
blood vessel in which norepinephrine is the neurotransmitter).
Parasympathetic postganglionic fibers are short and acetyl-
choline is the neurotransmitter at the postganglionic synapse.
Additionally, peptide neuromodulators such as enkephalin
and somatostatin are simultaneously released with acetylcho-
line or norepinephrine.

Figure 2-2 details three groups of nerves supplying the auto-
nomic input for female reproductive structures. One group
originates from the 9th through the 12th thoracic cord seg-
ments, with preganglionic sympathetic fibers synapsing in the
celiac and superior mesenteric ganglia, and postganglionic
fibers following the ovarian vessels to synapse in the ovary and
uterine tubes (oviducts). Afferent sensory fibers follow the
same route in reverse. The second group, which is derived from
T12, L1, and L2 segments, supplies the oviducts and the great
pelvic vessels and enters the pelvis via the superior hypogastric
plexus. The third group emanates from L2-LS segments and
synapses within the inferior mesenteric plexus and/or transmits
via the inferior hypogastric plexus to the uterine and vagina
plexuses. Postganglionic fibers in turn synapse in the uterine
body, cervix, vagina, and erectile structures within the vulva.

Parasympathetic preganglionic fibers arising from the sacral
nerve roots follow the branches of the hypogastric vessels and
synapse in the uterovaginal plexus.

As previously noted, the hypogastric plexus (nerves) de-
scends into the pelvis over (anterior to) the aorta and the left
common iliac vein, entering the presacral space.

The inferior hypogastric plexus descends deep into the pelvis
of the periosteum of the sacrum, where it is dispersed with
remnants of the uterosacral ligaments and fat and numerous
small blood vessels at a 3:1 ratio of venules to arterioles.

The bladder and the lower ureters are innervated via
the pelvic plexuses by the autonomic nervous system (Fig.
2-3). Sympathetic nerves emanate from T10, Til, T12, LI,
and L2.

Spinal cord segments and somatic motor neurons con-
trolling perivesical muscle and parasympathetic preganglionic
neurons are located in S2, S3, and S4 segments.

Sensory impulses (visceral sensory) return to the spinal cord
via similar pathways, transmitting via parasympathetic path-
ways and sacral cord segments. The latter transmit pain and
proprioception (e.g., distention). Some sensory fibers from
the trigone and the urethrovesical junction transmit pain via
the pudendal nerves. Clearly, some sensory afferents reach the
spinal cord via the hypogastric nerve plexus.

Parasympathetic postganglionic fibers synapse within the
bladder’s detrusor muscle and exit via the postsynaptic mus-
carinic receptors, resulting in muscle contraction.

Contemporary neuroanatomy data suggest a sparse number
of sympathetic nerves in the bladder musculature, with the
exception of the trigone, where greater numbers of sympathetic
versus parasympathetic nerves are found.

During the filling phase, bladder volume increases while
parasympathetic output is inhibited. At the same time, a sym-
pathetic discharge causes the urethral muscle to contract,
thereby retaining a high-pressure gradient that favors the
urethra over the bladder. When the level of fullness transmits,
via afferent sensors and fibers, a feeling of discomfort (associ-
ated with high bladder volume), the brain in turn dispatches
a release message, which triggers a parasympathetic discharge.
The bladder muscle contracts and empties. Concurrently, sym-
pathetic synapses in parasympathetic ganglia modulate gangli-
onic transmission, resulting in urethral muscle relaxation (by
blocking contraction). The pressure gradient shifts in such a
way that bladder pressure exceeds urethral pressure, thereby
allowing micturition.

Sympathetic and parasympathetic fibers supplying the large
and small intestines emanate from the celiac, superior and
inferior mesenteric, and hypogastric plexuses (Fig. 2-4).
Preganglionic parasympathetic fibers likewise originate in med-
ullary nuclei (e.g., the medulla oblongata) of the vagus nerve

Text continues on page 64.
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INNERVATION OF FEMALE REPRODUCTIVE ORGANS: SCHEMA
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plexuses, hypogastric Uterovaginal and inferior
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to S2, 3, 4

Sacral plexus

Presynaptic Parasympaftifs)ztrigf Presynaptic Afferent fibers
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FIGURE 2-2 The autonomic nerve supply to the female reproductive organs is shown here. Preganglionic fibers are shown as solid red (sympathetic) or blue
(parasympathetic) lines. Somatic (afferent) sensory nerves are shown as solid black lines. Sympathetic nerves arise from the lower thoracic and lumbar cord
segments and synapse in outlying ganglia on the aorta or its main branches. Others enter the pelvis via the hypogastric nerves (plexuses). Postganglionic fibers
travel along the ovarian vessels or the uterovaginal vessels. Parasympathetic input arises in the sacral cord and travels via pelvic splanchnic nerves to the various
organs where synapses occur and short postganglionic fibers transmit impulses. (Republished with permission from Netter FH. Atlas of Human Anatomy, 6th Edition.
Elsevier, Philadelphia, 2015. Plate 393.)
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FIGURE 2-3 The bladder and the lower ureter are innervated via pelvic plexuses. Sympathetic fibers emanate from cord segments T10, Til, T12, LI, and L2.
Parasympathetic preganglionic neurons are located in S2, S3, and S$4 cord segments. Postganglionic parasympathetic neurons lie within the walls of the bladder and

the ureter, whereas preganglionic sympathetic fibers are found in the vesical plexus (pelvic plexus). (Republished with permission from Netter FH. Atlas of Human
Anatomy, 6th Edition. Elsevier, Philadelphia, 2015. Plate 395.)
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FIGURE 2-4 Large and small intestines are supplied with autonomic input via celiac, superior mesenteric, and inferior mesenteric plexuses, the vagus, and sacral
nerves. The pelvic portion of the sigmoid colon, rectum, and anus receives sympathetic fibers via the superior and inferior hypogastric plexuses. The inferior
hypogastric plexus receives parasympathetic fibers from S2, S3, and S4 nerve roots. The rectal plexus (pelvic plexus) is closely applied to the rectal connective tissue
and carries sympathetic, parasympathetic, and afferent nerves. The pudendal nerve carries somatic efferent fibers to the levator ani and the external sphincter ani.
(Republished with permission from Jones HR, Burns TM, Aminoff MJ, Pomeroy SL. The Netter Collection of Medical Illustrations-Nervous System, Volume 7, Part I,
Plate 7-15.)
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and sacral cord segments. Vagally derived fibers supply the
duodenum, jejunum, and ileum. Sympathetic preganglionic
fibers are distributed from cord nuclei located at T8, T9, T10,
Til, and T12, and at LI, L2, and L3; the latter relay within the
ganglia of the sympathetic trunks and from there to plexuses,
where synapses occur and postganglionic fibers distribute
themselves to the intestines. Afferent and efferent somatic
fibers, via the pudendal nerves, innervate voluntary (striated)
muscles such as the levator ani and external sphincter ani.
Because they are pelvic structures, innervation of the sigmoid
colon, rectum, and anus is ofspecial interest to gynecologists and
obstetricians.

Pelvic Plexus

The inferior mesenteric plexus receives fibers from the
superior mesenteric plexus via the lumbar splanchnic nerves.
Branches from the inferior mesenteric plexus accompany
arteries to respective intestinal segments (e.g., left colon,
upper sigmoid colon). The superior hypogastric plexus
carries sympathetic preganglionic nerves and afferent nerves,
which lie on either side of the rectosigmoid and rectum and
become the inferior hypogastric plexus (presacral) (Fig. 2-5).
This plexus receives parasympathetic preganglionic nerves,
as well as somatic branches, from S2, S3, and S4 nerve roots
via pelvic splanchnic nerves. The rectal plexus is a subdivision
of the inferior hypogastric plexus and carries sympathetic pre-
ganglionic fibers, afferent sensory fibers, and parasympathetic
preganglionic fibers. The inferior hemorrhoidal branches of
the pudendal nerves receive sensory impulses from anal recep-
tors located in the mucosa and the submucosa, especially in the
anal valves. They transmit impulses via somatic efferents
located in the sacral cord. The internal anal sphincter is sup-
plied by sympathetic nerves originating in the L5 cord segment.
The external anal sphincter is innervated by somatic efferent
fibers via the inferior hemorrhoidal nerves and perianal
branches (S4).

Sigmoid Colon

The anatomic relationships ofthe sigmoid colon and the rectum
to other pelvic viscera are critically important to the gynecolo-
gist. Figure 2-6 shows the entire sigmoid colon and its S con-
figuration as it descends into the depths of the pelvis. Note that
the sigmoid colon drapes over the left adnexa, virtually covering
the tube and the ovary. The lower sigmoid colon then may be
located at least partially posterior to the ovary and broad liga-
ment. The entire sigmoid colon is attached to a mesentery and
therefore is an intraperitoneal structure. Within the hollow of
the sacrum, the sigmoid colon joins to the short straight
rectum. The rectum becomes progressively extraperitoneal as it
descends even deeper into the pelvis. The relationships to
the draped-over sigmoid are anterior to the bladder and to the
broad ligament as well as the anterior abdominal wall. The
sigmoid colon is in contact with the posterior aspect of
the uterine corpus and the posterior leaf of the broad ligament
at the midpelvis. The rectum and the rectosigmoid lie medial to
the uterosacral ligaments. The rectum is directly posterior
to the cervix where that structure connects to the uterosacral
ligaments and to the posterior vaginal fornix. The rectum in fact
is intimately close to the vagina and is susceptible to damage
during hysterectomy (Fig. 2-7). Posterior to the rectum and the
rectosigmoid are the middle sacral vessels and a large number
of veins and venous sinuses.

The sigmoid mesentery receives branches of the inferior
mesenteric vessels and crosses superficially over the left iliac
vessels and the left ureter.

Venous drainage is frequently overlooked in anatomic draw-
ings of the female pelvis. This is rather strange in that most
bleeding encountered during surgical operations is venous in
origin. Figure 2-8 details the relationship between the levator
ani muscles and the anal sphincters. Venous drainage of the
rectum and anus is detailed. Note the collateral circulation that
exists between the inferior mesenteric vein (portal system)
via the superior rectal vein and the internal iliac veins (sys-
temic system) via the middle rectal and inferior rectal veins.
Note the connectors between the internal pudendal veins via the
inferior rectal veins and the middle rectal veins to the internal
iliac veins.

The rectal plexus of the veins surrounds the rectum. Veins
lie internal (submucosal) and external to the muscularis. Note
the longitudinal pattern and the numerous venous sinuses.

Figure 2-9 shows a unique exposure that demonstrates criti-
cal muscular relationships between the levator ani and the anal
sphincter in terms of topographic and deeper anatomy.

Bladder and Pelvic Supports

The bladder neck (i.e., the urethrovesical junction) is located
posteriorly to the lower margin of the pubic symphysis. Thus it
is difficult to access and see under most circumstances. The
support of the bladder neck can be readily seen in the anatomy
laboratory by sawing through symphysis and tilting it forward.
The posterior pubourethral ligaments can be seen to be the
principle structures that anchor the urethra to the pubic bone
(Fig. 2-10). The anterior pubourethral ligaments are less promi-
nent but attach the urethra as it emerges under the symphysis
to the anteroposterior margin of the symphysis pubis. The pos-
terior aspect and bladder base are in close contact to the lower
uterine corpus (anterior surface of the uterus) and are, in fact,
attached to the cervix and vagina by the bladder pillars or vesi-
cocervical and vesicovaginal pillars. These structures and their
relationships are shown in Figure 2-11.

The urinary bladder, cervix, and vagina share common
supporting structures (Fig. 2-12). Critical relationships exist
between the distal ureter and branches of the anterior division
of the hypogastric vessels, together with cardinal ligaments
and bladder pillars (Fig. 2-13). The deeper portions of the
cardinal ligaments are attached to the bladder base and the
upper anterolateral vagina. The terminal ureter just cranial to
entry into the bladder wall is intimately in contact with the
vesicocervical and vesicovaginal ligaments (Fig. 2-14). To free
the ureter from the cardinal ligament and vagina, the bladder
pillars (vesicocervical and vesicovaginal ligaments) must be
safely divided and ligated (Fig. 2-14). The most substantial sup-
porting structures for the bladder base and the upper vagina
are deep parametrial structures (deep cardinal ligaments).
These substantial structures consist of fat, connective tissue
(fibrous), and vascular channels. When these are severed, the
bladder and the vagina may be more or less totally mobilized.

The only remaining support consists of common fibromus-
cular walls shared between the bladder, vagina, and rectum
(Fig. 2-15).

A not-uncommon location for ureteral injury is the uretero-
vesical junction, which is intrinsically within the substance of
the bladder. The course of the ureter within the bladder itselfis
oblique. This oblique course creates constriction and closure of
the terminal ureter when the bladder contracts and empties.
The ureteral closure aspect of bladder anatomy is important
in that it prevents reflux of urine retrograde into the ureters
when bladder pressure rises (e.g., during a detrusor contraction)
(Fig. 2-16).
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Lumbar sympathetic
trunk

Superior

Aorta bifurcation hypogastric plexus
(presacral nerves)

Pelvic splanchnic
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hypogastric plexus
(pelvic plexus)

Rectosigmoid

Vesical plexus

Uterine plexus
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FIGURE 2-5 Sagittal view of the hypogastric nerve plexus, which spawns several regional plexuses. The superior hypogastric plexus overlies the fifth lumbar and
first sacral vertebrae. The plexus descends into the pelvis to the right or left side of the rectum. Sympathetic and parasympathetic nerves travel within the
hypogastric plexus and the rectal plexus, both of which supply autonomic input to the rectum. These structures likewise supply the uterus (uterine plexus) and the
bladder (vesical plexus). Sensory inferior afferent fibers traverse the same plexuses. Anal sensation is transmitted via the inferior rectal branch of the pudendal
nerve. Motor innervation to the external sphincter ani and the levator ani is supplied by the pudendal nerve and its rectal branches.
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Aorta Inferior vena cava

FIGURE 2-6 The relationship of the sigmoid colon and the rectum to the reproductive organs is shown here. The sigmoid colon drapes over the left adnexa and
rotates from left to right and then back to the midline, where it joins the rectum posterior to the cervix and the vagina; between the posterior vaginal fornix and

the closely applied rectosigmoid is the pouch of Douglas. The mesentery of the sigmoid colon is best seen on the medial aspect of the colon and is attached to the
posterior peritoneum covering the lumbar and sacral vertebrae.
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Sigmoid colon

Rectosigmoid
junction
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Rectal fascia
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FIGURE 2-7 The relationships of the sigmoid colon and the rectum from the perspective of a sagittal cut. This picture shows the extent of peritoneum covering
relative to the sigmoid colon and rectum, as well as a cut-away depiction of the large bowel wall from mucosa to serosa. The course of the anus relative to the
rectum and vagina is accurately depicted, including the positions of external and internal anal sphincters. Note the position of the rectovaginal septum, which is
defined more cranially than caudally. The septum consists of shared components of the anterior rectal wall and the posterior vaginal wall. A similar relationship
exists between the anterior vaginal wall and the posterior wall of the bladder and urethra.
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FIGURE 2-8 Venous drainage of the rectum is shown here. The arterial supply follows similar pathways but is more discrete. Within the muscularis and
submucosa of the bowel wall are numerous anastomosing venules and sinuses. When cut or traumatized, these do not retract, as do arteries. Therefore bleeding
from the venous side may be relentless and difficult to stop. Two major systems drain rectal and perirectal tissues. The superior rectal venous system drains into
the inferior mesenteric vein (portal system). The middle rectal vein drains into the internal iliac vein (systemic system), and the inferior rectal vein drains into the

internal pudendal vein.
Increasing venous pressures that develop during pregnancy may lead to venous distention and stasis of outflow. Subsequent damage to the valves within the

middle and inferior rectal veins by obstruction and congestion can lead to the development of internal and external hemorrhoids.

Superficial transverse
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Obturator internus muscle
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Puborectalis
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External anal
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FIGURE 2-9 The topographic and deep anatomy of the perineum and the anal sphincter complex. Note the intermingling of the levator ani with the external
sphincter ani. The levator ani plays a significant role in the mechanism of anal continence. When the sphincter ani muscle is injured, the levator ani may maintain
continence (e.g., squeeze pressure). The levator action may be felt by the gynecologist during rectovaginal examination by having the patient contract her anal

sphincter (and levator ani muscle).
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FIGURE 2-10 The pubourethral (puboprostatic) ligaments extend from the proximal urethra to the posteroinferior and anteroinferior surfaces of the symphysis
pubis. Note that the pubourethral ligament is a direct continuum of the arcus tendineus.

Bladder
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(medial rectal pillar)
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FIGURE 2-11 The bladder dome has been cut away, allowing viewers to peer into the depths of the bladder. The trigone is visible. The uterine corpus has also
been removed, as in the case of the supracervical hysterectomy. The sigmoid colon and rectum are intact. Note the relationships of the bladder pillars to the cervix,
vagina, and ureters.
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Cardinal ligament
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Round ligament

Uterine vessels
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FIGURE 2-12 The central portion of the urinary bladder is retracted following incision of the vesicouterine peritoneal fold separation of the bladder from the cervix
and vagina. Peripherally, the bladder remains attached to the cervix and vagina by the bladder pillars. Relationships of the vesical, uterine, and obturator vessels are
seen here. The dotted line indicates where the vesicocervical ligament will be transected.

Note that the ureter passes deep to the vesicocervical ligament (the anterior bladder pillar).
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. Vesicocervical ligament
Vagina
(cut)

Uterine vessels
(cut and tied)

Exposed ureter

Cardinal ligament

FIGURE 2-13 The uterine vessels have been
divided. The anterior bladder pillar (vesicocervical
ligament) has been doubly clamped with tonsil
clamps and has been divided. This fully exposes the
ureter at the ureterovesical junction.
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Cardinal ligament

FIGURE 2-14 The vesicovaginal ligament has been clamped and cut, which permits mobilization of the bladder and ureters. The upper vagina and the bladder
base are held in place by the deep parametrium (deep cardinal ligaments) only.
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FIGURE 2-15 The upper vagina has been exposed and a portion of the anterior wall excised. The bladder dome has also been excised. The right cardinal
ligament and a portion of the deep parametrium on the right have also been severed. Note that the deep parametrial attachment to the bladder base remains
intact. This drawing illustrates the fibrofatty composition of these endopelvic “ligaments."
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Trigone of bladder
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Ureteral orifice

Intravesical ureter
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FIGURE 2-16 The anterior portion of the bladder has been cut away to reveal the trigone and the full posterior wall, as well as the posterior wall of the urethra.
The trigone and the intravesical course of the ureter can be seen (dotted lines).
The upper right figure shows the bladder wall contracting and the intravesical ureter closing off. This picture is a frontal view.
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Max Brodel's Pelvic Anatomy

Michael S. Baggish

Max Brodel was the preeminent medical artist in the late 19th
and early 20th century within the United States. He was based
at theJohns Hopkins Hospital, Baltimore, Maryland. He created
illustrations for many members of the Hopkins faculty, includ-
ing an illustrious circle of gynecologic surgeons such as Howard
Kelly, Thomas Cullen, and Richard TeLinde. His great detail
and accuracy, as well as his unsurpassed artistic skill, led to a
desire for many other talented artists to study under his tute-
lage. As a consequence of his fame and publications, the spe-
cialty of medical art was born in America. Joe Chovan and | were
able to collect several black-and-white drawings made by Max
Brodel. We wished to permanently preserve and memorialize his
work into the 21st century by including it within the fourth
edition of the Atlas of Pelvic Anatomy and Gynecologic Surgery,
while at the same time adding several modern enhancements,
including full color reproductions. Most of these illustrations
were created in 1898. They offer not only excellent anatomic
detail but also unusual perspectives and angles designed to
provide an understanding ofkey relationships within the female
pelvis.

Figures 3-1, 3-2, and 3-3 show several aspects of the anterior
abdominal wall. Figure 3-1 details the large muscles of the
abdomen, as well as the inguinal ligament and canal. In relation
to the umbilicus, the topographic anatomy is particularly useful
for the laparoscopic surgeon. Below the umbilicus, a needle or
trocar thrust at an angle of 90° vertical to the rectus sheath
would traverse the rectus abdominis muscle, the transversus
abdominis fascia, fat, peritoneum, small bowel, posterior peri-
toneum, fat, aortic bifurcation, and lumbar vertebrae. Figure
3-2 shows an intact rectus muscle on the left and a dissected
muscle on the right. The posterior sheath is complete to the
arcuate line below which there is no sheath, only transversalis
fasciaand peritoneum. Figure 3-3 shows the relationships of the
umbilicus to the retroperitoneum and of the retracted intestine
to the sacral promontory.

Figure 3-4 is a unique view of the pelvic bone and deep liga-
ments. The sacrosciatic notch is divided into a greater and a
lesser foramen by the sacrospinous and sacrotuberous liga-
ments. The sciatic nerve (not shown) and large vascular branches
of the posterior division of the internal iliac artery and vein
(hypogastric) exit the pelvis via the greater sciatic foramen. The
internal pudendal artery and vein and the pudendal nerve also
exit via the greater sciatic foramen but reenter the pelvis via the
lesser sciatic foramen. Also shown is the obturator membrane
and the laterally placed obturator foramen where the obturator
nerve and vessels (not shown) exit the pelvis. The relationship
of the membrane to the foramen is critical to the safe perfor-
mance of transobturator tape urethral surgery.

Figures 3-5, 3-6, 3-7, 3-8, and 3-9 focus on details and rela-
tionships of the intestines within the abdomen and pelvis.
Figure 3-5 depicts the small bowel mesentery after removal of
small intestine. The important landmarks used by surgeons to
examine the entire small bowel are the ligament of Treitz proxi-
mally and the ileocecal junction distally (Figs. 3-6 and 3-7).
Entry into the abdominal cavity reveals 22 feet of small bowel
overlying the large bowel (ascending and descending colon,
hepatic and splenic flexures, and transverse colon). Figure 3-7
shows the ileocolic junction and ascending colon after jejunum
and ileum have been pulled to the left. Figure 3-8 shows the
relationship of the sigmoid colon and rectum to the uterus and
adnexa after retraction of the small intestine out of the pelvis.
Figure 3-9 shows the uterus pulled forward and anteriorly, thus
revealing the uterosacral ligaments as peripheral but extremely
close to the rectum.

Figure 3-10 is a unique illustration of anterior-posterior and
saggital orientation. It shows many structures and relationships
including a cutaway section of the sigmoid colon and rectum
juxtaposed behind the uterus and vagina.

Posterior to the colon and rectum lie the coccygeus muscle,
nerves to the rectum, sacral nerve roots exiting via the greater
sciatic foramen, and branches of the internal iliac vessels,
together with the blood supply to the sigmoid colon and rectum.
The latter emanate from the inferior mesenteric vessels. Figure
3-11 is a detail ofthe sigmoid colon and rectum with the arterial
and venous blood supply. The close relationship of the left
ureter to the colon is also shown here. Figure 3-12 is a saggital
view of the pelvic blood supply, the musculature of the pelvic
side wall, the pelvic floor, and the structures exiting the pelvis
via the obturator and greater sciatic foramen. Note the middle
hemorrhoidal and internal pudendal arteries, which take origin
from the internal iliac artery, whereas the sigmoid and superior
hemorrhoidal arteries are branches of the inferior mesenteric
artery.

Details of the uterine and adnexal blood supply, as well
as the relationship of the ureter and bladder to these vessels,
are shown in Figure 3-13. Figure 3-14 shows the course of
the uterine round ligament from its uterine attachment to the
point where it exits the pelvis via the deep inguinal ring. The
opening of the femoral canal is seen at the point where
its medial margin is formed by the tough lacunar ligament
(labeled Gimbernat’s ligament). Figure 3-15 is an anterior-
posterior view of the floor of the posterior and caudal muscu-
lature of the pelvis. The relationships of the coccygeus muscle,
which overlies the sacrospinous ligament, and pyriformis
muscle, which overlies the sacral nerve roots, are important
knowledge for the surgeon who performs high uterosacral
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ligament to vagina fixation operations. Figure 3-16 shows the
right pelvic retroperitoneal structures, which consist of the iliac
arteries and veins, the ureter, the cardinal ligament, and the
inferior hypogastric nerve plexus. The intraperitoneal uterus,
adnexa, and urinary bladder are shown in context to the afore
mentioned structures.

The pelvic ureters terminate within the urinary bladder’s
trigone and are separated by the interureteric ridge. The entire

External
oblique

Internal
oblique

Rectus

Pyramidals

after M aXx 'BrocCeC

trigone is located at the bladder base and has a close relation-
ship to the anterior wall of the vagina, which shares a common
wall with the bladder (Figs. 3-17 and 3-18). Before the ureter
enters the bladder, it takes a curved passage through the cardi-
nal ligament (Fig. 3-19). On entering the cardinal ligament, the
last 1.5 cm of ureter is surrounded by uterine and vaginal blood
vessels. The paravesical space contains a vast complex ofvenous
channels, which create bleeding problems when the space is

External
oblique

Anterior
superior
iliac spine
(ASIS)

Inguinal
ligament

External
ring

FIGURE 3-1 The skin of the anterior abdominal wall has been opened, exposing the muscles and fascia. The external oblique muscle has been dissected on the

right side but is in place on the left.



dissected (Figs. 3-20 and 3-21). The obturator internus fascia
gives rise to the tendinous arch (arcus tendineus), which termi-
nates at the lower edge ofthe pubic symphysis as the pubopros-
tatic (pubovesical) ligament. The levator ani muscle gains its
origin from the arcus tendineus (Fig. 3-22). A rare posterior to
anterior view of the pelvic viscera and blood vessels is shown.
Note the relationships of the uterosacral ligaments and the
viscera, including the ureters. Note especially the proximity of

CHAPTER 3 Max Brodel's Pelvic Anatomy

the ligaments to the uterine vessels (Fig. 3-23). The pelvic floor
largely consists of the levator ani muscles, which are supple-
mented by the urogenital diaphragm. The blood supply ema-
nates from the internal pudendal vessels and the nerve supply
from the pudendal nerve (Fig. 3-24A and B).

The levator ani muscle is funnel shaped with potential
weakness where the urethra, vagina, and rectum penetrate it
(Fig. 3-24C).
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(anterior layer)
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FIGURE 3-2 The rectus muscles, as well as the transversus abdominis muscles, are exposed. The rectus muscle on the right is reflected superiorly, exposing the

underlying posterior sheath.
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FIGURE 3-3 Topographically, the umbilicus's relationship to underlying intra-abdominal structures is illustrated. The aortic bifurcation is located at L4-L5 vertebral
level and can be located by opening the peritoneum at the point shown in this drawing.
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FIGURE 3-4 The pelvic ligaments are seen in a three-dimensional image. Note the pelvic arteries in relation to the greater and lesser sacrosciatic foramina. The
internal pudendal artery exits the pelvis via the greater sciatic foramen and reenters via the lesser sciatic foramen. The sciatic nerve (not pictured) leaves the pelvis
via the greater sciatic foramen and is closely related to the sacrospinous ligament.
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FIGURE 3-5 The abdomen is opened. Much of the small bowel has been removed, revealing the root of the small bowel mesentery, which extends from the
ligament of Treitz to the ileocecal junction.



FIGURE 3-6 The entire intestine is seen in situ. The small intestine is seen virtually everywhere and must be retracted to visualize underlying structures.
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FIGURE 3-7 The small bowel has been partially retracted, exposing the ileocecal junction, cecum, and appendix.
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FIGURE 3-8 The shared relationships of the urinary bladder, uterus, adnexa, sigmoid colon, and rectum are shown in this drawing. Note the prominent

longitudinal muscle layer identifying the large bowel.
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FIGURE 3-9 The uterus is pulled sharply anteriorly exposing the cul-de-sac and the uterosacral ligaments. The infundibulopelvic ligaments and ureters are also

clearly visible. The rectum is the most posterior structure in this illustration.
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FIGURE 3-10 This saggital section details the major pelvic blood vessels and nerve roots as well as their relationships to the sigmoid colon and rectum. Details of
the blood supply to the sigmoid colon and of the nerve supply are illustrated.



FIGURE 3-11 The proximity of the left ureter to the
sigmoid colon and rectosigmoid can be appreciated here.
The left ureter descends into the depths of the pelvis
medial to the internal iliac vessels and enters the pelvis
after crossing over the left common iliac vessels.
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FIGURE 3-12 The branches of the pelvic arteries and nerves are shown in relationship to the pelvic sidewall, which is composed of large muscle masses,

principally the obturator internus muscle, which is attached to the pubic ramus.
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FIGURE 3-13 The uterus and adnexa and their blood supply are shown here. Note the relationship of the ureter to the uterine vessels and the proximity of these
structures to the cervix and vagina.
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FIGURE 3-14 The three tubular structures at the
top of the uterus are the round ligament, uterine
tube, and utero-ovarian ligament. The key

after <max "BrodeC relationship of the external iliac vessels and the
psoas major muscle is also illustrated here.
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FIGURE 3-15 This excellent drawing shows the relationships of the sacral nerve roots and the sciatic nerve to the pyriformis and coccygeus muscles and the
underlying sacrospinous ligament.
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FIGURE 3-16 Combined saggital and frontal sections detailing the pelvic vessels, nerves and ligaments, and the right ureter. The bladder, uterus, rectosigmoid are
shown in the prospectus of intraperitoneal and extraperitoneal locations.
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FIGURE 3-17 The urinary bladder has been widely opened at the dome
exposing the underlying trigone and urethrovesical junction. The ureteral
orifices and intraureteric ridge are nicely shown.

FIGURE 3-18 Frontal cut through the uterus and bladder showing the relationships of the ureter, vessels, uterus, and opened bladder. The relations of the iliac

vessels and sidewall structures are also exposed.
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FIGURE 3-19 The cardinal ligaments showing the passage of the ureter through it, and the relationships of the comprising endopelvic fascia to the cervix, vagina,
and paravesical tissues are illustrated here.
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FIGURE 3-20 The numerous veins draining the uterus and vagina are shown here. They can be relentless sources of bleeding during pelvic surgery.
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FIGURE 3-21 The blood supply to the ureter lies in its outer adventitial layer; if this is dissected during ureteral dissection, the ureter will lose a portion of blood
supply and undergo ischemia and necrosis in that segment. The paravesical venous plexus is extensive and dangerous when disrupted because the bleeding is very
difficult to pinpoint.
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FIGURE 3-22 This view details the retropubic and sidewall anatomy. The obturator internus muscle is the major sidewall structure. The tendinous arch, which
gives origin to the levator ani muscle, is clearly illustrated; it in turn arises from the fascia of the obturator internus muscle. Note the relationship of the ureter as it
emerges from the cardinal ligament to these sidewall structures.
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FIGURE 3-23 The ureter is shown from a posterior perspective as it passes beneath the uterine artery and veins. The uterosacral ligaments are within a few
millimeters of the uterine vessels and approximately one centimeter from the ureter.
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FIGURE 3-24 A, The perineum has been dissected, and the vascular structures and the underlying muscles making up the pelvic floor are shown. B, Similar view

as seen in A; however, this illustrates the perineal nerve supply. C, The entire scope of the levator ani muscle and its relationships to the urethra vagina and
rectum are seen here. s !
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Instrumentation
Michael S. Baggish

A surgeon’s tools are analogous to those of a carpenter, a
mechanic, a research chemist, or an atomic physicist. High-
quality instruments are required for the performance of precise
and excellent surgery. Although a fine surgeon may overcome
the deficits of inferior instruments, the real and potential dif-
ficulties presented by using second-rate tools make doing first-
rate surgery harder. Good instruments coupled with good
surgeons yield the best outcomes.

Throughout this book, reference is made to various instru-
ments used in the performance of specific operations. For con-
venience, this section codifies the panoply of instruments
commonly used in gynecologic surgery.

Forceps

A number of forceps are available. Atraumatic forceps include
the Adson and DeBakey instruments. For lymph node and fat
dissection, for example, obturator fossa dissection, ring forceps
are quite acceptable. Rat-tooth forceps are excellent for traction
and for holding tissue securely; however, they may traumatize
skin and other delicate tissues. Adson-Brown forceps are the
best instruments for grasping skin edges during closure proce-
dures (Fig. 4-1A to C). For fine work deep in the pelvis, for
example, dissecting around the ureter or iliac vessels, | prefer a
bayonet forceps equipped with a brown-toothed tip (Fig. 4-1D
and E).

Clamps

Clamps may be subdivided into grasping and traction
clamps, which include Allis and Ochsner clamps. Grasping
clamps are relatively atraumatic, whereas traction clamps are
best suited to specimens that will be excised or otherwise
removed. Allis clamps are frequently required in vaginal and
abdominal surgery. Babcock clamps are atraumatic instru-
ments useful for grasping delicate structures, such as the
oviducts, utero-ovarian ligaments, and other fragile tubular
structures (Fig. 4-2A and B). Ochsner clamps, for example,
may be applied to the cervix for traction during vaginal hys-
terectomy or on skin scars that are going to be cut out (Fig.
4-2C and D).

Dissecting or hemostatic clamps include standard and long
tonsil clamps (Fig. 4-3A and B). These are excellent for fine dis-
section and for clamping bleeding vessels deep within the pelvis,
particularly in strategic locations. The tips of these clamps are
tapered and angled. One variety, the right-angle clamp, has a
90° angle (Fig. 4-3C). This is the instrument of choice for isolat-
ing large arteries from underlying veins, as occurs during hypo-
gastric artery ligation.

CHAPTEHR

Hemostatic clamps may be straight or curved. Mosquito
clamps and the larger Kelly clamps are most commonly used to
secure bleeding vessels. In addition, the fine mosquito clamps
may also be used as dissecting tools (Fig. 4-4A and B).

Large vascular pedicle clamps used for hysterectomy or
radical hysterectomy should incorporate powerful, atraumatic
jaws, a variety of curvatures, and suitable length to facilitate
securing these large pedicles. These characteristics are exempli-
fied by the Zeppelin clamps (Fig. 4-5A to C). Haney clamps
of the straight and curved variety are the most common
pedicle clamps used in the performance of vaginal hysterectomy
(Fig. 4-5D).

Scissors

Surgical scissors may be divided into fine dissecting instru-
ments and heavy-duty mass-cutting devices. The first category
includes Metzenbaum and Stevens scissors. The former are
superior for dissection, whereas the latter are the superlative
cutting tools (Fig. 4-6A to B). Large pedicles, vaginal cuffs,
and ligaments are best cut with Mayo or Jorgenson scissors
(Fig. 4-7A to B).

Knives

Of course, the sharpest mechanical cutting tool is the scalpel. A
variety of blade shapes are available for different applications.
Scalpel handles may be a standard 6-inch length or an elongated
9- to 10-inch length (Fig. 4-8).

Retractors

During contemporary abdominal surgery, a self-retaining
retractor is essential. Several types are available, ranging from
the frame type (Bookwalter and Kirschner) to the spreading
type (O’Sullivan-O’Connor). The modern frame retractor has
the advantage of remote location, that is, location outside ofthe
abdominal cavity. Its varied blades may be placed within the
abdomen and interchanged when necessary without compro-
mising exposure or completely removing the retractor (Fig. 4-9A
to B).

The O’Sullivan-O’Connor retractor and the Balfour retractor
are the most commonly used devices for pelvic surgery. The
O’Sullivan-O’Connor retractor is easy to use and has a sufficient
variety of blades to satisfy most clinical conditions. This retrac-
tor is equally suitable for transverse and vertical incisions (Fig.
4-10A and B). The Balfour retractor is also a mainstay abdomi-
nal retractor in gynecologic and obstetric surgery. This device
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PART 1 m SECTION 2 m Basic Foundations for Gynecologic Surgery

may be alternatively fitted with standard or deep lateral retractor
pieces (Fig. 4-10C and D).

Among the many useful instruments for vaginal surgery are
the weighted speculum and the Haney, Sims, Dever, and Breisky-
Navratil retractors (Fig. 4-11A to D). The small Richardson
retractor is particularly ideal for insertion beneath the anterior
cervical circumcision (during vaginal hysterectomy) to facilitate
entry into the vesicouterine space (Fig. 4-11E and F). Breisky-
Navratil retractors are needed for deep vaginal work (e.g., para-
vaginal repair) (Fig. 4-11G).

Malleable retractors are well suited to protect the bladder,
colon, and other structures during surgery. They are usually
available in narrow or wide widths and can be bent to shape for
more or less any specific intraoperative need (Fig. 4-11H).

The long-handled vein retractor is the instrument of choice
for moving and retracting large vessels (e.g., the external iliac
vein) during exposure of the obturator fossa or the hypogastric
artery during ureteral dissection (Fig. 4-111 andj).

Text continues on page 102.

FIGURE 4-1 A. Five surgical forceps are shown. From the top: DeBakey,

Adson-Brown, ring, rat-tooth, standard (6-inch), and medium (10-inch) tissue
forceps. B. Close-up view of the atraumatic DeBakey (top) and Adson-Brown
forceps (bottom). C. Close-up view of the ring forceps, which are ideal for

clearing fatty tissue from the obturator fossa and between large vessels.
Below is the grasping end of rat-tooth tissue forceps. D. Bayonet forceps

(top and center) and Adson forceps (bottom) are ideal for fine tissue handling.
E. Another view of the forceps shown in Figure 4-ID.
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FIGURE 4-2 A. The Babcock clamp, which ranges in length from 8 to 14 inches, is an atraumatic grasping instrument ideal for placing traction on tubular
structures while not crushing the tissue. B. Close-up of the shaft and terminus of the Babcock clamp. C. The three clamps illustrated here are curved Ochsner (top),
Allis (center), and straight Ochsner clamps (bottom). D. Close-up view of Figure 4-2C. Note the toothed jaws of the Ochsner clamps (top), which grasps very securely
but is rather rough on the tissue. In contrast, the Allis clamp (center) grasps tissue firmly but less aggressively than the Ochsner clamp, thereby avoiding crush
trauma.
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98 PART 1 m SECTION 2 m Basic Foundations for Gynecologic Surgery

FIGURE 4-3 A. Tonsil dissection and hemostatic clamps are shown in standard and long variations. The two upper clamps are curved, and the lower two are
straight. B. The fine, tapered tips of the tonsil clamp are well suited for fine dissection and for securing small bleeding vessels deep within the pelvis. C. The
right-angle clamp is used to dissect around and to isolate the hypogastric artery. It is also useful for dissecting the ureter and receiving a traction tape or suture.

FIGURE 4-4 A. The two upper clamps are Halsted mosquito clamps. A curved Kelly clamp is pictured at the bottom. B. The detail in Figure 4-4A shows the
heavier aspect of the Kelly hemostatic (bottom) compared with the finer, tapered Halsted mosquito clamp.
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FIGURE 4-5 A. Straight Zeppelin clamp is shown here. Renditions of the same clamps in varying angles of curvature are also available. B. Two extra long
Zeppelin clamps (14 inches) used for securing the vaginal angles in deep pelvises. C. Right angulated Zeppelin clamp is ideal for application at the vaginal angle and
for clamping across the vaginal cuff. D. Detail of the jaw tip of a Zeppelin hysterectomy clamp. Note the longitudinal groove in one limb of the clamp and

the machined ridge in the other limb. E. The grooved-out right jaw and interlocking teeth on the tip of the jaw prevent tissue slippage when the clamp is applied.
F. Four Haney clamps are illustrated. These, like the Zeppelin clamps, are available in straight and curved variations. The instruments shown here are curved.
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100 PART 1 m SECTION 2 m Basic Foundations for Gynecologic Surgery

FIGURE 4-6 A. Two general types of dissecting scissors are shown here. The top two are long and standard Metzenbaum scissors. The bottom two are long and

short Stevens tenotomy scissors. B. The differences between Metzenbaum and Stevens scissors are apparent. The latter are finer and are beveled for precision
cutting.

Product «050-2408
Jorgenson Scs. Cwjd. 75"

FIGURE 4-7 A. Mass tissue cutting (e.g., ovarian and parametrial pedicles) requires sharp, heavy-duty scissors as pictured. Mayo and Jorgenson scissors types are

most commonly used for hysterectomy and radical hysterectomy. B. Angled Jorgenson scissors (above) are ideal for severing the cardinal ligaments and the vagina
during hysterectomy operations.
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FIGURE 4-9 A. The frame retractor is placed over the open laparotomy incision. A wide selection of blades permits bladder and bowel retraction, as well as
sidewall exposure. B. The ratchets on the undersides of the retractor blades are easily interlocked via a series of spaces located on the underside of the frame
retractor.

FIGURE 4-10 A. The O'Sullivan-O'Connor retractor is the most commonly used device of its kind for obstetric and gynecologic surgery. B. Several blades are
attached to the retractor by wing nuts located fore and aft. C. The Balfour retractor is another self-retaining device. A bladder blade is shown here attached by a
wing nut. D. The undersurface of the Balfour retractor is shown in this view. For obese patients, long retractor blades are postoperatively fitted to the frame.
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Needle Holders

Avariety oflong and short needle holders are available for gyne-
cologic surgery. Selection depends on the application for the
device, the anticipated size of the needle and suture, and the
anatomic location.

For fine needles, the long and short Ryder or fine bulldog
instruments provide satisfactory options (Figs. 4-12 and 4-13).
As an all-purpose needle holder, the long or medium bulldog
device is an excellent choice (Figs. 4-14 and 4-15). For vaginal
work or when a curved instrument provides a strategic mechani-
cal advantage, the Haney needle holder is the instrument the
author prefers (Fig. 4-16).

As with any tool, correct usage provides the best overall
results. The needle should be driven into the tissue perpendicu-
larly and should traverse through the tissue in its natural arc.
The action of needle holder movement is totally within the
wrist. When suture ligatures are performed, for example during
hysterectomy, the needle must be driven just below the toe of
the pedicle clamps. If a transfixing stitch is to be placed, then
the same stitch circles the pedicle and is driven toward the heel
of the clamp (see Fig. 12-32).

Dilators

The operation of dilatation and curettage (D & C) is one of the
most often performed surgical procedures in both obstetrics
and gynecology.

Cervical dilatation is a critical part of the D & C operation,
as well as a necessary component of hysteroscopic examination
of the uterus. Several types of cervical dilators are available,
but the least traumatic are the graduated Hank’s or Pratt
devices (Figs. 4-17 and 4-18). For stenotic cervices, | prefer to
initiate dilatation with a baby Hegar dilator (Figs. 4-19
and 4-20).

A single-toothed tenaculum should always be used in con-
junction with a dilator (Fig. 4-21).

Curettes

The second critical instrument required for the D & C operation
is the uterine curette. Several varieties of curettes, including
sharp, serrated uterine, and sharp endocervical types, are avail-
able. As is the case for uterine dilators, the curette is required to
stabilize the cervix with a tenaculum when a curettage is per-
formed (Fig. 4-22A and B).

Suction Curettes

Suction curettes are manufactured in a variety of sizes, shapes,
and curvatures. Essentially, they are plastic cannulas with an
offset terminal opening. They attach to a handpiece fitted with
a suction control device. These are used principally for preg-
nancy termination, evacuation of incomplete or missed abor-
tion, and hydatidiform mole evacuation (Fig. 4-23).
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FIGURE 4-11 A. The weighted speculum is used as a self-retaining vaginal retractor. It is positioned along the posterior vagina and into the posterior fornix.
B. The right-angled Haney retractor is placed into the anterior and posterior cul-de-sacs after the peritoneum is opened during vaginal hysterectomy. These
retractors provide a barrier between the uterus and the rectum, as well as between the uterus and the bladder. C. Sims retractors may be used to examine the
vagina as well as to retract it during surgery. A Sims retractor placed into the vagina along the posterior wall provides the easiest method of exposing the cervix to
apply atenaculum (to the cervix) for hysteroscopic and laparoscopic procedures. D. Dever retractors are used during abdominal operations to retract the intestines
and occasionally the bladder. Narrow Dever retractors are ideal for lateral vaginal retraction during the performance of vaginal hysterectomy.

Continued
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104 PART 1 m SECTION 2 m Basic Foundations for Gynecologic Surgery

FIGURE 4-11, cont'd E. The small, narrow Richardson retractor is an excellent device for retracting the anterior vagina during the initial phase of vaginal
hysterectomy. F. The Richardson retractor is also useful for retracting the advanced bladder during the anterior colpotomy portion of vaginal hysterectomy.

G. Breisky-Navratil retractors provide excellent exposure during vaginal suspension procedures, such as sacrospinous ligament suspension operations. H. Malleable
retractors can be bent and molded into many shapes. This allows them to be tailored to a specific clinical situation, whether the approach is abdominal or vaginal. |
favor the broad malleable retractor to place behind the uterus into the cul-de-sac of Douglas to protect the sigmoid colon and rectum. I. The vein retractor is used
to retract delicate structures and should be handled gently. This device is the best instrument for retracting the external iliac vein when the obturator fossa is

dissected. J. The vein retractor is also useful for retracting the ureter.



FIGURE 4-12 The long Ryder needle holder is an excellent tool for deep
suturing when fine needles and 3-0 or small-gauge suture material is required.

CHAPTER 4 Instrumentation 105

FIGURE 4-13 This short, fine bulldog needle holder is used for fine suturing
close to or on the surface, for example, in vulvar, lower vaginal, perianal, and
urethral surgery.

FIGURE 4-15 Long bulldog needle holders are useful for suturing deep in
the pelvis.
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FIGURE 4-17 Hank's dilator is gently tapered to permit the least traumatic
type of cervical dilatation.

FIGURE 4-16 The curved Haney needle holder offers a great mechanical
advantage for driving and retrieving suture needles. The needle is driven with
the convex curve of the jaws and is retrieved with the concave curve.

FIGURE 4-18 This graduated set of Pratt dilators permits gradual, minimally FIGURE 4-19 Above is a Hank's dilator. Below is a baby Hegar dilator,
traumatic cervical dilatation. The dilators are numbered with the French
system (division by 3 equals the diameter in millimeters).

FIGURE 4-20 The baby Hegar is 1.5 mm in diameter at one end and FIGURE 4-21 A single-toothed tenaculum should be attached to the

2.5 mm on the opposite end. It is ideal for determining the axis of the cervical anterior lip of the cervix to provide countertraction during cervical
canal in cases of cervical stenosis. dilation.



FIGURE 4-22 A. The bottom curette is a sharp, serrated curette (Haney type), which is ideally suited for curettage, principally in nonpregnant patients. The same
can be said for the small, sharp curette (middle). The large, sharp curette at the top is well suited for curetting products of conception. B. Close-up view of the
curettes illustrated in Figure 4-22A).

FIGURE 4-23 Suction cannulas are available in a variety of diameters,
ranging from 6 to 14 mm. The device illustrated here is 12 mm in diameter.
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Suture Material, Suturing Techniques,

and Knot Tying

Michael S. Baggish

Suture Types

Sutures are used to close wounds, to secure bleeding vessels, and
to seal offvisceral structures. A wide variety of suture materials
are available, which vary in terms of size, material, content, and
consistency. For purposes of explanation, sundry sutures can be
divided into absorbable and nonabsorbable. Absorbable
materials are broken down by the body’s enzyme systems and
virtually disintegrate (Fig. 5-1). Nonabsorbable sutures resist
enzymatic action and remain more or less permanently (with
the exception of silk, which is gone within 2 years) in the body
(Tables 5-1 and 5-2, Fig. 5-2). Tensile strength, particularly over
time, is greater with nonabsorbable sutures. Sutures are sized
on the basis of U.S. Pharmacopeia (USP)-equivalent diameters
(Table 5-3). In infected tissues and otherwise dirty areas, absorb-
able sutures have an advantage in that they provide short-term
tensile strength and then disappear. They are less likely to
provide a foreign body nidus for continuous inflammation and
infection and for subsequent sinus formation. On the other
hand, abdominal closure in the face of gross infection is an
indication for the use of nonabsorbable suture material, to
minimize the risk of dehiscence and/or evisceration. Almost all
modern sutures are swaged onto a needle (Fig. 5-3). Needles
generally may be divided into two overall groups: cutting and
tapered. Cutting needles are used to penetrate denser and
firmer tissues (e.g., fibrous tissue, periosteum, ligament fascia).
Cutting needles have a triangular point (Fig. 5-4). If the addi-
tional cutting edge is on the inside curve of the needle, it is a

TABLE 5-1 Types of Suture Material

Absorbable Suture Degradation Time

Plain gut 7-10 days

Chromic gut 12-24 days

Vicryl (coated, braided, polyglactin) 50% tensile strength at 3 weeks,

all lost by 5 weeks

PDS Il (polydioxanone
monofilament)

50% tensile strength at 4 weeks,
25% at 6 weeks

Maxon (monofilament
polydioxanone)

50% tensile strength at 4 weeks,
25% at 6 weeks

Nonabsorbable Suture Relative Tensile Strength

Cotton +
Silk ++
Nylon +++

Polyester and polypropylene iiii

Steel wire

standard cutting needle. If it is on the outside curvature of the
needle, it is a reverse cutting needle. Tapered needles have a
cone-shaped tip and are ideal for penetrating soft tissue and
for producing the smallest hole (Fig. 5-5).

A number of needle variations and configurations are avail-
able to the surgeon. Straight needles are very well suited for
subcuticular closures. Circle Pop-Offneedle and sutures allow
the suture to disengage from the needle with a slight tug. The
latter is ideal for rapid placement and tying of individual
stitches. A Circle Non-Pop-Off suture/needle is significantly
longer and permits placement of several stitches from the
singular length of suture. Most needles used for gynecologic
surgery will be I2c (one-half circle) or Esc; the £8c is obviously
closer to completing the circle than is the /2c. The next needle
designation relates to relative size and gauge. Zero Vicryl
(0-vicryl) is typically fitted to A CT-1 or CT-2 needle, whereas a
1-Vicryl is coupled to the larger CT (CT-0) or CT-X needle. On
the other hand, finer suture (e.g., 4-0 or 3-0 Vicryl) is attached
to a thinner SH needle (Fig. 5-6A).

Suture Selection

Suture should be selected on the basis of several parameters:
(1) the volume oftissue to be secured, (2) the tensile strength
of the tissue to be sutured, and (3) the potential for bacterial
contamination. A general guideline that can guide a gyneco-
logic surgeon recommends that the smallest suture that can
adequately accomplish the work at hand is the best suture for
the job. For example, to select a 0 or 1 suture to secure a small
bleeding arteriole deep in the pelvis makes no sense when a 3-0
or 4-0 stitch would suffice. On the other hand, attempting to
secure a uterine vessel pedicle or infundibulopelvic ligament
pedicle with a 3-0 suture rather than a 0 suture is equally fool-
hardy. Braided suture has a greater propensity to become con-
taminated with debris and bacteria within the interstices of the
braid compared with monofilament suture. Silk suture is easy
to handle and easy to tie down; hence, it forms a secure knot. It
should never be used in the urinary bladder and, for that matter,
neither should any nonabsorbable suture material. Nylon
suture is very strong but requires many throws to avoid unravel-
ing. Polyester suture material has all the advantages of silk and
better strength and integrity. Polypropylene (Prolene) does not
adhere to tissue and is less reactive than nylon. It is ideal for
situations in which tissues are infected or contaminated. A rela-
tively recent structure concept has been developed by Covidien
(New Haven, Conn.). The unidirectional barbed technology
does not slip and does not require knot tying (Fig. 5-6B).

Text continues on page 114.
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VICRYL"

FIGURE 5-1 A number of absorbable suture materials are
illustrated: plain gut, chromic gut (top row), Vicryl (middle row),
PDS, Maxon (bottom row).

FIGURE 5-2 Nonabsorbable sutures include silk, monofilament
nylon (top row), polypropylene, braided nylon, Mersilene, polyester
(middle row), steel wire (bottom row).

FIGURE 5-3 Several needle types are shown here with the suture material swaged
to the needle.
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Conventional cutting

w
Point
Point
Reverse cutting Taper

FIGURE 5-4 The top figure shows a standard cutting needle with triangular FIGURE 5-5 The taper needle is seen to have a conical tip and creates a
tip and cutting edge located on the inside curve of the needle. At bottom is a relatively smaller hole than does a cutting needle.
reverse cutting needle with the cutting edge positioned on the outer curve of
the needle.

FIGURE 5-6 A. This picture illustrates several varieties of circular needles. Top, a package containing a X circle. In the middle, a % circle and a X circle. Bottom,
a X circle and a X circle. B. The V-Loc (polyglyconate) absorbable wound closure suture is barbed to prevent slippage and requires no terminal knot.
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TABLE 5-3 Suture Size

Suture Mean Diameter, inch
5-0 .0056
4-0 .0080
3-0 .0100
2-0 .0126
0 .0159
1 0179

Suture Techniques

Several suture techniques are useful for pelvic surgery. The
fascia or skin may be closed by simple interrupted sutures (Fig.
5-7A) or alternatively by mattress sutures (Fig. 5-7B and C). |
prefer these techniques rather than figure-of-8 suturing because
the latter, while excellent as a hemostatic stitch, may compro-
mise blood flow, particularly when cinched down tightly.
Subcuticular skin closures are commonly used for transverse
abdominal incisions and for episiotomy wounds. A straight
needle provides the best tool for this purpose (Fig. 5-8A and B).
Alternatively, skin, subcutaneous tissue, and peritoneum may
be closed by a continuous running suture (Fig. 5-8C). A mono-
filament suture is best suited for a continuous closure. Visceral
peritoneum is usually closed by a continuous running suture,
as shown in the case of cesarean delivery wound closure (Fig.
5-9). Bladder lacerations are typically closed with a continuous
through-and-through chromic suture followed by a layer of
imbricating sutures (Fig. 5-10). Fascia may be closed securely
with a running monofilament suture of PDS, or polypropylene
(Prolene) (Fig. 5-11). In critical circumstances, stainless steel
wire, nylon, or Prolene may be used as interrupted sutures taken
widely through the fascia and peritoneum en masse (Fig. 5-12).
The Smead-Jones far-near technique may be used for patients
at risk for dehiscence; it is also an excellent general purpose
closure (Fig. 5-13A and B). Mass ligature techniques may be
indicated with the use of#1| Prolene to repair eviscerated abdo-
mens (Fig. 5-14). Vascular pedicles are secured by suture liga-
tures (Fig. 5-15A through E). Large vessel pedicles and ligament
pedicles are transfixed via Heaney-type suture ligatures (Fig.
5-15F and G). Bleeding vessels and uterine incisions are closed
by hemostatic figure-of-8 ligatures (Fig. 5-16). Cul-de-sac oblit-
eration, cervical cerclage, and vaginal peritoneal closure are

implemented by purse string sutures (Fig. 5-17A and B). Open
technique for a vaginal cuff hemostasis is referred to as a base-
ball or reefing stitch (Fig. 5-18). This continuous suture may be
locked for additional hemostasis (Fig. 5-18). Exposed raw sur-
faces with sinus-type 0ozing can be best managed by a pleating
suture (Fig. 5-19A through G). Intestines are anastomosed via a
Connell continuous suture pattern (Fig. 5-20).

Knot Tying

Every surgeon is required to tie a secure knot. New residents
typically experience difficulty in tying a secure square knot.
They end up not uncommonly tying granny knots, which
tighten to such an extreme that the tissues strangulate. The first
maneuver is to cross the suture to lay down a flat first throw.
One of two techniques may be used: single-hand tie (Fig. 5-21A
through 1) or two-hand tie (Fig. 5-22A through I). Regardless of
the technique selected, the sine qua non of a good tie-down is
a square knot, which does not slip (i.e., the knot is tied under
continuous tension).

Surgeon's Knot

This knot is useful to prevent slippage (Fig. 5-23). New residents
frequently use the technique. An extra loop is taken during the
first throw of the tie. The two loops are tightened down and do
not loosen during the maneuver of completing the second
throw.

Instrument Tie

This is a handy method for tying a fine suture (i.e., 5-0 and
smaller) (Fig. 5-24). The short end is held with a long clamp
(e.g., a tonsil clamp). The suture material is looped over the
clamp, and the short end of the stitch is pulled through the
loop. The maneuver is repeated, but the loop is reversed, thereby
creating a square knot.

Finishing a Continuous Stitch

At the termination of a running suture, the free end is held, as
is a final loop of the suture material (Fig. 5-25). The two are tied
together in a square knot.
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FIGURE 5-7 A. Transverse incisions may be closed with simple interrupted sutures through the fascia. B. An everting mattress suture is illustrated here. The stitch
is passed through the skin, exiting on the opposite side. The needle is reversed and is passed back through the skin, exiting on the same side as the initial needle
bite. C. The suture is tied on the initiating side of the skin.

NOILD3IS m T 1¥vd

Z



lio KAKI 1 = btulUN 2 MBasic Foundations for Gynecologic Surgery

Rectus
fascia

Rectus
abdominis
muscle

Peritoneum

FIGURE 5-8 A. A straight cutting needle provides the best tool for placing a subcuticular stitch. B. Detail of the subcuticular suture line placement C. The wound
is closed. D. Continuous closure with monofilament suture material, 0 or 1(e.g., PDS Il, Prolene).
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FIGURE 5-9 A. The superficial muscle and uterine serosae are closed with running or running lock sutures of 0 Vicryl. B. After the serosa is closed, the bladder
peritoneum is sutured to the uterus at the upper margin of the incision.
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FIGURE 5-10 A. This bladder laceration is closed with a 2-0 running chromic suture, which is placed through all layers of the bladder dome B. An imbricating
suture line is placed covering the first layer of sutures. K
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Rectus

fascia
Rectus
abdominis
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FIGURE 5-11 A looped PDS Il or Prolene closure of a transverse incision is

illustrated in this drawing.

FIGURE 5-13 A. The far-near fascial closure technique consists of an initial
deep bite into the fascial margin, which protects against the suture cutting
through the tissue. This is followed by fascial margin bites. The entire
technique represents antidehiscence prophylaxis. B. A schematic view of the

Smead-Jones closure.

FIGURE 5-12 A mass closure is performed with #4 nylon with a swaged
surgeon's needle. The stitch penetrates skin, fat, fascia, and peritoneum.

Skin

Fat

Rectus fascia

Rectus
abdominis
muscle

Peritoneum
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Rectus
abdominis
muscle

Peritoneum

FIGURE 5-14 A. Burst abdomen with evisceration. Typically, the suture material exceeds the tensile strength of the tissue, is tied too tightly, or is placed too
close to the cut edge of the fascia. The sutures can pull through the tissue. Alternatively, inadequately tied knots can unravel. B. Closure of the burst abdomen *
accomplished with #2 Prolene or #28 or stainless steel wire as a mass closure. The large surgeon's needle is placed with a wide margin lateral to the incision's
edge and is placed through all layers of the abdominal wall. The inset depicts rubber dams inserted through the sutures to protect underlying skin.
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FIGURE 5-15 A. The technique of suture ligation is initiated by passing
the needle beneath the tip of the hemostatic clamp. B. The needle
exits the tissue held in the tip of the hemostat. C. The needle holder
grasps the needle and pulls the stitch through the tissue. D. The
hemostat is turned or tipped, and the stitch is tied behind the clamp.

E. The stitch is snugged down, and the clamp is removed. The stitch is
triply tied and is cut just above the knot. F. The transfixing suture is
placed first through the tissue at the toe of the clamp. G. Then it is
carried through the tissue held in the heel of the clamp.

.21
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FIGURE 5-16 The figure-of-8 stitch is a hemostatic measure designed to seal

off bleeding vessels.

Open vaginal
cuff

FIGURE 5-17 A. The purse string suture is illustrated on this uterine model.
B. The circumference of the cervix will be included in this running stitch.

Running
lock
Intestine suture
Running suture
FIGURE 5-18 The vaginal cuff may be left

open or closed at the end of a hysterectomy
operation. This drawing illustrates the
baseball or reefing technique for securing
hemostasis when the cuff remains opened.
Above, a running lock stitch is shown;

below, a simple continuous stitch.
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FIGURE 5-19 A. The pleating stitch begins with a needle bite at one
edge of the fascia (Colles'). B. The fascia is gathered in the next needle
bite. C. A third needle bite gathers more fascia. D. A fourth bite is
taken. E. Finally, a fifth bite is taken at the far edge of the incision.

F. The two ends of the stitch are tightened and crossed. G. The suture
is tied, with the edges of the fascia brought together and the small,
oozing blood vessels sealed.

123
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Full thickness

FIGURE 5-20 The Connell stitch enters from the serosal side, penetrates the full
thickness of the intestinal wall, and exits through the mucosa. The stitch is carried back
when a second needle stick is made in the opposite direction (i.e., through mucosa and

bowel wall and through the serosa) then is carried to the opposite side, where the

Connell suture pattern sequence is repeated.

FIGURE 5-21 A. The single-hand tie is demonstrated. The first step is initiated by the surgeon laying the a limb of the suture across the palmar surface of the
fingers of the dominant hand (in this case, right). The a suture is secured between the right thumb and index finger. The b portion of the suture is held under
tension with the left hand. B. This magnified view of the a and b limbs of the suture illustrates the placement of fingers at the beginning of the tie. Note the a limb
running across the palmar portion of the little finger, ring finger, and center finger and fixed by apposition of the index finger. The b limb crosses a in front of a,
behind the index, and in front of the center finger (between the index and center fingers). This begins the formation of a loop. C. At this point, the b limb role is
entirely passive. The center and ring fingers flex back toward the palm, catching the a limb between these two fingers D. While the a limb suture is tightly clasped

(between center and ring fingers), the loop is completed by drawing the fingers holding a backward, thereby withdrawing them from the loop while simultaneously
completing the loop.
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FIGURE 5-21, cont'd E. The two ends of the stitch are pulled in opposite directions, snagging down the first loop (throw). F. The second portion (throw) of the
one-hand tie is initiated by the right thumb and center finger opposing to secure suture a" as the suture crosses the index finger between the crease of the dista
joint and the end of the finger. Suture limb b is held taut and passively by the left hand. G. With the use of the dorsal surface of the index finger to push upward
on limb a to create tension, the next loop is created by moving limb a so as to cross over b at a 90° angle, with the index finger directed through the center of
the incipient loop (arrowheads). H. The index finger (i) is flexed in a fashion analogous to pulling the trigger of a gun. It crosses under limb fa while catching limb
a between the point where a is held by the thumb (t) and the center finger (c), and the point where a and facross each other [arrow). At this point, the index
finger is flicked (straightened out from its previously flexed position), carrying with it the a suture limb and completing the second loop of the single-hand tie.

I. The a and b limbs are pulled in opposite directions to cinch down the tie and complete the second portion of the single-hand tie.
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r£ A f tWO:hfand®d tie begl"s WIith a,tension grab of the suture limb a. using the center ring and baby fingers, and allowing the thumb and index
nger of the dominant hand free for manipulation. The a limb of the suture is placed across the dorsal dip of the thumb in a diagonal direction (arrow) B. Suture

limb b is carried over the thumb so as to cross the thumb over limb a to initiate the loop. C. The index finger is moved into the loop pinching the thumb, thereby
creating one side of the loop, with the right index finger holding loop b (between index and center fingers). The index finger points down through the loop (arrow)
P 'f e ? hp, f , gCT dr°pS int® the Center of the loop-The thumb Pushes limb b uPward t0 the ind®< finger, com pleting the
loop. The left (nondominant) hand pulls limb b to close the loop. E. The squared loop is snugged down with the use of left or right index fingers. F. The second
part begins when the a limb is grasped in the right hand, allowing the thumb and index finger to be free to move. The b limb is carried over the palmar (ventral)

surface ofthe rightthumb, and the thumb is flexed over b, while the right hand holding a is rotated medially. This brings @ across the thumb and carries a limb
across o to torm a onn
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FIGURE 5-22, cont'd G. Suture limb b, which has been looped over a, is now brought forward by the left hand so as to cross the ventral aspect of the thumb.
Limb b is held in a pincer action between the right thumb and index finger. The right index finger actually pushes through the newly formed loop (arrows).
H. View of Fg. 5-22G from the back. I. The limbs of the suture are now tightened down.
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FIGURE 5-23 A triple loop can be created to prevent slipping of the first tie-down. The technique is an
alternative to a tension tie. This is called a "surgeon's knot."

FIGURE 5-24 An instrument tie is performed by circling the tip of the needle
holder with the suture material, then grasping the short end of the stitch. This
technique is well suited for fine sutures (e.g., 5-0, 6-0). The maneuver is repeated
in the opposite direction to create a square knot.

FIGURE 5-25 A running (continuous) stitch is completed by securing the final loop, the
needle end of the stitch.



Energy Devices

Michael S. Baggish

Electrosurgery— Laser— Harmonic Scalpel

Energy-releasing devices have been used in the past and cur-
rently are used in pelvic surgery. The raison d’etre for such tools
consists of hemostasis and speed.

Compared with cold knife or scissor cutting, energy devices
create a greater degree of surrounding tissue damage, usually
in the form of thermal injury leading to necrosis, devitalization,
subsequent fibrosis, and scar formation. Because of the
aforesaid events, tissues neighboring the operative site are vul-
nerable to injury by a variety of mechanisms. The surgeon, his
or her assistants, and supporting nursing staff must be fully
acquainted with these devices and with the mechanisms by
which each device produces desired and undesired actions. The
aforesaid exercise is intended to protect a patient from unin-
tended injury.

Electrosurgery

Two terms misused relative to electrosurgery are cautery and
bovie. A cautery is rarely used in a modern operating room. It
refers to heating of a conducting metal (e.g., an iron poker, a
branding iron, an electric stove top heating element) until it has
reached sufficient temperature so that the iron glows red. The
heat of the device makes direct contact (e.g., severed limb
stump), thereby cauterizing open vessels and quenching the
flow of blood. In 1928, William Bovie, a physicist, and Harvey
Cushing, a neurosurgeon, developed an electrosurgical unit
(ESU) capable of cutting and coagulating.

The Bovie unit was thus an early spark gap generator,
which has been for many years obsolete. Contemporary
microprocessor-controlled ESUs are not Bovie units.

The following four terms are of key importance for under-
standing the physics and tissue interactions of electrosurgery
units:

current
voltage
resistance
power

Current (1) refers to the flow of electrical charges. Without
current flow, no electrosurgical action would happen. It is mea-
sured in amps (amperes). The action of the electric generator
produces a current within a complete electrical circuit. Current
flows in the direction of positive charges.

For work to be accomplished, electrical charges must be
moved from one point to another (i.e., the difference in poten-
tial between two points is expressed as volts (V) [a potential
force]). Impedance to the conduction of electrical current
through a given medium is referred to as its resistance and is
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expressed in ohms (R). The relationship of current, potential,
and resistance is expressed as Ohm’s law:

\Y
V=IRorR= I_
1VOLT
10HM = ————————-—-
1AMPERE

Power (P) is equivalent to work performed over a period of time
and is expressed in watts.

P=12R
or
P=WVi

Two major types of current flow are described: direct and
alternating. In the United States, electrosurgery uses radiofre-
quency (RF) (>100,000 Hertz or cycles per second) alternating
current to cut or coagulate tissue. Tesla noted advantages of
alternating current, and on the basis of his experiments, alter-
nating current was adapted and replaced direct current in the
United States. The standard in Europe remains direct current.

A monopolar circuit travels from the electrosurgical unit
(ESU) via a copper wire to an electrode, where vaporization
(100°C) [i.e., cutting (100°C) or coagulation] (60°C) occurs.

The current is then conducted through the patient’s body,
usually via the great blood vessels, and is returned to the ESU
via a neutral electrode (ground plate), which is also connected
by a copper wire to the ESU (Fig. 6-1).

Abipolar circuit consists oftwo wires leaving the ESU; the first
wire is connected through a two-part electrode to the portion
that serves as the active electrode. The second portion, which
serves as the return or neutral electrode, is connected to the second
wire, which returns the current to the ESU. The advantage of
the bipolar system is obvious. Electrical current flows only between
active and neutral electrodes. Tissue action is observed only
between the electrodes. Thus no current will traverse the patient’s
entire body, as is the case with monopolar circuits (Fig. 6-2).

Cutting versus coagulation waveforms can be visualized on
an oscilloscope (Fig. 6-3). Cutting is distinguished by (unmodu-
lated) sine wave form, which is characterized by high current flow,
low peak-to-peak voltage, and rapid attainment of high tissue
temperatures (e.g., 100°C) with attendant cellular vaporization.
The best cutting and least coagulation artifacts occur with peak
voltages ranging from 200 to 600 volts (Fig. 6-4A and B).

In contrast, electrocoagulation is modulated and exhibits
lower current flow and higher voltages (Fig. 6-5). During coagu-
lation, heating occurs less rapidly and at lower temperatures
(60°C-70°C), rendering the cell dried or desiccated, because
ions and water are driven out of the cells; resistance to flow
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FIGURE 6-1 This illustration shows the electrical current flow with a monopolar circuit. Active current leaves the electrosurgical unit (ESU) and flows through the

grasping forceps to create high current density where the forceps jaws close on the tissue (inset). The current is conducted through the patient's body to exit over a
large surface area (ground plate) and return to the ESU.

FIGURE 6-2 This illustrates a bipolar circuit. The current form in the electrosurgical unit (ESU) flows through an insulated conductor of the bipolar forceps to exert
its thermal action on the tissue (inset). The current flows from the active jaw (electrode) to the inactive (neutral) jaw of the electrode. The current flows back to the

ESU via the insulated neural limb of the bipolar forceps. Note that current flow to tissue is limited to that which is enclosed between active and neutral electrodes
(forceps jaws).

FIGURE 6-3 A typical oscilloscopic pattern for "cutting current.” Note that the

peak-to-peak voltage is relatively low and there is no modulation of amplitude.
Current flow is high.
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FIGURE 6-4 A. As voltage increases, the relative size of the electrical spark
also increases. The effect on tissue of increased voltage is an increase in the
area of coagulation artifact. B. A cutting loop electrode is illustrated here
cutting into the cervix. The electrosurgical unit (ESU) foot pedal is activated
just before the loop makes contact with the cervix. This creates an open
circuit. Relatively high voltages are created as the electrode encounters the
cervix. This is notable by high resistance and high thermal temperatures,
thereby creating carbon formation (black). As voltage is diminished, current
flow is picked up, and the tissue is vaporized with little coagulation artifact.
When the electrode exits, high temperatures again create thermal artifact.
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FIGURE 6-5 Frequency modulation produces high-voltage (peak-to-peak)
intermittent bursts (i.e., noncontinuous output). This results in less current
flow and higher resistance. Temperatures are elevated more slowly and are at
subvaporization levels (i.e., coagulating).
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increases as the cells lose conducting ions. Fulguration (spray
coagulation) occurs when the coagulating electrode is held close
to the tissue target but does not touch the tissue. Here, very high
voltages are required to allow the spark to jump across the air
space and coagulate the cells. Typically, fulguration creates
superficial coagulation as opposed to deeper penetrating contact
coagulation (Fig. 6-6).

During the coagulation cycle, high temperatures are reached
within proximity to the electrode. Thermal conductivity spreads
the heat action peripheral to the electrode-tissue interface. This
is an important concept that surgeons must understand because
structures in proximity to the coagulation target may be ther-
mally damaged by spreading conductive heat (Figs. 6-7 and 6-8).

Several hazards related to electrosurgery are illustrated in the
chapters that discuss endoscopic complications (laparoscopic
and hysteroscopic).

Laser Surgery

A laser is a device that generates an energized light beam (light
amplification by stimulated emission of radiation). This stimu-
lated radiation in turn is used for surgery. Laser action on
tissue is the result of conversion to heat (thermal), shock waves
(fracture of tissue), or photochemical reactions (interaction
with a dye or chemical compound).

Many actions of a laser depend on the ability of the light
beam to be absorbed. Some beams are reflected from a tissue
interface and exert no action. Depending on the energy of the
incident laser beam, it will penetrate tissue to variable depths
and will be stopped only when the incident energy has been fully
absorbed.

Because laser beams are produced across the electromag-
netic spectrum, they may be absorbed selectively; this in turn
is based on wavelength (Fig. 6-9A). For example, argon and
KTP/532 lasers emit in the visible bands at 0.51 microns (fi) and
will be selectively absorbed by hemoglobin-containing areas
(e.g., varicosities, hemangiomas) (Fig. 6-9B), whereas a carbon
dioxide (C02 laser (10.6 microns) emitting in the far infrared
is absorbed by water very efficiently and likewise by all tissues,
regardless of color. The neodymium (Nd)-yttrium aluminum
garnet (YAG) laser actually penetrates water (i.e., is not
absorbed and principally coagulates tissue via front scatter).
Several lasers are efficiently transmitted by flexible fibers (e.g.,
argon, KTP, Nd:YAG, holmium [Ho]-YAG). The C02laser is
not transmitted well by fiber but traverses air and exerts its
actions without directly touching the tissue (Fig. 6-10A and B).

The CO2laser has been used as a cutting, vaporizing coagula-
tion tool for gynecologic surgery (Fig. 6-11). Through use of its
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property ofbeing effectively absorbed by even small amounts of
water, the penetration of a CO2 laser beam can be precisely
controlled (heat sink action). The tissue actions of this laser
depend on several variables.

The diameter of a laser beam may be controlled by focusing
it through a lens. A tightly focused beam (<1 mm) will be rapidly
absorbed by tissue cells. Light energy is instantaneously con-
verted to heat energy, causing intracellular water to boil at
100°C; this is followed by conversion to steam, which causes
the cell to literally blow up (Fig. 6-12). Explosive evaporation
orvaporization results in the disappearance of a mass of cells.
Moving the linear laser beam will produce an incision or cut.
When the laser beam is out of focus (i.e., defocused or >2 mm
in diameter), the absorbed beam is spread out over a larger area,
which creates temperatures of 60°C to 80 °C, thus (desiccating)
coagulating tissues, rather than vaporizing them (Fig. 6-13).
The CO2laser may be delivered to tissue via a handpiece, a wave
guide, or a micromanipulator (Fig. 6-14A and B).

The concept of expressing laser tissue effects in terms of
power density (PD) is desirable:

PD = Watts/cm2 = Power (watts)/Beam diameter (71r2)

A simple empirical formula allows close and rapid calcula-
tion of the PD:

nr*  Watts x 100
rv=—-———- —(express as watts/cm )
diam mm

As the reader can readily understand, the most efficient way
to raise the PD is to diminish laser beam diameter or spot size
(see Fig. 6-13). Conversely, the most effective way to reduce
penetration and decrease PD is by increasing the spot size
(increasing beam diameter).

The Nd:YAG laser (10.6 microns) is commonly utilized for
hysteroscopic and laparoscopic surgery because it penetrates
water and other fluids, is a very effective coagulating device, and
is efficiently transmitted by flexible fibers (e.g., quartz), which
range from 0.5 mm to 1 mm or more in diameter (Fig. 6-15A
and B). This allows the laser to be delivered through the operat-
ing channels of even small endoscopes. The same may be said
for the Ho-YAG laser, which is an efficient cutting device.

Lasers are desirable tools because they do not conduct
through tissues (e.g., electrosurgery) and are not dependent for
fluid penetration/absorption on hypotonic fluids. There is no
danger of electroshock. Clearly, lasers can accomplish certain
things that other tools cannot.

Text continues on page 136.

Spray coagulation

FIGURE 6-6 Constant-voltage electrosurgical units (ESUs) can precisely vary peak-to-peak voltages, thereby allowing a variety of coagulation modalities. Soft
coagulation occurs at peak-to-peak voltages <200 volts. Deeper coagulation may be achieved at peak-to-peak voltages >600 volts (i.e., forced coagulation). Spray
coagulation creates superficial coagulation. The electrical spark must transverse the air space between the electrode and the tissue This requires peak-to-peak

voltages >1000 volts.
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FIGURE 6-7 Every surgeon must be cognizant that heat spreads via conductivity through
tissue. The highest temperatures are recorded in the immediate vicinity of the electrode-tissue
interface. As thermal energy spreads concentrically, the temperature decreases. Time of
electrode contact is a critical factor relative to the distance to which harmful heating action
affects tissues.

Return Active
electrode electrode

t |

V >200V

Time

FIGURE 6-8 This illustration details the thermal action of bipolar electrodes. The tissue between the forceps arms heats to coagulation temperatures as a function
of time-on-tissue. As a critical point, vaporization begins to happen as temperatures approach 100°C. lons are driven out of the cells, thereby increasing resistance
to current flow (i.e., a vapor barrier is created). If power is not increased, then electronic conduction ceases. If power is increased to permit sparks to penetrate the
vapor barrier, then superheating of tissue results in carbonization when temperatures approach or exceed 400°C.

FIGURE 6-9 A. A schema of visible and invisible parts of the electromagnetic spectrum is shown here. Note that the KTP/532 laser emits in the visible green.
The helium-neon laser emits in the visible red. The neodymium-yttrium aluminum garnet (Nd:YAG) laser and the carbon dioxide (C02 laser emit in the infrared
(near and far, respectively) and are not visible. B. This picture details the wavelengths of light within the spectrum. Note the very small visible band, which was
magnified in Figure 6-9A.
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HEMOGLOBIN ABSORPTION
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FIGURE 6-10 A. Water absorption according to laser wavelength is detailed here. Note the high level of absorption for the carbon dioxide (C02 laser. B. Selective
absorption for hemoglobin occurs at the wavelengths where argon lasers and KTP/532 lasers operate.

FIGURE 6-11 A. A high-power output carbon dioxide (C02 laser is shown here. The vertical structure contains the CO02 laser tube. This laser is capable of
superpulse and continuous modes. B. The laser arm couples to the operating microscope. The laser beam is precisely controlled via a micromanipulator. Note the
cube-sized three-chip video cameras mounted to the beam splitter on the left side of the microscope.

Effects of laser on cell

A B C

FIGURE 6-12 The schematic pictures depict laser tissue interaction. The laser light beam is absorbed by the cell(s). A. Light energy is instantaneously converted to
thermal energy. Cell water heats rapidly and begins to boil at 100°C. B. The water converts to a gaseous state (steam), which expands and explodes the cell and its
contents. C. This process is referred to as explosive evaporation (vaporization).
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Spot
Crater
Diameter ,25 mm ,50 mm 1.00 mm 2.00 mm

FIGURE 6-13 The depth of a laser wound is controlled by a series of factors. The power setting of the laser beam is a clear factor. More important is the laser
beam diameter or spot size. A tightly focused laser beam will create a deep conical crater because the power density is high. A defocused beam or spot will create
awider, shallower, bowl-shaped crater. The latter has a lower power density. The sharply focused beam creates less coagulation, whereas the defocused beam
creates more coagulation.

FIGURE 6-14 A. This magnified view shows the surgeon controlling the laser beam by means of a micromanipulator. B. The laser handpiece provides the
surgeon with an alternative delivery system for a carbon dioxide (C02 laser beam.

FIGURE 6-15 A. Neodymium (Nd)-yttrium aluminum garnet (YAG), KTP/532, holmium-YAG, and argon laser beams may be delivered to tissue by means of fine
optical fibers. These lasers will penetrate water rather than being absorbed by it. B. This hysteroscopic photo shows an Nd:YAG laser fiber, which is delivered via the
operating channel of a hysteroscope to the interior of the uterus. The result of an endometrial ablation is clearly visible.
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Ultrasonic Surgery

Ultrasonic radiation results in energy outputs, which may be
applied to diagnosis (sonography) and to surgery. The latter
requires much higher PD compared with the former.

Two techniques and devices of surgical use have been
described: the cavitron ultrasonic surgical aspirator (CUSA)
and the harmonic scalpel.

The ultrasonic aspirator has been used extensively for radical
oncology surgery. This device dissects and creates hemostasis by
coagulating vessels of up to 1 mm in diameter and atraumati-
cally exposing vessels of larger diameter. Typically, tissues with
higher water composition are selectively removed, whereas
fibrous collagen, elastin-bearing tissues are not damaged. The
CUSA simultaneously irrigates and suctions away debris,
thereby maintaining a clear operative field. Unlike with elec-
trosurgery or laser surgery, smoke vapor is not produced.
However, a mist of fine particulate matter is produced, and the
surgeon must take precautions to avoid contamination via
contact or inspiration. Ultrasonic devices act on tissue by three
mechanisms:

Viscous stress: Creates microbubbles, which may lead to
cellular membrane disruption.

Thermal conversion: The sound wave is absorbed with con-
version to heat. Fibrous, collagenous tissues absorb the
waves more efficiently and demonstrate greater thermal
coagulation effects. In addition, the vibrating surgical tip
of the transducer becomes hot as the result of friction
(Fig. 6-16).

Cavitation: Fluid motion and shear stress perpetuate and
reinforce ultrasonic wave absorption, creating progres-

Viscous Stress and
Thermal Conversion
Harmonic Scalpel

Sound wave

sively greater acoustic energy dissipation. This action
results in alternate expansion and collapse of bubbles
with similarly alternating conversion of liquid to gas
(vapor) and back from gas to liquid. Because of the coin-
ciding acute variance in pressure gradients, cellular cavi-
ties are created with an end point of cell disruption. The
aforesaid events are clearly affected by increased exposure
time to the sound waves (Fig. 6-17).

Both CUSA and harmonic scalpel use a piezoelectric crystal
as the source of sound waves. The CUSA vibrates at 23 kHz, and
the harmonic scalpel vibrates at 55.5 kHz with a linear blade
motion of50 to 100 microns (Fig. 6-18). Several variables deter-
mine the speed and action of the device (Fig. 6-19). These
include the following:

Power setting (the highest power setting is associated with
the greatest vertical excursion of the blade and the sharp-
est cutting effect).

Blade thinness (a honed or beveled blade surface will
produce the most effective cutting action; in contrast, a
thicker, nonsharp surface will result in inefficient cutting).

Tissue stretch (taut tissue is cut faster and with reduced
coagulation artifact).

Grip pressure (the greater the grip pressure on a scissors-
like device, the less the coagulation action).

As with electrosurgery and laser surgery, ultrasonic surgery
is increasingly applied to endoscopic techniques. The harmonic
scalpel tends to perform more slowly than comparable electro-
surgery and laser devices. Nevertheless, it is an alternative energy
device that has its peculiar set of advantages. The newest har-
monic scalpel is the HARMONIC ACE +7 Shears (Fig. 6-20).

Micro bubbles

Conversion
to heat

Bloodless wound

FIGURE 6-16 The harmonic scalpel delivers high-frequency sound waves to tissue. The effects of these sound waves are to cut tissue and coagulate small blood
vessels. The actions of viscous stress and friction leading to heat (thermal) conversion are illustrated.
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Cavitation

/
Acoustic wave

Bubbles
Coalescence of bubbles Cavitation in cell

FIGURE 6-17 Cavitation is created by sound waves impinging on cells and creating microbubbles, which in turn coalesce into larger bubbles. The latter collapse
and create holes or cavitation artifacts within the cell.

FIGURE 6-18 A. A harmonic scalpel hooked blade. The beveled surface is used for cutting. The convex, thicker, outer surface will coagulate tissue. B. The
scissors-like device cuts tissue with the lower blade on edge. C. When the blade is rotated flat, the device coagulates tissue.
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Harmonic scalpel blade

Cuts Coagulates
Harmonic scissors

Cuts Coagulates

FIGURE 6-19 The tissue actions of the harmonic scalpel are illustrated here. Tissue stretch is an important factor for efficient cutting action and reduction of
friction-generated heat.

FIGURE 6-20 The HARMONIC ACE +7 Shears device incorporates a sophisticated generator with a newly designed shearlike operating tool. The cutting time is
reduced, and coagulation is more rapid.



CHAPTER

Positioning and Nerve Injury

Michael S. Baggish

Positioning the Patient

Proper care in positioning patients for cervical, vulvar, vaginal,
anal, uterine, and endoscopic surgery is of vital interest for the
gynecologic surgeon. The gynecologist must take the leading
role in the positioning of each and every patient he or
she intends to operate on. The dorsal lithotomy position,
regardless of whether it is implemented with candy cane, Allen,
or knee-crutch leg supports, remains an unnatural state
(Figs. 7-1 to 7-3). When lithotomy position is coupled with the
Trendelenburg position, additive abnormalities may ensue.
Improper positioning can result in neurologic injury. Table 7-1
illustrates the frequency, causative factor(s), and specific loca-
tions of nerve injuries associated with obstetric and gynecologic
surgery. The proper lithotomy position includes thighs and legs
gently flexed; ankles and feet evenly supported; and avoidance
of dorsiflexion of the foot, minimal abduction at the hip, and
buttocks firmly seated on the operating table (i.e. avoidance of

TABLE 7-1 Nerve Injuries Associated With Positioning and Pelvic Surgery

Symptom/Sign

(D Sharp, cutting pain, chronic, burning pain (late) 7%
lower abdomen

(2) Numbness, lateral thigh 6%

— Paresthesia
— Hyperesthesia

(3) Numbness, burning pain, upper labia, thigh 17%

(4) Numbness, anteromedial thigh 20%-30%
—Weakness with external rotation

—Adductor weakness

(5) Numbness, anteromedial thigh irlo-30%
—Weakness with leg extension
—Weakness with flexion at the hip
Absent knee jerk

(6) Buttock pain 10%

— Posterior pain and posterolateral leg pain
— Numbness foot and leg

— Foot-drop

— Pain with straight-leg raising

Relative Frequency

overhanging buttocks). Knees should be free of contact with leg
supports relative to avoiding pressure points. Several lithotomy
positions are acceptable. A low lithotomy position is satisfac-
tory for dilatation and curettage, hysteroscopy, and cystoscopy
(Fig 7-1). A mid to high lithotomy position provides the best
exposure for vulvar and vaginal surgery (Fig 7-4). Allen leg sup-
ports are highly satisfactory for laparoscopic operations. Yel-
lofin devices support the legs, knees, and feet atraumatically and
are useful for vulvar, vaginal, hysteroscopic, and laparoscopic
operations. They may likewise be used for radical vulvar surgery.
The Yellofin device can be adjusted to fit any patient and situ-
ation relative to height, abduction, adduction, and rotation.
The device can be adjusted for every foot (Fig. 7-5A and B).
Because more and more women are living to an older age and
because many of these women are having knee replacement
surgery, appropriate leg, foot, and knee support should be pro-
vided by the operating surgeon, which translates to furnishing
Yellofin or similar devices for lithotomy position.

Causative Factor Affected Nerve(s)

Scar formation with entrapment; llioinguinal
cutting, suturing lliohypogastric

Compression with retractor Lateral

Injury to nerve with energy device Femoral

Rare, positioning Cutaneous

Incision or tearing of the nerve Genitofemoral

Retractor compression

Direct injury by cutting, clamping, Obturator
suturing

Transobturator tape (TOT)

Pressure (e.g., obturator hernia)

Compression by the inguinal Femoral

ligament
Compression by retractors
Rare, direct injury
Lumbosacral trunk
Sciatic

Suture
Stretch
Compression (peroneal)
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FIGURE 7-1 This patient is shown in the low lithotomy position. Her legs are

suspended in candy cane supports. FIGURE 7-2 This leg support incorporates a gel padding to protect the legs

and feet.

FIGURE 7-3 The Trendelenburg (head-down) position adds to the risk of FIGURE 7-4 The high lithotomy position requires that the legs are flexed at
nerve injury when the patient is in the lithotomy position. The inferior the knee. Extension at the knee joint adds to the risk of sciatic or lumbosacral

extremities are further deprived of blood flow. trunk injury.

FIGURE 7-5 A, Front view of Yellofin stirrups showing variable
abduction rotation and ideal positioning in readiness for a partial
vulvectomy. B, Side view detailing mild flexions and appropriate
height to allow clearance for the operating microscope and carbon
dioxide laser.



Peripheral Nerve Injury

Hyperflexion at the hip will render the patient susceptible to
femoral nerve injury (Fig. 7-6). The mechanism of injury
relates to the fact that the rigid inguinal ligament compresses
the femoral nerve trunk as the latter passes beneath it in its
course from the abdomen into the thigh.

Hyperextension at the knee joint and hip will produce stretch
injuries to the lumbosacral trunk and/or sciatic nerve. Even
short periods of extension with feet in candy cane supports
should be avoided; periods of extension for 30 minutes or
longer will inevitably result in severe damage to these large nerve
trunks. Excessive abduction (>45°) over 2 hours will endanger
the obturator, genital femoral, and/or femoral nerves (Fig.
7-7). The latter nerve is particularly vulnerable when external
rotation is added to abduction greater than 45°. Compression
at the head of the fibula will injure the peroneal division (Fig.
7-8) of the sciatic nerve, leading to paresis and pain in the leg
following distribution of that nerve. Other causes of neuropa-
thies associated with gynecologic surgery in patients who are
not in the lithotomy position include self-retaining abdominal
retractors, radical surgery, compression related to tight and pro-
longed packing, hematomas, tumors, and direct injury (e.g.,
incising the nerve). Figure 7-9A and B shows the key nerves and

FIGURE 7-6 Hyperflexion at the hip exposes the patient to femoral nerve
injury. The point of risk is located beneath the rigid inguinal ligament, where
compression of the exposed nerve occurs.

FIGURE 7-8 Lateral pressure at or below the knee will result in compression
injury to the peroneal division of the sciatic nerve.
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plexuses that supply innervation to the pelvis and inferior
extremities. The relationships of the large nerve roots and
trunks to the bony pelvis and to the ligamentous structures are
detailed in the drawing. The largest nerves include (1) the sciatic
nerve, which lies deep within the pelvis and exits the pelvis via
the greater sciatic foramen (the nerve is in proximity to the
ischial spine and sacrospinous ligament [Fig. 7-10]); (2) the
lumbosacral trunk, which contains elements of the lumbar and
sacral plexuses and lies on the sacroiliac joint; and (3) the
femoral nerve, which is embedded within the psoas major
muscle. The nerve is exposed as it crosses beneath the inguinal
ligament and exits via a groove between the iliacus muscle
and the psoas major muscle (iliopsoas). After draping, it is wise
to change the position of the suspended inferior extremities
when surgery extends beyond 2 hours. In addition, relief of
pressure from retractor blades should be carried out every hour
or two. Care must be taken with assistants leaning or resting
on a patient’s inferior extremities in the lithotomy position (Fig.
7-11). The latter can result in strain on nerves caused by iatro-
genically induced excessive abduction and external rotation.

Figures 7-12 through 7-18 illustrate the mechanisms involved
in various nerve injuries.

Text continues on page 147.

FIGURE 7-7 Extreme abduction combined with external rotation exposes
several nerves to the risk of injury, especially with prolonged operative time.

FIGURE 7-9 A. Actual dissection shows atonsil clamp resting on the left psoas
major muscle. The nerve that istented up by the clamp isthe genital femoral
nerve. Lateral to the psoas major muscle and partially covered with fat isthe iliacus
muscle. The nerve crossing that muscle isthe lateral femoral cutaneous nerve.
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Intercostal nerve (T11

Subcostal nerve (T12)

lliohypogastric nerve
(T12, 11

llioinguinal nerve (L1)

To psoas minor and
psoas major muscles

Genitofemoral nerve (L1, 2)

Lateral femoral
cutaneous nerve (L2, 3)

Genital branch and
femoral branch
of genitofemoral nerve

To psoas major and iliacus
muscles

Anterior branches and
lateral
of subcostal and
iliohypogastric nerves

To quadratus femoris
and inferior gemellus
muscles (L4, 5, S1)

Lumbosacral trunk

To obturator internus
and superior gemellus
muscles (L5, S1, 2)

Obturator nerve (L2, 3, 4)

Superior gluteal nerve
(L4, 5, S1)

To piriformis muscle (S1,

Inferior gluteal nerve
(L5, S1, 2)

Sciatic nerve

Accessory obturator nerve
(L3, 4

Femoral nerve (L2, 3, 4)

Posterior femoral
cutaneous nerve
(81, 2,3

Pudendal nerve (S2, 3, 4)

Obturator nerve
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Sciatic nerve

—Common peroneal nerve
(L4, 5, S1, 2)

—Tibial nerve (L4, 5, S1, 2, 3)

Sympathetic trunk
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Lumbar plexus

Sacral plexus
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Pelvic splanchnic
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cutaneous
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FIGURE 7-9, cont'd B. This schema details the various nerves and their roots of origin, which innervate pelvic and inferior extremity structures. The divisions of

the nerve trunks are color coded and superimposed on an actual pelvis (based on Netter: Atlas of Human Anatomy, 6th ed,, Plate 484).
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FIGURE 7-11 The draped patient in lithotomy position may have nerve

FIGURE 7-10 This dissection follows the posterior division of the left o , . s =
injury as a result of assistants leaning on the suspended inferior extremities.

hypogastric artery deep into the pelvis to the level of the ischial spine. The
scissors points to the large white nerve trunk of the sciatic nerve. Note the
surrounding "wormlike" complex of large venous structures.

Common peroneal nerve injury

FIGURE 7-12 A. The peroneal division of the sciatic nerve is shown lateral to the head of the fibula. B. Close-up shows compression of the nerve between the
fibula bone and the metal candy cane stirrup support. C. The neurologic deficit caused by compression injury is shown here.
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Femoral nerve injury

FIGURE 7-13 A common cause of postoperative femoral neuropathy is abdominal self-retaining retractor compression. Here the retractor blade compresses the
psoas major muscle and the femoral nerve, which transmits within the belly of the muscle. Deep blades are particularly prone to cause femoral nerve ischemia,
especially when the pressure applied is unrelieved over a long time.

Anterior superior
\ . iliac spine

Femoral nerve -------- X Inguinal ligament

Pubic bone

lliacus

Psoas major muscle

External iliac vessels

FIGURE 7-14 The lithotomy position associated with hyperflexion at the thigh, especially for operations lasting longer than 2 hours, places the femoral nerve at

risk. In the aforesaid circumstances, the femoral nerve is compressed between the inguinal ligament and the pubic ramus. Ischemia is the result of prolonged
compression.



CHAPTER 7 Positioning and Nerve Injury 145

Obturator membrane Obturator vessels and nerve

FIGURE 7-15 The obturator nerve may sustain
injury as it exits the obturator canal and enters
the thigh. Here a transobturator needle is shown
hooking the neurovascular bundle.

Vena cava

Psoas muscle

Genitofemoral nerve

lliac crest

Right lateral femoral
cutaneous nerve

lliacus muscle

FIGURE 7-16 Energy devices used for adhesiolysis may cause inadvertent injury to pelvic nerves. This illustration demonstrates a cutting device (harmonic scalpel)
incising peritoneal attachments lateral to the psoas major muscle and cutting the lateral femoral cutaneous nerve.
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Drop foot

Sciatic nerve
damage

Obturator internus

muscle

Vaginal apex
Sciatic nerve
Coccygeus muscle Sacrospinous ligament (phantom)

FIGURE 7-17 Transvaginal sacrospinous colpopexy may result in suture injury to the sciatic nerve or to one of the sacral nerve roots. Severe buttock pain and/or
foot-drop should alert the gynecologist to rule out sciatic neuropraxia.



Patient leg position—stretch injury
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Lumbosacral trunk—stretch damage

FIGURE 7-18 Extended inferior extremities in the lithotomy position can create a stretch injury to the lumbosacral trunk. The patient will exhibit a combination of

lumbar and sacral distribution symptoms.

Compartment Syndrome

Compartment syndrome affecting the extremities is a particu-
larly disabling condition that occurs when the lithotomy
position is combined with leg support, producing calf com-
pression or ankle dorsiflexion. Impaired circulation to the
inferior extremities (most frequently caused by hypovolemia
and hypotension) is another key instigating factor. The Tren-
delenburg position creates additive risk for the development of
vascular compromise. Postoperative patients who have inordi-
nate pain, hyperesthesia, and/or paresis in the legs and feet
should trigger the gynecologist to include compartment syn-
drome high up in differential diagnosis considerations. Tense
shins and calves are created by increased intracompartmental
pressure (Fig. 7-19).

Compartment syndrome may be associated with pelvic vas-
cular injury (e.g., during laparoscopic surgery, following post-
partum hemorrhage), traumatic injury (e.g., fracture of leg/
thigh bones), hematomas, cellulitis, vascular thrombosis, nec-
rotizing fasciitis, prolonged lithotomy position, and compres-
sion stockings. Dorsiflexion at the ankle joint significantly
increases compartment pressure.

The pathophysiologic structure of compartment syndrome
is related to increasing volume and increasing pressure within
unyielding fascial compartments (i.e., limited anatomic spaces).
The initiating factor is diminished blood flow to contents
within the compartment, thereby creating muscle ischemia.
The ischemia in turn increases vascular resistance and further
decreases blood flow to the muscles. As a result of continuing
ischemia, hemorrhage and edema are additive to intrafascial
pressure. The aforesaid happens because of sievelike leakage
from venules within the compartment. When the extremities
are lowered from lithotomy to supine position, improved flow
is established at heart level. The (initiating) hypovolemia, once
ameliorated, will result in reperfusion of the extremity. If
vascular permeability persists, then further leakage and edema
into the fascial space will continue, resulting in still greater

intrafascial pressure. Tissue pressure in the compartments
ranges on average from 4 to 10 mm Hg but should not exceed
20 mm Hg. Fasciotomy should be performed for pressures of
30 to 40 mm Hg. Neglected compartment syndrome can lead
to extensive muscle necrosis, nerve injury, myoglobinemia,
cardiac arrhythmia, and myoglobinuric renal damage.

Abdominal compartment syndrome may be defined as a
condition that arises from elevated intra-abdominal pressure,
leading to visceral injury, as well as to renal, cardiac, and respira-
tory dysfunction. The abdominal cavity is essentially a closed
space, containing viscera and encircled by muscular walls.
Acute increases in volume within the abdominal cavity can
translate to increases in intra-abdominal pressure. Although
normal intra-abdominal pressure ranges from 3 to 10 mm Hg,
pressures greater than 25 mm Hg require timely treatment.
Gynecologic conditions associated with risk ofabdominal com-
partment syndrome include massive hemorrhage, large hema-
toma formation, peritonitis and sepsis, intestinal perforation,
uterine/ovarian tumors, ascites, and abdominal or tubal preg-
nancy (Fig. 7-20).

The pathophysiologic ramifications of abdominal compart-
ment syndrome include decreased venous return to the heart
with decreased cardiac output, renal dysfunction caused by
compression of renal veins, and hepatic abnormality related to
pressure on the portal circulation. Intestinal ischemia will even-
tuate and progress to bowel necrosis because of reduced visceral
blood flow and thrombosis (Fig. 7-21). Respiratory function
may be compromised as the result ofelevation of the diaphragm
and transmission of higher intrathoracic pressure, causing
reduced lung capacity.

Intra-abdominal pressure may be conveniently measured
by placing 100 mL of water into the bladder via a Foley
catheter, then connecting the catheter via tubing to a pressure
transducer.

The management of abdominal compartment syndrome
requires performing laparotomy to reduce pressure and treating
the inciting cause(s).
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Compartments
A = Lateral
B = Anterior
Interosseous C = Deep posterior
membrane D = Superficial posterior
Investing fascia
B
Extensor digitorum longus
Tibialis anterior
Superficial peroneal nerve
Extensor hallucis longus
A Peroneus longus
) Deep peroneal nerve
Peroneus brevis
Anterior tibial vessels
Peroneal artery and veins
Flexor hallucis longus
Tibialis posterior
Tibial nerve
Posterior tibial artery and veins Inflamed
o deep posterior
Flexor digitorum longus compartment

Soleus

Plantaris tendon
Gastrocnemius

D

FIGURE 7-19 Cut-away of the leg illustrates the tight fascial compartments bounded by the leg bones and the fascial sheaths. The three compartments are lateral,
anterior, and posterior.
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Intestines

Intra-abdominal pressure

FIGURE 7-20 This picture illustrates the formation of a large intra-abdominal hematoma. In this case, the hematoma occurred as the result of a leaking blood
vessel, which had not been secured during a hysterectomy. Abdominal compartment syndrome is a possible sequel of the increased intra-abdominal pressure
created by the large accumulation of blood within closed space. Intra-abdominal pressure measurements can be obtained by placing a catheter into the bladder and
attaching it to a pressure transducer. Pressures greater than 25 mm Hg are diagnostic of significant abdominal compartment syndrome.
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Ischemia of small and large intestines

Necrotic sigmoid colon

Infected
hematoma

Vagina

Bladder

Rectum

FIGURE 7-21 As a result of abdominal compartment syndrome, capillary and small vessel circulation to visceral structures is compromised. This drawing shows
the results of prolonged increases in intra-abdominal pressure. The sigmoid colon is necrotic. Additional areas of the small and large intestines show signs of
ischemia. The inset details the diffusion of coliform bacteria throughout the necrotic large bowel wall, causing infection of the hematoma.
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CHAPTER

Anatomy of the Lower Abdominal Wall

Michael S. Baggish

The pelvic surgeon is mainly involved with the abdomen below
or at the level of the umbilicus. The abdominal wall below the
level of the umbilicus consists of skin, fat, fascia, and several
relatively thin muscles.

Specific skin and bony landmarks should be noted (e.g., the
umbilicus roughly overlies the bifurcation of the aorta) (Fig.
8-1). The anterior superior iliac spine marks the origin of the
inguinal ligament and of the sartorius muscle. The upper sur-
faces of the pubic bone and symphysis mark the terminus of the
inguinal ligament and the insertion of the rectus abdominis
muscle (Fig. 8-2).

The cadaver is typically in the supine position (see Fig. 8-1).
The abdominal wall from superficial to deep consists of skin,
subcutaneous fat, fascia, muscle, properitoneal fat, and perito-
neum. Once the skin and fat are dissected away, the gray-white
glistening fascia comes into view (see Fig. 8-2). This is the super-
ficial investment layer of the underlying muscle (Fig. 8-3). When
all layers have been traversed, the peritoneal cavity is entered.
The peritoneum of the anterior wall is called the parietal peri-
toneum, and the peritoneum investing the viscera is known as
the visceral peritoneum. The large and small intestines are
directly beneath the parietal peritoneum ofthe anterior abdom-
inal wall (Fig. 8-4).

The strength of the otherwise thin layer of muscle and fascia
derives from the crisscrossing of various muscle fibers. The
external oblique muscles are vectored downward (caudally) and
medially. The rectus muscles run straight up and down (verti-
cally) from the xiphoid to the symphysis pubis (Figs. 8-5 and

FIGURE 8-1 Important skin surface landmarks include the umbilicus, the
anterior superior iliac spines, the pubic symphysis, and the xiphoid process.

8-6). The tough fascial sheath of the rectus muscles is formed
by contributions of other muscles of the anterior abdominal
wall (i.e., the external oblique, internal oblique, and transversus
abdominis muscles [Fig. 8-7]).

At the point where the two rectus musclesjoin in the midline,
a white line, aptly called the linea alba, is visible (see Fig. 8-5B).

The fibers of the internal oblique muscle cross those of the
external oblique. Similarly, the transversus abdominis muscle
crosses both the internal and external oblique muscles as it
vectors in an almost horizontal direction. Throughout, the pos-
terior rectus sheath contains transversalis fascia (Fig. 8-8).

The inguinal ligament and canal are seen in the lowest
portion of the abdomen. Actually, the ligament is an anatomic
boundary between the abdomen and the thigh (Figs. 8-9A to C
and 8-10). As the external iliac vessels cross between the pubic
ramus and the inguinal ligament, they become the femoral
artery and vein. The inguinal ligament and the sartorius muscle
of the thigh originate at the anterior superior iliac spine (Fig.
8-11A). The length of the inguinal ligament may be accurately
estimated by placing one finger on the iliac spine and another
finger on the pubic tubercle (Fig. 8-11B) and measuring the
distance between these fingers. The internal inguinal ring is the
point of entry (into the inguinal canal) for intra-abdominal
structures, such as the round ligament. They exit the canal onto
the abdominal wall via the superficial inguinal ring (Fig. 8-12A
to E).

Text continues on page 161.

FIGURE 8-2 After the lower abdominal flaps have been retracted, the
gray-white fascia (aponeurosis) of the external oblique and rectus abdominis
muscles is in clear view. The arrows indicate surface landmarks (umbilicus
[upper arrow], anterior superior iliac spine [lower arrow], and upper margin of
the pubic symphysis).
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FIGURE 8-3 Skin and fat have been retracted except for the area of the
mons. The fascia of the external oblique and rectus abdominis is intact.

FIGURE 8-4 The peritoneal cavity has been entered. The small and large
intestines occupy the entire space within the lower abdomen. They constitute
the most superficial viscus encountered in the abdominal cavity.

FIGURE 8-5 A. The anterior portion of the rectus abdominis muscle sheath
has been incised and retracted, exposing the vertical fibers of the muscle. B. It is
clear from this photograph how the name of the linea alba originated. C. The

scissors point to the diastasis recti.
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FIGURE 8-6 A. The left rectus abdominis muscle has been exposed. B. Enlarged view of the left rectus abdominis muscle. The scissors point to the pubic

tubercle.

FIGURE 8-7 A. The external obligue muscle has been retracted. Part of the rectus sheath has been removed ([eft-center), exposing the rectus muscles. The

Skin
Subcutaneous fat
External oblique Rectus abdominis
Internal oblique muscles

Preperitoneal fat
Peritoneum

ABOVE ARCUATE LINE

IS?

contribution of the internal oblique fascia to the rectus sheath is demonstrated (damps). B. The tip of the clamp rests on the fascia of the transversus abdominis
muscle (transversalis fascia), which in turn constitutes the posterior rectus sheath. C. Cross-sectional drawings of the anterior abdominal wall show the formation of

the rectus sheath above and below the arcuate line (one third the distance from the umbilicus to the symphysis pubis). Note that below the line, the anterior

sheath receives components from the external and internal oblique muscles and the transversus abdominis muscle. The posterior sheath is thin and consists only of

transversalis fascia.
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FIGURE 8-8 The transversus muscle fibers are directed straight (horizontally)

across the abdomen rather than obliquely.

FIGURE 8-9 A. The scissors tip points to the left anterior superior iliac spine.
The dissector's hand is placed in the crural area beneath the inguinal ligament
on the right. B. The scissors tip is beneath the left inferior epigastric vessels.
These vessels originate from the external iliac vessels at a point immediately
cranial to their passage beneath the inguinal ligament. C. The lower (opened)
clamp lies on the transversalis fascia and under the left external iliac vein as it
crosses beneath the inguinal ligament.
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FIGURE 8-10 The clamp points to the transversus muscle.

FIGURE 8-11 A. The curved clamp points to the sartorius muscle. This muscle has a common origin with the inguinal ligament from the anterior superior iliac
spine and forms the lateral margin of the femoral triangle (in the thigh). B. The course of the inguinal ligament is marked by the surgeon's fingers. Note the intact
but dissected rectus sheath.
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FIGURE 8-12 A. The scissors tip is placed into the right superficial inguinal ring. B. Magnified view of the superficial inguinal ring. Note the inguinal ligament,
which is a deeper pink color. C. The round ligament (above scissors) emerges from the superficial inguinal ring. D. The round ligament descends into the fat of the

mons, then into the fat of the labium majus. E. The ilioinguinal nerve also exits via the superficial inguinal ring. Note the white-pink inguinal ligament in the
background.



Vessels

The inferior epigastric vessels take their origin from the external
iliac vessels at a point cranial to the inguinal ligament. The infe-
rior epigastric vessels pierce the transversalis fascia and run
across the transversus muscle to enter a space between the rectus
muscle and the posterior sheath (Fig. 8-13). The external oblique
is reflected laterally to demonstrate the inferior epigastric vessels,
ascending cranially at the lateral margin ofthe left rectus abdom-
inis muscle. The left inferior epigastric vessels are shown crossing
the abdominal wall toward the edge of the left rectus abdominis
muscle (Fig. 8-14). Hesselbach’s triangle, which is formed by the
inguinal ligament, the inferior epigastric artery and vein, and
the lower lateral margin on the rectus muscle, is shown in

FIGURE 8-13 The inferior epigastric vessels run from lateral to medial and
ascend between the lateral margin of the rectus muscle and the posterior
sheath (transversus fascia).
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Figure 8-15. The inferior epigastric artery can be traced to the
external iliac artery and crosses over the external iliac vein (Fig.
8-16Aand B). The external iliac vessels cross into the thigh under
the inguinal ligament. The femoral canal and Cloquet’s lymph
node liejust medial to the external iliac vein (Fig. 8-17A to E). The
superior pubic ramus and the lateral portion of the iliopectineal
line and ligament (Cooper’s ligament) are in proximity to the
iliac and inferior epigastric arteries. Figure 8-18 illustrates the
typical course of the inferior epigastric vessels relative to lower
abdominal landmarks. Figure 8-19 details the cadaver dissection
data that were used to compile the quantitative aspects of Figure
8-18. Two fingers were placed above the upper margin of the
symphysis pubis. The ruler indicates that the distance from
midline to the inferior epigastric vessels is 6 to 7 cm.

FIGURE 8-14 The left rectus abdominis muscle is elevated. The inferior
epigastric vessels have been dissected at the lateral margin of the muscle.
The Allis clamp holds the opened anterior rectus sheath.

FIGURE 8-15 A. The inferior epigastric vessels have been
dissected laterally and interiorly in the direction of the inguinal
ligament. The clamp points to the external iliac vein. B. The
clamp has been moved medially and rests on the pubic bone and
points directly to the distal inguinal ligament. C. This magnified
view shows the external iliac vein at a point immediately cranial
to the inguinal ligament.
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FIGURE 8-16 A. The clamp points to the origin of the inferior epigastric
artery from the external iliac artery. This point is located just above the
inguinal ligament (arrow). B. Magnified view of the external iliac vessels
crossing into the thigh sandwiched between the pubic bone and the inguinal
ligament (Kocher clamp holds the inguinal ligament). The tonsil clamp rests
on the external iliac artery.



CHAPTER 8 Anatomy of the Lower Abdominal Wall

FIGURE 8-17 A. The inguinal ligament has been cut. The external iliac (femoral) artery is exposed by the tonsil clamp. B. The Kelly clamp is just beneath
Cloquet's lymph node (the lowest node in the external iliac chain). Note the location is immediately medial to the iliac (femoral) vein. C. The clamp has been
advanced through the femoral canal. Note the tip of the Kelly clamp within the fat of the thigh. The Kocher clamp holds the superior cut margin of the inguinal
ligament. Immediately lateral to the femoral canal is the external iliac (femoral) vein, followed still further laterally by the external iliac (femoral) artery. D. The
clamp has been positioned under the external iliac artery. The forceps rest on the psoas major muscle. E. Magnified view of part D showing the light pink psoas
major muscle (forceps).
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FIGURE 8-18 A point two fingerbreadths (4 cm) above the upper margin of the pubic symphysis
in the midiine serves as a useful landmark for demarcating the origin of the inferior epigastric
artery. By measuring 6 to 7 cm from this point in a straight line laterally, one reaches the point
where the inferior epigastric penetrates the fascia of the transversus abdominis muscle. The vessel

proceeds upward obliquely for 7 cm to enter the posterior rectus sheath.

FIGURE 8-19 The ruler measures from the linea alba laterally to the inferior
epigastric vessels, a distance of exactly 6.4 cm.



Abdominal Incisions

Michael S. Baggish

Before performing an incision in the abdominal wall, the gyne-
cologic surgeon should have anticipated the type(s) of surgical
procedure that will be done and possible complicating aspects
associated with the operation. Consideration should be given to
how far cephalad from the pelvis the operative exposure will
need to be. In addition, the surgeon should weigh the cosmetic
desire(s) of the patient, the urgency of the surgery, the patient’s
history of previous laparotomies, and the risk of postoperative
wound dehiscence.

Knowledge of pelvic anatomy of the anterior abdominal wall
is essential to avoid or secure major vessels, to enhance appro-
priate repair so as to reduce the risk of incisional hernia or
wound dehiscence, and to facilitate smooth entry. Practically,
incisions may be categorized as midline or transverse. Trans-
verse incisions may be further subdivided into muscle-splitting
and muscle-cutting varieties.

Transverse Incisions
Maylard Incision

The Maylard incision is made two fingerbreadths above the sym-
physis pubis (i.e., approximately 3-4 cm) (Fig. 9-1A and B). It is
carried down through the subcutaneous fat and through
Scarpa’s fascia (Fig. 9-2). The fascia overlying the abdominal wall

CHAPTER

muscles is identified (Fig. 9-3). Scarpa’s fascia covers the sheath
of the rectus abdominis muscles and the aponeurosis of the
external oblique. The operator should, of course, be familiar
with the course of the inferior epigastric vessels, which lie on the
transversalis fascia. After taking their origin deeply at the lowest
portion of the external iliac artery and vein, the inferior epigas-
tric vessels range anteriorly, cephalad, and medially to cross the
lower abdominal wall and locate alongside the rectus abdominis
muscles. The fascia overlying the rectus abdominis muscles is
cut transversely, and the incision is continued laterally to include
a greater or lesser portion of the external oblique aponeurosis
(depending on the planned width of the incision) (Fig. 9-4).
Next, the fascia is cut in the midline between the two recti (Fig.
9-5A to C). The operator inserts one or two fingers under the
rectus muscle from the midline to the right or left, depending on
which muscle is to be cut first. The finger(s) emerges from the
lateral border under the rectus muscle above the inferior epigas-
tric vessels (Fig. 9-6). The muscle is carefully cut over the opera-
tor’s finger(s) or a sterile tongue blade (Fig. 9-7). A similar
procedure is carried out on the opposite side (Fig. 9-8A). If the
incision is to be extended, the inferior epigastric vessels are iso-
lated, doubly clamped, cut, and suture ligated with 3-0 Vicryl or
2-0 silk. Finally, the peritoneum is elevated, incised, and opened
along the length of the incision transversely (Fig. 9-8B).

Text continues on page 169.
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£8tm

FIGURE 9-1 A. The midline is marked with a solid vertical line. B. The Maylard incision is made 4 cm (two fingerbreadths) above the superior margin of the pubic
symphysis, indicated by the dotted line.

FIGURE 9-2 The transverse incision is carried deep through the thick fat to FIGURE 9-3 The underlying fascia of the rectus sheath is visible at the depth
Scarpa s fascia. of the incision.

FIGURE 9-4 The fascia of the anterior rectus sheath is incised transversely
with curved Mayo scissors.



FIGURE 9-6 The linea alba has been incised, and the fingers of the
operator's hand bluntly dissect the muscle from the posterior sheath/
peritoneum.

CHAPTER 9 Abdominal Incisions

FIGURE 9-5 A. The rectus muscle is now clearly in view. B. The lower
portion of the rectus fascia (sheath) is dissected from the muscle belly.
C. The inferior epigastric vessels are identified.

FIGURE 9-7 The belly of the rectus sheath is isolated before it is cut.
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Ligated inferior
epigastric arteries
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FIGURE 9-8 A. The rectus muscles have been fully divided. Note how dry the field and muscles are even in the absence of any ligatures. B. The schematic view
(upper figure) shows the isolation and division of the inferior epigastric vessels and the transverse sectioning of the rectus muscles. The lower figure shows the
incision through the peritoneum (in this case preserving the inferior epigastric vessels).



Pfannenstiel Incision

This incision is made transversely in a manner similar to the
Maylard incision, although some surgeons may prefer to curve
the incision upward toward the anterior superior iliac spine to
gain more exposure (the “smile” incision) (Fig. 9-9A and B). The
cut traverses the skin, the fat, Scarpa’s fascia, and the rectus
sheath (i.e., to the lateral margin of the rectus sheath). Typically,
the incision through the fascia is superficial and therefore is
unlikely to impinge on the inferior epigastric vessels (Fig.
9-10A). The sheath is clamped and elevated to allow dissection
of the sheath cranially and to free it from the underlying rectus
abdominis muscles (Fig. 9-10B and C). This plane can be accen-
tuated by the operator’s spread fingers, creating countertraction
via pressure on the rectus muscles (Fig. 9-11). The dissection is
continued upward for several centimeters (Fig. 9-12) and may
be continued to the level of the umbilicus (Fig. 9-13). The rectus
muscles are separated vertically in the midline, and the perito-
neum is entered. The properitoneum and peritoneum are
opened together vertically in the midline (Fig. 9-14). The pyram-
idalis muscles are similarly cut in the midline down to the level
of the symphysis pubis (Fig. 9-15A to C). The peritoneum is
carefully dissected inferiorly to the level of the bladder reflection
(Fig. 9-16).

Anterior superior
iliac lines

Symphysis pubis

FIGURE 9-9 A. Preparation is made for the curvilinear Pfannenstiel
incision (smile incision) at the level of the pubic hair line. B. The incision
is carried down through the skin, fat, and Scarpa's fascia to the fascia

overlying the rectus sheath. B
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Cherney Incision

This incision is made approximately 1cm lower than the Maylard
incision. The incision is carried through the skin, fat, subcuta-
neous tissue, and Scarpa’s fascia. The rectus sheath is opened
transversely. The rectus muscles are divided transversely from
their insertion onto the symphysis pubis. The incision may now
be extended laterally through the aponeurosis of the external
oblique by isolating, ligating, and cutting the inferior epigastric
vessels. The rectus muscles may likewise be freed upward to
enhance the space for surgical exposure (Fig. 9-17A to E).

Kustner Incision

This hybrid incision is a transverse incision through the skin
and subcutaneous tissue only (i.e., it is used for cosmetic rather
than structural reasons). From this point on the exposure is
identical to that of a vertical incision. The fascia is opened in
the midline, along the linea alba. The rectus muscles are sepa-
rated vertically by sharp dissection. The pyramidalis muscles are
cut. The peritoneum is entered and opened vertically in the
midline (Fig. 9-18A and B).

Text continues on page 175.
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FIGURE 9-10 A. The rectus fascia is incised, with care taken to avoid injuring the underlying inferior epigastric vessels. B and C. The cranial (Upper) flap of the
fascia is sharply dissected upward, exposing the underlying rectus muscles.



FIGURE 9-11 Scissors are needed to cut the rectus sheath in the midline, FIGURE 9-12 The sheath is freed both cranially and caudally.
whereas the sheath on either side can be easily dissected with the operator's
fingers.

FIGURE 9-13 The linea alba is clearly exposed for a distance of 8 cm. FIGURE 9-14 The peritoneum is entered and opened by a midline incision.
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Inferior epigastric
A arteries

Peritoneum

FIGURE 9-15 A. The rectus muscles are sharply separated from each other before the incision is made into the peritoneum, as shown in Figure 9-14. B. The
peritoneum may be opened vertically with scissors or a scalpel. C. The omentum is clearly visible underlying the peritoneum.

FIGURE 9-16 The underlying small intestine fills the wound as the omentum is
pushed away.
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FIGURE 9-17 A. The Cherney incision is made immediately above the symphysis pubis and is carried down to the rectus sheath, which is opened transversely.
The inferior epigastric vessels are sectioned, and the insertion of the muscle(s) onto the pubic bone is separated and reflected upward (cranially). The peritoneum is
incised laterally, thereby creating excellent exposure of the abdominal cavity and pelvis. B. The rectus sheath has been opened transversely. The Allis clamps hold
the cranial portion of the sheath. The scissors point to the pyramidalis muscle. C. The rectus muscle [left) has been dissected from the underlying fascia. The
operator's finger is at the lateral margin. The assistant's hand marks the attachment of the muscle to the symphysis pubis. D. The muscles have been cut free from
the symphysis pubis. Note the excellent and wide exposure. E. The transversus fascia/peritoneum is widely exposed and may be opened transversely (dashed line)
to provide excellent pelvic exposure.
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FIGURE 9-18 A. The skin and fat have been opened transversely. The dissection now extends vertically to separate the fascia overlying the muscles from the fatty
tissue. B. The rectus sheath is opened vertically in the midline. The posterior rectus sheath and the peritoneum will be likewise cut in the midline.



Midline Incision

The midline incision is commonly used for lower abdominal
operative procedures in obstetric, gynecologic, and general
surgery cases. For emergencies it has the advantages of offering
the most rapid entry and the least amount of incisional bleed-
ing. The greatest deficiency of the midline incision is its dimin-
ished postoperative tensile strength compared with that of
transverse fascial incisions. Therefore a greater propensity is
observed for wound dehiscence and ventral hernias with the
midline vertical approach. Specific closure techniques have been
designed principally to decrease the risk of dehiscence with
midline incisions.

The incision starts at the level of the umbilicus and is carried
as a straight line to the symphysis pubis (Fig. 9-19). Although
Howard Kelly was said to have routinely opened the belly via a
single vertical cut through all the layers of the abdominal wall,
this method is not recommended by the authors of this book.
The initial cut is, however, typically carried down through the
skin, subcutaneous fat, and Scarpa’s fascia (Fig. 9-20). Next, the

FIGURE 9-19 The linea nigra is clearly shown in this patient and is an
excellent reference point for initiating a vertical incision.

FIGURE 9-20 The midline incision is carried down to the level of the rectus
sheath.
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rectus sheath is opened vertically along the entire length of the
incision (Fig. 9-21). The right and left rectus muscles are identi-
fied, and by means of sharp and blunt dissection, the muscles
are separated in the midline caudad to the level of the pyrami-
dalis muscles (Fig. 9-22). The pyramidalis muscles are cut with
Mayo scissors or a scalpel in the midline down to the upper edge
of the symphysis pubis.

Next, the properitoneal fat is pushed to the right or left at
the upper level of the incision between the rectus abdominis
muscles (Fig. 9-23A to C). The peritoneum is grasped with two
forceps or two clamps and elevated. A sharp knife incision
opens into the peritoneal cavity (Fig. 9-23C). With a Metzen-
baum scissors or Mayo scissors, the peritoneum is opened for
the length of the incision over the operator’s index and center
fingers or a wide malleable retractor (Fig. 9-24) so as to protect
the underlying intestine from injury. The lower portion of the
incision should be opened with great care to avoid injury to the
urinary bladder. Typically, the fatty tissue around the bladder
demonstrates significantly greater vascularity when compared
with the midline peritoneum and fat.

FIGURE 9-21 The fat is sharply dissected from the silvery gray sheath,

FIGURE 9-22 The sheath has been opened, and the two rectus abdominis
muscles are separated from each other.
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FIGURE 9-23 A. Schema for the vertical midline
incision. The cut is made below the umbilicus and is
carried caudad to the upper margin of the symphysis
pubis. B. The underlying posterior sheath and the
peritoneum are brought into view between the separated
rectus muscles (middie). C. The peritoneum is opened in
the midline sharply, with care taken to shield the
underlying intestines from injury (lower).

Scarpa's
fascial layer

Fat

Rectus sheath

Peritoneum covered
with preperitoneal fat

Inferior epigastric
arteries

Peritoneum

FIGURE 9-24 The peritoneum is entered at the upper extremity of the
incision and is "tented-up" to allow safe incision (i.e., well away from the
underlying intestine).
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Intra-abdominal Pelvic Anatomy

Michael S. Baggish

The anatomy pertinent to surgery of the uterus, adnexa, and
neighboring pelvic structures is not only intraperitoneal but,
perhaps more important, extraperitoneal.

Uterine Support

The main uterine support is provided by the cardinal ligaments,
which extend from roughly the level of the cervicoisthmic junc-
tion peripherally in a fanlike fashion laterally and posteriorly,
where it blends with the fat and fascia of the pelvic sidewall (Fig.
10-1). This ligamentous structure divides the pelvis into right
and left paravesical spaces anteriorly and pararectal spaces pos-
teriorly (Fig. 10-2A and B). The cardinal ligament can be divided
into an upper portion at the junction of the uterus and cervix
and a lower portion at the juncture of the cervix and vagina
(Fig. 10-3).

The uterosacral ligaments connect to the cardinal ligaments
at the cervical attachment of the latter and extend posteriorly
and inferiorly toward the ischial spines and sacrum. However,

Paravesical space

Cervix

Uterosacral
ligament

FIGURE 10-1 The uterine fundus has been
excised. The cardinal ligaments stretch from the
cervix to the sidewall and are contiguous with
the uterosacral ligaments and the paravesical,
pararectal, and paravaginal fascia. Note the
course of the ureters as they penetrate the
cardinal ligaments.

Pararectal space

these terminal attachments may be difficult to identify precisely
(see Figs. 10-2 through 10-4). Between the uterosacral ligaments
and covered by a peritoneal reflection onto the posterior aspect
of the uterus is the top of the rectovaginal septum. This is the
portal of entry to the rectouterine space.

The round ligaments arise from the anterolateral fundus
and extend ventrally and laterally to the anterior abdominal
wall, entering the inguinal canal and terminating in the fat of
the labium majus on either side (Fig. 10-5). The round liga-
ments, in contrast to the other “ligaments,” are mainly com-
posed of smooth muscle. The infundibulopelvic ligaments are,
in reality, peritoneal vascular conduits, which carry the ovarian
vessels from the posterolateral pelvic brim in an anteromedial
direction to gain attachment to the uterus at the level of the
cornua.

The broad ligament is a tentlike structure that comprises
anterior and posterior peritoneum containing areolar fat
(see Fig. 10-5). The “ligament” begins anteriorly at the round
ligament and finishes posteriorly at the infundibulopelvic
ligament.

Urinary bladder

Paravesical space

Ureter

Cardinal ligament

Pararectal space

Rectum
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FIGURE 10-2 A. The cardinal ligament may be divided into an upper portion at the junction of the uterine body and cervix and a lower portion 4t the junction of
the cervix and vagina. B. The various anatomic spaces within the pelvis are schematically demonstrated.
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FIGURE 10-3 The sagittal view demonstrates the relationships between the cardinal ligaments and the various anatomic spaces. Note that the sidewall largely
consists of the obturator internus muscle mass and its fascia.
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FIGURE 10-4 Sagittal view of the posterior pelvis shows the uterosacral ligaments, sacrospinous ligaments, and cardinal ligaments and their relationships to the
viscera. Note the position of the ureter from this perspective.
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Exposure of extraperitoneal structures must be accomplished
safely and expeditiously. Access to the left ureter, left iliac
vessels, and left ovarian vessels can be gained by sharply incising
the peritoneal sidewall attachment of the sigmoid colon;
more extensive exposure is offered by continuing the separation
of the descending colon from the psoas major muscle (Fig.
10-6A and B). Similarly, opening the top of the broad ligament
between the round and infundibulopelvic ligaments lateral to
the pulsation of the external iliac artery (i.e., over the psoas
major muscle) provides easy access to both right and left
sidewall/retroperitoneal spaces (Fig. 10-7A to C). After entry to
the retroperitoneum is gained, exposure of the pelvic ureter and
uterine vascular supply requires incision of the broad ligament
(Fig. 10-8A to D).

The course of the ureter from the point where it enters the
pelvis to the point where it enters the bladder consists of ana-
tomic landmarks that every obstetrician-gynecologist must
know. The greatest number of surgery-related injuries to the
ureter happens to the segment between the uterine artery cross-
ing point and bladder entry. The uterine artery crosses the lower
third of the pelvic ureter obliquely lateral and cephalad to the
uterus. The ureter may be crossed again by the inferior vesical
artery as it enters the bladder. The vaginal artery lies behind the
ureter. The distal ureter is exceedingly close to the anterolateral
fornix of the vagina (Fig. 10-9A to I).

The ureters gain entry to the pelvis by crossing lateromedially
over the psoas muscle; they cross the common iliac vessels at
the point where the external and internal iliac arteries bifurcate
(Fig. 10-10). The ureter descends into the pelvis medial to the
internal iliac artery (hypogastric artery) and obturator fossa
(Fig. 10-11). Its course is consistently one of deep descent and
medial swing, particularly after the uterine artery crosses over it
(superior and anterior). The entire course of the right ureter can
be seen in Figure 10-12.

The left ureteral course is complicated by the position of the
sigmoid colon overlying it and the presence of the inferior mes-
enteric vessels that supply the left colon (see Fig. 10-7A and B).
The left ureter crosses the common iliac artery in concert with
the ovarian arteries and descends into the pelvis, following a
similar course to the right ureter. The ovarian vessels cross the
common iliac in concert with the ureter. The ureter is behind

Urinary bladder

Round ligament

Broad ligament

Infundibulopelvic

ligament
FIGURE 10-5 The peritoneum has been opened,
exposing the broad ligaments. This is the easiest portal
of entry into the retroperitoneal space and the pelvic
sidewall structures. The weblike fat contents are easily
and bloodlessly dissected.

the ovarian vascular pedicle and slightly medial to it (Figs. 10-13
and 10-14A).

The arterial blood supply to pelvic structures emanates from
the abdominal aorta, which branches into rightand left common
iliac vessels at the L4-L5 vertebral level (Figs. 10-14B and 10-15 to
10-18A). To the right of the aortic bifurcation lies the origin of
the inferior vena cava. The cava is formed by the union ofleft and
right common iliac veins (Fig. 10-18B). The left common iliac
veins cross in front of (anterior to) the sacrum within the bifurca-
tion ofthe aorta and under the right common iliac artery to join
the right common iliac vein, which lies posterior to the right
common iliac artery (Figs. 10-18C and D). The inferior mesen-
teric artery arises from the lower left side o fthe abdominal aorta,
giving off numerous branches to the left colon and sigmoid.

After bifurcation, the external iliac artery assumes a relatively
superficial position just medial to the psoas major muscle (Fig.
10-19). The external iliac vein is considerably larger than the
artery and lies beneath (posterior to) it. The vein covers the
entrance to the obturator fossa, which can be exposed by care-
fully retracting the vein upward (Fig. 10-20). The fossa is demar-
cated by the obturator nerve and artery, which cross through
this fat-laden space whose lateral boundary is the obturator
internus muscle (see Figs. 10-20A to C and 10-21). The obtura-
tor neurovascular bundle leaves the pelvis and enters the thigh
medially via the obturator foramen (Fig. 10-22A and B).

The major portion ofthe pelvic blood supply is derived from
the hypogastric vessels (internal iliac arteries and veins), which
branch within the obturator fossa (Fig. 10-23). Curiously, the
major risk in dissecting the fossa is related to the numerous and
anomalous veins that occupy the lateral floor of the fossa (Fig.
10-24). The hypogastric artery branches into anterior and pos-
terior divisions. The posterior division plunges down into the
deep recesses of the pelvis toward the ischial spine, in turn
branching into a large superior gluteal artery and a smaller
lateral sacral artery (Fig. 10-25). These are important sources for
collateral pelvic circulation. The anterior division gives branches
to the bladder, uterus, vagina, obturator, and internus and pec-
tineus muscles, and terminates in the inferior gluteal and inter-
nal pudendal arteries.

During simple or radical hysterectomy, an understanding
of the relationships of the structures mentioned earlier is vital
to avoiding unnecessary blood loss and injury (Figs. 10-26
and 10-27).
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FIGURE 10-6 A. The sigmoid colon is stretched by the operator's hand, and a small nick has been made in the peritoneum overlying the psoas major muscle.
B. The lateral supports of the sigmoid colon (i.e., the peritoneal attachment) is in the process of being cut to expose the retroperitoneal space.
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FIGURE 10-7 A. The sigmoid colon is pulled medially, and its peritoneal attachment is cut, thereby providing entry into the retroperitoneal space. This is a safe
entry point because no large vessels are located nearby. Further the peritoneal incision may be extended cranially within the peritoneal gutter bordering the left
colon. B. The opening in the peritoneum has been widened, exposing the underlying psoas major muscle and the tendon of the psoas minor muscle The surgeon

must identify the genital femoral nerve to avoid injury to that structure.
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FIGURE 10-7, cont'd C. The psoas major muscle and the psoas minor tendon, as well as the genitofemoral nerve, are exposed as a result of incising and
dissecting the sigmoid colon peritoneal attachments.
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FIGURE 10-8 A. The uterus is elevated and placed on stretch via a clamp applied to the uterine fundus. As a result of the aforesaid maneuver, the left broad

ligament is exposed and will be incised. B. After the left broad ligament is opened, the left ureter is exposed. The ureter has crossed the common iliac artery and is
coursing deep into the pelvis medial to the left internal iliac vessels.
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FIGURE 10-8, cont'd C. This photo shows the exposed common iliac artery and external iliac artery, as well as the ureter. Note that the ovarian vessels have
been dissected free of the ureter and now lie medial to it. D. This is a magnified view of the previous photo.
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FIGURE 10-9 A. The anterior leaf of the broad ligament is now cut. B. The opened broad ligament now permits the surgeon to view the uterine vessels'
crossover of the ureter and the ureter's entry into the cardinal ligament.
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FIGURE 10-9, cont'd C. A scissors has been placed beneath the uterine vessels at the point where the ureter passes beneath them. D. The uterus is twisted
toward the right, and the uterine vessels cross the ureter. Note the ureter has been artificially uplifted by the scissors placed beneath it.
Continued
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FIGURE 10-9 cont'd E. The scissors has dissected the course of the ureter as it descends into the bladder. F. Magnified view of Figure 10-9E Note the d|ssect|ng
scissor s tip rests on the urinary bladder.



FIGURE 10-9, cont'd G. The uterine vessels have been cut. The distal half of the uterine vessels is held within the jaws of the tonsil clamp. The ureter is
entering the cardinal ligament. H. The ureter as shown by the tonsil clamp inserted above it follows an inward course to enter the base of the urinary bladder.

Continued
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FIGURE 10-9, cont'd I. The cardinal ligament has been unroofed showing the ureter's course to the point where it enters the bladder This final 2 cm between

proximity ofTh*ureteTand”bladde”base" n A dSBa“ VeryVaS
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FIGURE 10-10 The scissors separate the right ureter from the ovarian vessels
(grasped by the clamp). Both structures cross the common iliac vessels to
enter the pelvis. Note that the tip of the scissors points to the left common
iliac vein as it crosses the sacrum. It will unite with the right common iliac
vein to form the inferior vena cava, which is seen to the right of the
bifurcation of the aorta.

FIGURE 10-11 A right-angle clamp retracts the ureter to expose the
bifurcation of the right common iliac artery into external (above) and internal
(below) iliac arteries. Note the blue vena cava to the right of the common iliac
artery (upper right corner of photograph).

FIGURE 10-12 The entire course of the right ureter is seen from the point
where it crosses the common iliac artery to its entry into the urinary bladder.
The lateral clamp points to the vaginal artery. The medial clamp is directly in
front of the uterine artery, where it crosses over the ureter. The sigmoid colon
is covering the small uterus.
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FIGURE 10-13 A. The photo details a panoramic view of the right pelvis and abdomen. Note the cecum and ascending colon. The jejunum and ileum fill much

of the abdomen and have been retracted to expose the uterus, adnexa, and infundibulopelvic ligament. B. The ovarian vessels are elevated by the clamp, but the
ureter that is included in the same fold of peritoneum is not visible.
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n GkRE !0_1/f A* ThS r'ighl T 16" 'Sdif5.cted free 35 * crosses the common iliac artery. Note the relationship of the ureter to the right hypogastric artery.
. The external iliac vein and the internal iliac veins have been dissected. Note that the ureter has been retracted away from the operative site to ensure it will

not be damaged. This maneuver is particularly recommended if thermal devices are used during the dissection.
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FIGURE 10-15 The clamp rests on the aorta at its bifurcation. The
hypogastric nerves are draped over the vessels.

FIGURE 10-16 The scissors rest on the inferior vena cava. The large left
common iliac vein crosses the sacrum to join the right common iliac vein
(barely seen lateral to the artery) to form the inferior vena cava.

FIGURE 10-17 A view from the foot of the table. The clamp is under the left
common iliac vein. Note the middle sacral vessels partially obscured by the
hypogastric plexus. The vena cava is seen to the right of the aorta and the
right common iliac artery. The sacrum is just beneath the clamp.

197

NOILO3IS ®m 2 1dvd

14



PART 2 m SECTION 4 m Uterus

common iliac Bifurcation
and vein of the arota

external il
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FIGURE 10-18 A. The presacral space has been opened to demonstrate the aortic bifurcation and the left common iliac vein. B. The right and left common iliac
veins have been dissected. The right iliac artery is also shown.



FIGURE 10-18, cont'd C. The iliac veins and the vena cava are shown in this picture. The left common iliac vein crosses from left to right over L-5 vertebral
body and approximately 2 to 2.5 cm caudal to the aortic bifurcation. D. The relationships of the vena cava to the aorta are shown in this photo.
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FIGURE 10-19 The clamp dissects the right external iliac artery and lies
between the artery and the blue right external iliac vein. The tip of the scissors
lies beneath the right common hypogastric artery. The ureter, together with the
infundibulopelvic ligament, crosses the vessels.

FIGURE 10-20 A. The obturator nerve
stretches across the fossa. Lymph nodes can
be dissected within a fat pad above the
nerve and posterior to the external iliac vein.
B. The external iliac vein is pulled upward
by a vein retractor; the tip of the scissors
points to the lymph bearing fat within the
obturator fossa.
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Right external iliac

FIGURE 10-20, cont'd C. The obturator fossa has been exposed by placing a vein retractor on the external iliac vein. A scissor has been positioned beneath the
obturator nerve, which crosses the fossa.

FIGURE 10-21 The right obturator fossa has been exposed. Under most
circumstances, the external iliac vein would require upward traction via a vein
retractor. The clamp rests under the obturator artery, which is a branch of the
anterior division of the hypogastric artery.
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thGHR ! 0; 22|A' LHe en||rek]C’ urse of the °b* rve can be seen to the point where it exits the pelvis via the obturator foramen. B. A magnified view of
the dissected pelvic side wall. Note a needle had been placed in the pubic bone
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FIGURE 10-23 The scissors point to the obturator internus muscle. This FIGURE 10-24 The posterior division of the hypogastric artery is viewed
forms the lateral boundary of the obturator fossa and the "pelvic sidewall.” clearly. The internal iliac vein is just below and slightly lateral to the artery.
The hypogastric artery (anterior division) is retracted medially with the hook.

FIGURE 10-25 Radical hysterectomy with all the major vessels and lymphatics dissected. The uterus is thrown forward to facilitate separation of the vagina from
the rectum and ultimate excision of the uterus.
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FIGURE 10-26 A vein retractor is positioned beneath the large external iliac
vein, exposing the obturator fossa. The fat-containing lymph nodes have been
cleared from the fossa. The obturator nerve has been exposed. The arrow
points to the hypogastric artery. The ureter is medial to the hypogastric artery
(traction ligature).

FIGURE 10-27 The entirety of the right hypogastric vessels is exposed. The
two main divisions of the hypogastric artery (anterior and posterior), as well as
their branches, are seen. A, anterior division; P, posterior division.



Dilatation and Curettage

Michael S. Baggish

Dilatation and curettage (D & C) is one of the most commonly
performed operations in the world. The most informative
method for performing this procedure is to combine it with a
diagnostic hysteroscopy. No data support the contention that
hysteroscopy spreads endometrial cancer cells to any extent
greater than other diagnostic studies (e.g., D & C, endometrial
biopsy). Furthermore, no evidence suggests that the cells will
metastasize.

Astandard instrument table is set up and includes diagnostic
hysteroscopic equipment (Fig. 11-1A to C). Before the D & C is
performed, an examination under anesthesia (EUA) is done to
demarcate the position and size of the uterus, as well as the
presence or absence of adnexal masses. After the vulva and
vagina have been prepared, the patient is draped while in the
lithotomy position. A Sims retractor or weighted speculum is
placed along the posterior wall of the vagina. The anterior lip
of the cervix is grasped with a single-toothed tenaculum (Fig.
11-2). The uterus is carefully sounded. The passed sound stops
when it encounters resistance to forward movement, which
occurs when the tip of the sound comes in contact with the
uterine fundus. Next, with the use of tapered dilators (Pratt or
Hanks), the cervix is progressively dilated (Fig. 11-3). Dilatation
should be limited to the amount required for the widest portion

CHAPTER

of the curette to pass easily into the uterine cavity (Fig. 11-4).
Systematic curettage is carried out by scraping the endome-
trium from fundus to cervix starting at the 12-o’clock position
on the anterior uterine wall, working around to the 3-o’clock
position, then the 6-o’clock position on the posterior uterine
wall, and via the 9-o’clock position, making it back to the
12-o'clock position again (Fig. 11-5A to C). A nonadherent
sponge is placed into the posterior vaginal fornix to catch the
curettings as they emit from the cervix (Fig. 11-6). When the
surgeon judges that the uterine cavity has been completely
curetted, the procedure stops.

If a diagnosis of endometrial or endocervical cancer is sus-
pected, a fractional curettage should be performed. The appro-
priate order of this operation is to curette the endocervical canal
first; this is followed by curettage of the endometrial cavity (Fig.
11-7A and B). The individual specimens are separately placed
into individually labeled bottles.

At the terminus of the case, the uterus can be resounded
or directly viewed by hysteroscopy. The purpose of the preced-
ing exercise is to determine whether the uterus has been
perforated.

Text continues on page 210.
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FIGURE 11-1 A. The instruments required for dilatation and curettage are shown here. The equipment in the background is hysteroscopic and includes the
Baggish Hyskon hand pump (in the basket) (Cook OB/GYN). B. A variety of sharp curettes are available; however, the serrated curette in the center is the most
effective device. To the left of the serrated curette is an endocervical canal curette (Kevorkian). To the left of the Kevorkian curette is a malleable uterine sound.

C. Hanks or Pratt dilators are tapered and produce the least trauma in cervical dilatation.
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FIGURE 11-2 A Sims retractor is placed along the posterior wall of the A 12 R\ Cervig systematically dilated.

vagina. The cervix is held with a single-toothed tenaculum.

FIGURE 11-4 Dilatation should be continued until the cervical canal has
been sufficiently enlarged to accommodate the head of the curette.
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FIGURE 11-5 A. A sponge is placed into the posterior fornix and the sharp curette is introduced into the cervix. B. The curette is gently placed into
the uterine cavity to reach sufficient depth so as to encounter fundal resistance. The curette is pulled down to the cervix along the anterior wall,
continuing clockwise until the entire cavity is covered. C. Lower, The sharp edge of the curette is placed in contact with the endometrial surface.
Upper, As the curette is pulled downward, it cuts a swath through the endometrium, thereby obtaining a strip of tissue for histopathologic evaluation.
As the curette is pushed forward and rotated, only light pressure should be applied to the instrument. The hazard of perforation is always present
during this in-stroke phase. If perforation is suspected, the procedure should be terminated immediately.
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FIGURE 11-6 The curette may be pulled from the endometrial cavity
intermittently. The specimen is collected on the nonadherent sponge.

FIGURE 11-7 A. When a fractional curettage is indicated (e.g., suspected carcinoma of the endometrium), the endocervical component should be done first and
the curettings collected. The specimen containing endocervical curettings is placed in a separate container and sent to the pathology laboratory in the company

of the jar containing the endometrial curettings. B. Endocervical curettage is performed with a Kevorkian curette. A tenaculum is always appbed for countertraction
The curettage is initiated at the level of the internal os, and each stroke is taken in a downward direction, terminating just inside the external os. Mucus and
curettings are collected on a sponge. A Kelly clamp may be needed to twirl and remove the mucus-laden specimen from the cervical os.
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Suction Curettage

The technique of vacuum or suction curettage is an outgrowth
of the other methods for evacuating uterine contents, such as
dilatation and sharp curettage (Fig. 11-8). During the late 1950s
and early 1960s, suction curettage attained popularity in the
Iron Curtain countries of Eastern Europe and the USSR as a
rapid method for first-trimester-induced abortion. Coupled
with its rapidity was the advantage of diminished blood loss. It
is unclear whether this technique was first used in Eastern
Europe or China. Nevertheless, by 1963 the technique had been
transplanted to the United States and was being used for first-
trimester terminations of pregnancy. Soon this same technique
was also applied to the evacuation of spontaneous incomplete
abortion, as well as to missed abortion. Soon, vacuum curettage
was the instrument of choice in East Asia for the evacuation of
hydatidiform mole, regardless of the gestational size of the
uterus. Malaysia, Indonesia, China, Hong Kong, and Singapore
were regions where trophoblastic disease, a relative rarity in
Western countries, was a common disorder and in fact a public
health problem.

Local or general anesthesia is required for this operation. A
pelvic examination is a prerequisite to determine the size and
the position of the uterus. Next, a careful sounding ofthe uterus
is carried out. A concentrated oxytocin solution is infused con-
tinuously. Fluid volume must be carefully monitored, particu-
larly in cases of hydatidiform mole in which overzealous fluid
infusion can easily trigger pulmonary edema. The technique of
suction or vacuum curettage requires the uterine cervix to be
dilated to accommodate the suction curette, and obviously the
degree of dilatation depends on the anticipated diameter of the
curette, which ranges from 8 mm to 16 mm, with the average
device measuring 10 mm (Fig. 11-9). The cervix is stabilized
with a single-toothed tenaculum attached to the anterior lip of
the cervix. After cervical dilatation, for example, a 30-French
(10-mm) suction curette is placed into the uterine cavity. The
purpose of overdilatation is to permit unimpeded free sliding
of the curette into and out of the uterine corpus. This technical
point is crucial because a tight fit between cannula and cervix
can produce “grabbing” on the in-stroke, which in turn can
increase the risk of perforation.

The suction machine is turned on after one end of the hose
is attached to the curette and the opposite end to the intake

port of the specimen collection jar (container). Similarly, a
cotton mesh collection bag is applied to the inner aspect of the
collection container and is secured in place with a rubber O
ring. The suction curette (cannula) is inserted into the uterus
and gently advanced to the point where the operator feels the
fundus of the uterus. No suction is applied yet. Next, a finger
is placed over the hole at the base of the suction cannula
(curette), thereby creating suction. The curette is drawn down
toward the cervix with a twisting motion to the curette in its
downward course (Fig. 11-10). The activated curette is not
pulled through the cervix because the force of the suction could
strip away the endocervical epithelium. Thus, at the location of
the internal cervical os, the operator’s finger is lifted from the
hole in the curette, which immediately relieves the created
suction (Fig. 11-11Aand B). The device is pulled from the cervix
and is completely cleared of tissue. The process is repeated
several times while the cannula (curette) is turned in different
directions to encompass the entire uterine cavity. Suction is
never activated during the in-thrust phase. It is applied only
when the curette is moving in a downward or outward direction.
When no further tissue is seen within the tubing, the procedure
is stopped. The uterus is carefully resounded to ensure that no
perforation has occurred. Optionally, sharp curettage may be
done to check for any retained tissue.

The collection bag is detached, placed in formalin, and sent
to the pathology laboratory for microscopic diagnosis (Fig.
11-12). A 0.2-mg dose of methylergonovine (Methergine) is
administered to the patient, who is given an order for pad
counts and 24 hours oforal Methergine (0.2 mg every 4-6 hours
for 24 hours only). If the procedure is performed to evacuate a
septic abortion, then antibiotics should be administered after
cultures have been obtained.

The greatest risks of this procedure are uterine perforation
and blood loss. Perforation with the suction applied is very
dangerous and can lead to bowel or major vessel injury, either
of which requires prompt diagnosis and emergency interven-
tion. If the uterus is not contracting (i.e., by infusion of oxyto-
cin), then it serves as a sponge filled continuously with blood.
Applying a suction cannula to this “sponge” is akin to squeezing
the sponge dry; however, this sponge quickly refills from its
reservoir of body blood. A noncontracted uterus can therefore
be the model for massive blood loss sucked up and collected in
the suction bottle.
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FIGURE 11-9 Thick-walled plastic suction tubing of 2 to 2.5 cm diameter is
attached to a vacuum jar with a specimen collection trap. The other end of
the hose is fitted with a handle to which a plastic cannula plugs in. As noted,
several sizes of cannulas (vacuum curettes) are available, ranging from 8 to

16 mm.
FIGURE 11-8 A suction curettage vacuum pump requires a high flow rate to
move sufficient air volume to create enough negative pressure to suck up
intrauterine contents rapidly.
Suction

No suction

FIGURE 11-10 A. The vacuum (suction) cannula is gently placed into the uterus until fundal resistance is felt. No suction is applied until the curette has been
properly positioned. B. As the curette is pulled back, suction is applied. The endometrium is sucked into the cannula and thence into the connecting tubing.
Suction is relieved at the level of the internal cervical os.
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FIGURE 11-11 A. A sliding ring on the vacuum handle controls the suction. The ring is in the open position, and no suction is created. B. The ring has been
pushed forward to close off the opening in the handle of the apparatus, thereby creating a substantial suction.

FIGURE 11-12 The specimen is caught in the gauze bag attached to the
vacuum input port (blue cap) by a rubber 0 ring. Blood and fluid flow
through the bag and are collected in the jar. For large evacuations (e.g.,
hydatidiform mole), the two jars should be connected by plastic tubing in
series to avoid entry of fluid into the pump mechanism (see Fig. 11-8).
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Abdominal Hysterectomy

Michael S. Baggish m Bryan Henry u John H. Kirk

Abdominal hysterectomy is one of the most frequently per-
formed surgical procedures in the United States. The basis for
this operation is an open abdomen (laparotomy), which pro-
vides adequate exposure for isolation of the uterus and adnexa
from surrounding structures to allow cutting and securing of
support structures that attach the uterus to the pelvic floor and
sidewalls.

These supporting structures include (1) vascular pedicles
together with their peritoneal and connective tissue invest-
ments (e.g., infundibulopelvic ligament, uterine artery and
veins); (2) muscular supports (e.g., the round ligaments); (3)
connective tissue-vascular/neural condensations (e.g., cardinal,
uterosacral ligaments); and (4) fat and peritoneum (e.g., broad
ligament, uterovesical, uterorectal folds).

Strategic surrounding structures include the bladder anteri-
orly, the rectum posteriorly, and the ureters and great vessels
laterally.

The blood supply to the uterus emanates from the hypogas-
tric arteries and via the ovarian arteries from the aorta. The

venous drainage enters the hypogastric veins, the vena cava
(right ovarian), and the left renal vein (left ovarian). The uterine
artery crosses from the anterior division of the hypogastric
artery obliquely above the ureter to join the uterus at the junc-
tion of the corpus and cervix. The artery divides into a larger,
ascending branch and a smaller, descending branch that sup-
plies the cervix and anastomoses with the vaginal artery. The
latter also takes origin from the anterior division of the hypo-
gastric artery.

Total Abdominal Hysterectomy With Bilateral
Salpingo-oophorectomy

After the abdomen has been opened and the intestine carefully
packed, a self-retaining retractor is placed (Fig. 12-1A and B).
The abdomen has been previously explored. The pelvic contents
in the operative field are identified, and any disease or anatomic
distortion is noted (Fig. 12-2).
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FIGURE 12-1 A. The myomatous uterus in situ, the Balfour self-retaining retractor is in place. A Richardson retractor is positioned between the bladder and the
uterus. B. A 0 Vicryl stitch placed into the uterine fundus pulls the uterus posteriorly, exposing the vesicouterine peritoneum. A malleable retractor has been placed
between the uterus and the sigmoid colon.

Symphysis
pubis
Bladder
Vesico-
Round uterine
ligament pouch
Uterus
Uterine
Broad Myoma
ligament
Mesovarium
Ovarian
ligament
Infundibulo-
pelvic ligament )
(containing Cervix
ovarian
vessels)
Ureter
Recto-
Uterosacral uterine
ligament pouch

Common iliac

; Rectum
artery and vein

FIGURE 12-2 Schematic topographic view of the pertinent anatomy encountered during hysterectomy.



Thus, surgery is performed in a logical stepwise fashion.

1. The round ligaments are clamped, divided, and suture-

2.

3.

ligated with 0 Vicryl (Fig. 12-3A to C).

The bladder flap is cut by grasping the peritoneum of the
vesicouterine fold just below its reflection onto the uterus
(Figs. 12-4 and 12-5A to D). Steps 1 and 2 are repeated on
the opposite sides (Fig. 12-6).

With the use of a sponge forceps, the bladder is gently
pushed inferiorly from the cervix. Care is taken to stay
in the midline, pushing onto the cervix (Figs. 12-7A and B
and 12-8). If the patient has had previous surgery (e.g., a

CHAPTER 12 Abdominal Hysterectomy 215

cesarean section), the bladder should be separated from the
uterus by sharp dissection.

. The infundibulopelvic ligaments (ovarian arteries and

veins) are isolated from the ureter and triply clamped (Fig.
12-9A to E). The ligament is divided between the first and
second clamps. The vessels are doubly ligated with the
tissue beneath the lowermost clamp simply ligated or
suture-ligated. The tissue beneath the second (middle)
clamp is suture-ligated with 0 Vicryl (Fig. 12-10).

Text continues on page 221.

FIGURE 12-3 A. The round ligament is clamped with a Zeppelin clamp.
B. A second clamp is placed on the round ligament at the point where it

attaches to the uterus and the ligament is divided. C. The cut is extended into

the upper portion on the anterior leaf of the broad ligament.
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FIGURE 12-4 The round ligament is cut, and the peritoneal reflection between the bladder and the uterus is dissected by slipping the scissors beneath the
peritoneal edge and spreading the scissors repeatedly as the scissor is advanced. Next, the dissected peritoneum is cut.



FIGURE 12-5 A. The scissor is slipped under the vesicouterine peritoneum within a bloodless space, in preparation for cutting the peritoneum. B. The bladder
peritoneum is cut, thereby severing the attachment between the bladder and the uterus. C. The loose areolar tissue deep within the anterior leaf of the broad
ligament is dissected. D. The pelvic ureter lies at the floor of the dissected broad ligament.

FIGURE 12-6 The left round ligament is divided similarly to the procedure
performed on the right side.
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Sponge
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Bladder
Peritoneum
Cervix
|
Uterus
Round
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FIGURE 12-7 A. The left round ligament has been cut. The left
side of the vesicouterine peritoneum is dissected with scissors and
cut so as to join up with the severed peritoneum on the right side.
B. The bladder is pushed interiorly by applying pressure on the
cervix and bladder with a sponge stick. The pressure should mainly
be applied to the cervix.

FIGURE 12-8 When sponge forceps are applied to the bladder, care must be
taken to stay in the midline; straying to the right or left will invariably tear the

surrounding vesical (vesicle) and uterine vessels.
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FIGURE 12-9 A. The posterior leaf of the broad ligament is isolated and opened. B. The ovarian vessels (infundibulopelvic ligaments) are clamped with Zeppelin
clamps with identical curvature. C. The infundibulopelvic ligament is triply clamped with Zeppelin clamps and divided along the dashed line between the

closest to the ovary and the two clamps farthest from the ovary.
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FIZUREI u?' C?nt d D' The Ovd ian V?sse[s have been cut free from the adnexa' and one suture liSature has been placed and tied. E. The two portions of the
will betied™'foretnd ajJa™ 7 " A SC nd SUtUre ligatUre will be placed midway and below the clamp to which the arrow points. The suture ligature
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FIGURE 12-10 The lowest clamp on the infundibulopelvic ligament is tied with O Vicryl. The remaining clamp is removed after a suture is passed under the

clamp and is tied fore and aft (around the tip and heel of the clamp). The ligament, thus doubly secured, is then divided. A similar procedure is performed on the
right and left sides. The ureter is identified to the point where it is crossed over by the uterine vessels.



5. The uterine vessels are skeletonized (i.e., excessive connec-

tive tissue is trimmed away, denuding the vessels) (Fig.
12-11A and B). The vessels are clamped, with this first
clamp applied tightly to the uterus (Fig. 12-11C and D). A
second clamp is applied directly above, never below, the first
uterine vessel clamp (Fig. 12-12). Finally, a third clamp is
applied above the second to secure back-bleeding (Fig.
12-13A and B). The uterine vessels are cut with scissors or
a scalpel (Fig. 12-14A and B). Next, the uterine vessels are
doubly suture-ligated with 0 Vicryl, with care taken to pass
the needle immediately beneath the tip of the clamp (Fig.
12-15A and B). The clamps (with the exception of the
uppermost clamp) are removed after suture placement (see
Fig. 12-14B). The procedure is identical for the right and
left sides.

. The cardinal ligaments are clamped in juxtaposition to the
uterus, with care taken to avoid infringement of the ureter,
which is very close to the uterine cervical junction. The
upper portion of the cardinal ligament is then cut
(Fig. 12-16A to E). The procedure is carried out on either
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side. The ligaments are sutured with 0 Vicryl with a transfix-
ing stitch.

. The uterosacral ligaments on either side are clamped, cut,

and suture-ligated. This again is carried out close to the
uterus because farther back (posteriorly), the ligaments are
intimately associated with the ureters. In fact, definite iden-
tification of the ureter once again is advised at this point in
the procedure. Finally, the cervix is palpated and is con-
firmed to be separate from the vagina. A clamp is placed
across the vagina after it has been confirmed that the
margin of the urinary bladder is free and clear. The speci-
men is removed and the vagina is closed (Fig. 12-17A to)J).

8. Alternatively, particularly if the corpus is bulky, the uterus

may be “subtotaled” (i.e., the body of the uterus is ampu-
tated from the cervix). The uterus is elevated (the remaining
clamps are those applied to prevent back-bleeding during
step 5) (Fig. 12-18). A sharp scalpel cuts the cervix free from
the corpus (Fig. 12-19).

Text continues on page 230.
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FIGURE 12-11 A. The uterus is pulled upward and the uterine vessels are prepared for clamping. Note that the bladder has been pushed down from the cervix
(see Fgs. 12-7B and 12-8A). B. The uterine vessels are skeletonized from the surrounding connective tissue, permitting the ureters to drop away Laterally. The
uterine vessels can now be identified as they ascend laterally onto the uterus and rise upward to anastomose with the ovarian vessels at the level of the uterotuba
junction. C. The first clamp to secure the uterine vessels is applied above the bladder reflection and intimately close to the uterus. D. The clamp should extend
inward to the cervicouterine junction so that the tip of the clamp glances off the solid uterine tissue while grabbing the vessels and their accompanying connective

tissues securely. The next two clamps will be applied above this sentinel first clamp.
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FIGURE 12-12 The second clamp has been
placed close above the first clamp. The clamp
itself should have an identical curve to the first
clamp applied.

A?tUREh ~ 13 A’ t thlld damP isapplied f°r tbe PurP°se of controlling back-bleeding. B. Two curved Zeppelin clamps are placed across the uterine vessels,
raight clamp is placed close to the corpus for back-bleeding. The cut will be made between the second applied curved clamp and the straight clamp.
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FIGURE 12-14 A. The uterine vessels are cut between the second and third clamps applied. This may be accomplished with either scissors or a knife. The incision
should not extend beyond the tip of the clamp. B. Suture ligatures of O Vicryl are placed just below the tip of each clamp and tied. The uterine vessels are thus
doubly suture-ligated. Again, the location of the ureter should be checked. At this point, the ureter traverses the cardinal ligament to reach the bladder base. The

dashed line indicates where the cardinal ligament will subsequently be clamped and cut.
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FIGURE 12-15 A. Technique for suturing the uterine artery pedicle. Note that the needle passes directly beneath the tip of the uterine artery clamp. The
back-bleeding clamps can be removed after both uterine arteries have been divided and suture-ligated because by this point the ovarian and uterine vessels have
been ligated. B. The uterine vessels have been cut. A suture ligature has been placed and is being tightened and tied. A second suture ligature will be placed
beneath the remaining clamp.

FIGURE 12-16 A. The cardinal ligament is clamped. B. The upper portion of the cardinal ligament may now be clamped close to the upper portion of the cervix
C. The cut edge of the cardinal ligament is held within the clamp. The cervix is seen at C with the body of the uterus above U
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FIGURE 12-16, cont'd D. The clamped upper cardinal ligament is incised. E. The cardinal ligament is now free at the cervicouterine junction.
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FIGURE 12-17 A. Next, the uterosacral ligaments are clamped close to the uterus and incised. The clamped uterosacral ligament is suture-ligated by means of a
transfixing suture. Similarly, the cut upper cardinal ligament is ligated by a transfixing suture.
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FIGURE 12-17, cont'd B. The uterosacral ligaments are bilaterally cut and
sutured (as in Fg. 12-17A). The forceps is holding the cut end of the left
uterosacral ligament. C. The pubocervical fascia covering the cervix (C) has been
cut transversely with a scalpel. With the handle of the scalpel, the fascia is
pushed interiorly. D. The edge of the vagina below the cervix (C) is isolated from
the bladder, and a clamp is placed across the vagina. E. The clamp is closed.

Continued
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FIGURE 12-17, cont d F. The upper vagina is cut above the applied clamp
separating the uterus above from the vagina below. G. The total abdominal
hysterectomy, bilateral salpingo-oophorectomy has been completed. H. The
vaginal cuff is exposed, and a suction catheter is placed into the vagina. 1. The
anterior and posterior walls of the vagina are inspected. J. The vagina has been
closed with interrupted O Vicryl sutures. Note that the sigmoid colon is
protected by the malleable retractor.



FIGURE 12-18 In the case of a large, bulky uterus the body of the uterus
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may be separated from the cervix to provide better viewing within the pelvis.

A scalpel cuts between the corpus and the cervix.

Cervix

Bladder

Uterine
vessels
(cut)

Cardinal
ligament
(intact)

Ureter

Uterosacral
ligament
(cut)

229

FIGURE 12-19 The dashed line shows the plane through which the scalpel will cut the uterine body free relative to performing a temporary subtotal procedure

(see Ag. 12-18). No bleeding should be encountered during the maneuver.
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9. The cervix is grasped with two tenacula, and the superficial

10.

portion ofthe lower part ofthe cardinal ligament is clamped
on each side. Note that the clamp is applied close to the
sides of the cervix away from the ureter (Fig. 12-20A and B).
The pubovesical cervical fascia is incised and pushed
inferiorly, creating a plane between the bladder base and
the cervix (Fig. 12-21). Finally, straight clamps are placed
along the lowest portion of the cardinal ligaments, with
the tips of the clamps within the peeled down pubovesical
cervical fascia (Fig. 12-22). The ligaments are cut with a
sharp scalpel and sutured with a 0 Vicryl transfixing stitch
(Fig. 12-23).

The bladder is pushed farther inferiorly, with use of the
established infrafascial plane withm the pubovesical cervi-
cal fascia. Note that the vagina is behind and the bladder
and ureters are in front of the plane. Clamps are applied

11.

12.

within the pubovesical cervical fascial plane to secure the
vaginal angles (Fig. 12-24). The cervix is cut away from the
top of the vagina, and a small margin ofvagina is incorpo-
rated with it (Fig. 12-25). The vaginal angles are secured,
and the vagina is closed with interrupted figure-of-8 sutures
of 0 Vicryl (Figs. 12-26 and 12-27A). Alternatively, the
vaginal cuff may be left open by suturing the edges with a
continuous running lock suture of 0 Vicryl (Fig. 12-27B).
The wound should be irrigated to facilitate identification
of bleeding sites.

Next, the vagina is suspended by suturing the stumps of
the cardinal and uterosacral ligaments to the vaginal vault
(Fig. 12-28).

Finally, the peritoneum is carefully closed. The position of
the ureter must be definitely identified so as not to ligate it
during this phase of peritoneal closure.

j fn seParated and removed from *e field. Two tenacula have been placed through the cervical stump
The right cardmal ligament has been cut and sutured by a transfixing ligature. A Zeppelin clamp has been placed on the left cardinal ligament close to the'cervix
(view from head looking toward feet). B. The separated corpus is cut, demonstrating a large submucous myoma.



FIGURE 12-21 The pubovesical cervical fascia is cut transversely with a
scalpel and is dissected interiorly.

FIGURE 12-23 The lower portion of the cardinal ligament is cut.

FIGURE 12-25 The excised cervix is shown with its peripheral "cuff" of
vagina. Below, the Zeppelin clamps are acrass the vaginal vault.
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FIGURE 12-22 A straight Zeppelin clamp is placed across the bottom

of the cardinal ligament with the point of the clamp angled within the
pubovesicocervical fascia. Clamping within the fascial layer prevents injury to
the bladder and ureters.

FIGURE 12-24 Zeppelin clamps are placed at the angles of the vagina as
the cervix is cut away from the top of the vagina.

FIGURE 12-26 The top of the vagina may be closed with figure-of-8
(hemostatic) sutures as pictured here or, alternatively, may be left open by
running a continuous locking stitch completely around the upper margin of

the vagina.
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Vaginal
cuff Intestine
Vaginal
angle
Bladder
Open vaginal cuff Intestine

FIGURE 12-27 A. This view istaken from the front perspective. The uterus is gone. The top of the vagina is neatly separated from the bladder and has been

sutured closed. B. The uterus has been removed. The edges of the vagina have been grasped with Allis clamps. The upper margin (cuff) of the vagina is reefed
with a running or running lock stitch. After closure, the vagina is suspended (see Fig. 12-28).



Cardinal and
uterosacral
attached to
vaginal cuff
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Vaginal cuff

Cut edge of
cardinal

Cut edge of
uterosacral

FIGURE 12-28 The final steps to complete the hysterectomy are to suspend the vaginal vault by suturing the cardinal and uterosacral ligament stumps into the
vagina. In this picture, the suspension has been completed on the left side, and the right side has been sutured but not yet tied into place. Finally, the cut edges of

the perineum are approximated by a running suture of 3-0 Vicryl.

Subtotal Hysterectomy

This procedure is not frequently done, although during the
1940s, 1950s, and even early 1960s, its performance was com-
monplace. The advantages of the operation are principally
speed and a diminished risk of ureteral injury because the car-
dinal ligaments are not taken down. For emergency obstetric
surgery (e.g., nonresponsive uterine atony, massive rupture), the
operation is ideal.

Subtotal hysterectomy concludes after step 5 of the total
hysterectomy (described in the previous subsection and depicted
in Figs. 12-18 and 12-19). When the corpus is severed and
removed from the field, operative exposure is always positively
affected. The descending or cervical branch of the uterine artery
is left intact if possible. If this branch is clamped with the larger
ascending branch, no difficulty relative to vascular supply to the
cervix is encountered because anastomotic branches of the

vaginal artery provide ample collateral circulation. Typically,
the uterosacral and cardinal ligaments are intact; therefore no
suspension is required. The top of the exposed cervix should be
closed; this can be accomplished by suturing the posterior sur-
faces to the anterior surfaces with the use of interrupted simple
sutures or figure-of-8 sutures of 0 Vicryl (Fig. 12-29). On com-
pletion of cervical closure, the wound is irrigated to check for
bleeding points. Next, the peritoneum from the earlier bladder
reflection (see Fig. 12-4) is sutured to the posterior leaf of the
previously incised peritoneum with a running stitch of 3-0
Vicryl (Fig. 12-30). | recommend, before the top of the cervical
stump is sutured, that the surgeon cut a thin disc from the
exposed cervix at the point of separation from the body of the
uterus to ensure that no functioning endometrium remains.
The removed sample should be sent to the pathology laboratory
for frozen section. This procedure will eliminate the 7% risk of
subsequent cyclic bleeding.
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FIGURE 12-29 In this picture, a subtotal hysterectomy is illustrated.
The body of the uterus has been amputated (see Fgs. 12-18 through
12-20). The cervix with its attached ligaments will be left in place. The
intra-abdominal portion of the cervix is closed by a row of interrupted
simple or figure-of-8 sutures.

FIGURE 12-30 The top of the cervix has been closed. The
peritoneum (visceral) is closed over the operative site.



Simple Abdominal Hysterectomy

Another variant of the abdominal hysterectomy is preservation
ofthe adnexa at the time of uterine extirpation. In this instance,
the utero-ovarian ligament and the oviduct are triply clamped
close to the uterine fundus. The incision is made with scissors
or knife between the clamp closest to the uterus and the second
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clamp. Transfixing suture ligatures of 0 Vicryl are placed behind
the third (most distant from the uterus) and second clamps. A
simple tie or suture ligature can be placed under the first clamp
to prevent back-bleeding as an alternative to keeping the clamp
attached until the uterine vascular supply is secured (Fig. 12-31).
The three suturing techniques described herein and in preced-
ing paragraphs are illustrated in Figure 12-32.

Bladder

Cervix

Uterine tube
(cut)

Utero-ovarian
ligament
(cut)

Ovary

Ureter

FIGURE 12-31 The technique of simple hysterectomy without excision of the tubes and ovaries. On the right side, the round ligament has been divided and
sutured. The tube and utero-ovarian ligament have been cut and doubly suture-ligated. On the left side, three clamps have been placed across the tube and
utero-ovarian ligament. Note that a traction stitch has been placed into the uterine fundus.
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FIGURE 12-32 Three types of sutures are used for hysterectomy: (1) simple suture ligature, (2) transfixing suture ligature, and (3) figure-of-8 suture ligature.



Laparoscopic Hysterectomy

Laparoscopic hysterectomy reduced to its lowest common
denominator represents simply another route to perform an
abdominal hysterectomy. Although it bears an ingrained desig-
nation as minimally invasive, it clearly is invasive and falls into
the category for a major operation. Nevertheless the laparo-
scopic route and technique have certain advantages and disad-
vantages. The advantages are the following:

1. No hands enter the abdominal cavity, only instruments.

2. The surgeon’s view may vary depending on the proximity of
the distance of the endoscope’s objective lens from the surgi-
cal field (i.e., if the scope is brought closer to the field or
structure, the view will be magnified); alternatively, if the
scope is drawn away from the field, a more panoramic view
is obtained.

3. The patient’s hospital stay is shortened, pain levels are
diminished, and overall recovery is rapid.

4. The natural postoperative course or pathway will be one of
expected daily improvement.

The disadvantages include the following:

1. Limitation of angles to manipulate tissues, especially when
adhesions are encountered

2. User difficulty in suturing tissues and limitations to needle
size, thus resulting in a dependence on “crutches” for hemo-
stasis (i.e., relying on energy devices to coagulate tissues)

3. Lack of tactile sensation and depth perception

4. Injury risk peculiar to the laparoscopic technique above and
beyond the actual operation; principally, the necessity of
placing a trocar device into the abdominal cavity

However when all aspects o froute, advantages, and disadvan-
tages are put aside, the operation of hysterectomy by laparot-
omy versus laparoscopy is in fact or at least should be more or
less identical in technique. At the very start of this operation, in
this instance by laparoscopic route, the overall surgical field and
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structures should be closely examined, preferably by a pan-
oramic view (Figures 12-33 to 12-37). The hysterectomy begins
in earnest with the round ligaments being coagulated and
divided, thereby providing entry into the broad ligament
(Figures 12-38 to 12-40). The peritoneum that reflected off the
dome of the urinary bladder onto the anterior surface of the
uterus is dissected from the uterus. The bladder is separated
from the uterus similarly by sharp dissection (Figure 12-41).
Next the posterior sheath of the broad ligament is opened, and
a decision is required whether to retain or remove the ovaries.
If the ovaries are to remain with the patient, then the utero-
ovarian ligaments and oviducts are coagulated and cut (Figure
12-42). If the ovaries are to be removed (i.e., bilateral salpingo-
oophorectomy), then the infundibulopelvic ligament must be
dissected free from the respective ureter, isolated, coagulated,
and cut (Figure 12-43). Next, the broad ligament tissues must
be cut free from the uterine vessels (skeletonizing the filmy
tissues), thereby dropping the ureters away from the uterine
vessels (Figure 12-44A). The uterine blood vessels are coagulated
as they ascend the right and left sides of the uterus and then
finally cut (Figure 12-44B and C).

The so-called ligaments supporting the uterus are coagu-
lated and cut (Figure 12-44D and E). The bladder at this junc-
ture may require further dissection to free it from the anterior
wall of the vagina. Finally, the vagina is opened, and any
vessels bleeding from the vaginal cuff are coagulated. If the
surgeon has mastered laparoscopic suturing skills the vaginal
cuff is closed by suturing by means of the laparoscopic
approach. Parenthetically, the uterine specimen has already
been removed from the field via the vaginal route or via morcel-
lation (Figures 12-45 and 12-46).

During the description of this operation, reference has been
made to coagulation and cutting. These techniques require the
use of energy devices (see Chapter 6). The devices used in the
operation pictured were electrosurgical bipolar instruments.
Alternative tools could be monopolar electrosurgical, harmonic
scalpel, or laser devices.
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FIGURE 12-34 A. Magnified view of the left adnexa. B. The infundibulopelvic ligament is seen to the left.
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FIGURE 12-35 View of the right adnexa and right round ligament.

FIGURE 12-36 Panoramic view of the urinary bladder and right and left

round and broad ligaments.
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FIGURE 12-37 Left round ligament stretched in preparation for coagulation

and division.
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r™” k RE1""38 * 'Round li&ament has been coagulated and cut. The incision extends into the broad ligament. B. The broad ligament on the right is entered
C. The right round ligament is coagulated. D. The bladder flap is dissected from the right side. E. The left round ligament, tube, and utero-ovarian ligament have
been coagulated and cut. F. Magnified view of E.



FIGURE 12-39 Right round ligament and broad ligament stretched.
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FIGURE 12-40 Round ligament coagulated and divided.

FIGURE 12-41 A. Bladder flap has been coagulated and partially incised.
B. The bladder flap and anterior leaf of the broad ligament have been
completely dissected, and the bladder is separated from the uterus.

C. Magnified view of B, which has been completely dissected.
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fhmnohEth2"42 A' The ujero'ovaria” [igament has been cut. Note the bluish colored infundibulopelvic ligament to the left. B. High-powered view of incision
through utero-ovanan ligament. Note the thermal spread of the coagulation in three directions. The volume of coagulation is substantial C. Another view of
the utero-ovarian ligament being severed after extensive coagulation. «numer view or
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FIGURE 12-43 A. In this case the infundibulopelvic ligament will be cut. The ovary is placed on tension to clearly expose the infundibulopelvic ligament.
B. The infundibulopelvic ligament is grasped. C. The ligament is coagulated and cut. D. The infundibulopelvic ligament has been cut.
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PRERCEA?

FIGURE 12-44 A. The uterine vessels are skeletonized, coagulated, and cut.
B. Close-up view of the cardinal ligament being cut. C. The final connective
tissue supports of the cervix are cut. D. Close-up view of C. E. The uterosacral
ligaments are coagulated and cut.
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FIGURE 12-45 A. The uterus has been completely freed, and the manipulating device in the vagina creates the bulge seen here. B. The vaginal angle has been
coagulated and the vagina partially entered. C. The cuff of the vagina is exposed as the vaginal incision is widened.
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FIGURE 12-46 A. The expanse of the vagina is now in view; note the
anterior aspect of the cut vaginal cuff. B. The vaginal cuff will be sutured
closed. C. The needle is viewed as it has been passed through the anterior
and posterior vaginal cuff. D. The vaginal cuff has been completely closed.
E. Completion of vaginal closure by means of suturing.



Radical Hysterectomy

CHAPTER

Helmut F. Schellhas m Michael S. Baggish

Supplemental Anatomy for Radical
Hysterectomy and Pelvic Lymphadenectomy

An understanding of the anatomy of the retroperitoneal space
is required to initiate lymphadenectomy and exposure of the
great vessels (Fig. 13-1A to C). Although the course of the ureter
is covered earlier in this section, additional anatomic dissection
views are needed to help the reader understand the operative
steps necessary to perform radical hysterectomy (Fig. 13-2). In
truth, radical hysterectomy and lymphadenectomy are exercises
inanatomic dissection. It is therefore imperative to have precise
knowledge of the retroperitoneum, particularly the relation-
ships of the ureter to the great vessels and of the vessels to one
another (Fig. 13-3A to L).

The structures most vulnerable to injury and most difficult
to repair are the veins accompanying the large pelvic arteries
(Fig. 13-4). The precise location of these veins and their careful
retraction are crucial to the safe performance ofthe surgery (Fig.
13-5A and B). All of these anatomic relationships come together
during the dissection of the obturator fossa (Fig. 13-6).

Radical Hysterectomy and Pelvic
Lymphadenectomy

Radical hysterectomy and pelvic lymphadenectomy differ from
simple abdominal hysterectomy in two major aspects.

First, the parametria are widely excised, as is the vagina. This
requires the ureter to be dissected free for its entire course
within the pelvis to the point where the ureter enters the bladder.
In addition, the bladder and the rectum must be separated from
the vagina for a distance of 2 to 5 cm below the level of the
cervicovaginal junction. Second, the tissues containing fat and
lymph nodes are dissected and excised from the external iliac
vessels, the obturator fossa, the internal iliac vessels, and the
common iliac vessels to the level of the aorta. On occasion,
the nodal dissection may expand upward around the aorta to
the level of the renal arteries.

The operation is essentially an anatomic exercise.

As with simple abdominal hysterectomy (described in
Chapter 11), the round ligaments are clamped and divided, and
a bladder flap is developed on either side. The top of the broad
ligament is incised in a cranial direction. The infundibulopelvic
ligament is clamped, transected, and doubly suture-ligated. If
the ovaries are to be saved, the utero-ovarian ligament is
clamped, divided, and doubly suture-ligated (Fig. 13-7).

At this point, the peritoneum on the lateral aspect of the
broad ligament is dissected further laterally to expose the psoas
major muscle. The external iliac artery is then identified and

cleared of fat, as is the external iliac vein (Figs. 13-8 and 13-9).
During the course of the dissection, the ureter is identified and
dissected free at the point where it crosses the common iliac
artery to enter the pelvis (Fig. 13-10). The ureter is located pos-
terior to (beneath) the ovarian vascular complex. As the external
iliac node dissection proceeds toward the iliac bifurcation, the
internal iliac artery is identified and cleared of fat (Fig. 13-11).
Care is taken to protect the thin-walled external and internal
iliac veins.

Avein retractor is placed under the external iliac vein and the
vein is gently elevated (Fig. 13-12). This exposes the obturator
fossa, which is filled with fat and lymph nodes (Fig. 13-13). The
fat is dissected out of the fossa, and the obturator nerve and
artery are cleaned of fat and lymph tissue (Fig. 13-14). The dis-
section is carried laterally until the fascia of the obturator inter-
nus muscle is reached (Fig. 13-15). Great care must be taken to
not tear or otherwise injure the tributaries of the internal iliac
veins because they bleed profusely and are very difficult to
secure. When the obturator dissection is finished, the operator
turns attention to the common iliac node dissection (Fig.
13-16). Again, great care must be taken to not injure the left
common iliac vein.

Next, the ureter is dissected inferiorly, with the encompass-
ing fibrofatty tissue removed and medially reflected to be
removed with the uterus. The uterine arteries and veins are
clamped far laterally, just distal to their origin from the anterior
division of the hypogastric artery. If the hypogastric artery is to
be clamped, this should be done distal to the origin(s) of the
superior and inferior gluteal arteries (Fig. 13-17A to D).

At this point, the ureter is entering its tunnel through the
cardinal ligament just cephalad to where it enters the wall of
the bladder (Fig. 13-18A and B). The tunnel is unroofed by
means of right-angle and tonsil clamps and Metzenbaum scis-
sors (Fig. 13-19A to C). The pedicles are secured with 3-0 Vicryl
suture ligatures (Fig. 13-20A). The ureter is now free of the
parametria (Fig. 13-20B). Next, the bladder pillars are identified,
cut, and secured (Fig. 13-21). The vesicouterine space is dis-
sected downward well below the uterine cervix.

The peritoneum between the uterosacral ligaments is divided
and the rectouterine space is developed and dissected down-
ward below the cervix. The uterosacral ligaments are cut and
suture-ligated (Fig. 13-22).

The lower cardinal ligament, deep parametrial (paravaginal)
fat, and fascia are clamped and cut medial to the ureter (Fig.
13-23). The vagina is clamped approximately 4 cm below the
cervix, and the specimen is removed (Figs. 13-24 to 13-26).
The anterior and posterior peritonei are closed with 3-0 Vicryl.
The retroperitoneum is drained (Fig. 13-27). A suprapubic cath-
eter is placed and the abdomen closed by means of the Smead-
Jones technique or a suitable substitute (Figs. 13-28 to 13-31).
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FIGURE 13-1 A. The retroperitoneum is entered by grasping the round
ligament and cutting the peritoneum at the top of the broad ligament in a
linear and foot-to-head direction. B. The scissors point to the belly of the
psoas major muscle, which is lateral to the external iliac artery. C. The
external iliac artery has now been exposed and lies above the spread tips of
the scissors.

FIGURE 13-2 Orientation view of the uterus in situ with a ligature placed
into the fundus for traction.
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FIGURE 13-3 A. The entire course of the right ureter is shown here. B, bladder (view from left side); 1, uterine artery; U, ureter. B. The entire course of the right
ureter viewed from overhead. B, bladder; U, ureter; UA, feeding vessel to ureter; Ut, uterus; UVF, uterovesical fold. The clamp points to the uterine artery. C. The
entire course of the left ureter is shown. Arrows 1, 2, and 3 point to the ureter; B, bladder; /A, infundibulopelvic ligament; o, ovary; P psoas major muscle; t tube;
U, uterus; v, uterine vessels. D. The scissors point to the aorta (A) and fibers of the hypogastric nerve plexus. Cl, common iliac artery. E. The large vessels within the
retroperitoneal space are well visualized in this photograph. The iliac veins and vena cava are also shown. A, aorta; Cl, common iliac artery; M, inferior mesenteric
artery; P, psoas major muscle; U, ureter; VC, vena cava. F. The presacral space is exposed. The arrow points to the middle sacral vessels. The clamp elevates the lett
internal iliac vein (LIV). A, aorta; IM, inferior mesenteric artery; UA, left common iliac artery; RIA right common iliac artery; VC, vena cava.

Continued
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FIGURE 13-3, cont d G. The right ureter is elevated by the scissors. The clamp points to the ovarian vessels. The arrow points to the left common iliac vein.

C inferior vena cava; Cl, common iliac artery (right); E, external iliac vein; P, psoas major muscle. H. Detail at presacral space. C, vena cava; CIA, common iliac
artery (right); CIV, common iliac vein (left). 1. The arrow points to the right ureter and the infundibulopelvic ligament. EA, external iliac artery; EV, external iliac vein;
H hypogastric artery; P, psoas major muscle. J. The ureter above the right-angle clamp has been separated from the ovarian vessels (infundibulopelvic ligament
I/FRJ). Cl, common iliac artery; H, hypogastric artery; P, psoas major muscle. K. The arrows point to the right ureter. The clamp elevates the right external iliac vein
to expose the obturator fossa (OF), the obturator nerve (ON), and the obturator artery (OA). L. Detailed dissection of the hypogastric artery (H) shows the anterior
division (AD), the posterior division (PD), the common trunk with the obliterated umbilical and superior vesical artery (OU, SV), the obturator artery (OA) and the
uterine artery (U). The superior gluteal artery (SG) branches from the PD.



CHAPTER 13 Radical Hysterectomy 251

HGURE 13-4 The peritoneum has been opened over the terminus of the
abdominal aorta (clamp). Both right and left common iliac arteries are clearly
seen. The large vein is the left common iliac vein.

FIGURE 13-5 A. The external iliac artery and vein (blue) cross above the obturator fossa. Removal of some fat and lymph nodes partially exposes the obturator
nerve (white) and the obturator artery (pink). B. The anterior division of the hypogastric artery has been ligated. A clamp elevates the hypogastric artery to expose
the hypogastric vein. The tip of the scissors is just beneath the junction of the hypogastric and external iliac veins.

FIGURE 13-6 A vein retractor elevates the external iliac vein. The lymph node-bearing fat is being
dissected from the obturator fossa with the clamp. The obturator internus muscle is visible behind the fat.
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FIGURE 13-7 The round ligament has been

Ureter clamped, cut, and suture-ligated. The top of the
broad ligament has been opened. The psoas
muscle under external iliac artery and fat (FAT),
external iliac vessels, and ureter have been
identified. The upper portion of the paravesical
space has been entered lateral to the superior
vesical artery. IFP, infundibulopelvic.

Lymphatic

fatty tissue

in obturator
fossa

) FIGURE 13-8 Fat and lymph nodes have been dissected from the
Lymp-hatlc external iliac artery and vein. The obturator nerve has been patrtially
fatty tissue exposed.



FIGURE 13-9 In the background is the large, blue external iliac vein. The
lymph node— bearing fat is grasped with a ring pick-up, while the surgeon
sharply dissects the fatty tissue from the vessels.

FIGURE 13-12 Nodal tissue is extracted from the hypogastric artery and
vein. The ureter is noted slightly inferior (below) and medial. The vein
retractor is seen to the left and above the yellow electrosurgical pencil. The
retractor gently elevates the slate blue external iliac vein.
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FIGURE 13-10 The ureter is dissected inferiorly into the pelvis to the level of
the point where the uterine artery crosses over it.

FIGURE 13-11 Medial to the ureter and posterior and inferior to the external
iliac artery lies the internal iliac (hypogastric) artery. Nodes and fat are cleared
from this vessel.

FIGURE 13-13 Fat and nodes are now pulled from the obturator fossa. This
is done by gently teasing the tissue from the space with ring pick-ups. The
external iliac vein is retracted upward by means of gentle traction on a vein
retractor.
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FIGURE 13-14 A and B. The obturator nerve is in clear view. Note the ureter at the lower margin of the picture. Its course parallels the obturator fossa structures
with the exception that the obturator nerves and vessels assume a somewhat elevated course as they leave the pelvis via the obturator foramen. The ureter, on the

other hand, descends deeper into the pelvis, vectoring toward the bladder base.

FIGURE 13-15 A. The node dissection of the obturator fossa is complete, as is the dissection of the external iliacs. Beneath the external iliac vein and deeply
lateral is the obturator internus muscle. B. The internal iliac (hypogastric) artery and vein have been cleaned of fat and lymph nodes. Note the location of the vein

(hypogastric).



FIGURE 13-16 The common, external iliac and internal iliac arteries and veins
have been dissected. The obturator nerve marks the dissected obturator fossa.
The ureter is visible at the lower margin of the figure.

Vesicocervical
ligament

Uterine
vessels

Ureter
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FIGURE 13-17 A. The posterior division of the hypogastric artery has been
exposed. B. The origin of the uterine artery from the anterior division of the
hypogastric artery is isolated above the tonsil clamp. C. The uterine artery is
clamped lateral to the pelvic ureter. D. The uterine artery is cut and doubly

ligated. The veins are typically ligated with the artery but may be separately
clamped, divided, and tied.
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FIGURE 13-18 A. The ureter is dissected to the level of the cardinal
ligament. At this point, the ureter penetrates the cardinal ligament in its short
course to the bladder. The "tunnel" is dissected by inserting a right-angle
clamp between the ureter and the roof of the tunnel (cardinal ligament).

B. The roof of the ureteral tunnel is stretched with tonsil clamps before the
edges of this tissue are clamped.

FIGURE 13-19 A. When the ureter is clearly freed from the roof of the tunnel, the ligament margins above the ureter are clamped with tonsil clamps. B. A tonsil
clamp is placed at the lateral edge of the tunnel before it is cut. C. The tunnel is being cut with Metzenbaum scissors. A knife can be used if the ureter is covered

by the closed right-angle clamp.
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FIGURE 13-20 A. The cut edges of the cardinal ligament are suture-
ligated with O Vicryl, and the ureter is freed from the posterior bed of the
ligament. B. The ureter is entirely free and mobile as it makes its way
under the bladder pillar to enter the urinary bladder.

Reflected
bladder

Upper cardinal ligament
Bladder pillar cut and tied
clamped and cut

Ureter

FIGIIRF 13-21 The hladder nillar has been divided. Each portion will be suture-ligated with 0 Vicryl.
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Uterus drawn
toward symphysis

FIGURE 13-22 The uterosacral ligaments are clamped. The peritoneum between the two uterosacral ligaments is cut, and the rectovaginal space is dissected The

uterosacral ligaments are cut, and the stumps are suture-ligated with 0 Vicryl. Note: A window has been cut into the rectum for illustrative purposes only and is not
part or the actual operation.
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FIGURE 13-23 The lateral parametrial tissue is located below the cervix and is attached to the lateral walls of the vagina. The ureter is retracted to permit the
surgeon to expose this tissue.
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FIGURE 13-24 A long, curved Zeppelin clamp grasps the tissue. Long Mayo scissors are used to cut the tissue medial to the applied clamp. The final clamp will
be placed across the vagina.



CHAPTER 13 Radical Hysterectomy 261

FIGURE 13-25 Zeppelin clamps are placed across the vagina approximately 4 cm inferior to (below) the fornices. The vaginal attachment is severed, and the
uterus, together with the attached parametria, is removed.

FIGURE 13-27 Through this small opening, a Foley (suprapubic) catheter
will be introduced.

FIGURE 13-26 The bladder dome is grasped and a small cystotomy is
created.
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FIGURE 13-28 The catheter is secured by a purse string suture. The upper FIGURE 13-29 The abdominal incision is closed. The suprapubic catheter

edge of the incision shows the tip of the drain, which is placed and Jackson-Pratt drains are brought out via separate stab wounds.
retroperitoneally before the peritoneum is closed.

FIGURE 13-30 The excised specimen includes parametria, paravaginal FIGURE 13-31 The cervix and attached 4-cm vaginal cuff,
tissue, and an adequate vaginal margin of tissue.
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Endometrial Carcinoma With Lymph

Node Sampling

James Pavelka m Kevin Schuler mJack Basil

Endometrial cancer is the most common gynecologic malig-
nancy in the United States. Since 1988, endometrial cancer has
been regarded by the International Federation of Gynecology
and Obstetrics (FIGO) as a surgically staged disease. Despite
this, not all women with endometrial cancer undergo complete
surgical staging. The considerable heterogeneity in surgical care
for women with endometrial cancer is due to multiple factors:
limited access to gynecologic oncologists in some regions,
a generally favorable prognosis—particularly with histologic
grade 1 disease (Fig. 14-1), and fundamental disagreement
regarding the role of pelvic and aortic lymphadenectomy in
women with endometrial cancer.

Afull staging procedure for most endometrial cancer consists
of a total (extrafascial) hysterectomy with bilateral salpingo-
oophorectomy, as well as pelvic and aortic lymphadenectomy.
Pelvic washings, while recently eliminated from stage definitions,
may still have some prognostic value. In available literature, onco-
logic outcomes are similar for open, laparoscopic, and robotic
approaches; therefore the route of the procedure maybe individu-
alized to the needs of each patient and surgeon. In some select
cases of endometrial cancer that are preoperatively identified to
be metastatic to the cervix (stage Il), a radical hysterectomy may
be chosen by the surgeon, thereby potentially eliminating the
need for adjuvant radiation. Although the role ofsurgical cytore-
duction is not as well established for endometrial cancer as it is for
ovarian cancer, data suggest a survival benefit in cases of meta-
static disease when optimal cytoreduction is achieved.

For a pelvic lymphadenectomy (Figs. 14-2 to 14-4) the gener-
ally accepted boundaries are as follows: cephalad—mid common
iliac artery; caudal—eircumflex iliac vein; lateral—pelvic sidewall
and mid psoas muscle; medial—ircumflex iliac vein; and

FIGURE 14-1 The uterus has been bivalved to demonstrate a relatively small,
exophytic grade 1endometrioid tumor. The risk of lymph node involvement of
such atumor can range from 3% to 6%.

dorsal—ebturator nerve. Ideally, all nodal and fatty tissue in this
anatomically defined region is removed, with hemostasis main-
tained with cautery or clips. Although additional nodal tissue
is present medial to the superior vesical artery and deep to the
obturator nerve, this is not routinely sampled in endometrial
cancer surgery.

Aortic lymphadenectomy (Fig. 14-5) is less commonly per-
formed than pelvic lymphadenectomy because of a somewhat
lower risk of isolated aortic nodal metastases and a more
difficult dissection around major vascular structures. Typical
boundaries of this dissection include the following: cephalad—
ovarian vein on the right and inferior mesenteric artery on the
left; caudal—mid common iliac artery; lateral—psoas muscle;
medial—mid aorta; and dorsal—spine. Some centers advocate
routinely removing the high aortic nodes as well and continuing
this dissection up to the renal veins.

Some authors, both historically and recently, have argued
that lymphadenectomy has no therapeutic role in endometrial
cancer, and given the potential for morbidity, this phase of the
operation should be omitted, except in the presence of grossly
metastatic disease. Others will selectively perform lymphadenec-
tomy if the uterine features include deep myometrial invasion or
a high-grade tumor (Figs. 14-6 and 14-7). Another perspective is
that routine lymphadenectomy allows individualization of care
and, when performed systematically and competently, offers a
low risk of complications. Itis our beliefand practice that when
combined with the features of the primary tumor, routine and
systematic pelvic and aortic lymphadenectomy on most patients
with endometrial cancer is the most accurate and cost-effective
available means of assigning or withholding postoperative adju-
vant therapy, with very low attendant morbidity.
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Circumflex iliac v.
. Tendon of psoas m.
Tfefd , External iliac a. |

7
e , 1
Auperior vesical a. f
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Ureter — Internal lliac a. |

FIGURE 14-2 Pictured is a typical view from the patient left side perspective

of a right pelvic lymph node dissection. Most of the anatomic landmarks, FIGURE 14-3 This is the same dissection as is shown in Figure 14-2, with the

including the iliac vessels, ureter, and psoas muscle, can be readily observed. external iliac vein elevated with a vein retractor to expose the obturator space.
The obturator nerve and the pelvic sidewall are apparent.

Inferior
vena
cava
Aorta
FIGURE 14-4 This laparoscopic image was obtained during robotic right FIGURE 14-5 The duodenal reflection and the right ovarian vein are just
pelvic lymphadenectomy. The definitions of anatomy and quality of dissection cephalad to the bottom of this image obtained during robotic bilateral aortic
are equivalent to those used in an open approach. lymphadenectomy. Additional nodal tissue can be seen between the great

vessels and at the lateral margin of the vena cava, and it will be removed
before the procedure is completed.

breakthrough
Cervix
FIGURE 14-6 The dimpling on the posterior fundus of this uterus is FIGURE 14-7 This was a poorly differentiated tumor that had almost
indicative of full-thickness invasion of a poorly differentiated endometrial Comp|ete|y rep|aced the myometrium_ Such tumors have a very h|gh rate of

tumor, as can be appreciated in Figure 14-7. metastatic spread.



Myomectomy

Michael S. Baggish

Abdominal myomectomy is performed as an alternative to
hysterectomy. The indications for myomectomy are collateral
and consist of the desire to preserve the uterus together with
the presence of symptomatic intramural or subserosal myomata
uteri. Typical symptoms experienced by women in whom no
submucous component exists are pressure on the bladder or
bowel, partial obstruction of the ureters, and pain. Although
this operation has been performed laparoscopically, most sur-
geons consider laparotomy to be the route of choice.

The uterus is typically distorted (Fig. 15-1). Although the
arterial supply to myomata is relatively sparse, the venous return
is large, thin-walled, and anomalous (Figs. 15-2 to 15-4). The
surgeon must cut through the capsule to reach the core of the
myoma to remove it and must traverse tissue planes that contain
these venous sinuses. Because of the increased vascularity, many
surgeons prefer to use an energy source to diminish bleeding
(e.g., carbon dioxide [COZ laser, electrosurgical needle elec-
trode). | additionally use a 1:100 solution of vasopressin (20
units). Approximately 20 to 30 mL of this solution is injected
just beneath the capsule (Fig. 15-5A). The anesthesiologist
should be alerted to monitor the patient’s blood pressure and
pulse during injection of vasopressin. Next, an outline is made
for the incision. This may be performed with cold steel, CO2
laser, or needle electrode (Fig. 15-5B). | prefer to limit the pos-
terior extent of the incision to diminish subsequent adhesion
formation (Fig. 15-5C). In the case illustrated, a slightly defo-
cused C02laser handpiece is used with power set at 50 W and
a laser spot 1.5 to 2.0 mm in diameter (power density 1250-
2200 W/cm?2) (Fig. 15-6). The edges of the capsule are retracted,
and the myoma is dissected peripherally off the capsule (Fig.
15-7). The operator’s index finger can actually be used to sepa-
rate the myoma from the capsule. The laser, needle electrode, or
scissors may be used to cut away adhesions (Fig. 15-8). Care
should be taken to carry out the dissection gently and carefully
to avoid entry into the uterine cavity and injury to the intersti-
tial portion of the oviduct (Fig. 15-9A to C).

When the base of the myoma is reached, the arterial pedicle
should be clamped and suture-ligated (Fig. 15-9D and E). The

CHAPTER

specimen is then removed. Typically, | cut the myoma to deter-
mine whether there is any gross suspicion of sarcoma or infec-
tion. A pulpous, rotting interior suggests the need for a frozen
section or at least a careful postoperative histologic assessment.
Some excess capsule may be trimmed away (Fig. 15-9F). The
uterus is reconstructed by bringing muscle to muscle together
with interrupted 0 Vicryl (Fig. 15-10A and B). This may require
a two-layered closure. Next, the serosa is closed with running or
interrupted 2-0 or 3-0 Vicryl sutures. At the completion of
closure, | prefer to cover the exposed suture line with a parietal
peritoneal graft or a patch of Interceed absorbable adhesion
barrier or other suitable material. Typically, the surgeon mea-
sures and cuts the specimen (Fig. 15-11A and B). Submucous
myomata are responsible for 90% of the bleeding associated
with these common tumors and should be treated hysteroscopi-
cally. 1f the myoma is too large for hysteroscopic extirpation,
even after 3 to 4 months of gonadotropin-releasing hormone
(GnRH) agonist suppression, the patient should undergo a hys-
terectomy (Fig. 15-12).

Occasionally, a myomectomy is performed, and no suspicion
of malignancy is evidenced (Fig. 15-13A to D). It is surprising,
though, to note that the permanent histopathologic sections
reveal leiomyosarcoma (Fig. 15-14A and B). In this circum-
stance, the patient must be promptly notified of these findings
and strongly advised to undergo total abdominal hysterectomy
(Fig. 15-15AandB).

Cervical myomata may be excised via the vaginal route with
the use of a microscope-mounted CO02 laser. Essentially, the
anterior or posterior wall or both walls of the cervix are divided
to afford exposure. The myoma is then cut out from the respec-
tive wall to which it is attached. The cervix is repaired in layers
with 2-0 or 3-0 Vicryl. The split walls are closed with 3-0 Vicryl
(Fig. 15-16A to E). Occasionally, a cervical myoma is so large
and so vascular that an abdominal hysterectomy is indicated. In
this circumstance, the size of the cervical myoma would make
the abdominal route a safer choice than vaginal hysterectomy
(Fig. 15-17A to C).
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FIGURE 15-1 The uterus is lifted out of the pelvis so any anatomic
alterations created by the myomatous mass can be identified.

FIGURE 15-3 Venous return from the myomatous uterus is large and
anomalous. Large, sinusoidal vessels are seen in the subserous location.
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Vasopressin
injection
for hemostasis

FIGURE 15-5 A. A 1:100 solution of vasopressin is injected into the uterus for hemostasis. Care should be taken to avoid intravascular injection. B. The injection
is performed with the use of a 10-mL triple-ring syringe and a i/2-inch, 25-gauge needle. The subserosa is first injected. The tissue immediately blanches white.
The needle is advanced into the substance of the myoma, and the solution is injected. Typically, 20 to 25 mL is injected. C. A transverse or vertical incision is made
into the myoma. If possible, an anterior or anterofundal cut is made.

FIGURE 15-6 Alternatively, a carbon dioxide (C032 laser (handpiece delivery system)
may be used to open the uterus. The laser is a precise energy device that offers
additional hemostasis.
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FIGURE 15-7 When the capsule of the myoma is reached, deeper incising FIGURE 15-8 Small adhesions may be encountered between the uterine
should cease. The myoma is now dissected peripherally. wall and the myoma capsule. These adhesions should be cut sharply.

FIGURE 15-9 A and B. With a combination of sharp and blunt dissection, the myoma is separated from the normal myometrium. C and D. The dissection is
carried to its basal attachment (the tumor) to the uterine wall.
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Open capsule

Capsule
Blood supply
to myoma
Empty
capsule

FIGURE 15-9, cont'd E. The feeding artery is clamped and suture-ligated with O Vicryl. F. Excess uterine serosa is trimmed away. The anterior wall (A) will be
closed to approximate and overlap the posterior wall (8).
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FIGURE 15-10 A. Closure is implemented by suturing the anterior margin over the posterior margin to strengthen the wound integrity. This illustrates a transverse
closure. B. The interrupted-suture technique for vertical incision closure will be completed by tacking peritoneum or Interceed over the incision.

FIGURE 15-11 A. The extracted myoma is grossly studied and measured. B. The myoma is bisected to allow examination of its interior. The specimen is then
placed in formalin and sent to the pathology laboratory. If the myoma has undergone purulent degeneration, a culture should be taken before the tumor is placed
in fixative. If sarcoma is suspected, a sample on the interior may be sent for frozen section analysis.
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FIGURE 15-12 Bleeding symptoms and anemia suggest the presence of a
submucous myoma. The submucous myoma should be treated by
hysteroscopy or hysterectomy.

FIGURE 15-13 A. This large myomatous uterus has been injected with a 1:100 vasopressin solution. B. An anterior transverse incision is made into the uterus
above the urinary bladder peritoneal reflection. C. The myoma is dissected free from the uterine wall; unfortunately, the uterine cavity is entered. D. After removal
of the myomatous mass, the uterus is closed in layers with 0 Vicryl. The serosa is closed with 2-0 Vicryl. Note that the uterus has been reduced to a normal size.
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FIGURE 15-14 A. Histologic section from the uterus pictured in Figure 10-13Ato C. The hematoxylin and eosin (H&E)-stained section (xIO) shows increased
celluiarity, nuclear pleomorphism, and hyperchromatism. B. Histologic section (x20) clearly confirms the diagnosis of leiomyosarcoma. Four mitotic figures are seen
in this single field. The stromal (muscle) cells are clearly malignant. (From Baggish MS, Barbot J, Valle V: In Diagnostic and Operative Hysteroscopy, 2nd ed. Mosbv

St Louis, 1999.)

FIGURE 15-15 A. Hysterectomy specimen from the patient depicted in
Figures 15-13 and 15-14. The normal-sized uterus has been removed. B. The
cut wall of the uterus appears to be normal. Microscopic sections were benign
(i.e., no residual sarcoma).
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FIGURE 15-16 A. A cervical myoma is present, but the pedicle location is not
visible. Traction sutures have been placed anteriorly and laterally. B. The
posterior lip of the cervix has been injected with a 1:100 solution of vasopressin.
The carbon dioxide (C02 laser beam (microscope-coupled) has begun to cut the
cervix posteriorly to gain access to the myoma pedicle. Titanium hooks place
traction on either side of the incision. The red helium-neon aiming beam is
visible. C. The pedicle has been clamped with a Kelly clamp. A moist tongue
depressor has been placed between the myoma and the interior of the cervix.
The laser beam has partially cut through the base of the myoma. D. The myoma
has been removed. The stump of the pedicle will be sutured with 3-0 Vicryl.

E. The surgery has been completed. The cervix has been sutured with 3-0 Vicryl.
(From Baggish MS, Barbot J, Valle V: Diagnosic and Operative Hysteroscopy, 2nd
ed. Mosby, St Louis, 1999.)
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FIGURE 15-17 A. This patient has a large cervical myoma. The thin-walled vessels are subject to rupture. These vessels will not retract and will bleed heavily for a
prolonged period. B. The patient opted for hysterectomy rather than myomectomy. C. The total volume of this tumor was much greater than anticipated, in fact,
even bigger than the body of the uterus. In this case, hysterectomy was the best choice because the large size of the myoma would preclude use of the vaginal-'

cervical route of removal.
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Surgical Treatment of Unusual

Myoma Conditions

Michael S. Baggish

Several bizarre variants of myoma may be encountered. Benign
metastasizing myoma (leiomyomatosis peritonealis dissemi-
nata) consists of multiple intraperitoneal benign tumors and
even distant myoma metastasis, typically to the lungs (Fig.
16-1). These cases may have a propensity for occurrence during
pregnancy. Symptoms include paroxysmal attacks of dyspnea
and hemoptysis. Myomas may regress after the pregnancy ter-
minates (see Fig. 16-1).

Intravenous leiomyomatosis is associated with smooth
muscle tumors extending into venous channels (Fig. 16-2). This
condition illustrates clinically the enigma about the origins of
uterine leiomyomata in general: Do these tumors arise from a
smooth muscle cell from the myometrium or from a smooth
muscle cell within the media of the blood vessel itself? This
unusual phenomenon represents a dissociation between clinical

and histologic malignancy in which benign uterine myomas
may propagate via blood vascular channels, although the condi-
tion rarely Kills the patient.

The uterus is typical of one containing irregularly enlarged
myomata uteri (Fig. 16-3). The venous pattern over the uterus
and within the broad ligament is unusually prominent, and an
indurated, woody texture may be found. As the pedicles are cut,
glistening, white extensions (Fig. 16-4), some as wide as 2 to
3 cm in diameter, may be seen (Fig. 16-5). As veins separate, the
intravascular tumor may ooze out of the involved vessels in a
wormlike fashion (Fig. 16-6). Microscopically, the vessel wall
contains plugs of typical benign smooth muscle lying free
within the lumen (Fig. 16-7) or attached to the wall of the vein
(Fig. 16-8A and B).
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FIGURE 16-2 A large intravenous myoma extension is teased out of a
distended vein.

FIGURE 16-1 Leiomyomatosis peritonealis disseminata. The omentum is
filled with myomata of various sizes.

FIGURE 16-3 An enlarged irregular uterus filled with myomata. Note the
submucous, intramural, subserous varieties within this single uterus.
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FIGURE 16-4 A glistening white serpentine myoma is seen to enter a
thin-walled venous sinus. Note that the color of the intravenous myoma is
very close to the color of the surgeon's gloves.

FIGURE 16-5 An intravenous leiomyoma extension 2 cm in diameter fills
the uterine vein, giving a woody feeling to the distended uterine, parauterine,
and bladder vessels.

FIGURE 16-6 As vascular pedicles are cut, the myoma oozes out of the
vessels in a wormlike fashion. The differential diagnosis is between
intravenous leiomyomatosis and endolymphatic stromal myosis (stromatosis).
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FIGURE 16-7 Elastic tissue stain shows a microscopic plug of myoma within
a venous space.

FIGURE 16-8 A. Benign myoma with a venous space and attached to
the wall of the vein. 8. High-power view of a benign myoma within a
uterine vein.
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Unification of Bicornuate Uterus

Michael S. Baggish

Incomplete fusion of the miillerian ducts leads to a variety of
disorders, ranging from subseptate uterus to complete failure
of fusion with uterus didelphys (Fig. 17-1). The subseptate
uterus is treated hysteroscopically by sectioning the septum
with a scissors, laser, or electrosurgical device. The uterus didel-
phys requires no treatment other than section of the vaginal
septum to prevent traumatic tears (Fig. 17-2).

The bicornuate uterus may require a unification procedure
to enhance the size of the uterine cavity if reproductive outcome
problems are demonstrated (e.g., abortion, preterm labor) (see
Figs. 17-1 and 17-3).

Diagnostic differentiation between a septate and a bicornu-
ate uterus cannot be accomplished by hysteroscopy or by
hysterosalpingography (Fig. 17-4). The diagnosis is made lapa-
roscopically by observing the broad and indented fundus, the
typical heart-shaped configuration. A hysterogram is performed
to gain some insight into the size and configuration of the
divided cavities (Fig. 17-5A to C).

At laparotomy traction, sutures are placed at each fundal
extreme away from the site of transection. A 1:100 vasopressin
solution is injected into the uterus along and within the lines
of resection (Fig. 17-6). A wedge-shaped incision is made
through the body and fundus of the uterus in the vertical plane
(Figs. 17-7A and B). The resultant tissue removed includes the
heart-shaped defect (Fig. 17-7C). The two separate cavities are
now ready to be joined to form a single uterine cavity (Figs.
17-7D and E). Closure is made beginning on the posterior wall
with simple or figure-of-8 stitches placed submucosally and
carried intramuscularly (Figs. 17-8A and B). The closure is
carried over the fundus and is completed on the anterior surface
(Fig. 17-8C). | typically use 0 Vicryl for the intramuscular layer
(Fig. 17-8D). Next, with 2-0 or 3-0 Vicryl, the superficial muscle
and serosa are closed with a running or running lock suture
(Fig. 17-9).
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Shadow of bicornuate
uterine cavities

FIGURE 17-1 External view of heart-shaped bicornuate uterus. Note the schema of a hysterogram superimposed on the uterus.

FIGURE 17-2 Hysterosalpingogram of a complete fusion defect illustrating FIGURE 17-3 Specimen of an extirpated uterus showing a septated cavity
duplication of the uterus and cervix. The vagina was septate. and a single cervix.
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FIGURE 17-4 Hysteroscopic view of bicornuate uterus.

FIGURE 17-5 A. Hysterosalpingogram showing a bicornuate uterus. In actuality, the diagnosis was established laparoscopically. B. Hysterogram of what was
considered to be a complete fusion defect. Note the two cervices and the two distinctly separate uterine horns. C. Laparoscopic photographs of Figure 17-5A show a

single, broad structure that has the appearance of a bicornuate uterus.
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/Wedge-shaped
Vasopressin /  outline of incision
injection . of septum

FIGURE 17-6 In preparation for unification of the two uterine cavities, a 1:100 solution of vasopressin is injected along the lines of intended resection.
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FIGURE 17-7 A. With the use of a knife, a carbon dioxide (C02 laser, or an electrosurgical needle electrode, the septum and defect are wedged out. The inset

shows the cavities after excision. Hemostasis is attained with 3-0 Vicryl figure-of-8 suture ligatures. Continued
ontinue
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FIGURE 17-7, cont d B. The right horn (RH) of the uterus is exposed in the center of the photograph. The wedge has been removed. The left horn (LH) is held
in Babcock clamps. C. The heart-shaped (inverted) wedge of uterus is held in the Kocher clamp. D. Each uterine horn is held with Babcock clamps and will be
drawn together for the placement of myometrial stitches, which will unite the two horns (RH and LH) into a new single-cavity uterus. E. The figure-of-8 stitch is
begun from the inside (submucosal) and through the inner two thirds of the myometrium (L), then is carried into the right myometrium (R) and out the right

submucosa.
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FIGURE 17-8 A. The uterine cavity is closed by placing subendometrial intramyometrial 0 Vicryl simple or figure-of-8 sutures, beginning on the posterior wall and
terminating on the anterior uterine wall. B. Zero Vicryl sutures have been placed into the posterior uterine wall, uniting right (R) and left (L) horns. C. The closure is
carried over the uterine fundus. D. The myometrial closure is complete. The somewhat blurred left oviduct is seen in the foreground.
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FIGURE 17-9 The operation is finished by closing the serosal surface of the
uterus with a running 3-0 Vicryl or PDS suture.
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Abdominal Cerclage of the Cervix Uteri

Michael S. Baggish

Typically, cervical cerclage is performed via the vaginal route.
The simple purse-string McDonald closure and the submucosal
Shirodkar closure are accomplished with a low level of bleeding
and relatively little pain, and within a short time.

When the cervix is extremely short as a result of obstetric
injury, deep conization, multiple excisional/ablative procedures,
or virtual amputation, vaginal placement of a constricting
suture or band may be difficult or impossible to perform. In
fact, anecdotal accounts about ureteral ligation have been
reported in conjunction with McDonald suture placement.

Clearly, the observed lengthening of the cervix following cer-
clage cannot be accounted for by narrowing the cervical canal.
It is obvious that the increased cervical length is attributable to
inclusion of the uterine isthmus within the suture.

A laparotomy is required for this technique. Five steps are
critical for the successful and safe performance of abdominal
cerclage: (1) elevation of the uterus to expose the isthmus and
cervix, (2) identification of the uterine vessels, (3) precise iden-
tification of the position of the ureters, and (4) placement of the
cerclage band above the uterosacral ligaments by (5) location of
an avascular plane between the uterine vessels and the isthmus.

This operation is performed during the second trimester at
approximately 14 to 16 weeks’ gestation. The fundus is grasped

between the operator’s thumb and forefinger over a lap pad. A
space is opened in the vesicouterine and rectouterine perito-
neum (Fig. 18-1). The bladder is gently pushed inferiorly. The
peritoneum will be advanced at the end of the operation to
cover the strap. The job of holding the uterus is transferred to
an assistant once proper traction and positioning have been
achieved.

The uterosacral ligaments are identified. The uterine vessels
are felt pulsating as they ascend the side of the uterus (Fig.
18-2). The pelvic ureter is identified relative to the uterine
vessels and the uterosacral ligament. An avascular space is
identified between the uterine vessels and isthmus. If this
cannot be seen, then the peritoneum should be opened over
the uterine artery similar to skeletonization so that a space can
be seen.

The needle or carrier is passed anteroposteriorly above the
uterosacral ligament and posteroanteriorly again above the
uterosacral ligament on the opposite side (Fig. 18-3). The strap
of Mersilene mesh is gently tightened and tied into place (Fig.
18-4). The anterior and posterior surfaces are anchored to
prevent migration up or down with 0 Vicryl sutures (Fig. 18-5).
The vesicouterine and rectouterine peritoneum is folded over
the strap and sutured closed with 3-0 Vicryl.
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Opening of
vesicouterine
peritoneum

FIGURE 18-1 The vesicouterine and rectouterine folds are incised. The bladder is pushed down with a sponge stick to expose the cervicocorporal junction of the



FIGURE 18-2 The uterine vessels are palpated at the side of the uterus,
and an avascular space is identified between these vessels and the uterus.

FIGURE 18-3 A Mersilene strap is placed under the vessels
with a needle or carrier and brought out posteriorly above the
uterosacral ligaments.

Vesicouterine
peritoneal
opening
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Vesicouterine
peritoneal
opening

Mersilene knot ends
secured with sutures
and strap anchored in
anterior surface ) )
Vesicouterine

peritoneal closure

FIGURE 18-4 The Mersilene istied anteriorly and closes the cervix. The
operator's finger in the cervix determines the tightness of the suture. The
Mersilene is then suture anchored with 3-0 Vicryl to the uterine wall to
prevent slippage. The peritoneum is replaced between the bladder and
the uterus and closed with a 3-0 running Vicryl stitch.

Mersilene strap
anchored with
0 Vicryl sutures

in posterior
surface
Uterosacral
ligaments
Rectouterine FIGURE 18-5 The posterior portion of the strap is sutured to the
peritoneal uterine wall with 3-0 Vicryl, and the rectouterine peritoneum is replaced.

closure It is sutured closed with a running 3-0 Vicryl suture.



Cesarean Section

Michael S. Baggish

Cesarean section is one of the most commonly performed oper-
ations in the United States. A transverse or vertical entry lapa-
rotomy is performed. A transverse incision is selected more
frequently (by a ratio of 10 to 1). The uterus may be left in situ
within the abdominal cavity, or it may be exteriorized.

The technique of low transverse cesarean section is per-
formed as follows. The bladder is emptied by the insertion of a
Foley catheter. First, a bladder blade is inserted anteriorly (Fig.
19-1). The small and large intestines are packed away with
moistened abdominal (laparotomy) pads, which should be care-
fully counted and tagged. The round ligaments should be iden-
tified so that the degree and direction of uterine rotation can
be determined. Identification of enlarged or aberrant vessels
should be documented.

The reflection of peritoneum from the bladder dome to the
uterus is grasped with a Kelly clamp (Fig. 19-2). The peritoneal
reflection is elevated. With a Metzenbaum scissors, the bladder
peritoneal reflection is sharply divided and is extended trans-
versely for the length of the proposed uterine incision, typically
8 to 10 cm (Figs. 19-3 and 19-4). The bladder is gently pushed
inferiorly away from the lower uterine segment. This not
uncommonly results in small-vessel disruption and light bleed-
ing (Fig. 19-5).

A trace incision is made into the uterus above the bladder
reflection (Fig. 19-6). With the use of a scalpel, a deeper central
cut, approximately 4 cm in length, is carried down to the amni-
otic sac, which bulges through the wound (Fig. 19-7A and B).
Alternatively, the sharp incision is stopped just short of entry
into the uterine cavity. At this point, the muscle may be spread
with the surgeon’s index fingers and the cavity entered bluntly
(Fig. 19-8A and B).

In either case, once the bulging membranes have been identi-
fied, the incision may be extended to right and left by using
scissors or by spreading with fingers (Fig. 19-9). The location of

CHAPTER

the uterine arteries should be ascertained to avoid inadvertent
extension of the incision through them. The membranes are
opened, and amniotic fluid is suctioned as it pours out into the
wound.

The head of the infant (cephalic presentation) appears
beneath the incision (Fig. 19-10). It is grasped beneath the chin
and occiput and is gently delivered. It is rotated to facilitate
delivery of the shoulders, and this is followed by delivery of the
breech. The umbilical cord is clamped (doubly) and cut. The
placenta is now seen in the depths of the wound (Fig. 19-11). It
is separated and extracted. The uterine cavity is manually
explored, and clots are evacuated. The edges of the incision are
grasped with Babcock clamps. A 10-mm Hegar dilator is passed
through the cervix. Alternatively, a 36-French Pratt dilator may
be passed through the cervix to facilitate lochial drainage. The
incision is inspected for any extensions. The uterine vessels and
bladder are checked for any injuries.

The incision is closed in layers. The deep muscle is approxi-
mated with interrupted figure-of-8 suture ligatures of 0 Vicryl
(Figs. 19-12 and 19-13A). The superficial muscle and the uterine
serosa are closed by a running 0 Vicryl (see Fig. 19-13A, Inset,
and 19-13B). The bladder flap peritoneum is sutured over the
incision with running 3-0 Vicryl or PDS suture.

The uterus is massaged and replaced into the abdominal
cavity. Retractors and packs are removed and carefully
counted to ensure that each and every implement has been
accounted for.

A low vertical section may be performed by incising vertically
through the lower uterine segment. Care must be taken to avoid
extension of this incision into the bladder. The only advantage
of this incision is that it permits further extension superiorly
into the active portion of the uterus to gain greater space to
manipulate the fetus (e.g., in the delivery of a transverse
presentation).

293

NOILO3IS ®m Z 1dvd

S



294 PART 2 m SECTION 5 m Abdominal Surgery During Pregnancy

FIGURE 19-1 Full-term pregnant uterus exposed and exteriorized. A bladder FIGURE 19-2 The peritoneal reflection between the bladder, and the uterus
retractor is seen in the foreground. The edges of the entry incision are is elevated.
beneath the obstetrician's hands.

FIGURE 19-3 The bladder peritoneum is incised sharply in an avascular FIGURE 19-4 The dissection is completed along the length of the anticipated
plane. Vascularization of this peritoneum may be seen in cases of placenta deeper uterine incision.
previa or accreta.
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Round
ligament

Uterus

Bladder

Separation of
bladder from
uterus

FIGURE 19-5 The operator gently pushes the bladder inferiorly, detaching it from the lower uterine segment.

FIGURE 19-6 The lower uterine segment is now exposed. The uterine
arteries are palpated to determine the lateral extreme of the uterine incision.
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Trace incision

Cut deeper to
amniotic sac

FIGURE 19-7 A. A small (3- to 4-cm) trace incision is made, then is extended deeper through the myometrium. B. At this point, bleeding is brisk, and suctioning
is essential to detect when the uterine cavity has been entered.
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FIGURE 19-8 A. Alternatively, the cavity may be entered bluntly by spreading the index fingers through the last thin layer of myometrium. B. The appearance of
bulging membranes signals entry into the endometrial space.
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Uterine
vessels

FIGURE 19-9 With the membranes intact, the small entry incision may
be widened laterally.

FIGURE 19-10 The membranes are now ruptured and widely opened. The infant's
head comes into view, and delivery is implemented.
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FIGURE 19-11 The placental location is observed and recorded. Next, the
placenta is manually removed. The uterine cavity is explored and cleared of
any adherent membranes.

FIGURE 19-12 The deeper muscle is closed with interrupted 0 Vicryl
figure-of-8 sutures.
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FIGURE 19-13 A. The superficial muscle and uterine serosa are closed with running or running lock sutures of O Vicryl. B. After the serosa is closed the bladder
peritoneum is sutured to the uterus at the upper margin of the incision.
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Cesarean Section Hysterectomy

Michael S. Baggish

The distinguishing features of an abdominal hysterectomy per-
formed on a pregnant patient, whether associated with cesarean
section or performed after a vaginal delivery, are (1) the greater
vascularity compared with the nonpregnant patient, (2) the
close association of a dilated cervix and vagina with the greatly
distended ureters, and (3) a tendency for the postpartum patient
to form blood clots. Most hysterectomies in this setting are
performed as an emergency operation, typically to treat bleed-
ing difficulties (Figs. 20-1A to C).

The ureters must be identified on the right and left sides of
the pelvis. They are best located as they cross the common iliac
vessels and descend into the pelvis. The best operation to
perform under these circumstances is a subtotal hysterectomy
(Fig. 20-2). The cervix can be removed months or years later, via
the vaginal or the abdominal route, if necessary. The subtotal
hysterectomy is least likely to result in ureteral injury and is
completed most rapidly.

First, if a cesarean section has been performed, the uterus is
closed with a running lock stitch of 0 Vicryl. Next, the round

ligaments are clamped, sutured, and cut close to the uterus.
Then, if the ovaries are to be retained, the utero-ovarian liga-
ments and oviducts are triply clamped, cut, and suture-ligated
with 0 Vicryl.

The ureters must be dissected and traced under direct vision
inferiorly to the level of the uterine arteries.

The bladder peritoneum has already been pushed inferiorly
as part of the cesarean section. The uterine vessels are skeleton-
ized. Three clamps (Zeppelin) are placed on the uterine arteries
at the cervicouterine junction and above the cardinal and utero-
sacral ligaments (Fig. 20-3). The fundus is then sharply cut away
from the cervix (see Fig. 20-3, Inset). The cervical stump is closed
with figure-of-8 zero Vicryl sutures. The uterine vessels are
doubly secured with 0 Vicryl transfixing sutures. The perito-
neum is closed with a running 3-0 Vicryl continuous suture. No
suspension is required because the major supporting ligaments
have been left intact (Fig. 20-4).
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FIGURE 20-1 A. This uterus ruptured at the site of a previous transverse
cesarean section scar. B. Enlarged view of the lower segment rupture. Note
that the Kelly clamp points to the site of the rupture. C. The uterus has been
opened somewhat irregularly because of a rupture. The placenta is being
delivered before hysterectomy is performed.

Uterine artery .

and veins Site of
hysterectomy
Dilated
ureter
FIGURE 20-2 Anterior view of the uterus. Note the
Dilated positions of the greatly dilated ureters and their proximity to
cervix the dilated cervix. A trace has been placed indicating the

vagina site for subtotal hysterectomy.
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Bladder
Clamped Clamped
uterine uterine
vessels vessels
Site of
hysterectomy

Uterosacral
ligaments

Dilated
ureter

FIGURE 20-3 Posterior view of the uterus. The uterine arteries have been doubly clamped, and the third clamp is placed on the uterine vessels higher up to
control back-bleeding. Inset, A scalpel cuts the uterus, separating the corpus from the cervix. The line of incision is between the upper clamp and the lower two

clamps.

FIGURE 20-4 The operation is quickly completed, and the specimen is
removed from the operative field.
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Hypogastric Artery Ligation

Michael S. Baggish

This operation is usually performed as an emergency procedure
for postpartum hemorrhage in lieu of hysterectomy. It also may
be performed for nonobstetric uncontrolled bleeding (e.g., post-
irradiation hemorrhage, vaginal laceration bleeding, cervical
bleeding, posthysterectomy bleeding). Hypogastric ligation
affects clotting by reducing ipsilateral pulse pressure (85%
decrease) and blood flow (50% decrease).

The operation requires a laparotomy. The retroperitoneum
is entered by opening the peritoneum above the external iliac
artery over the psoas major muscle (Fig. 21-1). The external iliac
artery and vein are exposed in the direction of the bifurcation
of the common iliac artery (Fig. 21-2). As the dissection pro-
ceeds cramally, the ovarian vessels and the ureter are encoun
tered as they cross the common iliac artery (Fig. 21-3). The
external iliac artery is retracted with a vein retractor to expose
the hypogastric artery (Fig. 21-4). A long right-angle clamp is
used to carefully dissect a plane between the common hypogas-
tric artery and its underlying vein (Fig. 21-5). Injury to the hypo-
gastric vein(s) must be avoided at all costs because these large
veins, deeply located in the pelvis, are exceedingly difficult to
suture. By spreading and closing the clamp, the dissection can

FIGURE 21-1 The peritoneum overlying the external iliac artery and the
psoas major muscle has been opened, exposing the external iliac artery
and vein.

be quickly completed. A ligature of 0 Vicryl is passed through
the tip of the right-angle clamp and pulled under the hypogas-
tric artery (Fig. 21-6). The ureter is reidentified and observed not
to be caught in the ligature. The ligature is then tied with three
or four throws and cut (Figs. 21-7 and 21-8). The common and
external iliac arteries are rechecked to ensure that only the
correct vessel (i.e., the hypogastric artery) has been tied off. In
addition, it is advisable to examine the integrity of the hypogas-
tric vein (Fig. 21-9). The peritoneum is closed with a 3-0 Vicryl
running stitch. The procedure is repeated on the contralateral
side.

FIGURE 21-2 The scissors are resting on the right external iliac vein.

FIGURE 21-3 The right ureter is identified as it crosses over the pelvic brim
and the right common iliac artery.
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FIGURE 21-4 Dissection is begun between the right hypogastric artery and
vein with the use of a right-angle clamp. Care must be taken not to injure the
underlying hypogastric vein.

FIGURE 21-5 The clamp has created a plane between the hypogastric artery
and vein. A ligature of 0 Vicryl is passed to the tip of the right-angle clamp.

FIGURE 21-6 The ligature has been completely passed beneath the
common hypogastric artery. The ends of the ligature have been grasped and
traction applied to gently elevate the vessel. The right ureter is reidentified.

FIGURE 21-7 The ligature is secured with three throws. Each throw is tied
down squarely. The external iliac artery is retracted with a vein retractor.

FIGURE 21-8 The ligature is cut. FIGURE 21-9 A final inspection is carried out to ensure that the common

and external iliac arteries were not inadvertently ligated. Similarly (tip of
scissors), the hypogastric vein is checked to ensure that it is intact.



Trophoblastic Disease

Michael S. Baggish

Understanding the process of normal implantation and the
development of villi, together with the role played by the tro-
phoblast, is essential for similarly comprehending aberrations
caused by abnormal trophoblastic generation (Figs. 22-1
through 21-5). Anatomic, microanatomic, and physiologic
changes create a spectrum of disorders referred to as tropho-
blastic disease.

Trophoblastic disorders may be divided into benign and
malignant categories (Table 22-1). In developed countries (e.g.,
North America, United Kingdom, Western Europe), the inci-
dence of hydatidiform mole is 1:1000 pregnancies, and chorio-
carcinoma is seen in 1in 30,000 pregnancies. In East Asia, the
number of molar pregnancies is 3 to 10 times greater, and the

TABLE 22-1 Classification of Trophoblastic Disorders
Benign Malignant
Complete hydatidiform mole Invasive mole

Choriocarcinoma
Placental site trophoblastic tumor

Partial hydatidiform mole

FIGURE 22-1 Early implantation site. The deeper pink tissue is trophoblast,
which is invading the decidua (light pink). Note the endometrial gland to the
far left.

CHAPTER

risk for choriocarcinoma is 10 to 60 times greater. Moles
are subdivided into complete or partial. Complete moles are
characterized by extreme villous swelling (hydropic change),
trophoblastic hyperplasia, and paucity of fetal blood vascular
channels (Figs. 22-5 through 22-8). Complete moles result from
a single 23 X sperm fertilizing a defective ovum that contains
no maternal genes. As a result of subsequent endoreduplication,
the mole contains 46 XX chromosomes. In the case of partial
mole, two sperms fertilize an egg with 23 X chromosomes,
creating a triploid mole containing 69 XXX chromosomes
(Fig. 22-9).

Diagnosis is considered by a high index of suspicion that is
based on clinical signs and symptoms of vaginal bleeding,
hyperemesis, excess uterine size for gestational age, early-onset
pre-eclampsia, hyperthyroidism, and intrauterine infection. The
diagnosis is confirmed by viewing a passed molar vesicle, by
pelvic ultrasound, by obtaining serial rising levels of serum and
urine human chorionic gonadotropin (hCG), and by the pres-
ence of theca-lutein cysts (Fig. 22-10).

Text continues on page 311.
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FIGURE 22-2 Immature villi have two layers of trophoblast surrounding
the villous connective tissue core. The outer, deep pink layer is
syncytiotrophoblast, whereas the inner layer is cytotrophoblast. Note the
open villous vascular channels and the Hofbauer cells (arrows).
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Yolk sac

Decidua
Body stalk

(umbilical cord)

Uterine cavity
Chorion frondosum

Decidua capsularis . .
P Decidua basalis

Fetus

Amnion

Chorion

Decidua marginalis

FIGURE 22-3 Trophoblastic cells make up the chorion and the villi, that is, the major part of the placenta. In this picture, the chorionic tissues are shown

encapsulating the developing embryo and amnion. Major invasion and development of villi occur at the decidua basalis. The peripheral chorion frondosum
will atrophy to form the bald chorion (chorion laeve).



Maternal blood
Yolk sac in sinusoid

Amnion

Connecting stalk
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FIGURE 22-4 Physiologic trophoblast exhibits many of the characteristics of the premalignant and the malignant trophoblast. In this illustration, a trophoblast is
shownVinvadethe®matern7endometrium, open up maternal blood sinuses, create vacuoles, form blood lakes, and form primitive villi. The inset shows cores of
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cytotrophoblast being surrounded by syncytiotrophoblast. Strikingly normal trophoblast does not destroy the maternal tissues during the invasive process, w

malignant trophoblast creates widespread necrosis.
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FIGURE 22-5 Well-developed, magnified view of a complete hydatidiform
mole. The molar vesicles are fluid-filled distended villi. They can break off the
main stem and be passed to the outside via the vagina, in which case the
diagnosis of mole can be made with certainty. In the case of hydatidiform
mole, no amnion is formed; therefore direct entry and egress between the
vagina and the uterine cavity exist.

FIGURE 22-7 Higher-power photomicrograph shows hydropic villi, absence
of fetal vessels, and trophoblastic hyperplasia—three elements necessary to
diagnose hydatidiform mole.

FIGURE 22-6 Low-power view of distended, hydropic villi clustered around
masses of trophoblastic cells.
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FIGURE 22-8 High-powered view of trophoblast shown in Figure 22-4. Note
the proliferation of the cytotrophoblast that represents the immature, dividing
trophoblast cells. Cytotrophobiasts are small cells with well-developed cell
membranes. Syncytiotrophoblasts are mature cells comprising a number of
cytotrophoblast cells melding to form the multinucleate syncytium. Note that
individual cell membranes have been lost. Vacuole formation is commonly
seen with trophoblastic proliferation and harkens back to a property of the
primitive trophoblastic cells observed during normal implantation.



FIGURE 22-9 The rare occurrence of a twin gestation is shown, in which
one entity is a mole and the other a relatively normally developed fetus.

When the diagnosis has been made and confirmed, a plan
should be made to evacuate the mole in a timely fashion. Hys-
terectomy with the mole in situ has a definite place in the man-
agement of the disorder (Fig. 22-11). The technique differs
from routine hysterectomy in the following ways: The ovarian
blood supply is secured before uterine manipulation; only
minimal uterine manipulation is required to enable the uterine
vessels to be clamped. If the blood supply is secured first, molar
villous transportation will be minimized (Fig. 22-12). If future
fertility is desired, then the most appropriate technique for
elimination of the mole is suction curettage. Oxytocin must be
flowing intravenously during this procedure; otherwise, very
large volumes of blood can be lost in short periods of time.
Because most patients with hydatidiform mole have previously
hemorrhaged and have anemia, additional blood loss can pre-
cipitate sudden shock. Very gentle, careful sounding should be
performed before dilation. The utmost care is required to avoid
perforation. As with the sounding, cervical dilation must be
performed in the axis of the uterine position and with great
care so as not to perforate. Pratt dilators are best for this stage
of the procedure. A 10- or 12-mm suction curette should be
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FIGURE 22-10 Theca-lutein cysts are associated with all forms of
trophoblastic disease. The theca cells of the ovarian cortex grow in response
to chorionic gonadotropin, which is elaborated by both types of trophoblastic
cells.

used, and dilation should exceed the diameter of the cannula
by at least 2 mm, to allow easy movement of the suction
cannula into and out of the uterus. Obviously, suction is
applied only during the withdrawal movement of the cannula.
Uterine size, that is, cervical/fundal height, should be fre-
quently rechecked because it rapidly changes as the molar
tissue is suctioned up. | prefer not to follow suction with
sharp curettage because this maneuver introduces the greatest
risk for uterine perforation and deportation of molar villous
products.

Fluid management is a key factor in the safe care of such
patients because they are prone to fluid overload and pulmo-
nary edema. Therefore the gynecologist is well advised to limit
infusions of water, lactated Ringer’s, or saline solutions. Oxyto-
cin should be concentrated in 500 mL D55 with 20 to 50 units.
Beta-blockers should be available for administration if signs of
thyroid storm are observed. The patient’s hemoglobin level,
hematocrit level, and white cell count should be checked before
and after the procedure, together with electrolytes. In addition,
the patient’s intake and output should be monitored through
the obtainment of daily weights.

FIGURE 22-11 Complete moles in high-risk women (e.g., women >40 years
of age or of high parity) should be treated by hysterectomy with the mole in
situ if future fertility is not a consideration.
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FIGURE 22-12 During hysterectomy procedures for the treatment of
hydatidiform mole, it is wise to secure the vascular supply at the initiation of
the operation to avoid villous deportation. This radiograph shows several
nodules. When sampled, the pulmonary lesions revealed benign, hydropic
villi, together with fibrosis. During 12-month follow-up, the pulmonary lesions

spontaneously regressed.

Complete and partial moles should be followed up with
serial hCG titers checks and chest radiographs. Pregnancy
should be postponed during follow-up, and | prefer administra-
tion of oral contraceptives because these are both effective and
easy to administer. The advantages of oral contraceptives out-
weigh any theoretical disadvantages.

After hysterectomy or suction evacuation, weekly hCG titers
should be obtained (urine and serum) until three negative hCG
titers are obtained. Then, two to four weekly hCG assays should
be obtained for 3 months, followed by monthly titers for 1 year.
Chest radiographs should be obtained monthly.

Invasive mole or choriocarcinoma is suspected with recur-
rence ofvaginal bleeding, amenorrhea, rising or plateauing hCG
titers, or pulmonary lesions on radiograph. Hysteroscopy with
sampling will permit a tissue diagnosis for intrauterine lesions.
On occasion, an invasive mole will present with symptoms and
signs more or less identical to those of a ruptured ectopic preg-
nancy (Fig. 22-13). In these cases, the invading trophoblast
erodes through the uterine muscle and with attendant heavy
bleeding (Figs. 22-14 and 22-15) ruptures into the peritoneal

cavity (Fig. 22-16). Choriocarcinoma represents the most dedif-
ferentiated aspect of trophoblastic disease and the most malig-
nant phase of the disorder. The disease invades the uterine wall
early (Fig. 22-17). As with hydatidiform and invasive mole, cho-
riocarcinoma is associated with the formation of theca-lutein
cysts (Fig. 22-18).

In fact, choriocarcinoma may not present with any local
signs or symptoms. The first hint of its presence may be pulmo-
nary, hepatic, or cerebral symptoms created by metastatic
disease (Figs. 22-19 through 22-27). Every gynecologist should
be warned about performing a biopsy ofvaginal metastatic cho-
riocarcinoma because these lesions are apt to bleed profusely
and are difficult to control with suture or electrocoagulation
(Fig. 22-28).

Surgery plays a significant role in the treatment of invasive
mole and choriocarcinoma. Hysterectomy coupled with chemo-
therapy may offer the best chances of cure. Chemotherapy will
create side effects. Particularly vulnerable are rapidly growing
cell populations, such as bone marrow, gastrointestinal epithe-
lium, skin, and hair.



FIGURE 22-13 This invasive mole (penetrating mole) presented with signs
and symptoms of a ruptured ectopic pregnancy. At laparotomy, a massive
hemoperitoneum was observed. The trophoblastic tissue had, in fact, eroded
through the full thickness of the uterine wall.

FIGURE 22-15 High-power view of invasive molar tissue that necrosed the
myometrium.
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FIGURE 22-14 Cut view of a uterus containing an invasive mole. The arrow
points to fundal destruction caused by invading trophoblastic cells.

FIGURE 22-16 Theca-lutein cysts associated with an invasive mole
(hysterectomy specimen). The ovaries could have been preserved because
the cysts will regress after the molar tissue has been eradicated.
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FIGURE 22-17 Cut surface of the uterus that is riddled with FIGURE 22-18 Large theca-lutein cysts are also associated with
choriocarcinoma. Note the extensive hemorrhage. Because trophoblastic choriocarcinoma involving the uterus,

cells have the propensity to invade blood vessels, hemorrhage is usually

extensive and severe in cases of choriocarcinoma.

FIGURE 22-20 Numerous pulmonary and rib metastases are seen in this

FIGURE 22-19 The most common metastatic site associated with
metastatic choriocarcinoma,

choriocarcinoma is the lung. This radiograph shows a large, cannonball lesion case
occupying the greater part of the right lung.
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FIGURE 22-22 Choriocarcinoma is the most undifferentiated of the
trophoblastic disease entities. The trophoblast cannot differentiate to form villi.
Here, solid masses of mainly cytotrophoblasts are present.

FIGURE 22-21 Metastatic choriocarcinoma with miliary pattern on
radiograph.

FIGURE 22-23 One of the more common metastatic sites for choriocarcinoma is the vagina. Because these lesions are exceedingly vascular, great care should be
exercised when a biopsy is performed.
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FIGURE 22-24 Postmortem specimen of the lung of a patient who died of
metastatic choriocarcinoma. The lung is congested and red because of
extensive hemorrhage within the lung parenchyma.

FIGURE 22-25 Histopathologic section of the lung shown in Figure 22-22.
To the left is invading trophoblastic tissue surrounded by hemorrhage. To the
right are congested alveoli.

FIGURE 22-26 Section of the liver showing subcapsular nodules of FIGURE 22-27 A metastatic trophoblastic nodule is seen on the surface of
metastatic choriocarcinoma. the left cerebral hemisphere.

FIGURE 22-28 Cut sections of the brain show much greater damage than is
perceived in Figure 22-25. Note the very large intraventricular hemorrhage,
which, in fact, was the terminal event for this patient.
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Ovarian Cystectomy and Cystotomy

Michael S. Baggish

Any cystic mass of the ovary has the potential for malignancy.
Afrozen section should be performed when a conservative treat-
ment plan has been selected. Cystectomy permits the cystic
structure to be selectively removed while the residual ovarian
tissue is preserved. Cystectomy may be performed for function-
ing cysts (follicular and corpus luteum), benign cystic terato-
mas, and endometriotic cysts.

The technique for cystectomy is similar for all of the preced-
ing conditions. The ovary is stabilized with placement of a
Babcock clamp on the utero-ovarian ligament (Fig. 23-1). If the
procedure is performed by laparotomy, then 3-0 Vicryl traction
sutures may be placed into the ovarian tissue outside of the
cystic area. The stitches are clamped with mosquito clamps and
held by an assistant. A 1:200 vasopressin solution is injected
into the stretched-out capsule of the ovary, which overlies
the cyst (Fig. 23-2). An incision is made into the capsule with
an energy device (laser or electrosurgical) or knife (Figs. 23-3
and 23-4).

The incision between the cyst wall and the ovarian capsule
provides a plane that can be dissected on either side ofthe initial
incision (Figs. 23-5 and 23-6). The incision may be extended at
will to facilitate separation of the cyst from the ovarian capsule
(Fig. 23-7A and B). The dissection continues to completely cir-
cumscribe the ovary (Fig. 23-7C). Finally, the base of the cyst is
clamped or coagulated, and the cyst is removed intact and sent

to the pathology laboratory (Fig. 23-7D). Any ovarian cyst other
than an obvious corpus luteum cyst should be sent for frozen
section. The remaining capsular tissue is folded upon itself, and
no sutures are placed. Alternatively, the excess capsule may be
trimmed away and the ovary closed with 4-0 Vicryl.

In some circumstances, particularly with endometriomas,
difficulty may be encountered in stripping away the ovarian
capsule from the cyst wall (Fig. 23-8). In these cases, | prefer to
resect a portion of the ovary that includes approximately 50%
of the cyst and then to vaporize the cyst lining from the inside.
The technique is described as follows.

The utero-ovarian ligament is grasped with Babcock clamps.
Stabilizing sutures of 3-0 Vicryl are placed into the periphery of
the ovary outside the field of proposed resection (Fig. 23-9). A
carbon dioxide (CO2 laser or other suitable energy device is
selected to cut the ovary. Alternatively, 1:100 vasopressin can
be injected and a knife used (Fig. 23-10). The cyst is opened
linearly and drained (Fig. 23-11A to C). A hemisphere of ovary
is cut away (Fig. 23-12). The interior lining of the cyst is then
vaporized (Fig. 23-13). The char is irrigated away (Fig. 23-14A
to C). The edges of the ovary are grasped and approximated by
suturing the obliterated cyst wall together with 3-0 Vicryl and
then approximating the wound margin with 3-0 or 4-0 Vicryl
(Fig. 23-15). The reconstituted ovary now has been reduced to
normal size (Fig. 23-16).
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FIGURE 23-2 The cyst is injected with a 1:200 vasopressin solution before

FIGURE 23-1 The ovary is enlarged by a benign cystic teratoma.
the cystectomy is begun.

FIGURE 23-3 Carbon dioxide (C02 laser trace spots are placed into the FIGURE 23-4 A cut has been created along the previously marked incision
ovary to indicate the direction or extent of the incision. This may be done line. Note that the ovarian capsule partially retracts from the underlying cyst
with a bipolar needle or with a shallow knife incision, with which the tissue is wall. A haze is created by the smoke of the energy source vapor.

scored.

FIGURE 23-6 Dissection of the cyst wall continues circumferentially around

FIGURE 23-5 An irrigating cannula dissects a space between the capsule
and the cyst wall with pressurized saline injection. the ovary.
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FIGURE 23-7 A. The initial incision is extended to facilitate mobilization of the cyst. B. When the incision extension has been completed, further hydrodissection
continues. C. The cyst has been 90% separated from the ovarian wall. D. The cyst has been completely separated from the ovary and is being removed from the
abdominal cavity. In this case, the second laparoscopic puncture incision is lengthened to create a microlaparotomy.

FIGURE 23-8 Bilateral, large endometriomas. The endometrial cysts are
approximately as large as the uterus. FIGURE 23-9 Stay sutures are placed into the ovary for traction.
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FIGURE 23-10 A 1:200 vasopressin solution is injected into the ovary for

hemostasis before the cystic structure is opened.

FIGURE 23-11 A. Laser trace spots (carbon dioxide
[C02 laser) made with a superpulse mode trace the
extent of the incision to be made. B. As the incision
cuts into the interior of the cyst, dark brown bloody
fluid escapes from the ovary and is suctioned away
from the field. C. Approximately half of the enlarged
ovary is resected. The interior of the remaining half
containing a portion of the interior cyst wall is
irrigated to clean out any residual bloody contents.



FIGURE 23-12 The excised cyst is examined and sent to the pathology
laboratory.
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FIGURE 23-13 The carbon dioxide (CO2) laser is targeted to the interior of
the remaining half of the ovary. The lining of the endometrioma is vaporized.

FIGURE 23-14 A. The char is irrigated with copious amounts of sterile
normal saline injected under pressure. B. A saline-soaked cotton-tipped
applicator further facilitates removal of devitalized tissue. C. The remaining
ovarian tissue without cyst wall is ready for closure.

NOILO3IS ®m ¢ 1dvd

9



PART 2 m SECTION 6 m Adnexa

FIGURE 23-15 The cyst cavity is obliterated as 4-0 Vicryl sutures bring the
opposing walls together. The vaporized surfaces will naturally adhere to each
other.

FIGURE 23-16 The capsule of the ovary is closed with a 4-0 Vicryl running
suture. The net effect of the operation is elimination of the cyst with
restoration of a normal-sized ovary.
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Surgery for Pyosalpinx, Tubo-ovarian
Alscess, and Pelvic Abscess

Michael S. Baggish

Infections emanating from the tube may result in a variety of
abscesses that may require surgical intervention. With the
exception of a pelvic abscess, which is typically managed by inci-
sion and drainage, tubal abscesses are excised if intensive anti-
biotic treatment fails to elicit a response.

Operative management of these infections uses a combina-
tion of techniques, including adhesiolysis, salpingectomy,
salpingo-oophorectomy, and even hysterectomy.

The criteria for drainage ofa pelvic abscess are (1) walling-off
ofthe pus (i.e., creation ofa pyogenic membrane) and (2) fluctu-
ance (i.e., “pointing” of the abscess just before an anticipated
spontaneous rupture). Typically in this location, the pointing
process is manifested as the leading edge of the pyogenic mem-
brane dissecting a space within the rectovaginal septum (i.e.,
between the rectum and vagina). This, of course, is best demon-
strated by performance of a rectovaginal examination and pal-
pation of the bulge in the septum.

Drainage is performed transvaginally. The cervix is grasped
with a single-toothed tenaculum. The vagina has been carefully
and gently prepared with povidone-iodine (Betadine) or another
suitable surgical preparatory solution. A weighted or Sims
retractor is placed along the posterior vaginal wall.

Just before incising into the lower cul-de-sac (septum), the
surgeon double-gloves and performs a rectovaginal examina-
tion to establish the exact position of the rectum relative to the
contemplated incision site (Fig. 24-1A). Next, an incision is cut
into the cul-de-sac. This may be facilitated by careful insertion
ofan 18-gauge needle attached to a syringe into the abscess and
withdrawal of a sample of pus, followed by cutting directly
along the track of the needle with a scalpel (Fig. 24-1B).

As soon as a 1- to 1.5-cm incision is made, the operator’s
index finger is inserted into the abscess cavity to (1) provide a
guide for enlarging the incision and (2) break up fibrous septa
to enhance drainage (Fig. 24-2). After appropriate culture
samples have been obtained and a large rubber drain or two
have been inserted into the abscess cavity, and its edges are

sutured to the incision edges with 2-0 chromic catgut, a
large safety pin is attached to the exposed end of the drain(s)
(Figs. 24-3 and 24-4).

A tubo-ovarian abscess that does not “point” (localize) into
the inferior portion of the pelvis but instead enlarges into the
upper abdomen may rupture intraperitoneally. This results in
spreading of peritonitis from the lower abdomen and pelvis into
the upper abdomen, creating an emergency situation. An enlarg-
ing tubo-ovarian abscess is a hazard for rupture because the
ovary, in contrast to the oviduct, does not have the capacity to
expand when pus collects within its substance. Hence, an enlarg-
ing tubo-ovarian mass is unpredictable and should be excised
(Fig. 24-5).

The tube is grasped at its distal extreme with a Babcock
clamp. The infundibulopelvic ligament is grasped with a
Babcock clamp, and a traction suture of0 or 1-0 Vicryl is placed
through the utero-ovarian ligament. Dissection is carried
upward and retroperitoneally to separate the ovarian vessels
from the ureter above the point where the two structures cross
into the pelvis over the common iliac artery (Fig. 24-6). The
infundibulopelvic ligament is triply clamped and sectioned.
The dissection is carried inferiorly to facilitate separation of the
tubo-ovarian complex from surrounding structures. The mass
is invariably stuck to the intestine, which must be sharply sepa-
rated from the abscess (Fig. 24-7).

Next, the distal tube and the utero-ovarian ligament are
together triply clamped (Fig. 24-8). The tubo-ovarian abscess
now is isolated and can be excised (Fig. 24-9A and B). Hemosta-
sis is secured by doubly suture-ligating beneath the two clamps
left on the infundibulopelvic and utero-ovarian pedicles.

The ureter, small and large intestines, and opposite adnexa
are carefully examined for any disease or injury. Vascular pedi-
cles are rechecked for bleeding (Fig. 24-10). Copious irrigation
is performed. Drains are inserted into the cul-de-sac and lateral
gutter. These are brought out of the abdomen through separate
stab wounds.
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Sample pus
withdrawal

Pelvic
abscess

Rectum

FIGURE 24-1 A, A pelvic abscess is illustrated via a hemisection through the pelvis. Fluctuance is identified by performing a rectovaginal examination and
verifying that the abscess has begun to dissect the rectovaginal septum. B, The posterior lip of the cervix is grasped with a tenaculum. The cervix and the uterus
are pulled downward and anteriorly. An 18-gauge needle is inserted into the bulging cul-de-sac mass. The plunger on the syringe is withdrawn, and pus is sucked

into the syringe.
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FIGURE 24-3 Pus drained from a pelvic abscess fills the posterior vaginal
fornix. A cotton-tipped applicator is inserted into the abscess cavity.

Rectum

FIGURE 24-2 With the needle track used as a guide, a scalpel cuts into the
abscess cavity. Flow of pus signals entry through the pyogenic membrane.
The surgeon's index finger is inserted into the abscess cavity. Fibrous septa are
broken up.

FIGURE 24-4 The initial incision is enlarged to 3to 4 cm to permit better
drainage. A large drain is placed into the abscess cavity and is anchored with two
or three 2-0 chromic catgut stitches. It is advised that the total length of the drain
be measured and recorded before it is placed and that the drain length be
remeasured and recorded when it is removed. A safety pin should always be
inserted into the outside extremity of the drain.

Rubber drain
with large safety pin
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FIGURE 24-6 The infundibulopelvic ligament is grasped with a Babcock clamp for traction. The utero-ovarian ligament, if visible, likewise may be grasped for
traction. Adhesions between the mass and neighboring structures (in this figure, intestine) are sharply divided.
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FIGURE 24-7 The infundibulopelvic ligament is secured from its close neighbor, the ureter. The ligament containing the ovarian vessels is triply clamped, divided,
and doubly suture-ligated with 0 Vicryl.

FIGURE 24-8 The oviduct and the utero-ovarian
ligament are likewise triply clamped, cut, and
doubly suture-ligated.
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F'GURE 24-9 A. The large, pus-filled mass is excised en masse. The mass should be cut open while fresh and a variety of cultures obtained. The specimens
should be immediately sent to the bacteriology laboratory. B. On occasion, a hysterectomy may be performed together with the salpingo-oophorectomy.
Depending on the patients clinical condition, this may be atotal or a subtotal hysterectomy.

FIGURE 24-10 After the diseased adnexa have been excised, the ureter is carefully inspected for its integrity before the peritoneum is closed. Gutter drains should
also be placed before closure



Adhesiolysis

Michael S. Baggish

Adhesions create anatomic difficulties because they blur normal
tissue planes and boundaries. Adhesions may range from thin
and filmy to thick and fleshy. Fibrosis may simply agglutinate
one structure to another. The key points in separating adhe-
sions are to use sharp dissection whenever possible and to avoid
blunt dissection because the latter frequently results in the
tearing of one or both adhesed structures during dissection
(e.g., when adhesed intestine is separated from the uterus, it is
better to err in the direction of leaving extra tissue attached to
the bowel and to dissect closer to the uterus) (Fig. 25-1A to E).
I avoid energy sources when the adhesions are proximate to
bowel, bladder, ureter, or larger blood vessels. The initial cut
should attempt to reverse the original attachment sequence
rather than create new tissue planes.

Careful and detailed inspection ofvisceral structures closely
involved in adhesiolysis surgery is vitally important to avoid
missing an iatrogenic bowel or bladder, or ureteral injury. Tubo-
ovarian adhesiolysis may require magnification to avert heavy,
obscuring hemorrhage. In this location, carbon dioxide (C02)
laser and bipolar electrosurgical procedures are vital tools to
prevent or reduce bleeding (Fig. 25-2A to C).

Adhesions covering or enveloping the ovary are better treated
by careful laser vaporization rather than by sharp dissection
(Fig. 25-3A to C). Omental adhesions may require the omentum
to be doubly clamped, cut, and suture-ligated to facilitate take-
down. Sidewall adhesions deserve some special considerations.
Ovary and tube may be “plastered” to the pelvic peritoneum
(Fig. 25-4A and B). The surgeon must identify the anatomy

CHAPTER

behind the adhesions. In this instance, entry into the retroperi-
toneal space facilitates identification. The external iliac vein,
hypogastric artery and vein, ureter, and ovarian vessels must be
identified and secured from injury during adhesiolysis. Injec-
tion ofsterile water with a fine needle may facilitate the develop-
ment of a safe dissection plane between adhesions involving the
bladder, bowel, and sidewall structure (Fig. 25-5A to D).

Adhesiolysis cannot be optimally accomplished without the
use of traction and countertraction (see Fig. 25-5). The latter
technique helps the clinician to identify the plane of attach-
ment of the adhesion to avisceral structure and in turn permits
the least bloody and least traumatic separation. Adhesions are
obviously always best dissected from superficial (first cut) to
deep (last cut). Similarly, the tip of the scissors must always be
in view. If an energy device (e.g., a C02 laser) is to be used, a
backstop should be placed behind the adhesion. Similarly, in
this circumstance, water can serve as a backstop because it will
absorb laser light (Fig. 25-6A toJ).

The technique used by me for adhesions that are layered
consists of making a small, careful nick at the edge of the adhe-
sion, insinuating a fine dissection scissors into the adhesion,
and alternately spreading and closing the scissors blade to
expose any structure within the adhesion before cutting it. This
can also be done with a laser coupled to an adjustable backstop
(Fig. 25-7). In this manner, a plane of safe dissection is estab-
lished, allowing the adhesions to be transected sharply. Simi-
larly, one can use aTouhy needle (18 or 22 gauge) to inject saline
into the adhesion to facilitate separation.
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FIGURE 25-1 A. Typical adhesions formed between the sigmoid colon and uterus, as well as between the small bowel and uterus. Note that traction produced
by the surgeon's hand clearly demonstrates the attachments of the adhesions, as well as their vascularity. B. A thick adhesion is clearly visible in this picture. When
cut, this type of adhesion may bleed because of the infiltration of parasitic and thin-walled blood vessels. C. Filmy and vascularized adhesions between the uterine
fundus and the small intestine. D. Extensive vascularized adhesions between the posterior surface of the uterus and the colon. E. Close-up of fleshy adhesions
between the uterus and the sigmoid colon.



FIGURE 25-2 A. Omentum-to-uterus adhesion has
been placed in traction and backstopped with a metal
probe. B. The adhesion is divided with use of the
carbon dioxide (C032 laser. The underlying colon is
protected from laser beam injury by the backstop.

C. The adhesed omentum has been neatly and
atraumatically separated.

CHAPTER 25 Adhesiolysis
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FIGURE 25-3 A. Encapsulation of the ovary by adhesions is best dealt with
by tightly controlled carbon dioxide (C02) laser vaporization. B. Vaporization
of the adhesion is virtually complete. Note that this technique preserves the
(white) capsule of the ovary. A jet of the irrigation stream is seen as char is
washed away. C. Larger pieces of the vaporized adhesions are debrided with

a moistened cotton-tipped applicator.

FIGURE 25-4 A. Dense tubo-ovarian adhesions are best lysed through injection of sterile water or saline beneath the adhesions to develop a plane for dissection.
B. An energy device may be used, but it must be capable of fine incisions and minimal thermal spread. Alternatively, sharp dissection with fine scissors and fine

suture-ligature to control bleeding may be used.
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H20 injection

FIGURE 25-5 A. Sterile water is injected between dense uterine and urinary bladder adhesions to provide both a plane of dissection and a heat sink. B. The
ovary is held down in its fossa by an adhesive band. C. Adhesions are cut between tube and ovary with a focused carbon dioxide (C02 laser beam with a
manipulating backstop in place. D. The C02laser sharply cuts the adhesion with the use of a wave guide inserted through the operating channel of the
laparoscope.
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FIGURE 25-6 A. Layer adhesions are identified between the sigmoid colon and the lateral pelvic wall. The tube and the infundibulopelvic ligament are seen on
the far right. Traction permits the surgeon to identify the plane of cleavage. B. Initial cuts are made by the carbon dioxide (C02 laser beam, which is delivered
by a wave guide (foreground). C. The adhesion (first layer) is cut close to the tube. D. A second layer of less dense adhesions is identified as the upper layer of

adhesions is cut. E. The second layer is penetrated by the laser beam. The pelvic floor is protected by the infusion of water beneath the adhesions. F. A large hole
is created in the adhesions as they are vaporized.
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FIGURE 25-6, cont'd G. The pelvic floor is viewed through the hole in the adhesion. H. The dissection is virtually complete. I. A final strand of an adhesion
between the bowel and the bladder is cut. J. The sigmoid colon is completely free from the reproductive organs. The intestine and the uterus are awash in

irrigation fluid.

FIGURE 25-7 A. The posterior surface of the uterus is adhesed to the cul-de-sac. An adjustable backstop is placed behind the adhesions. B. The adhesions are
sharply cut over the backstop.
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Surgical Management of Pelvic

Endometriosis

Michael S. Baggish

Endometriosis can produce cysts within the ovary and reactive
adhesions. Endometriosis produces inflammation, sometimes
exceedingly severe, in the vicinity of implants (Fig- 26-1). It is
curious that the inflammatory response does not necessarily
coincide with the severity of endometriosis. The appearance of
pelvic endometriosis may likewise assume a variety of patterns,
ranging from brownish spots to colorless microcysts (Fig- 26-2A
to E).
E)ndometriosis surgery is performed after attempts at medical
therapy have failed to resolve symptoms and eliminate visible
lesions. The surgery discussed in this chapter is conservative
(i.e., preserves the reproductive organs). The radical treatment
strategy is removal of the reproductive organs by means of hys-
terectomy, as illustrated in Chapter 12. A rather confusing term
used indiscriminately is “definitive treatment at surgery. This
phrase typically is used in reference to hysterectomy but, in fact,
could mean conservative management. There-fore this term
would be better eliminated from usage. Surgical removal of the
endometriosis with preservation of the uterus and adnexa is
accomplished by sharp excision or laser surgery. The best laser
for this purpose is the superpulsed carbon dioxide (C02 laser.
Another acceptable laser is the KTP-532 fiberoptic laser. The
least preferred device is the neodymium yttrium-aluminum-
garnet (Nd:YAG) laser because it produces the greatest degree
of thermal artifact (coagulation necrosis). Unless otherwise

specified, the laser referenced herein will be a superpulsed CO2
laser delivered laparoscopically or directly through a handpiece.
In strategic areas of endometriosis involvement, injection of
sterile water or saline beneath implants creates a heat sink as
well as a plane for dissection and serves to protect normal
underlying tissue from damage (Fig. 26-3A and B).

Vaporization of implants is performed at a setting of 5
to 10 W at 100 to 300 pulses/sec and 0.1 to 0.5 msec width
with a beam diameter of 1 to 2 mm (Fig. 26-4A to G).
When peritoneal or tubal surfaces are to be “brushed” (i.e., very
superficially vaporized), power (power density) is reduced suf-
ficiently to permit a single cell layer or a few cell layers to be
selectively eliminated (Fig. 26-5A to E). Deeper vaporization
or excision may be required. The depth is determined by magni-
fied observation of the wound. As long as siderophagic blood
is emitted from the site, endometriosis is present (Fig. 26-6A
to G). The most severe cases of endometriosis (stage 4)
will require combinations of treatment strategies, including
vaporization, excision, adhesiolysis, cystectomy, and possible
partial organ excision followed by pelvic reconstruction (Fig.
26-7A to F).

Endometriosis may extend deeply into underlying tissue. In
the cul-de-sac, penetration may reach the rectovaginal septum.
In these instances, the tissue should be sharply resected with a
combination of laser and scissors (Fig. 26-8A and B).
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FIGURE 26-1 Foci of endometriosis deep in the ovarian fossa. Note the
extensive inflammatory reaction in the peritoneum surrounding the overt
endometrial implants.

FIGURE 26-2 A. Several biopsy-proven vesicular endometrial implants on
the fimbriated portion of the oviduct, which is adhesed to the ovary. B. Detail
of cul-de-sac endometriosis. The endometriosis pattern is red with central
blue-black implants. C. Characteristic brownish black endometrial implants on
the ovary. D. Close-up of endometriosis of the ovary. As these implants are
ablated, brownish (hemosiderin) fluid exits from the lesions. E. Several
endometrial implants on the sigmoid colon create dyschezia.
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FIGURE 26-3 A. The left adnexa is held in the foreground. To the left, extensive endometriosis involves the urinary bladder. Scar formation resulting from the
endometriosis distorts the uterus and the round ligaments, which appear to be inserted into the bladder. B. Sterile water is injected beneath sigmoid colonic
endometrial implants with use of a 27-gauge needle. The water creates a heat sink to protect the underlying muscularis and mucosa of the intestine. The same

technique is used for bladder endometriosis (see Fig. 26-3A).

FIGURE 26-4 A. The colon is held in preparation for ablation (in this case) or excision of the endometriosis. B. The endometriosis has been vaporized from the
colon (see Figs. 26-2E, 26-3B, and 26-4A). Continued
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FIGURE 26-4, cont'd C. The endometriosis of the bladder has been
vaporized. Some char is present where the laser altered the implant.

Note the right round ligament and the uterus, which are adhesed to the
bladder (see Fig. 26-3A). D. Multiple bladder implants have been vaporized.
E. Neighboring uterine endometrial implants are vaporized. F. Note the
hemosiderin-laden fluid streaming from the round ligament implant. G. The
bladder and the uterus are copiously irrigated on completion of the
destruction of all endometriotic implants. The wet cotton-tipped swab
extricates any residual char.
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FIGURE 26-5 A. The vesicular (pattern) implants on the fimbrial portion of
the oviduct have been carefully vaporized (see Fig. 26-2A). B. On completion
of vaporization, the tube is thoroughly irrigated with normal saline or
heparinized Ringer's lactate solution. C. Cul-de-sac endometriosis located in
proximity to the ureter. Injection of sterile water beneath the implants will
create a plane of dissection and a heat sink. D. The foci of endometriosis have
been vaporized (see Fig. 26-5C). E. Close-up view of the vaporization of the
implants. The char is irrigated away as the next step in treatment of this
disorder.
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Laser arm

View through
laparoscope

FIGURE 26-6 A. The left ovary not only has surface implants but also is enlarged, suggesting the presence of an endometrial cyst. B. Schema for a second-
puncture laser probe and the laparoscopic technique for treating endometriosis. The laser may also be delivered via a wide channel built into the operating
laparoscope (so-called single-puncture delivery) (see Fg. 26-6E). C. Laparoscopic view of second-puncture delivery of a fiber laser beam. The laser fiber is placed
through an irrigating probe. Thus, irrigation and vaporization are carried out with the same device and require the use of only one of the surgeon's hands.

D. Schema for delivering the carbon dioxide (C02 laser beam through the operating channel of the laparoscope. In this case, single-puncture delivery integrates the
operating tool within a single instrument that is also used to provide light and an optical view of the operative field. E. The terminus of an operating laparoscope

for CO2 laser delivery. Note the relative size of the laser channel (left) compared with the optic (right).
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FIGURE 26-6, cont'd F. Endometriosis of the ovary is vaporized by a laser handpiece. The probe points to fluid exiting a vaporized implant. G. Close-up of the
completed vaporization of ovarian endometriosis.

FIGURE 26-7 A. Stage 4 endometriosis. The uterus exhibits multiple implants. The ovaries have bilateral endometrial cysts. The uterus and sigmoid were densely
adhesed to the cul-de-sac (these have been dissected free). B. The uterine endometriosis has been vaporized. C. Ovarian deep implants are vaporized. D. An
endometrioma has been opened and drained. The walls of the cyst will be resected. Continued
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FIGURE 26-7, cont'd E. The resected cyst is held in the surgeon's hand before it is sent to the pathology laboratory. F. Approximately half of the treated ovary is
conserved. The wound is closed in two layers with 3-0 and 4-0 polydioxanone (PDS) sutures.

FIGURE 26-8 A. Deeply infiltrating endometriosis. The endometriosis has
been outlined by a carbon dioxide (C02 laser. (Courtesy Dan Martin, MD.)

B. The endometriosis has been sharply excised from the cul-de-sac. (Courtesy
Dan Martin, MD.)



CHAPTER

Surgical Management of Ectopic Pregnancy

Michael S. Baggish

Linear Salpingostomy for Tubal
Ectopic Pregnancy

Ectopic pregnancy may occur in a variety of locations. A vast
majority of these occur within some part of the oviduct (Fig.
27-1). The goal of early diagnosis and prompt therapy is preven-
tion of rupture and severe internal hemorrhage (Fig. 27-2).
Although most tubal ectopic pregnancies are managed laparo-
scopically, certain circumstances may require laparotomy. These
include large tubal pregnancies, rupture with substantial hem-
orrhage and hypovolemia, and cornual pregnancies. The open
procedure for treating a leaking or unruptured tubal pregnancy
is identical to the laparoscopic procedure. A linear salpingos-
tomy is performed as the operation of first choice. If the tube
has been severely damaged or if bleeding cannot be controlled,
then a salpingectomy should be done.

The affected tube is identified, as is the ipsilateral ovary (Fig.
27-3). Any blood in the abdominal cavity is evacuated. The con-
tralateral tube and ovary are likewise examined for disease. Next,
the tube containing the tubal pregnancy is isolated with abdom-
inal packs. A 1:100 vasopressin solution is injected (Fig. 27-4).
It is wise to place traction (untied) stitches at either extreme of
the bulging tube; alternatively, Babcock clamps may be applied.
A trace incision is made on the antimesenteric edge of the tube
with the use of an energy device (laser or electrosurgical) (Figs.
27-5 and 27-6). The incision is extended transmurally until the
products of conception are contacted (Fig. 27-7).

At this point, the pressure of the blood and clot expands the
opening in the tube (Figs. 27-8 and 27-9). An irrigating probe is
placed into the incision to facilitate separation of the products
from the wall of the oviduct (Fig. 27-10). Traction is placed on
the products, and the entire mass of blood, placenta, and
embryo is removed (Fig. 27-11). The bed is irrigated (Fig- 27-12).
The tube may be closed in one layer with 3-0 or 4-0 Vicryl, or
the wound edges may be simply approximated and allowed to
seal spontaneously (Figs. 27-13 through 27-17).

Cornual Excision and Salpingectomy
for Cornual Ectopic Pregnancy

This abnormal implantation occurs in the interstitial portion
of the oviduct and has a high potential for very serious hemor-
rhage related to the greater size of the ectopic pregnancy, the
rich vascular network formed by the anastomosis of the uterine
and ovarian arteries, and the later gestational age of the concep-
tus at the time of diagnosis (Fig. 27-18A and B). Cornual preg-
nancies account for 2.6% of all ectopic pregnancies and present

a five times greater risk for fatality (i.e., 2.5% maternal mortality)
(Fig. 27-19).

The affected tube is grasped with Babcock clamps. The meso-
salpinx is doubly clamped and incised between the two clamps
along its entire length. The clamped pedicles are suture-ligated
on either side with 0 Vicryl. The ovary may be preserved by
avoiding the infundibulopelvic and utero-ovarian ligaments
(Fig. 27-20).

When the tubouterine junction is reached, a figure-of-8
suture of 1 Vicryl or polydioxanone (PDS) is placed so as to
encompass the bulging mass of the cornual pregnancy.

A 1:200 vasopressin solution (10 to 15 mL) is injected into
the cornua.

With a scalpel or energy device, the cornual pregnancy is
wedged out of the uterus (Fig. 27-21). Simultaneously, the
previously placed figure-of-8 suture is tightened to control
bleeding. When the entire tubal mass has been excised, several
pumping arterioles will have to be secured by clamping and
suture ligatures. The large figure-of-8 suture is then tied
(Fig. 27-22). The cornual portion of the uterus is further secured
by placing three or four additional figure-of-8 sutures through
the serosa and myometrium (Fig. 27-23).

The uterus is peritonized and supported by placement of a
U-shaped stitch from the cornual resection site through the
ipsilateral round ligament. As the suture is tightened and tied
into place, a knuckle of round ligament and peritoneum is
pulled over to cover the operative site (see Fig. 27-23).

Rudimentary horn pregnancy occurs rarely, that is, in 1 of
100,000 pregnancies. This condition is attributed to pregnancy
occurring in a noncommunicating horn of a bicornuate uterus.
Rupture risk is high, and outcomes are similar to those for
ruptured cornual pregnancy (Figs. 27-24 and 27-25).

Salpingectomy for Isthmic Ectopic Pregnancy

Isthmic and ampullary ectopic pregnancy may be treated by
linear salpingostomy or, alternatively, by salpingectomy, or even
by segmental resection.

Salpingectomy is performed by elevating the oviduct and
ovary and serially clamping and suture-ligating the mesosal-
pinx. The tube can be clamped and cut off at the uterine termi-
nus (Figs. 27-21 through 27-33). The decision to resect the
interstitial remnant offers both advantages and disadvantages
(Figs. 27-34 through 27-36). Resection will eliminate the risk
that a future cornual ectopic pregnancy may occur as the result
of transmigration of a fertilized ovum but will greatly increase
the risk of uterine rupture if a future intrauterine pregnancy
should occur.
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Interstitial
(2.4%)

Abdominal
(1.3%)

FIGURE 27-1 This schematic drawing illustrates the various intra-abdominal sites and their relative frequencies for ectopic pregnancy.

FIGURE 27-2 This ruptured ectopic pregnancy implanted on the mesentery
of the ileum. When the abdominal pregnancy was diagnosed, the fetus had
grown to 14 weeks' gestational size.



FIGURE 27-3 The right oviduct is grasped and elevated to reveal a swollen
ampullary portion of the tube.

FIGURE 27-5 The antimesenteric surface is opened with an energy device
(laser or electrosurgical) for purposes of hemostasis. In this case, a carbon
dioxide (CO02 laser is used.

FIGURE 27-7 Asthe tubal lumen is encountered, the pressure of the blood
spreads the incision.

CHAPTER 27 Surgical Management of Ectopic Pregnancy 349

FIGURE 27-4 The oviduct is injected with 1:100 vasopressin solution. The
surgical site is injected to induce vasoconstriction.

FIGURE 27-6 The incision is linear and measures between 1and 2 cm in
length.
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Exposure

of tubal

pregnancy FIGURE 27-9 Typically, the tubal pregnancy presents as a large blood clot
within the lumen.

FIGURE 27-8 Alternatively, an electrosurgical handpiece equipped with a
needle electrode may be used to perform the salpingostomy. The net effect is
similar to that produced by the carbon dioxide (C02 laser.

FIGURE 27-10 A small cannula is inserted into the incision, and the
pressure of the irrigating solution dislodges the products of conception from
the tube wall.

FIGURE 27-11 With the use of fine manipulating hooks or forceps, the entire FIGURE 27-12 The tubal bed is typically dry but should be irrigated with
ectopic pregnancy is removed en masse. saline to check for bleeding. The repair may be initiated.
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FIGURE 27-13 The incision may be closed with 4-0 Vicryl, interrupted through-and-through, or simple sutures, or the edges of the incision may be simply pulled
together and allowed to seal spontaneously.

FIGURE 27-14 Unruptured ectopic pregnancy within the ampullary portion FIGURE 27-15 A salpingostomy has been performed, and the products have

of the tube. Two Babcock clamps isolate the affected tubal segment. been extracted. The tube and the ectopic bed are irrigated with warmed
saline.

FIGURE 27-16 The linear incision in the oviduct will be closed, in this case FIGURE 27-17 The incision has been closed with simple interrupted stitches,

with the use of 4-0 Vicryl.
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FIGURE 27-18 A. An interstitial pregnancy presents as a bulge in the
cornual region of the uterus. B. Laparoscopic view of an unruptured right
cornual pregnancy.

FIGURE 27-19 This large cornual pregnancy clearly shows the site of
rupture.
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Big loop figure-of-8
ligation/closure
(below bulge)

Big loop
ngure-of-8
(top view)

Mesosalpinx
continued incision

Ovarian
tube

Mesosalpinx
beginning incision

FIGURE 27-20 The mesosalpinx on the affected side is serially double-clamped with Kelly clamps and incised with Metzenbaum scissors. Each vascular pedicle is
suture-ligated in transfixing fashion with 0 Vicryl. When the cornu is reached, a 0 or 1Vicryl suture is placed deeply beneath the ectopic mass in figure-of-8 fashion.
The suture is tagged with a mosquito clamp and left untied.
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FIGURE 27-21 The cornual pregnancy is excised after injection with a 1:100 or 1:200 vasopressin solution. The previously placed figure-of-8 suture is triply tied,
producing immediate hemostasis.

FIGURE 27-22 The en bloc excised cornual pregnancy is examined, then is
handed off to the nurse.



Round
ligament

Coffey
suspension

Round
ligament
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FIGURE 27-23 Additional but shallower figure-of-8 sutures are placed linearly to gain additional hemostasis and to close the remainder of the incision.
A U-shaped suture of 0 Vicryl is placed through the uterine wall at the cornual incision and is brought through the ipsilateral round ligament at its junction
with the broad ligament. The net effect of this stitch when tied is to cover the incision with peritoneum and to suspend the uterus on that side.

FIGURE 27-24 Preoperative diagnosis of a ruptured or leaking cornual
ectopic pregnancy was made. At laparotomy, a bicornuate uterus with a
noncommunicating and ruptured unicornuate uterus was found.

FIGURE 27-25 This view shows the site of rupture to be in the thinned
cornu of the unicornuate portion of the bicornuate uterus.
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FIGURE 27-26 The tubal pregnancy site is isolated in the isthmus close to
the cornual portion of the oviduct.

FIGURE 27-27 The mesosalpinx is grasped at the fimbrial end of the tube
and is doubly clamped with Kelly clamps.

FIGURE 27-28 The maneuver shown in Figure 27-27 is repeated until the
tubouterine junction is reached.



FIGURE 27-29 Ifthe cornu isto be resected, a O Vicryl figure-of-8 stitch is
placed widely and deeply into the area to be resected.
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FIGURE 27-30 Vasopressin 1:100 solution is injected into the cornua with a
25-gauge needle.
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FIGURE 27-31 The tube is cut by a wedging-type excision. FIGURE 27-32 As the wedge is removed from the cornual portion of the

uterus, the figure-of-8 stitch is tightened.

jK Ies.
pp
FIGURE 27-33 The figure-of-8 suture is tightened into place, and good FIGURE 27-34 Additional O Vicryl sutures may be placed if needed.
hemostasis is seen.
FIGURE 27-35 A knuckle of round ligament is pulled over the incision; it FIGURE 27-36 On completion of the surgical site, ovary, ovarian vessels,

covers the suture line and suspends the operative side of the uterus. ureter, and surrounding intestine are carefully examined while the field is

irrigated with sterile saline.
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Surgical Management of Ovarian

Residual and Remnant

Michael S. Baggish

After hysterectomy without salpingo-oophorectomy (bilateral
or unilateral), the residual adnexa not uncommonly becomes
symptomatic in the form of chronic abdominal pain. The
reasons for this pain are myriad but frequently involve adhe-
sions between the residual adnexa attached to the intestines, the
bladder, or the peritoneum. The adnexa itselfmay be completely
invested in fibrous tissue and may be densely bound to the
pelvic wall in the region of the obturator fossa. Surgery to
remove the residual adnexa requires careful, gentle, sharp dis-
section and contemporaneous, compulsive hemostasis. Obvi-
ously, precise knowledge of pelvic anatomy is requisite to a
successful, noncomplicated outcome. Figure 28-1 illustrates
these points in that distinguishing between hydrosalpinx and
intestine may be challenging (Fig. 28-2).

The remnant ovary represents a portion of an ovary that
ostensibly had been completely removed at the time of the
previous oophorectomy. Obviously, the premise was incorrect

because the retained piece of ovarian tissue provides testimony
to the fact that the excision of the ovary was not complete.

Pieces ofovarian tissue remaining behind after an incomplete
removal of the ovary create significant problems for the unfortu-
nate patient. Typically, these remnants are encased in adhesions,
are subjected to a variable blood supply, and create pain.

The remnant tissue tends to be plastered to the pelvic side-
wall in proximity to portions of the infundibulopelvic ligament,
the ureter, and the external iliac vessels (Fig. 28-3). Not fre-
quently, the large intestine is also tightly adhesed to the ovary.
Dissection is performed by gaining retroperitoneal entry to
(1) free the intestine from the ovarian tissue, (2) free the ovary
from the sidewall structures (above) without damaging those
structures, and (3) remove the fragments of ovary and repair the
peritoneal defect (Fig. 28-4). The surgeon should not hesitate
to consult a urologist to pass a retrograde catheter into the
ureter on the affected side.

FIGURE 28-1 Residual ovary and tube seen during laparotomy in awoman who underwent three previous cesarean sections and two subsequent procedures,
including a total abdominal hysterectomy. After extensive adhesiolysis, the right adnexa (A) was exposed deep to the adhesed small intestines (SB). A similar state
of affairs was noted on the left. Note the similarity of appearance between the hydrosalpinx and the adhesed small intestine.
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Residual
ovary

IFP
ligament

FIGURE 28-2 The retroperitoneal spaces were entered over the psoas major

muscle, and the right and left ureters were identified. The right and left tubes

and ovaries were dissected free of surrounding structures and were removed.

Hemostasis was obtained, and long tonsil clamps with 3-0 Vicryl suture Ureter

ligatures were used. The patient had a history of pulmonary embolism;

therefore she was given 40 mg of Lovenox 2 hours postoperatively. The Large
removed specimens are seen here. The hydrosalpinx on the left side leaked intestine
out when a Babcock clamp was placed onto the tube.

FIGURE 28-3 The remnant ovary is seen adhesed to the colon and sidewall
of the pelvis. Note the relationship of the ovarian vessels and ureter to the
ovarian mass. IFP, infundibulopelvic ligament.

IFP
cut and tied

Removal of
residual
ovary

IFP
ligament

FIGURE 28-4 The sigmoid colon has been separated from the remnant by
sharp dissection coupled with assiduous hemostasis. The ovary is dissected free
from the sidewall structure. Inset, The remnant is removed. The course of the
Ureter ) Larqe ureter is checked, and the ureter is carefully examined for any sign of injury.
intestine IFP, infundibulopelvic ligament.
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Ovarian Tumor Debulking

Jack Basil u Kevin Schuler u James Pavelka

Ovarian cancer should be viewed as a spectrum of diseases
including ovarian, fallopian tube, and primary peritoneal
cancer. Recent molecular data support the concept of serous
ovarian cancers actually arising from a dysplastic precursor in
the distal fallopian tube. These cancers are thought to spread
primarily by contiguous growth and also dissemination through
the lymphatics. Cells that reach the external surface of the ovary
or fallopian tube exfoliate and implant inside the abdominal-
pelvic cavity, causing peritoneal disease. Once the cancer has
disseminated, it tends to grow on the lining of the peritoneum
and on the outside of the viscera in the abdomen and pelvis.
Once outside the ovary/fallopian tube, this malignancy has a
predilection to metastasize to the deep portions of the anterior
and posterior cul-de-sacs, the surface of the diaphragm (espe-
cially the right side), and the omentum, including both infra-
colic and gastrocolic portions. In addition, ovarian cancer is
found to involve the surfaces of the large and small bowel and
its mesentery, the spleen, the liver, and the stomach. Approxi-
mately one fourth of cases of ovarian cancer are confined to the
ovary. It is of paramount importance to completely surgically
stage these cases at the time of diagnosis so that the appropriate
treatment can be given.

Ovarian cancer is a surgically staged disease, and most cases
(approximately 75%) are advanced stage Ill or IV at the time of
initial diagnosis. The cornerstone of therapy for ovarian cancer
is maximal surgical cytoreduction, or tumor debulking, surgery.
Most cases will require additional treatment with chemother-
apy except those tumors that are stage IA/IB grade 1in classifi-
cation. Surgery for an undiagnosed pelvic mass or a presumed
ovarian cancer customarily begins with a vertical midline skin
incision (Fig. 29-1A to D). This approach allows for removal of
the mass or ovary (especially if it is large) and, more important,
for maximal exposure of the abdominal-pelvic cavity so that a
thorough exploration can be performed. The incision usually is
started at the level of the pubic symphysis and is extended

cephalad. It can be extended all the way to the xyphoid process
if necessary.

In a minority of cases, ovarian cancer can be confined to the
ovary, and a “conservative staging procedure” can be performed
(Fig. 29-2A and B). A conservative staging procedure consists of
unilateral adnexectomy, pelvic washings, peritoneal biopsies,
omentectomy, and lymph node dissection (usually to include
pelvic and para-aortic areas; Fig. 29-3A and B). This conservative
staging technique should be limited to children, adolescents,
and women of childbearing years whose malignancy is grossly
confined to one ovary.

To date, no accurate screening test has been developed
for ovarian cancer; therefore most ovarian cancers have spread
into the abdominal-pelvic cavity by the time of diagnosis
(Fig. 29-4A to D). The goal of surgical treatment in these
cases is maximal tumor debulking, also termed surgical cytoreduc-
tion. This usually consists of total abdominal hysterectomy,
bilateral salpingo-oophorectomy, omentectomy, and tumor
debulking. In addition, ascites, if present, is removed as a
component of this surgery. When gross bulky disease is
found outside the abdomen, removal of lymph node tissue is
usually reserved for those cases in which lymph nodes contain
bulky disease. Often the omentum is a site of metastatic disease
(Fig. 29-5). Commonly, most cases of metastatic disease for
ovarian cancer are found in the omentum (Figs. 29-6A and B
and 29-7A and B).

Optimal tumor debulking (defined as no residual disease =
1to 2 cm at the conclusion of the surgery) provides a survival
advantage to patients with ovarian cancer. Optimal tumor
debulking often can involve surgery on such organs as bowel,
bladder, liver, and spleen (Fig. 29-8). The concept of decreasing
residual tumor burden is thought to make postoperative adju-
vant therapy most effective. This correlates with a survival ad-
vantage in patients who undergo optimal tumor debulking for
ovarian cancer.
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FIGURE 29-1 A. The right ovary is markedly enlarged and contains an adenocarcinoma. The right fallopian tube and mesosalpinx can be seen draDine over the

Htﬂ—isséasl:é. Q Thg Elrge ov;riléinvm-[alggmas?beemm!:/ered !I;rojgﬂ ?ﬁ&tvgﬁ.ggﬂhﬂﬁM'a%#%%e adenocarcinoma of the right ovary measures 20 x 15 x

anZ”cinoutsltypes 7 n bUt * did C ntain mU'tiple * * * SePtatiOnS and * e adenocarcin® ™ the ovary, which consisted of mixed serous

S S id rn U This Pre°Perative magnetic resonance image (MRI) of the pelvis shows an ovarian mass clearly distinct from the bladder, the uterus and the
rectosigmoid colon. B. Ovarian cancer is confined to the left ovary, and a normal uterus and right ovary can be seen. Conservative staging can be used in this case.
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FIGURE 29-3 A. A pelvic lymph node dissection has been performed. The external iliac artery and vein have been stripped of all lymph node tissue and are
being gently retracted by a vein retractor to expose the obturator nerve. The obturator lymph node pad has also been removed to expose the obturator internus
muscle and the pelvic sidewall. B. A right-sided para-aortic lymph node dissection has been performed. Surgical clips can be seen on the surface of the psoas major
muscle and the inferior vena cava. Medial to the inferior vena cava, the aorta can be seen, as well as the ureter.

FIGURE 29-4 A. A cancerous ovary with extensive gross disease on its surface. B. The contralateral ovary and posterior uterine serosa contain gross metastatic
disease. C. Extraovarian disease along the vesicouterine peritoneum causing obliteration of the anterior cul-de-sac. D. Extraovarian disease involving the posterior

cul-de-sac.
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FIGURE 29-5 Small metastatic implants of an ovarian malignancy can be
seen throughout the omentum.

FIGURE 29-6 A. Metastatic ovarian cancer with omental caking involving
the infracolic omentum. Metastatic tumor implants can be seen along the
taenia coli of the transverse colon. B. A left ovary, uterus, cervix, and
omentum depicting a left-sided ovarian cancer with metastatic disease along

the anterior uterine serosa and in the omentum. Most of the disease is
contained in the omentum.

FIGURE 29-8 A portion of omentum with metastatic ovarian cancer that
was firmly adherent to a portion of small bowel. For optimal tumor debulking
to be accomplished, the portion of small bowel adherent to the omental cake
was resected, and a bowel reanastomosis was performed.

FIGURE 29-7 A. A case of metastatic ovarian cancer replacing the

omentum. B. An omental cake is shown firmly adherent to the transverse
colon.



Tuboplasty

Michael S. Baggish

The oviducts may be obstructed principally at three locations:
(1) at the cornua, (2) at the fimbriated end, and (3) at any point
between these two locations. The causes of oviductal obstruc-
tion are myriad and include infection, ectopic pregnancy, endo-
metriosis, intentional tubal ligation, and partial salpingectomy.
Before surgery is performed, a thorough diagnostic survey
should be done, including laparoscopy, chromotubation, and
hysterosalpingography. Several of the techniques described here
can be performed by laparoscopy, laparotomy, or microsurgery.
Similarly, the incisional portions of these procedures may be
performed with conventional mechanical devices, superpulsed
carbon dioxide (C02 lasers, or electrosurgical tools. | prefer to
use a variety of instruments, basing selection on the circum-
stances of the disease and the relative advantages of a particular
device for a specific circumstance. These surgical techniques
use fine instruments, gentle tissue manipulation, small-gauge
suture material, and needles. Compulsive hemostasis is required
for successful outcomes.

Fimbrioplasty (Hydrosalpinx)

Ahydrosalpinx connotes a damaged tube (Fig. 30-1). Methylene
blue dye should be injected transcervically to determine whether

CHAPTER

the tube fills. If the tube distends with the dye, then a fimbrio-
plasty may be attempted (Fig. 30-2). Traction sutures of 4-0
Vicryl are placed to permit gentle tissue manipulation and to
obtain good stability of the oviduct during surgery (Fig. 30-3).
A CO2superpulsed laser (Lumenis, Santa Clara, California) set
at 12 W at 300 pulses/sec is focused to deliver a 1-mm-diameter
spot (Fig. 30-4). A hole is drilled into the central point of the
fimbrial adhesion (Fig. 30-5). Blue dye spews forth as the ovi-
ductal canal is entered. A lacrimal probe is inserted into the
opening. Four radial cuts are made from the central point and
are carried into the tubal lumen (Fig. 30-6). These may range
from 3 to 10 mm in length.

The edges of each radial cut are then sutured back to the
tubal serosa or are laser brushed to create a cuff (Fig. 30-7). The
preferred suture material is 5-0 polydioxanone (PDS)/Vicryl.
The cuff exposes to the ovary a large surface area of tubal cili-
ated cells. Patency is again checked by retrograde injection of
methylene blue dye (Fig. 30-8).
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FIGURE 30-1 The distended oviduct is secured for inspection with a tube FIGURE 30-2 The oviduct is filled with methylene blue injected retrogradely
clamp. This figure demonstrates a classic hydrosalpinx. through a transcervical Cohen-Eder cannula.
FIGURE 30-3 A 1:200 solution of vasopressin is injected into the planned FIGURE 30-4 The helium-neon aiming beam of a carbon dioxide (C02)

operative site with a 25-gauge needle. superpulsed laser is aimed at the dimple in the fimbriated end of the

hydrosalpinx. This represents the site of central agglutination of the fimbria.

FIGURE 30-5 Entry into the tubal lumen is signified by the leakage of
methylene blue-tinged fluid. A metal probe is inserted into the lumen.
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FIGURE 30-6 The tube is opened widely by cutting four flaps. FIGURE 30-7 The flaps are sutured back through the tubal serosa, creating
an open cuff.

FIGURE 30-8 The entire process is illustrated schematically. A. A large
hydrosalpinx is illustrated. B. The C02laser beam drills a hole into the
distended tube at its central point of closure; watery fluid emits from the hole.
C. The focused CO02 laser cuts flaps into the hydrosalpinx. Note the metal
backstop, which prevents the laser beam from injuring the tubal mucosa
beyond the target. D. Instead of suturing the flaps, a cuff is created by lasering
the flap serosa at low power (brushing), thus creating a slow, mild serosal
coagulation and resultant retraction of the tubal mucosa.
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Midtubal Anastomosis

Midtubal obstruction (e.g., as produced by previous tubal liga-
tion) may be treated by segmental resection followed by anas-
tomosis over a stent.

Methylene blue dye is injected retrogradely, filling the nonoc-
cluded portion of the distal (uterine end) oviduct (Fig. 30-9). A
1:100 solution of vasopressin is then injected just beyond the
obstruction (Fig. 30-10). The tube is cut with a scalpel to the
level of the mesosalpinx (i.e., a circumferential cross-sectional
cut). Blue dye emits from the opened lumen of the oviduct. A
fine probe is inserted in the direction of the uterine cavity. Four
5-0 Vicryl sutures are placed clockwise, full thickness through
the cut edge of the tube, and are held with mosquito clamps.

Attention is drawn to the fimbriated end of the tube. A probe
is placed through the fimbria and is advanced until it meets the

FIGURE 30-9 Methylene blue dye injected transcervically distends the distal
oviduct to the point of ampullary obstruction.

FIGURE 30-11 A cannula is fed through the fimbria to the point of proximal
obstruction. As the obstructed area is cut away, blue dye spills forth.

obstruction (Fig. 30-11). This marks the point where the scar
tissue begins. A 1:100 vasopressin solution is injected into the
tube at this point. The knife cuts the oviduct as mentioned
earlier until the tip of the probe is exposed (see Fig. 30-11). The
obstructed segment is cut away and the mesosalpinx sutured
with a 4-0 Vicryl running lock stitch. A fine plastic or Silastic
tube is threaded through the newly opened oviduct (Fig. 30-12).
Care should be taken to avoid kinking the tube. The previous
stitches (placed from outside in) are now taken up and sutured
into the proximal segment through an inside-out technigue
(Fig. 30-13). The four stitches may now be tied over the stent.
If additional stitches are desired, they should be placed before
the original four sutures are secured.

The distal end of the stent tube is fed into the uterine cavity.
All suture lines are thoroughly irrigated. The portion of the
stent exiting the fimbria should be trimmed (Fig. 30-14).

FIGURE 30-10 The tube is manipulated with polyethylene tubing placed
through the mesosalpinx. A 1:100 vasopressin solution is injected into the
distal oviduct at the point of the obstruction.

FIGURE 30-12 The proximal (fimbriated) and distal (uterine) patent
segments of the oviduct are cannulated with polyethylene tubing, which acts
as a stent to facilitate the anastomosis.



FIGURE 30-13 Fine Vicryl (5-0) sutures are placed full
thickness into the oviduct, with care taken to avoid
stitching the stent. Entry into one tubal segment extends
from serosato mucosa. The other segment is sutured from
inside (mucosa) out (serosa). The stitches are tied on the
serosa and cut on the knot.
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Plastic
stent

FIGURE 30-14 The tube has been anastomosed and has been
demonstrated to be open. The 5-0 Vicryl sutures are barely visible. It is
obvious that this anastomosis has been performed with the use of the

operating microscope.

Cornual Anastomosis

The fimbriated end of the tube is probed by means of a polyeth-
ylene cannula inserted into the tube. Dye (methylene blue) is
injected. The tube is injected with 1:200 vasopressin and is cut
just proximal to the obstruction. All bleeding points are secured.
The remaining obstructed segment of tube is excised and the
mesosalpinx suture-ligated with 3-0 Vicryl (Fig. 30-15).

The cornual portion of the uterus is injected with 1:200
vasopressin (Fig. 30-16). Serial sharp cuts are made into the
cornua (Fig. 30-17). At the same time, methylene blue is injected
retrogradely through the cervix. When the open portion of the
interstitial portion of the oviduct is transected, blue dye squirts

forth. A lacrimal probe is inserted into the interstitial tube
lumen and is advanced into the uterine cavity. The probe is
withdrawn, and the polyethylene stent described earlier is
fed through the distal tube lumen into the uterine cavity
(Fig. 30-18).

Anastomosis of the two segments of tube is carried out with
5-0 or 6-0 Vicryl interrupted sutures (Fig. 30-19). The serosal
portion of the oviduct then is anchored to the uterine serosa
with 5-0 Vicryl. The cornual defect is closed simultaneously
with 4-0 Vicryl (Fig. 30-20).

The abdomen is thoroughly irrigated before closure is per-
formed. The stent is recovered through hysteroscopy 3 to 4
weeks postoperatively.
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FIGURE 30-15 The proximal tube has been injected via fimbrial cannulation FIGURE 30-16 A 1:100 vasopressin solution is injected into the cornua with
to demonstrate the area of obstruction. The tube will be cut open at the afine (25-gauge) needle.

scored area. The entire segment of cornual and isthmic oviduct is obstructed.

FIGURE 30-17 The cornua is serially sliced until the transcervically injected FIGURE 30-18 The two open ends of the oviduct are approximated at the
methylene blue dye flows freely from the opened interstitial portion of cornua after the obstructed segment is removed.

the tube.

FIGURE 30-19 The tube is anastomosed into the cornua in a two-layered FIGURE 30-20 The cornual incision is closed with 4-0 Vicryl. The serosa of

closure- the tube is sutured to the serosa of the uterus with 5-0 Vicryl.



Tubal Sterilization

Michael S. Baggish

Tubal interruption, or bilateral partial salpingectomy, is a rela-
tively easy and direct method of accomplishing surgical steril-
ization. Typically, this operation is performed at the time of
cesarean section, or immediately postpartum in the case of
vaginal delivery. Two operations are especially well suited for
these particular circumstances. Modified Irving and Pomeroy
techniques are enhanced because further tubal separation may
be anticipated as the result of rapid regression of the uterine
mass to a nonpregnant size and shape. Most interval steriliza-
tions are performed by means of laparoscopy (Fig. 31-1A to H).
The Uchida operation can be performed as a postpartum or an
interval operation. Simple fimbriectomy or ampullary-isthmus
excision is well suited as an interim operation.

Whatever method is selected for tubal sterilization, certain
precepts must be followed. First, an executed sterilization
permit must be obtained for each and every patient, and each
patient must be informed that the operation is a permanent
sterilization procedure and that there is no possibility of preg-
nancy in the future. Paradoxically, patients also must be told
that a failure rate is associated with each operation. Second, the
tube must be carefully distinguished from the two other struc-
tures located at the top of the broad ligament: most anteriorly,
the round ligament, and most posteriorly, the utero-ovarian
ligament (Fig. 31-2). Next the tube should be traced from the
uterus to the fimbriated end and then secured with a Babcock
clamp or stay suture-ligature. Finally, the location of the ipsi-
lateral ovary should be viewed relative to the tube. The proximal
and distal ends of the tube are grasped with Babcock clamps,
and the stretched tube is held straight and elevated upward so
as to clearly expose the mesosalpinx.

Modified Irving Procedure

A window is made under a 3-cm segment of tube with the use
of fine, straight mosquito clamps, thus securing fat and vessels
within the mesosalpinx (Fig. 31-3A). Next, Kelly clamps are
applied to the uterine end and to the fimbriated end of the
isolated tubal segment (Fig. 31-3B). The tube is ligated and then
is suture-ligated on each end with 3-0 Vicryl or polydioxanone
(PDS) double-armed sutures. The segment of tube is cut out
and sent to the pathology laboratory for diagnosis. The sutures

CHAPTER

are cut close to the knot on the distal (fimbriated) end. The two
sutures are held with needles on the uterine end (Fig. 31-3C). A
needle guide or mosquito clamp is pushed into the posterior
aspect of the uterus after the distance that the tied proximal
tubal segment will stretch without tension is measured. Each
needle is sutured via the guide through the hole created in the
posterior wall of the uterus. As the needle guide is removed, the
ends of the suture (after the needles have been cut free) are
tightened; the tightened suture secures the proximal tubal
stump into the myometrium of the posterior uterine wall. The
ends of the suture are tied, and not only are the proximal and
distal ends of the tubes widely separated, but the uterine end is
also sealed off inside the wall of the uterus (Fig. 31-3D).

Pomeroy Operation

In the Pomeroy operation, a knuckle ofthe ampullary portion of
the tube is pulled up with a mosquito hemostat or Allis clamp
(Fig. 31-4A). A Kelly clamp is placed across the base of the
pulled-up knuckle oftube (Fig. 31-4B). Scissors are used to excise
the knuckle of tube by cutting along the superior marginal
surface above the Kelly clamp application. Next, a 0 chromic
catgut suture ligature is placed below the center of the Kelly
clamp and is secured fore and aft (Fig. 31-4C). The clamp is
removed as three knots are tied into place. Hemostasis is checked,
and the suture ligature is cutjust above the knot (Fig. 31-4D).

Fimbriectomy

This operation may be performed by minilaparotomy (abdomi-
nally) or by posterior colpotomy (vaginally) or by laparoscopy.
The oviduct is located and secured close to the uterus with a
Babcock or Allis clamp. The fimbriated portion of the tube is
clamped with a Kelly clamp; a second Kelly clamp is placed
across the tube at the ampullary-fimbrial junction. The tube is
cut between the first and second Kelly clamps, and the fimbri-
ated end sent to the pathology laboratory. The tube is ligated
and suture-ligated with 2-0 silk or 3-0 nylon (Fig. 31-5).

Text continues on page 376.
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FIGURE 31-1 A. Endoscopic view of the oviduct. Note anteriorly the curving round ligament and below (arrow) the whitish utero-ovarian ligament. B. The
close-up of the tube grasped by the forceps. C. Panoramic view from the front (anterior) detailing the three tubular structures emanating from the top of the uterus
(dark line). Grasped within the forceps is the tube. Anteriorly is the round ligament and posteriorly the utero-ovarian ligament. D. Electric current is applied with
the grasping forceps. White blanching (coagulation) occurs above and below the point where the tube is held by the forceps. E. Close-up view of the extensive
coagulation. F. For satisfactory hemostasis to be achieved, coagulation continues until the mesosalpinx is coagulated.
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FIGURE 31-1, cont'd G. A coagulated segment of the oviduct is removed and sent to the pathology laboratory. H. Completed laparoscopic bilateral partial
salpingectomy performed by electrosurgical coagulation.

FIGURE 31-2 Laparotomy performed on a woman who had a failed bilateral
partial salpingectomy. The failure was caused by bilateral ligation of the round
ligaments rather than ligation of the oviducts (arrows).
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FIGURE 31-3 The modified Irving procedure. A. A mosquito clamp is used to create a window in the mesosalpinx beneath the tube segment that isto be
removed. B. Two mosquito or Kelly clamps are placed at each extreme of the isolated segment, and the segment is cut out. C. Suture-ligatures are placed through
each end of the remaining oviduct and tied under the clamps, which are then removed; however, the double-armed suture attached to the uterine oviductal
remnant is held. A grooved director or mosquito clamp is used to burrow a hole into the posterior aspect of the uterus. D. The sutures are fed through the tract
and into the uterine wall. The uterine oviductal segment is buried in the uterine wall as the suture ends are pulled snugly and tied into place
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Pomeroy operation

Cc

FIGURE 31-4 The Pomeroy operation. A. A clamp is used to grasp a knuckle of ampulla and pull it upward. 8. A second Kelly clamp is placed across the base
of the knuckle and the tube above the Kelly clamp is cut off and sent to the pathology laboratory. C. Next, a 0 chromic catgut ligature is placed around the
Kelly clamp and is tied snugly into place. b. As the pregnant uterus involutes and the tensile strength of the chromic catgut weakens, the cut tube segments are

pulled apart.
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Fimbriectomy

B

FIGURE 31-5 Fimbriectomy is a simple operation. A. The fimbriated ends of the tube are clamped with Kelly clamps, and the fimbriae are amputated. B. The

ends are suture-ligated with 2-0 silk or 3-0 nylon.

Simple Bilateral Partial Salpingectomy

This is an interval operation and may be performed by mini-
laparotomy or by laparoscopy. The tube is grasped with an
Allis clamp at midpoint in its length. A hole is made with
a mosquito clamp in the mesosalpinx directly below the ele-
vated portion of the oviduct. The hole measures approximately
1.5 to 2 cm. The tube is clamped at either pole above the meso-
salpingeal opening. Scissors are used to cut out the segment of
tube, and either end is suture-ligated with 2-0 or 3-0 silk or
nylon (Fig. 31-6). Alternatively, the ends of the tube may be
coagulated with bipolar forceps rather than clamped and ligated
with suture.

Uchida Operation

The Uchida operation may be performed postpartum or as an
interval procedure. The principles of the operation are similar
to those of the Irving operation (i.e., not only is the oviduct
divided, but one end is also physically isolated from the other
by a barrier).

The tube is grasped at the ampullary-isthmic junction. The
serosa of the 2-cm segment of tube is infiltrated with 5 to 10 mL
ofa 1:200 vasopressin/saline solution (Fig. 31-7A and B). With
a sharp scalpel, the dorsum (antimesenteric side) of the tube is
shallowly incised in a parallel fashion to the axis of the oviduct.
An Allis clamp is used to grasp the tube beneath the serosa and

strip it from the surrounding serosa by moving the clamp
forward and backward along the length of the incision (Fig.
31-7C). Either pole of the tubal segment is clamped with mos-
quito clamps, and the segment (1.5 cm) of tube is cut out. Each
end is suture-ligated with 2-0 silk or nylon (Fig. 31-7D). The
uterine end of the tube is buried in the mesosalpinx as it is
closed with 3-0 Vicryl. The other ligated end remains outside of
the reconstituted mesosalpinx (Fig. 31-7E).

Silastic Band Operation

This technique typically is performed by laparoscopy; however,
it may be used at laparotomy as well. The procedure requires a
special tool: the band applicator. This is a tong forceps with two
cylindrical tubes in which the outer cylinder moves over the
inner cylinder as the tongs grasper pulls a knuckle of tube into
the inner cylinder. Essentially, the tube is grasped at the thin-
nest portion of the ampulla. Before the start of the procedure,
a Silastic band is loaded onto the terminal inner cylinder (Fig.
31-8A). The tube segment is held in the tongs and is slowly
drawn up into the hollow inner cylinder (Fig. 31-8B). The trigger
mechanism at the same time causes the outer cylinder to push
the Silastic band onto the intercepted knuckle of tube and the
proximal mesosalpinx in a fashion analogous to the Pomeroy
technique, except that no portion of tube is cut (Figs. 31-8C and
31-9). The tube simply necroses slowly because its blood supply
is compromised by the tight Silastic band.
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Bilateral partial
salpingectomy

FIGURE 31-6 A to C. Bilateral partial salpingectomy is performed in exactly the same manner as the Irving operation; however, neither tubal segment is isolated
from the other. The ends are simply ligated with permanent suture material.

¢ 1dvd

NOILDIS =

9



378 PART 2 m SECTION 6 > Adnexa

FIGURE 31-7 A. The Uchida operation uses an injection of 1:200 vasopressin into the mesosalpinx for the dual purpose of hemostasis and creation of a
dissection plane B. A linear incision is made above the oviduct in the ballooned-out segment that has followed vasopressin injection. C. With a Uchida clamp or a
loosely applied Allis clamp, the oviduct is freed from the mesentery by moving the clamp back and forth within the mesosalpinx. The freed segment is ligated at
either end with 2-0 silk or nylon, and the segment is cut out. D and E. The fimbriated end of the tube remains out of the mesosalpinx during closure of the
mesentery, whereas the uterine end of the tube is buried in the mesosalpinx.
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FIGURE 31-8 The Silastic banding of the oviducts requires a special tongs forceps. A. An isthmic segment of the tube is grasped with the tongs. Note that a
Silastic band has been loaded onto the inner cylinder of the forceps at its terminal portion. B. Next, the tongs containing a knuckle of tube are drawn into the inner
cylinder of the tongs forceps. At the same time, the spring-loaded inner cylinder is pulled back against the fixed outer cylinder, causing the band to be pushed onto
the base of the knuckle of oviduct. C. The tongs are released (i.e., extended outward), freeing the banded tube.
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FIGURE 31-9 The Silastic banding technique performed on a rabbit uterine
horn. Note the white color of the banded knuckle of oviduct, which is the
result of its blood supply being cut off.
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CHAPTER

Anatomy of the Retropubic Space

Mickey M. Karram m Michael S. Baggish

The boundaries of the retropubic space (space of Retzius)
are the symphysis pubis anteriorly, the pubic rami laterally,
and the sidewalls composed of pubic bone and obturator
internus muscle. The anterior aspects of the proximal urethra
and extraperitoneal portions of the bladder are seen upon expo-
sure ofthe retropubic space. Figure 32-1 illustrates the view from
above the retropubic space. Note that the floor of the retropubic
space is formed by the fibrofatty inner lining of the vaginal wall,

which has historically been termed endopelvic or perivesicalfascia,
and fibers from the levator ani muscle. More recently it has been
realized that this trapezoid structure that provides support to
the proximal urethraand bladder is nothing more than the mus-
cular lining of the vaginal wall. Figure 32-2 shows a sagittal
section of the normal anatomy of the pelvis. Figures 32-3, 32-4,
and 32-5 demonstrate the relationship ofthe space to the urinary
bladder, pelvic sidewall, upper thigh, and uterus.

Pyramidalis muscles

Rectus abdominis muscles

Pubic symphysis

Lacunar ligament

Cooper's ligament
(pectineal ligament)

Aberrant obturator
vessels

Round ligament

Obturator canal

Veins of Santorini

Pubourethral ligaments

Inguinal ligament

Inferior epigastric
vessels

Femoral nerve

External iliac vessels

Obturator neurovascular
bundle

Obturator internus muscle

Tendinous arch of pelvic fascia
(white line)

Pubocervical fascia

FIGURE 32-1 Normal anatomy of the pelvis viewed from above. Note how the proximal urethra and extraperitoneal portions of the bladder are exposed through
the retropubic space. Note the trapezoid-shaped endopelvic fascia or inside lining of the muscular portion of the vaginal wall. The fascia provides the support for

the anterior wall.
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Obturator nerve

Bladder (see through) Obturator artery

Right external iliac vessels Obturator canal

llioinguinal nerve
Urethra

Psoas muscle

Umbilical vessels

Aorta

Vena cava

Right common
iliac vessels

Left internal iliac artery

Ureter
Superior

Vesical

Vaginal Vaginal cuff

Inferior gluteal
artery Rectum

Uterine i Ischial spine
muscle Middle rectal p

Coccygeus muscle
Internal pudendal
artery Sacrospinous ligament

FIGURE 32-2 Sagittal section of the normal anatomy of the pelvis. Note how the various vessels, nerves, and muscles relate to the bladder and retropubic space
Note now the external iliac vessels exit the pelvis underneath the inguinal ligament just lateral to the uppermost portion of the retropubic space, while the
obturator neurovascular bundle passes through the retropubic space to exit the pelvis through the obturator canal.
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Pubourethral ligaments

Rectus abdominis muscle Pubic

tubercle Bladder
trigone

Inferior epigastric vessels )
Lacunar ligament

llioinguinal ligament
Round ligament

Cooper’s ligament
Obturator foramen

Obturator nerve
and vessels

Obturator internus
muscle

White line

Endopelvic fascia
(dotted triangle space)

External iliac vessels

Ureter

Coccygeus muscle

Ischial spine
Ovarian vessels/
infundibulopelvic
ligament
lliacus muscle
Psoas major muscle
Vena cava
Cooper’s ligament Pubic symphysis
Pubocervical fascia
Urethra
White line )
(Tendinous arch of pelvic fascia) Obturator internus muscle

FIGURE 32-3 A. lllustration demonstrating surgical anatomy of the retropubic space when viewed from above. B. Anatomy of the retropubic space in a female
cadaver.
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FIGURE 32-4 The uterus (U) is elevated via a fundal (blue) suture. The bladder (B) is held straight upward with a white stitch. The sawed pubic symphysis (P) is
most forward (anterior). The mons veneris (M) has been cut and flapped forward anteriorly.

FIGURE 32-5 A. Retropubic space in a live patient. The arrows point to the top lateral portions of the space noting Cooper's ligament. Below this, the obturator
internus muscle is seen on each side. Note again the abundant retropubic fat commonly seen in this space. B. The retropubic space has been totally exposed. A
large straight clamp is placed across the urinary bladder. An umbilical tape has been placed just above the urethrovesical junction. The tip of a probe placed in the
vagina protrudes through the internal projection of the right anterolateral fornix.



The adipose tissue behind the symphysis between the bladder
and the pubic bones can be gently separated by blunt finger dis-
section. The space is progressively developed from the superior
to the inferior margin of the pubic symphysis (see Figs. 32-4,
32-5, and 32-6). The lateral development of the retropubic space
extends to the perivesical space and terminates at the pelvic side-
wall or, more precisely, at the obturator internus muscle (Fig.
32-7Ato C and 32-8A and B). The lateral aspects of the retropu-
bic space are demarcated in the dissections shown in Figure
32-9A to F. The arcus tendineus originates from the obturator
internus fascia. This whitish thickening of the obturator fascia
can vary in its configuration from a single line to a wishbone or
double-line structure. The pubococcygeus muscle (levator ani)
in turn takes its origin from the arcus tendineus. The broad
levator ani funnels downward into the depths of the pelvis. A
portion of the levator ani arises from the inferior margin of
the pubic ramus on either side in proximity to the urethra (see
Fig. 32-8A and B). At the inferior extent of the space are located
the urethrovesical junction, anterolateral vaginal fornices, and
levator ani muscles (see Figs. 32-8A and B; 32-9A; and 32-10).
The urethrovesical junction and the greater mass of the urinary
bladder are exposed within the space of Retzius. Specifically,
these structures lie on the floor of the retropubic space
(Fig. 32-11A and B). Figure 32-12 depicts in a cadaver the
uppermost portion of the retropubic space (on the right side)
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demonstrating the relationship to the top of the vagina, right
cardinal ligament, and right ureter. At the level of the proximal
urethra, the pubourethral (puboprostatic) ligaments are noted;
these are stylized in Figure 32-3. The actual structures run from
the posterior symphysis pubis to the proximal to midurethra on
each side and are thought to be key structures for the mainte-
nance of continence (Figs. 32-13A to D). The arcus tendineus
fasciae pelvis, or white line, stretches from the posterior aspect
of the symphysis pubis and continues in a downward sloping
direction along the fascial margin of the obturator internus
muscle to terminate at the ischial spine. The attachment of the
muscular lining of the vagina to the white line partially main-
tains the support of the lateral vaginal wall. Detachments of this
tissue from the white line will lead to paravaginal defects. The
arcus is a fascial landmark (see Figs. 32-11 and 32-12) from
which the levator ani takes origin. The muscle swings downward
toward the midline, thus composing a portion of the pelvic floor
(see Fig. 32-8B). The levator ani muscles envelop the urethra,
vagina, and rectum as the latter two traverse and penetrate the
diaphragm into the perineum. If the symphysis pubis is cut in
the midline with a saw, the levator ani muscle can be followed
inferiorly as it inserts into the lateral walls of the vagina and
urethra deep to the vestibular bulb and clitoral crura.

Text continues on page 396.
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Pyramidalis muscles
Rectus abdominis muscles

Pubic symphysis

Lacunar ligament

Aberrant obturator vessels

Cooper’s ligament
(pectineal ligament)

Round ligament

Obturator canal

Sartorius muscle (cut)

Saphenous nerve

Gracilis muscle
Adductor magnus muscle

Adductor brevis muscle
Obturator nerve
(anterior and
posterior branches)

Obturator externus
muscle.

Adductor longus
muscle (cut)

Pectineus muscle'
(cut)

Bladder

Pubourethral ligaments

Nerve of vastus medialis
(femoral branch)

Vastus medialis muscle

Vastus lateralis muscle

Adductor longus muscle
(cut and reflected)
— Deep femoral vessels

Rectus femoris muscle
Pectineus muscle (cut)
Femoral vessels (cut)
lliopsoas muscle
Sartorius muscle (cut)
Lateral femoral cutaneous nerve

Inguinal ligament

External iliac vessels

Femoral nerve
Obturator neurovascular bundle

Obturator internus muscle

Tendinous arch of pelvic fascia
(white line)

FIGURE 32-6 Anatomy of the retropubic space as it relates to the inner thigh.
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FIGURE 32-7 A. The operator's hand lies in the retropubic space. The mons has been cut so as to create a flap that is held forward by the assistant. A red rubber
catheter has been placed into the urethra. B. Detail at the point where the urethra crosses under the symphysis pubis. The scissors point to the cavernous corpora
cavernosa of the clitoris. C. A gloved finger has been placed in the vagina. The vestibular bulb lies above the urethra. D. A retropubic view is a cadaver. Note that
the tips of Mayo scissors have been passed through the urogenital diaphragm and are entering the right inferolateral portion of the retropubic space. This is the area
that is commonly penetrated during performance of a suburethral sling procedure. The scissors penetrate the fascial attachment to the arcus lateral to the urethra
and medial to the arcus tendineus fasciae pelvis (ATFP). Also note the obturator internus muscle.
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B

FIGURE 32-8 A. The entirety of the retropubic space is exposed. The symphysis (S) and pubic rami (P) occupy the anterior boundaries. The fascia of the obturator
internus muscle (/) and the arcus (A) are clearly seen on the right side. The bladder (6) fills the posterior portion of the space. B. The scissors points to the white line
(arcus). Below this point is the takeoff, or origin, of the levator ani muscle.
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FIGURE 32-9 A. Fresh cadaver dissection exposing the retropubic space and exposure of the perivesical space. Cooper's ligament (C) occupies a forward area on
the iliopectineal line. The fascia covering the obturator internus muscle and the levator ani muscle is labeled (OF). The uterus (U) and the urinary bladder (B) are
supported by the endopelvic fascia, as well as by various "ligaments." B. Close-up view of the opened retropubic space. The uterus, bladder, and proximal urethra
have been excised. Cooper's ligament is identified on the iliopectineal line of the public bones (C). The obturator fascia forms the lateral boundary of the space
(OF). The margin of the levator ani (pubococcygeus) is seen (LA). C. A scissors has dissected between the obturator fascia (OF) and the underlying obturator
internus muscle. The arcus tendineus is in fact formed by the obturator fascia (AT). The levator ani (LA) is clearly seen beneath the arcus tendineus.

Continued
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FIGURE 32-9, cont'd D. The obturator fascia has been removed. The
scissor tip points to the obturator internus muscle (O/M). E. The scissors
depresses the arcus tendineus. F. The levator ani (pubococcygeus) is
exposed as it sweeps downward into the depths of the pelvis. Note the
muscle(s) originates from the arcus tendineus (AT). The obturator internus
muscle lies above the white line (AT). The asterisk marks the remnant of
the fascia that overlies the levator ani muscle (superior fascia LA). G. The
white line (arcus tendineus) terminates 2 cm distal at the ischial spine (dark
space). The slope of the arcus is a smooth line from its superficial point

downwards and deep.
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FIGURE 32-10 The pubic bone is being sawed to expose the structures
passing beneath the symphysis.

FIGURE 32-11 A. Fresh cadaver dissection exposing right and left white lines. The clamp tip is located just to the right of the symphysis pubis. B. Close-up detail
of the left obturator internus muscle above the arcus tendineus (tip of clamp).

FIGURE 32-12 Fresh cadaver dissection of the top of the retropubic space
on the right side. Note the relationship of the iliac vessels and obturator nerve
to the top of the vagina, cardinal ligament, and right ureter. (Courtesy Dr. John
Delaney; University of Michigan.)
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FIGURE 32-13 A. The scissors is placed just beneath the arcus tendineus. The operator's thumb pressed the sawed symphysis forward. The arcus leads directly to
the posterior puboprostatic (pubourethral) ligaments. The urethra (U) passes beneath the posterior margin of the symphysis, and the obturator internus muscle (0)
makes up the pelvic sidewall. Cooper's ligament (C) and bladder dome (B) are labeled. B. The blade of the scissors tenses the right posterior puboprostatic ligament
(PP) attached to the urethra at its junction with the bladder. The obturator fascia (O) lies below the pubic rami (P).
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FIGURE 32-13, cont'd C. The sawed symphysis (S) is pushed farther forward. The clamp tip is under the left puboprostatic ligament, bladder (8), and pubic
bone (P). D. Close-up of Figure 32-13C: puboprostatic ligament (PPL) and bladder (8).
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A ridge of bone and ligamentous tissue is observed just
beneath the superior margin of the superior pubic ramus. These
are the iliopectineal line and Cooper’s ligament, respectively
(Fig. 32-14). As the dissection of the superior pubic ramus con-
tinues laterally and posteriorly, the external iliac artery and vein
are identified as they pass under the inguinal ligament and into
the thigh to become the femoral artery and vein (Fig. 32-15A
and B). Other important vascular structures in this space
include the veins of Santorini (see Fig. 32-1), which run within
the vaginal wall at right angles to the sidewall, as well as the
obturator neurovascular bundle, which exits the pelvis through
the obturator canal (Figs. 32-15C and 32-16A and B). Frequently
an anomalous vessel crosses the pubic bone just in front of the
external iliac vessels. This is known as the aberrant, or anoma-
lous, obturator artery and vein (Fig. 32-17). Injury to these

vessels can result in heavy bleeding when a Burch urethropexy
is performed. Special care must be taken to avoid vascular injury
during retraction of the anterior abdominal wall to expose Coo-
per’s ligament at the time of retropubic urethropexy.

The vagina, bladder, and urethra are supported as a unit by
structures within the retropubic space. The muscular lining of
the vaginal wall provides the majority ofsupport to the anterior
vaginal and bladder base (Fig. 32-18). However, the most impres-
sive and concretely defined support is the deep parametrium
(i.e., the deep cardinal ligament, pictured in Fig. 32-19A). More
pictures and discussion relative to upper vaginal support are
included in Chapter 51. The deep cardinal ligament attaches to
the pelvic sidewall in an arcing fashion and more specifically
attaches to the obturator internus fascia deep within the retro-
pubic space (Fig. 32-20A to C).
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FIGURE 32-14 A. The connective tissue has been cleaned away from the left superior pubic ramus. The clamp has been inserted into Cooper's ligament. Note
the skin and hair of the mons in the upper right quadrant. B. Note the lowest portion of the external iliac vessels. Also noted are the inferior epigastric vessels as

they rise from the external iliac vessels and pass in a cephalad direction.
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FIGURE 32-15 A. The lateral and posterior portions of the pubic ramus are crossed by the external iliac vessels. The clamp points to the external iliac vein.

B. The left external iliac vein is held with a vein retractor. The pubic ramus (P) has been dissected clear of fat. The obturator nerve is seen crossing the retropubic
space. C. The right-angle clamp tenses the left obturator nerve. The nerve and artery can be seen entering the short obturator canal beneath the left pubic ramus.
The external iliac vein (EIV) is seen crossing over the ramus laterally.
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FIGURE 32-16 The external iliac artery (ei) and vein are crossing over the pubic bone (P) into the thigh. The forceps grasps the obturator nerve, which is exiting
the retropubic space via the obturator foramen. B. Close-up view of Figure 32-16A. The tip of the scissors is poking into the obturator foramen. Immediately above
is the pubic ramus (P) covered in Cooper's ligament (pink).
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FIGURE 32-17 A. Not infrequently, an anomalous obturator vessel will
cross the lateral superior pubic ramus and the iliopectineal line. Inadvertent
severing of this vessel results in heavy bleeding that is difficult to control
because the artery retracts. Note that the direction of a potential retraction
intersects with the course of the external iliac vein. B. Still another variation
of anomalous obturator vessels is located just above the right-angle clamp.
A small portion of the left external iliac vein is seen beneath the edge of the
retractor blade.

FIGURE 32-18 A. Beneath the sawed out pubic symphysis (P), the bladder (with the exception of the base) has been cut away to expose the upper vagina (V).
The cut edges (anterior wall) are held by Kocher clamps. Sagittal sections of the cervix (C) and uterus (U) are seen to the lower right. B. A long scissors had pierced
the lateral vaginal fornix. Note that it enters the retropubic space.
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FIGURE 32-19 A. The anterior urethral wall has been cut open. The bladder base and the posterior wall of the urethra are densely attached to the anterior
vagina. The perivesical and perivaginal support consists most notably of the deep cardinal ligament (C), which arcs back and attaches to the obturator internus
fascia. Note the pubic ramus (PR) above. B. The scissor is poised to cut the deep parametrium (cardinal ligament) (CL). After this ligament, the unit consisting of the
vagina, urethra, and bladder is virtually free and can be easily mobilized. Note the pubic ramus (PR) and the obturator internus muscle (O).

FIGURE 32-20 A. The scissors points to the obturator internus muscle. The
Kocher clamps hold the cut anterior vaginal wall. The opened vagina (V) is
visible. The hemisected cervix (C) and uterus (U) attach to the vagina at the
Kocher clamp. The fundus of the uterus is held by a Vicryl (blue) suture.

B. Similar view to Figure 32-17A but taken in the panoramic mode. The
pubic bone (P) is cut. The scissors rests on the fascia of the obturator internus
muscle (/). The vagina (V) is attached to the hemisected cervix (C) and uterus
(V). C. View from above the retropubic space. The bladder and urethra have
been cut out. Also, the deep cardinal ligament has been incised. The cervix
(O©), uterus (U), and vagina (V) are the only major structures left. Note their
relationship to the pubic bone (P) and the missing symphysis pubis.



CHAPTER

Operative Setup and Entry Into

the Retropubic Space

Mickey M. Karram

Operations involving the retropubic space are best done with
the patient in the supine position and the patient’s legs in a
frogleg position or, preferably, in low Allen stirrups because
many of these operations are best performed with a hand in
the vagina. The vagina, perineum, and abdomen are all sterilely
prepped and draped in a fashion that permits easy access to
the lower abdomen and the vagina. | prefer to use a three-way
Foley catheter with a 30-mL balloon that is inserted sterilely
into the bladder and kept in the sterile field. This allows easy
palpation of the bladder neck, and in situations where the edges
of the bladder are not clearly delineated, one can easily fill
the bladder in a retrograde fashion to help in dissection or to
help diagnose a small cystotomy or inadvertent suture place-
ment in the bladder. The drainage port of the catheter is left to
gravity drainage, and the irrigation port is connected to sterile
water that is placed on an IV pole. One perioperative IV dose of
an appropriate prophylactic antibiotic is given for retropubic
operations.

A Pfannenstiel or Cherney incision (Figs. 33-1 and 33-2) (also
see Chapter 9) is used to gain entry to the retropubic space. If
intraperitoneal surgery is also being performed, the peritoneum

is left open until the retropubic repair is completed. Routine
assessment and, ifappropriate, obliteration of the cul-de-sac are
performed in these situations (see Chapter 42). The retropubic
space is exposed by staying close to the back of the pubic bone
(Fig. 33-3). The surgeon’s hand is used to gently displace the
bladder and urethra downward (Fig. 33-4). As was previously
mentioned, the presence of a large Foley balloon helps facili-
tate this dissection (Fig. 33-5). Sharp dissection is usually
unnecessary in primary cases. If a previous retropubic or needle
suspension procedure or suburethral sling procedure has been
performed, or in rare situations when pelvic surgery has led to
dense suprapubic adhesions, sharp dissection should be used to
enter the space. Adhesions should be dissected sharply from the
pubic bone until the anterior bladder wall, urethra, and vagina
are free of adhesions and are mobile. If identification of the
urethra or lower border of the bladder is difficult, one may
perform a high cystotomy, which, with a finger inside the
bladder, helps to define the bladder’s lower limits for easier dis-
section, mobilization, and subsequent elevation of the paravagi-
nal tissue (see Chapter 34).
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Muscle incision line

Cutting rectus muscles (both sides)

B Rectus sheath reflected

Incision line to enter peritoneum

C muscles cut and reflected

FIGURE 33-1 Technique of performing a Cherney incision to facilitate entrance into the retropubic space. A. Rectus muscle is isolated and exposed low near its
insertion into the pubic bone. B. Monopolar cautery is used to cut through the lowest portion of the rectus muscle. C. The rectus muscle is reflected back, allowing
easy access to the retropubic space. Note that if the peritoneum is going to be entered, it should be opened with a transverse incision.
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FIGURE 33-2 A Cherney incision is commonly used for retropubic
procedures, especially if lower abdominal or retropubic scarring is
encountered. Note that the rectus abdominis muscles have been detached
from the back of the symphysis pubis, near their insertion. The muscles are
then carefully dissected off the anterior peritoneum. Care must be taken to
avoid the inferior epigastric vessels.

FIGURE 33-4 Technique used to expose the
retropubic space. The surgeon's hand is used to
gently displace the bladder and urethra
downward.

FIGURE 33-5 A view of the completely dissected retropubic space. A large Foley

Right |n| ' =1
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FIGURE 33-3 This figure demonstrates the upper portion of the retropubic
space viewed laparoscopically. Note: In a patient who has not had any
previous retropubic surgery, an avascular plane of dissection is initiated at the
level of the pubic bone. The bladder is displaced in a downward direction,
and the dissection instrument or finger is maintained in direct contact with
the back of the pubic bone at the midline.

Aberrant
obturator
vessels

Obturator internus

White line

balloon facilitates this dissection, which can easily be done bluntly in the patient who
has not had any previous retropubic procedures. Ideally, the dissection should be done
down to the level of the urethrovesical junction at the midline and to the level of the

arcus tendineus fasciae pelvis on each side.
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CHAPTER

Retropubic Urethropexy for

Stress Incontinence

Mickey M. Karram

Modified Burch Colposuspension

After the retropubic space is entered, the urethra and anterior
vaginal wall are depressed. Dissection at the midline is avoided,
thus protecting the delicate musculature of the urethra and
urethrovesical junction from surgical trauma. Attention is
directed to the tissue on either side ofthe urethra. The surgeon’s
nondominant hand is placed in the vagina with the index and
middle fingers on one side ofthe proximal urethra. Two sponge
sticks are used to gently mobilize the bladder to the opposite
side (Figs. 34-1 to 34-3). Most of the overlying fat can be cleared
away with the use of a swab mounted on a curved forceps. This
dissection is accomplished with forceful elevation of the sur-
geon’s vaginal finger until glistening, white periurethral fascia
and vaginal wall are seen (see Figs. 34-1, 34-4, and 34-5). This
area is extremely vascular, with a rich, thin-walled venous plexus,
and should be avoided if possible. The positions of the urethra
and the lower edge of the bladder are determined by palpating
the Foley balloon or by partially distending the bladder if neces-
sary to find the rounded lower margins of the bladder as it
meets the anterior vaginal wall.

Dissection lateral to the urethra is completed bilaterally, and
vaginal mobility is judged to be adequate by using the vaginal
finger to lift the anterior vaginal wall upward and forward (see
Figs. 34-1 and 34-5). Either 0 or 1delayed-absorbable or nonab-
sorbable sutures are then placed lateral in the anterior vaginal
wall. I apply two sutures of graded polyester on an SH needle
(Ethibond by Ethicon, Inc., Somerville, NJ) bilaterally, using
double bites for each suture. These sutures are double-armed so
that each end of the suture can subsequently be brought up
through Cooper’s ligament (see Figs. 34-4, 34-6, and 34-7).
Proper placement of these sutures is important to provide ade-
quate support and to avoid undue urethral kinking or elevation
leading to postoperative voiding dysfunction or retention. |
prefer to place the sutures in the lateral portion of the vagina
just lateral to the tip of the vaginal finger, which should be
elevating the most mobile and pliable portion of the vagina
lateral to the bladder neck (see Figs. 34-1 to 34-8). The distal
suture is placed 2 cm lateral to the proximal third of the urethra,
and the proximal suture is placed approximately 2 cm lateral
to the bladder wall or slightly proximal to the level of the ure-
throvesical junction (see Figs. 34-4 and 34-7). In placing the
sutures, one should take a full-thickness bite of the vaginal wall,

excluding the epithelium. This maneuver is accomplished by
suturing over the surgeon’s vaginal finger at appropriate selected
sites (see Figs. 34-4 and 34-5). On each side after the two sutures
are placed, they are passed through the pectineal or Cooper’s
ligament so that all four suture ends exit above the ligament
(see Figs. 34-4 and 34-7). The retropubic space can be extremely
vascular, and visible vessels should be avoided if possible. When
excessive bleeding occurs, it can be controlled by direct pressure,
sutures, or vascular clips. Severe bleeding usually stops with
direct pressure, or after the fixation sutures are tied. After all
four sutures are placed in the vagina and through Cooper’s liga-
ment, the assistant ties first the distal sutures and then the
proximal ones while the surgeon elevates the vagina with the
vaginal hand (see Fig. 34-8). If desired, a suprapubic catheter is
placed through the extraperitoneal portion of the dome of the
bladder. In tying the sutures, one does not have to be concerned
about whether the vaginal wall meets Cooper’s ligament.

Marshall-Marchetti-Krantz Procedure

The retropubic space is exposed as previously described. Again,
the surgeon’s nondominant hand is placed in the vagina, and
dissection of the periurethral fat is performed as previously
described for the Burch colposuspension. Some surgeons rou-
tinely perform a cystotomy to aid in periurethral dissection and
suture placement.

Delayed-absorbable or permanent sutures are used. They are
placed at right angles to the urethra and parallel to the vesical
neck. A single suture is placed bilaterally at the urethrovesical
junction. A double bite is taken over the surgeon’s finger, incor-
porating the full thickness of the vaginal wall and excluding the
epithelium. After placement of the sutures, the point of fixation
of the urethra to the symphysis pubis can be determined by
elevating the two vaginal fingers to the point where the vesical
neck comes in contact with the pubic symphysis and noting the
position at which the sutures will be placed into the pubic peri-
osteum. The needle is placed medially to laterally against the
periosteum and is turned with a simple wrist action. This may
involve the cartilage in the midline, depending on the width,
thickness, and availability of the periosteum. The sutures on
each side are placed accordingly and are tied with the vaginal
finger elevating the urethrovesical junction (Fig. 34-9).
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Location of
midurethral
suture

Location of
bladder neck
suture

Obturator
neurovascular
bundle

White line

Mobilized edge
of bladder

FIGURE 34-1 Burch colposuspension. The biadder is gently mobilized to the opposite side with sponge sticks. The anterior vaginal wall is elevated by the middle
finger of the surgeon's nondominant hand, and fat is mobilized medially (see inset) with a swab mounted on a curved forceps or suction tip. The position of the
sutures (indicated with an X) ideally should be at least 2 cm lateral to the proximal urethra and bladder neck, usually on the lateral downslope of the tissue
elevated by the vaginal finger.
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FIGURE 34-2 Lateral view of the retropubic space in a live patient. Note: FIGURE 34-3 The lateral retropubic  space on the left side is shown. Note
The tissue has been cleaned off over Cooper's ligament on the left side. This the obturator internus muscle, which inserts into the arcus tendineus fasciae

is the area through which the suspension sutures will be passed during pelvis,
performance of a Burch colposuspension.
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Needle passed through
full-thickness vaginal wall
excluding epithelium

FIGURE 34-4 Sutures have been appropriately placed on each side of the proximal urethral and bladder neck. Note that figure-of-8 bites are taken through the
vagina. Double-armed sutures are used so that the end of each suture can be brought up through the ipsilateral Cooper's ligament, thus allowing the sutures to be

tied above the ligament.

FIGURE 34-5 The first step of the Burch colposuspension is to elevate the
vagina and mobilize the fat in a medial direction. Note: A sponge stick is used
to initially mobilize the bladder medially, and then the fat is cleaned off with
a small Kitner-type instrument. Elevating the vagina reveals the muscular
lining of the vaginal wall through which sutures will be passed lateral to the
midurethra and lateral to the bladder neck.

FIGURE 34-6 Two Burch colposuspension sutures have been passed
through the full thickness of the vaginal wall on the patient's right side. The
suture lateral to the midurethra has also been passed through Cooper's
ligament on that side. Noted in this picture is an aberrant obturator vessel
draping down over the most lateral aspect of Cooper's ligament. Also noted is
the obturator neurovascular bundle as it exits the pelvis through the obturator
canal.
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FIGURE 34-7 Both Burch colposuspension sutures have been passed on

the right side. Again note that each end of the suture has been brought up
through Cooper's ligament and the knots tied above the ligament, completing
the colposuspension on the right side.

FIGURE 34-8 The completed colposuspension is shown on the patient's left
side. Again note that the knot is tied above Cooper's ligament, and sutures
are elevated just until the slack or tension is taken out of the suture. It is
common to see, as in this photograph, a suture bridge that exists between the
elevated vagina and Cooper's ligament.

FIGURE 34-9 Marshall-Marchetti-Krantz procedure. One suture is placed bilaterally at the level of the bladder neck and then into the periosteum of the pubic

symphysis.



CHAPTER

Retropubic Paravaginal Repair

Mickey M. Karram

Anterior vaginal wall prolapse may be the result of detachment
of the vagina from its normal lateral attachment. The object of
the paravaginal defect repair is to reattach bilaterally the ante-
rior lateral vaginal sulcus with its overlying fascia to the lateral
sidewall at the level of the arcus tendineus fasciae pelvis, which
is its normal attachment.

The retropubic space is entered, and the bladder and vagina
are depressed and retracted medially to allow visualization ofthe
lateral retropubic space and the lateral pelvic sidewall, including
the obturator internus muscle and the fossa containing the
obturator neurovascular bundle (Figs. 35-1 through 35-3; also
see Chapter 32 on Retropubic Anatomy). Blunt dissection can be
carried dorsally from this point until the ischial spine is palpated.
The arcus tendineus fasciae pelvis, or white line, is often visual-
ized as a white band of tissue running from the back of the sym-
physis pubis to the ischial spine (see Figs. 35-2 and 35-3). It is the
anatomic separation between the lower edge of the obturator
internus muscle and the beginning of the iliococcygeal portion
of the levator ani muscle. A paravaginal defect represents avul-
sion of the vagina with its muscular layer or pubocervical fascia
off the arcus tendineus fasciae pelvis or possibly an avulsion of
the arcus, as well as the fascia off the obturator internus muscle
(see Figs. 35-1 through 35-3). Figure 35-1C depicts various ana-
tomic defects that can be encountered when a paravaginal defect
is present. It should be noted that at times the white line can be
so attenuated that it may not be anatomically identifiable.

A retropubic paravaginal defect repair is performed as
follows: The surgeon’s nondominant hand is inserted into the
vagina. While gently retracting the bladder medially with sponge
sticks (as shown in Fig. 34-1 in Chapter 34), the surgeon elevates
the anterior lateral vaginal sulcus. Starting near the vaginal
apex, a suture is placed first through the full thickness of the
vagina excluding the epithelium. This suture should be in the
lateral edge of the underlying muscular tissue of the vagina, or
the pubocervical fascia. The needle is then passed into the obtu-
rator internus fascia or, ifvisualized, the arcus tendineus fasciae
pelvis, 1to 2 cm anterior to its origin at the ischial spine. After
this first stitch is tied, four or five additional sutures are placed
through the vaginal wall and then into the arcus tendineus
fasciae pelvis or obturator internus fascia (see Fig. 35-1B). These
stitches are placed at 1-cm intervals toward the pubic ramus.
Tying of the sutures reapproximates the vagina with its fascia
to the lateral pelvic sidewall (see Figs. 35-1, 35-4, and 35-5). The
most distal suture should be placed as close as possible to the
pubic ramus into the pubourethral ligament. Usually 2-0 or 3-0
nonabsorbable sutures on a medium-sized tapered needle are
used for this repair.

In patients who have genuine stress incontinence plus a para-
vaginal defect, acombined Burch colposuspension and retropu-
bic paravaginal repair should be performed. This has been
termed a paravaginal plus procedure (see Figs. 35-4 and 35-5).

409

NOILO3IS ®m ¢ 1dvd

L



410 PART 2 m SECTION 7 m Retropublic Space

Bilateral
paravaginal defects

Obturator
internus
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Fascia detaches White line detaches Split in white line Complete attenuation
from white line with fascia or disappearance of

white line

FIGURE 35-1 Retropubic paravaginal defect repair. A. Bilateral paravaginal defects are illustrated. B. The defect on the right has been completely repaired, and the
defect on the left is being repaired from just distal to the ischial spine and working toward the pubic symphysis. C. Four potential anatomic findings in patients with
paravaginal defects are illustrated. Note that all result in falling away of the vagina with its underlying fasciae from the lateral pelvic sidewall.
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FIGURE 35-2 Demonstrates a patient with a left paravaginal defect repair. A. Note that the arcus tendineus fasciae pelvis has been detached [arrow). B. A 2-cm
paravaginal defect is noted (arrow).

FIGURE 35-3 Demonstrates a right paravaginal defect (arrow) on the same
patient as in Figure 35-2. Again note the detached arcus tendineus fasciae
pelvis.

NOILDO3IS ® 2 1dvd

L



PART 2 m SECTION 7 » Retropublic Space

FIGURE 35-4 Paravaginal defect plus repair. Combined Burch colposuspension and retropubic paravaginal defect repair.

FIGURE 35-5 Completed paravaginal plus procedure. Note (arrows) that the
Burch colposuspension stitches are passed up through Cooper's ligament and
the paravaginal stitches have reattached the detached arcus to the obturator
internus fascia.



CHAPTER

Retropubic Vesicourethrolysis

Mickey M. Karram

The technique of retropubic or abdominal vesicourethrolysis
has been described as a takedown ofa retropubic repair that has
resulted in urinary retention or significant voiding dysfunction.
The goal of the operation is to free and mobilize the bladder
and the proximal urethra. The procedure is performed as
follows.

A large Foley catheter with a 30-mL balloon is placed inside
the bladder. A transverse muscle-cutting incision, usually a
Cherney incision (Fig. 36-1), is performed to facilitate exposure
into the retropubic space. The bladder is then taken down
sharply from the back of the symphysis pubis all the way down
to the proximal urethra. It is best to make a high cystotomy to
help in this dissection (Figs. 36-2 and 36-3). It is important to

completely mobilize the bladder as well as the proximal urethra
from the back of the symphysis. Very commonly, sutures or bone
anchors from a previous suspension are encountered (Fig. 36-4).
Dissection is extended laterally toward the pelvic sidewall and is
taken down to the level of the arcus tendineus fasciae pelvis
(white line) or the lower margin of the obturator internus fascia
(Figs. 36-5 and 36-6). With the concern of rescarification in this
area, it is at times beneficial to make awindow in the peritoneum
and bring in a piece of omentum to be placed between the back
of the symphysis and the proximal urethra (Fig. 36-7). Usually
resuspension is not necessary in these patients. Ifa high cysto-
cele is noted, a retropubic paravaginal repair is performed
simultaneously.
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