Atlas of

OPERATIVE
LAPAROSCOPY

AND HYSTEROSCOPY

Third Edition

LAININCUIU

ANV AdOOSOUVAV'T HALLVIAdO 3° sepvV

informa

HLS healthcare Edited by Jacques Donnez



Atlas of

OPERATIVE
LAPAROSCOPY AND
HYSTEROSCOPY






Atlas of

OPERATIVE
LAPAROSCOPY AND
HYSTEROSCOPY

Third Edition

Editor

Jacques Donnez MD PhD

Department of Gynecology
Catholic University of Louvain
Brussels, Belgium

informa

healthcare



© 2007 Informa UK Led

First published in the United Kingdom in 1994 by Parthenon Publishing Ltd.

Second Edition published in the United Kingdom in 2001 by Parthenon Publishing Ltd.

Third Edition published in 2007 by Informa Healthcare, 4 Park Square, Milton Park, Abingdon, Oxon OX14 4RN.
Informa Healthcare is a trading division of Informa UK Ltd. Registered Office: 37/41 Mortimer Street, London
W1T 3JH. Registered in England and Wales Number 1072954.

Tel.: +44 (0)20 7017 6000

Fax: +44 (0)20 7017 6699

E-mail: info.medicine@tandf.co.uk
Website: www.informahealthcare.com

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any
form or by any means, electronic, mechanical, photocopying, recording, or otherwise, without the prior permission
of the publisher or in accordance with the provisions of the Copyright, Designs and Patents Act 1988 or under the
terms of any licence permitting limited copying issued by the Copyright Licensing Agency, 90 Tottenham Court
Road, London W1P OLP.

Although every effort has been made to ensure that all owners of copyright material have been acknowledged in this
publication, we would be glad to acknowledge in subsequent reprints or editions any omissions brought to our
attention.

A CIP record for this book is available from the British Library.
Library of Congress Cataloging-in-Publication Data
Data available on application

ISBN10: 0-415-38415-X
ISBN13: 978-0-415-38415-5

Distributed in North and South America by

Taylor & Francis
6000 Broken Sound Parkway, NW, (Suite 300)
Boca Raton, FL 33487, USA

Within Continental USA

Tel.: 1(800)272 7737; Fax: 1(800)374 3401
Outside Continental USA

Tel.: (561)994 0555; Fax: (561)361 6018

E-mail: orders@crcpress.com

Distributed in the rest of the world by
Thomson Publishing Services
Cheriton House

North Way

Andover, Hampshire SP10 5BE, UK
Tel.: +44 (0)1264 332424

E-mail: tps.tandfsalesorder@thomson.com

Composition by Parthenon Publishing

Printed and bound in India by Replika Press Pvt Ltd




Contents

List of

contributors

Foreword

1.

Anatomy in relation to gynecological endoscopy
S Ploteau, ] Donnez

Instrumentation and operational instructions
J Donnez, P Jadoul

Section I: Operative laparoscopy

Part 1:

3.

Part 2:

10.

11.

12.

13.

14.

15.

Endometriosis

Laparoscopic management of peritoneal endometriosis
P Jadoul, ] Donnez

Laparoscopic management of ovarian endometriosis
P Jadoul, C Wyns, ] Donnez

Douglasectomy, torus excision, uterine suspension
J Donnez, J Squifflet, P Jadoul

Laparoscopic excision of rectovaginal and retrocervical endometriotic lesions
J Donnez, P Jadoul, O Donnez, J Squifflet

Ureteral endometriosis: a frequent complication of rectovaginal and retrocervical endometriosis

J Donnez, P Jadoul, J Squifflet

Bladder endometriosis
J Donnez, J Squifflet, O Donnez, P Jadoul

Laparoscopic hysterectomy including for advanced endometriosis with rectosigmoid disease
H Reich, T Seckin, JM Reich

Tubal pathology and ovarian pathology

Fertiloscopy
A Watrelot

Transvaginal laparoscopy

S Gordts

CO3, laser laparoscopic surgery: fimbrioplasty, salpingoneostomy and adhesiolysis
J Donnez, P Jadoul, M Smets, J Squifflet

Ectopic pregnancy following assisted conception treatment and specific sites of ectopic pregnancy

C Pirard, ] Donnez

Medical treatment: the place of methotrexate
J Donnez, C Pirard

The laparoscopic management of ectopic pregancy
JL Pouly, G Mage, M Canis, B Rabischong, R Botchorishvili, K Jardon

ix

Xiii

17

31

43

55

63

77

85

93

115

133

141

157

171

181



CONTENTS

16.

17.

18.

Part 3:

19.

20.

21.

22.

23.

24.

25.

Part 4:

26.

27.

28.

29.

30.

31.

32.

33.

34.

Laparoscopic microsurgical tubal anastomosis
CH Koh

Laparoscopic management of ovarian cysts
J Donnez, J Squifflet, P Jadoul

Laparoscopic management of adnexal torsion
M Canis, H Manhes, B Rabischong, R Botchorishvili, K Jardon, JL Pouly, G Mage

Uterine and pelvic floor pathology

Laparoscopic repair of wide and deep uterine scar dehiscence following cesarean section
O Donnez, P Jadoul, J Squifflet, ] Donnez

Laparoscopic myomectomy
JB Dubuisson, A Fauconnier

Laparoscopic myomectomy and myolysis: to whom should it be proposed?
P Jadoul, J Donnez

LASH: laparoscopic subtotal hysterectomy — a series of 1400 cases
J Donnez, J Squifflet, O Donnez, M Smets, P Jadoul

Laparoscopic hysterectomy in benign diseases: a series of 1233 cases
J Donnez, M Smets, J Squifflet, P Jadoul

Laparoscopic approach for prolapse
A Wattiez

Laparoscopic sacrocolpexy for severe uterine prolapse and severe vaginal vault prolapse
J Donnez, M Smets, J Squifflet, O Donnez, P Jadoul

Oncology

Borderline tumors of the ovary or epithelial ovarian tumors of borderline malignancy
A Miinschke, P Jadoul, J Squifflet, ] Donnez

Laparoscopic reimplantation of cryopreserved ovarian tissue

J Donnez, MM Dolmans, D Demylle, P Jadoul, C Pirard, J Squifflet, B Martinez-Madrid, A Van Langendonckt

Ovarian tissue cryopreservation and existing alternatives
MM Dolmans, B Martinez-Madrid, A Van Langendonckt, A Camboni, D Demylle, ] Donnez

Technical aspects of ovarian tissue cryopreservation
MM Dolmans, B Martinez-Madrid, A Van Langendonckt, A Camboni, D Demylle, ] Donnez

Laparoscopic ovarian transposition before radiotherapy
P Jadoul, J Squifflet, ] Donnez

Laparoscopic preservation of female fertility
H Baakdah, T Tulandi

The place of endoscopy in malignancy
J Donnez, M Berliére, J Squifflet, P Jadoul

Indications for lymphadenectomy in stage I/Ila endometrial cancer
J Squifflet, ] Donnez

Place of laparoscopic surgery in the management of cervical cancer: the Dargent techniques
D Dargent, P Mathevet

187

195

211

219

227

239

251

263

277

289

307

323

333

343

349

355

359

369

375



CONTENTS

Part 5: Endoscopy during pregnancy

35.  Fetal endoscopy 391
C Hubinont
36.  Laparoscopic abdominal cerclage 403

R Al-Fadhli, T Tulandi

Part 6: Robotics: the future

37.  Improving ergonomics in laparoscopic gynecological surgery 409
R Polet, ] Donnez

38.  Robotically assisted gynecological surgery 417
T Falcone, JM Goldberg

Part 7: Complications

39.  Complications of laparoscopic surgery in gynecology 425
P Jadoul, ] Donnez

Section II: Operative hysteroscopy

40.  Instrumentation for hysteroscopy 453
J Donnez
41.  Hysterosonography and hysteroscopy in the diagnosis of specific disorders 457

J Squifflet, ] Donnez, P Jadoul

42.  Office hysteroscopy 471
S Bettocchi, O Ceci, L Nappi, G Pontrelli, L Pinto, A Costantino, L Selvaggi

43.  Miillerian duct anomalies 483
P Jadoul, C Pirard, ] Donnez

44.  Hysteroscopic lysis of intrauterine adhesions 507
J Donnez, P Jadoul, J Squifflet

45. Hysteroscopic myomectomy 515
J Donnez, P Jadoul, M Smets, J Squifflet

46. Endometrial resection 527
BJ van Herendael

47. Global endometrial ablation 533
GA Vilos

48.  Tubal sterilization 549

BJ van Herendael

49.  Complications of hysteroscopic surgery in gynecology 553
P Jadoul J Donnez

Index 561

vii



Members of the Department of Gynecology

St. Luc’s University Hospital (Catholic University of Louvain)
Brussels, Belgium

‘There is no life without pressure....’

Brussels, July 2006



Contributors

R Al-Fadhli

Department of Obstetrics and Gynecology
McGill University

Montreal

Quebec

Canada

H Baakdah

Department of Obstetrics and Gynecology
McGill University

Montreal

Quebec

Canada

M Berliére

Department of Gynecology
Université Catholique de Louvain
Cliniques Universitaires Saint-Luc
Brussels

Belgium

S Bettocchi

Department of General and Surgical Sciences
Institute of Obstetrics and Gynecology II
University of Bari

Bari

Italy

R Botchorishvili

Department of Obstetrics, Gynaecology and
Reproductive Medicine

Polyclinique de I'Hotel Dieu
Clermont-Ferrand

France

A Camboni

Department of Gynecology
Université Catholique de Louvain
Cliniques Universitaires Saint-Luc
Brussels

Belgium

M Canis

Department of Obstetrics, Gynaecology and
Reproductive Medicine

Polyclinique de 'Hotel Dieu
Clermont-Ferrand

France

O Ceci

Department of General and Surgical Sciences
Institute of Obstetrics and Gynecology 11
University of Bari

Bari

Italy

A Costantino

Department of General and Surgical Sciences
Institute of Obstetrics and Gynecology 11
University of Bari

Bari

Italy

D Dargent
Deceased

D Demylle

Department of Gynecology
Université Catholique de Louvain
Cliniques Universitaires Saint-Luc
Brussels

Belgium

MM Dolmans

Department of Gynecology
Université Catholique de Louvain
Cliniques Universitaires Saint-Luc
Brussels

Belgium

J Donnez

Department of Gynecology
Université Catholique de Louvain
Cliniques Universitaires Saint-Luc
Brussels

Belgium

O Donnez

Department of Gynecology
Université Catholique de Louvain
Cliniques Universitaires Saint-Luc
Brussels

Belgium

JB Dubuissson

Département de Gynécologie et Obstétrique
Hoépitaux Universitaires de Genéve

Geneve

Switzerland



LIST OF CONTRIBUTORS

T Falcone

Department of Obstetrics and Gynecology-A81
Cleveland Clinic Foundation

Cleveland, OH

USA

A Fauconnier

Département de Gynécologie et Obstétrique
Hépitaux Universitaires de Genéve

Geneéve

Switzerland

JM Goldberg

Reproductive Endocrinology

Department of Obstetrics and Gynecology-A81
Cleveland Clinic Foundation

Cleveland, OH

USA

S Gordts

Leuven Institute for Fertility and Embryology
Leuven

Belgium

C Hubinont

Department of Obstetrics
Université Catholique de Louvain
Cliniques Universitaires Saint-Luc
Brussels

Belgium

CH Koh

Reproductive Speciality Center
Milwaukee, WI

USA

P Jadoul

Department of Gynecology
Université Catholique de Louvain
Cliniques Universitaires Saint-Luc
Brussels

Belgium

K Jardon

Department of Obstetrics, Gynaecology and
Reproductive Medicine

Polyclinique de I'Hétel Dieu
Clermont-Ferrand

France

G Mage

Department of Obstetrics, Gynaecology and
Reproductive Medicine

Polyclinique de I'Hétel Dieu
Clermont-Ferrand

France

H Manhes

Department of Obstetrics, Gynaecology and
Reproductive Medicine

Polyclinique de I'Hétel Dieu
Clermont-Ferrand

France

B Martinez-Madrid

Department of Gynecology
Université Catholique de Louvain
Cliniques Universitaires Saint-Luc
Brussels

Belgium

P Mathevet

Department of Obstetrics and Gynaecology
Hoépital Edouard Herriot

Lyon

France

A Miinschke

Department of Gynecology
Université Catholique de Louvain
Cliniques Universitaires Saint-Luc
Brussels

Belgium

L Nappi

Department of General and Surgical Sciences
Institute of Obstetrics and Gynecology 11
University of Bari

Bari

Italy

L Pinto

Department of General and Surgical Sciences
Institute of Obstetrics and Gynecology II
University of Bari

Bari

Italy

C Pirard

Department of Gynecology
Université Catholique de Louvain
Cliniques Universitaires Saint-Luc
Brussels

Belgium

G Pontrelli

Department of General and Surgical Sciences
Institute of Obstetrics and Gynecology 11
University of Bari

Bari

Italy



S Ploteau

Department of Gynecology
Université Catholique de Louvain
Cliniques Universitaires Saint-Luc
Brussels

Belgium

R Polet

Department of Gynecology
Université Catholique de Louvain
Cliniques Universitaires Saint-Luc
Brussels

Belgium

JL Pouly

Department of Obstetrics, Gynaecology and
Reproductive Medicine

Polyclinique de I'Hétel Dieu
Clermont-Ferrand

France

B Rabischong

Department of Obstetrics, Gynaecology and
Reproductive Medicine

Polyclinique de I'Hbtel Dieu
Clermont-Ferrand

France

H Reich

Shavertown, PA

and

Columbia Presbyterian Medical Center
New York, NY

USA

JM Reich

Morristown Memorial Hospital
Morristown, NJ

USA

T Seckin

Lenox Hill Hospital

New York, NY

and

Kingsbrook Jewish Medical Center
Brooklyn, NY

USA

L Selvaggi

Department of General and Surgical Sciences
Institute of Obstetrics and Gynecology II
University of Bari

Bari

Italy

LIST OF CONTRIBUTORS

M Smets

Department of Gynecology
Université Catholique de Louvain
Cliniques Universitaires Saint-Luc
Brussels

Belgium

J Squifflet

Department of Gynecology
Université Catholique de Louvain
Cliniques Universitaires Saint-Luc
Brussels

Belgium

T Tulandi

Department of Obstetrics and Gynecology
McGill University

Montreal

Quebec

Canada

BJ van Herendael

ACZA Campus Stuivenberg
Endoscopic Training Center Antwerp
2060 Antwerp

Belgium

A Van Langendonckt
Department of Gynecology
Université Catholique de Louvain
Cliniques Universitaires Saint-Luc
Brussels

Belgium

GA Vilos

Department of Obstetrics and Gynecology

Division of Reproductive Endocrinology and Infertility
The University of Western Ontario

London, Ontario

Canada

A Wattiez

Gynécologie Obstétrique Reproduction Humaine
Polyclinique de I'Hétel Dieu

Clermont-Ferrand

France

A Watrelot

Centre de Recherche et d’Etude de la Stérilité (CRES)
Lyon

France

C Wyns

Department of Gynecology
Université Catholique de Louvain
Cliniques Universitaires Saint-Luc
Brussels

Belgium






Foreword

The use of laparoscopic and hysteroscopic access for gyne-
cologic surgery is now state of the art. However, accep-
tance of these surgical access routes and their incorpora-
tion into daily gynecologic practice has been slow and took
well over two decades. Yet the advantages of laparoscopic
access as opposed to conventional laparotomy were
already evident more than 30 years ago. These advantages
include shortened post-operative hospital stay and recov-
ery period; reduced post-operative discomfort which
results in less analgesia requirements; frequently lesser
costs; and the ensuing medical and cosmetic gains associ-
ated with the avoidance of a laparotomy. Many more
complex gynecological procedures can now be successfully
performed by laparoscopy. The most telling of these devel-
opments has been the use of laparoscopic access for pelvic
and para-aortic lymphadenectomy and radical hysterec-
tomy for gynecologic malignancy.

In the 1970s hysteroscopy was described as ‘a tech-
nique looking for an indication.” The application of the
tecnique, which at the time was purely diagnostic,
remained limited. This was largely due to significant
improvements in non-invasive imaging techniques, espe-
cially ultrasonography, and the use of a vaginal transducer
for the assessment of the pelvic organs. Yet the impact of
hysteroscopy in our specialty has been radical. This came
about with the use of hysteroscopy as a surgical access into
the uterus. It greatly simplified many procedures that
previously required a laparotomy and a hysterectomy to
access the uterine cavity: lysis of severe uterine synechiae,
metroplasty for septate uterus, excision of symptomatic
intrauterine fibroids. These, after all, are common condi-
tions; hysteroscopy has radically simplified these proce-
dures and reduced their morbidity. It has also permitted
the introduction of a simple technique of permanent tubal
sterilization.

Direct access to the uterus led to the introduction of
interventions such as endometrial excision and endome-
trial ablation that offer a less invasive, yet effective alterna-
tive to hysterectomy in the treatment of abnormal
(dysfunctional) uterine bleeding refractory to medical
treatment. Hysteroscopic endometrial ablation is already
being replaced by simpler ablation techniques called
“global ablation’ or ‘non-hysteroscopic ablation’ that yields
similar outcomes. Schopenhauer said it so well: ‘change
alone is eternal, perpetual, immortal.’

Progress in medicine frequently follows innovations
and improvements in technology. Evolution and accep-
tance of operative laparoscopy and hysteroscopy and their
use in more complex procedures was made possible by

such technical progress. Improvement in lens systems
resulted in the production of endoscopes of smaller caliber
and better optics and the introduction of lightweight mini
video cameras and high-resolution television monitors
permitted the surgeon and others assisting at the proce-
dure to view the operative field in one or more television
monitors and work in concert as a team.

The production of hysteroscopes of smaller caliber
permitted hysteroscopy to be performed without anesthe-
sia; this eventually led to the introduction of the so-called
‘office hysteroscopy.” Improved optics, together with the
production of new and better equipment and instruments,
allowed hysteroscopic intrauterine procedures to be
performed more easily, more quickly and with greater
safety.

The advantages associated with minimal access must
not reduce the surgeon’s threshold in recommending a
surgical procedure. Both laparoscopic and hysteroscopic
surgery is minimal access surgery, but what is minimal is
only the access; not the level of skill required, nor the rate
or the degree of complications. One must be reminded
that more than one half of the major vascular complica-
tions and nearly one half of the gastrointestinal complica-
tions occur during the establishment of the laparoscopic
access route. Proper technique and vigilance are of fore-
most importance.

Neither the use of minimal access, nor technical feasi-
bility is an indication for surgical intervention. A surgical
procedure is undertaken to benefit the patient. Patient
safety and successful outcome are dependent upon the
presence of good surgical indication; proper selection of
patient and procedure, ubcluding selection of surgical
access; knowledge of the prerequisites, respect of the prin-
ciples and application of careful techniques by an experi-
enced operator.

The Atlas of Operative Laparoscopy and Hysteroscopy is
comprehensive; it is well written and superbly illustrated.
The book is divided into two sections that are preceded by
two pertinent introductory chapters: ‘Anatomy in relation
to gynecological endoscopy’ and ‘Instrumentation and
operational instructions.” The first section, ‘Operative
laparoscopy’ is composed of seven parts: Endometriosis,
Tubal and ovarian pathology, Uterine and pelvic floor
pathology, Oncology, Endoscopy during pregnancy,
Robotics, and Complications. The second section is on
‘Operative hysteroscopy. The book has been edited by
Jacques Donnez. It contains a total of 49 chapters. Twenty-
six of these have been contributed by European and North
American authors, each one internationally recognized for

xiii



FOREWORD

their expertise in the specific field. The vast majority, 32
chapters, have been authored by Professor Donnez and his
associates at the Université Catholique de Louvain,
Cliniques Universitaires Saint Luc. Thus, the book largely
carries the imprint of the Donnez school.

I am please and honored to have been asked to
contribute a foreword for this superb book. I have followed
with interest Jacques Donnez career. He has embraced
with enthusiasm successive developments in gynecologi ¢
surgery, from microsurgery to the more recent cryopreser-
vation of ovary, with operative laparoscopy, operative

XIv

hysteroscopy, endometriosis, lasers, etc. in between; exper-
imenting with each and incorporating them into the prac-
tice of his own department. I had the privilege of being
invited to the academic and social program presented in
Brussels last year, in celebration of Professor Donnez 20
years as a chair of department, and the opportunity and
pleasure to observe to what extent his visionary leadership
is appreciated and respected by members of his institution.
The meticulous attention he gives to the tasks he under-
takes is very much evident in this book, which I strongly
recommend to anyone interested in gynecologic surgery.

Victor Gomel

Professor Department of Obstetrics and Gynecology
Faculty of Medicine, University of British Columbia
Vancouver BC, Canada



Anatomy in relation to gynecological 1

endoscopy

S Ploteau, | Donnez

In gynecology, as in other surgical fields, an excellent
knowledge of human anatomy is necessary. Surgical
progress makes this even more pertinent; laparoscopy
requires, more than ever, a thorough knowledge of all the
relationships between anatomic structures. If one injures
the ureter, uterine artery or large vessels, or if intra-
peritoneal bleeding occurs, it is necessary to be able to
react quickly and to convert to open surgery. Experienced
surgeons possess the required skills, but younger
practitioners with less extensive anatomic knowledge
could experience serious difficulties. Laparoscopy reveals
the undeniable aspect of anatomy as a tool of work.
Without perfect knowledge of the different structures
encountered during dissection, and particularly those
which one would prefer not to encounter because of the
dangers they evoke, laparoscopy can become hazardous
due to the surgeon’s lack of awareness. We are not about to
cover all the anatomic data concerning the pelvis; this
information can be found in any anatomic textbook and, in
any case, it is well known. What is required is the ability to
identify, without hesitation, all the structures grasped or
isolated during dissection. We will simply call back to mind
some anatomic notions to ensure a safe pelvic approach
during laparoscopy, and present some anatomic points
which highlight potential dangers and require particular
attention during surgery. In this chapter, we describe the
different steps of gynecological laparoscopy and some
recent surgical techniques such as TOT (transobturator
tape) for treatment of stress urinary incontinence and the
anatomic basis of pelvic or perineal pain. For each stage of
surgery, we explain the dangerous elements which should
inspire only one instinct in the surgeon: vigilance. In
practice, we describe certain strategic notions which
should be perfectly understood before beginning
laparoscopy, whatever the pathology: pelvic wall anatomy,
pelvic cellular tissue and ureteral and broad ligament
relationships.

INSUFFLATION AND PRIMARY TROCAR
INSERTION

Pneumoperitoneal needle placement should be performed
with rigor because it is responsible for 90% of vascular and
visceral injuries. It is advisable to use a blunt needle with a
perforated mandrel, mounted on a spring, to avoid any
unwelcome surprises. After making the cutaneous incision,
the abdominal wall is raised, particularly in thin patients,
to distance the large vessels (except in cases of previous

surgery in this area). For the same reason, needle
placement should be perpendicular to the stretched
abdominal wall, which corresponds to an angle of 45° from
the horizontal.

The pneumoperitoneal needle penetrates the
abdominal cavity, crossing several successive layers (Figure
1.1). At the umbilicus, the aponeurosis is stuck to the
peritoneum and is therefore pierced in one go. Further
down, on the subumbilical linea alba, the peritoneum is
not stuck to the aponeurosis and one can feel the two
successive jolts as the needle pierces the aponeurosis and
the peritoneum. Tactile identification of these jolts is
essential in order not to place the needle between the
peritoneum and the aponeurosis and so induce an
awkward extra pneumoperitoneum, and also so as not to
advance the needle through the viscera or a vessel, when
the peritoneum has already been crossed.

At this stage, there are many potential hazards, and the
surgeon must remain extremely vigilant at all times.
During their abdominal passage, trocars can injure
numerous structures. Concerning the insufflation needle, it
is very important to be aware of the position of the
umbilicus because of the risk of major visceral and vascular
injury. The umbilicus most often projects towards the L4
(in 67% of cases), that is to say, at the level of the most
anterior point of the lumbar lordosis. In fact, the umbilicus
is situated opposite the aortic bifurcation in 80% of cases,
to within 2 cm. The most dangerous situation is observed
in thin patients when the umbilicus is perpendicular to the
aortic bifurcation or, in 50% of cases, perpendicular to the
left common iliac vein which crosses the promontory near
the midline.

In dorsal decubitus, with flexed legs, the stretched
aorta tends to move away from the abdominal wall
because of sagging of the lumbar lordosis. With age, as well
as in obese patients, the umbilicus tends to descend and its
relation to the aorta is altered.

The insufflation needle may injure the following
organs: large vessels that are even more vulnerable as they
are against bone structures, the omentum, the small
intestine, the transverse colon, the sigmoid and, more
rarely, the left side of the liver and the stomach. For this
reason, insufflation and needle insertion should be
performed only after assurance that the patient’s stomach
and bladder are empty. In case of doubt concerning the
presence of adhesions, especially if there is a median
subumbilical scar, it is recommended that insufflation be
performed in the left hypochondrium area, two fingers’
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()

(b)

1 Umbilicus 6 Rectus abdominis muscle 11 Urachus (median umbilical ligament)
2 Skin 7 Epigastric artery 12 Umbilical prevesical fascia
3 Aponeurosis of external abdominal oblique muscle 8 Transversalis fascia 13 Anterior layer of rectus sheath
4 Aponeurosis of internal abdominal oblique muscle 9 Peritoneum 14 Posterior layer of rectus sheath
5 Aponeurosis of transversus abdominis muscle 10 Medial umbilical ligament 15 Linea alba
Figure I.1 Transverse sections of the abdominal wall: (a) at the level of the umbilicus, (b) below the umbilicus

breadth from the costal border, to avoid a large spleen on
the lateral side of the rectus abdominis muscle. This is an
area of little depression where adhesions are uncommon.

When insufflation has started, one must be vigilant at
all times so as to be immediately alerted if a needle is not
in the right position. With the pneumoperitoneum
established, the subumbilical trocar can be carefully
introduced.

ANCILLARY TROCAR PLACEMENT

Ancillary trocar placement requires the Trendelenburg
position. This position forces back the bowel, increases
pelvic venous circulation, thereby reducing the consequent
risk of venous thrombosis, and improves blood flow. We
cannot place the patient in this position before insufflation
because it may lead to some modifications in the position
of the needle, with the consequent risk of vascular injury.
During abdominal passage, these trocars may injure two
principal structures: the bladder, if it is not empty or if it is
attracted to the umbilicus by an anterior scar, and the
inferior epigastric vessels. These vessels are situated in the
preperitoneal space (between the peritoneum and the
transversalis fascia). They originate from the external iliac
artery near the deep inguinal ring and go up medially

towards the lateral side of the rectus abdominis muscle;
they then rejoin this muscle 5 cm above the pubis. When
one of these arteries is injured, it can induce significant
bleeding, but the multiplicity of anastomoses in the
abdominal wall and the wealth of blood supply mean that
it can be sacrificed and ligated, if necessary. On the inside
of these epigastric vessels is the median umbilical
ligament, a vestige of the urachus, stretched between the
umbilicus and the vesical apex, and the medial umbilical
ligaments, obliterated umbilical arteries, which extend to
the umbilicus. Before ancillary trocar placement, it is
important to identify the inferior epigastric vessels along
the abdominal wall behind the rectus abdominis muscle. In
thin patients, they are usually transparently visible under
the peritoneum. However, locating them can be more
difficult if there is thick adipose tissue. The distance
between the epigastric vessels and the midline is 5-6 cm,
located 5cm above the symphysis pubis; the mean
distance between the medial umbilical ligaments and the
inferior epigastric vessels is 2 cm. However, humans are not
made symmetrically and these distances are significantly
greater on the right side than on the left. There is no
significant correlation between weight and any measured
distance. However, a high body mass index affects the
visibility of the inferior epigastric vessels, medial umbilical



ligament and ureter on the left. Once the abdominal wall
is pierced, the surgeon must take care not to injure the
pelvic structures, particularly vascular and visceral
structures.

During laparoscopic surgery, two golden rules that
must be applied in order to avoid injury to the intra-
peritoneal and retroperitoneal structures are knowledge of
their normal anatomic localization and their visibility and
appearance on the video-monitor. Compared with the
laparotomic view, certain anatomic structures in the
abdominal and pelvic cavity may look different during
laparoscopic procedures because of the effect of pneumo-
peritoneal pressure, Trendelenburg positioning and the use
of an intrauterine manipulator. However, magnification
should enhance visualization of these structures, allowing
finer dissection.

PELVIC ANATOMY IN LAPAROSCOPY

Broad ligament or operative peritoneum

When one penetrates the peritoneal cavity, one encounters
the digestive viscera which are moved upwards. One is
then opposite the pelvic viscera, covered with peritoneum,
which define, from front to back, the retropubic space (of
Retzius) behind the pubis symphysis, in front of the vesical
wall, known for the venous plexus which is situated there;
the transverse vesical fold on the vesical corpus; and the
vesicouterine pouch situated between the bladder and the
uterine isthmus, with its opening leading to the
vesicouterine septum. This septum is bordered below by
an intimate connection between the ureters and the
vagina. The rectouterine pouch described by Douglas is
bordered by the rectum and its fascia behind, the vagina
and the uterus in front and laterally by rectouterine folds
which extend backwards towards the pararectal fossae. Its
opening leads to the rectovaginal septum, which is limited
by the joining of the two uterosacral ligaments behind the
cervix. The retrorectal space is situated between the rectal
and the retrorectal fascia.

The broad ligament is situated laterally, a double-layer
formation extending from the uterus to the lateral walls of
the pelvis. Perfect knowledge of its anatomy is essential to
performing adnexal and fertility surgery. It extends like a
sheet across clothes-lines, which represent the different
subperitoneal elements. Each broad ligament consists of
three peritoneal mesos, the funicular meso, the meso-
salpinx and the meso-ovarium, which extends with the
mesometrium, below and medially.

The funicular meso, raised by the round ligament of
the uterus, extends from the uterine horn to the deep
inguinal ring. Its removal allows one to approach the
paravesical fossae the superior opening of which is situated
between the umbilical artery on the inside and the iliac
vascular pedicle on the outside. It is a wide and deep space;
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its floor consists of the elevator ani muscle and its caudal
part of the iliopubic branch and Cooper’s ligament. It is
crossed by the obturator pedicle which emerges from the
interiliac space. The obturator nerve is the most superficial
element of the pedicle and converges towards the
obturator foramen. It can be recognized by its pearly white
color at the level of the lateral pelvic concavity. One
sometimes observes, against the superior branch of the
pubis, accessory obturator vessels, branches of the inferior
epigastric vessels. This paravesical space contains the
obturator lymph nodes and the external iliac nodes and is
therefore affected by lymphadenectomy. The potential
danger at this level is from the inferior hypogastric vessels
and the sometimes present accessory obturator vein, which
emerges from the obturator pedicle near the foramen and
ends on the inferior side of the external iliac vein, 1 or
2 cm from the femoral foramen.

The mesosalpinx, triangular when spread out, is
bordered by the Fallopian tube above and the infundibulo-
pelvic ligament on the outside. It contains vascular
archways (infratubal, infraovarian and tubal branches of
ovarian vessels) and the infratubal nervous plexus.

The lateral limit of the mesosalpinx is the tubo-ovarian
ligament, partially followed by Richard’s fimbrial fringe,
whose role it is to connect the fimbria loosely with the
ovary. It is essential that the mesosalpinx and tubo-ovarian
ligament are free for good ovular capture and subsequent
fertilization.

The meso-ovarium contains the ovarian vessels and
nerves.

The preovarian fossa is bordered in front by the
funicular fold and the mesosalpinx behind. It forms a
triangle the relief of which is marked by the external iliac
vessels laterally and the uterine horns inside. It covers the
obturator fossa and faces the appendix on the right side,
and the sigmoid on the left.

The tubo-ovarian recessus is between the mesosalpinx
and the meso-ovarium. The ovarian fossa is between the
meso-ovarium in front, the iliac vessels on the outside and
the discrete fold of the ureter behind. Under its
peritoneum is the obturator pedicle. Just behind, the
uterine vessels are covered by the dorsal side of the broad
ligament, advancing into the parametrium with the ureter.

Lateral to the ovary is the infundibulopelvic ligament,
which contains the ovarian vessels. It crosses the external
iliac vessels 2 cm in front of the ureter. It ends on the tubal
extremity of the ovary. On the inside of the ovary is the
proper ovarian ligament which emerges from the uterine
horn behind and below the uterine tube, and goes to the
uterine side of the ovary. The mesometrium extends
behind, as far as the uterosacral ligaments.

The two pararectal fossae, the superior opening of
which is narrow in the sacroiliac sinus, are not generally
affected by gynecological laparoscopy. They are bordered
in front by the paracervix, and inside by the rectum and
the uterosacral folds, with the piriformis muscle outside,
the levator ani muscle below and the lateral rectal ligament
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behind. They are covered with peritoneum under which is
the ureter. They extend forwards by the paravesical space,
passing under the paracervix. Access is difficult because of
the presence of internal iliac and rectal vessels.

Laterally, still under the peritoneum, are the iliac
vessels. The most accessible structure is the external iliac
artery which continues the bifurcation of the common
iliac artery (Figure 1.2). If the internal iliac artery is
dissected at this level, one inevitably arrives at the anterior
branches and some of its visceral branches. Situated more
deeply on the inside of the artery is the external iliac vein.
More laterally, the pelvic wall consists of the internal
obturator muscle and its fascia.

Pelvic cellular tissue

A knowledge of pelvic cellular tissue is essential for the
surgeon who operates on the pelvis. This tissue has two
forms: slack zones, which can be easily dissected, and dense
zones (fascia and visceral ligaments), which must be cut
for dissection.

The slack zones are full of areolar tissue, relatively easy
to dissect (retropubic space, paravesical fossae, pararectal
fossae, retrorectal space, Vesicovaginal septum, rectovaginal
septum). The pelvic fascia is a dense conjunctive lamina
covering the pelvic wall (parietal pelvic fascia), and forms
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Figure 1.2 Left female hemipelvis

the adventitia of the viscera (visceral fascia). The pelvic
parietal fascia (or urogenital diaphragm) is not greatly
affected by laparoscopy. It is, first of all, a conjunctive
lamina which constitutes an effective support for the
pelvic viscera because of the continuity between the
parietal and visceral pelvic fascia.

The visceral pelvic fascia covers the visceral non-
peritonealized surface. The thickness of this fascia is
variable and it is impaired particularly on the midline in
case of prolapse. Only the vaginal fascia is a thick
conjunctive layer reinforced by a strong elastic network.
All this fascia exchanges fibers which makes anatomic
relationships much tighter and dissection more precarious.
This generates risks of visceral injury, especially at the level
where the connections between the viscera and the
urogenital diaphragm are dynamic (at the point where
each viscus passes through the pelvic fascia, between the
vagina and the vesical cervix, between the vagina and the
rectum).

The visceral ligaments are made up of densifications of
pelvic cellular tissue whose visceral insertion intermingles
with the perivisceral fascia. They are very resistant
structures that require ligature and section for visceral
mobilization. Pelvic cellular tissue looks like the stitches of
a mesh, with traction on a point of this mesh provoking a
reduction of the stitches and mesh densification. The

External
iliac vessels

Obturator vein,
nerve and artery



greater the traction, the more pronounced the densifi-
cation near the point of traction, in other words, near the
viscera. These visceral ligaments are divided into two
groups: the lateral ligaments go with the internal iliac
artery branches and the sagittal ligaments convey the
inferior hypogastric plexus branches.

There are three lateral ligaments: rectal, genital and
vesical. The genital ligament is the strongest and
constitutes the strongest means of suspension of the
uterus. It comprises three continuous parts: the
parametrium, the paracervix and the paravagina. They
present, near their visceral attachments, a densification of
conjunctive tissue, very rich in elastic fibers and smooth
muscle fibers. The parametrium situated just above the
ureter contains the uterine artery, veins and lymphatics.
The sometimes present lateroureteral cervicovaginal
arteries can give the parametrium an anterior extension
which is near the vesicouteral ligament and even merged
with it. The paracervix, situated under the ureter, contains
the vaginal arteries, the voluminous venous plexus and the
uterovaginal lymph nodes. Contrary to the parametrium,
the paracervix is frequently affected by cervical cancers.
The genital ligament is also called the cardinal ligament.

The vesical ligament is located around the anterior
vesical arteries, branches of the umbilical artery, and is
attached to the anterior side of the paracervix. The rectal
ligament is located around the middle rectal vessels. It is
thick and disposed almost transversally on each side of the
rectum. It separates the retrorectal area from the pararectal
area.

The sagittal ligaments consist of the uterosacral,
vesicouterine and tubovesical ligaments. The uterosacral
ligaments are attached to the posterolateral side of the
cervix and the vaginal fornix, and run alongside the lateral
sides of the rectum to be finally lost, like a broad fan, on
the inside of the sacral foramen from S2 to S4. They
contain few vessels, but notably the inferior hypogastric
plexus nerves described by Lee and Frankenhauser. A little
transverse relief joins the points of uterine origin: the torus
uterinus. On the whole, the content of these ligaments is
principally made up of nerves; vessels are few and often
their surgical section does not cause bleeding or necessitate
hemostasis. Moreover, the wealth of nervous elements in
these ligaments is expressed by their sensitivity. Their
section can soothe pain provoked by static uterine defects.
They are always extremely resistant and are even very
elastic. Their resistance is due to both the nervous
elements and the framework of pelvic fascia.

The vesicouterine ligaments extend from the isthmus
and the cervix to the meatus uretrae area. They are
situated around the arterial and venous cervicovaginal
branches and extend in front of the parametrium. In front
of them, the pubovesical ligaments extend from the
posterior side of the pubis symphysis to the vesical cervix.
All these structures form the tendinous arch of the pelvic
fascia (the genitopelvic-rectosacral arch).
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The parametrium and the paracervix have an
extremely important functional role in the support of the
uterus and vaginal fornix. These ligaments and fascias share
numerous fibers which make their individualization very
difficult and their borders imprecise. A typical example is
the pericervical and perivaginal fascia which turn into the
uterosacral ligaments and the two paracervices, and which
share fibers with the parietal pelvic fascia. This explains
why removal of the cervix does not provoke prolapse,
because the vaginal vault is supported by the fascia.

Vascular relationships

Pelvic visceral vascularization derives from the iliac vessels,
but also from the abdominal vessels for the adnexa and the
rectum. We only briefly recall these elements and describe
in more detail the strategic points which can be risk factors
during laparoscopy. It is vital to know the dangerous
anatomic areas, and carefully identify the important
structures before proceeding with dissection.

Arterial relationships

The principal vascular relationship that is encountered
when introducing the optic is represented by the external
iliac vessels, which continue outside the viscera against the
lateral pelvic wall. Pelvic visceral vascularization is
essentially assured by the internal iliac arteries, the ovarian
arteries and the superior rectal arteries.

The internal iliac artery divides into the principal
visceral pelvic arteries. To see it during laparoscopy, it is
necessary to push the infundibulopelvic ligament upwards.
It is not necessary to cut it, as it serves as a screen against
bowel inrush. It is classically divided into two branches at
the level of the greater sciatic foramen. The anterior
branch separates into essentially visceral branches. The
umbilical artery continues in front along the superior part
of the vesical inferolateral side. It constitutes a surgical
landmark which leads to the origin of the uterine artery. It
then leads to the superior vesical arteries. The uterine
artery has three segments (Figure 1.3):

(1) The parietal segment descends forwards from its
origin against the pelvic wall as far as the ischiatic
spine. It is accompanied by the umbilical and
obturator arteries in front and the ureter inside.

(2) The parametrial segment: the artery branches
transversally inside, under the parametrium, and
crosses the ureter in front. Around this point of
crossing, there are some important venous plexus
and lymph vessels.

(3) The mesometrial segment is very sinuous, running
alongside the lateral side of the uterus in the
mesometrium. It is accompanied by the uterine
venous plexus, lymphatic vessels and the sometimes
present parauterine lymph nodes.
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1 Right ureter
2 Common artery
3 Middle rectal artery

Figure 1.3 Relationships of the ureter to the blood vessels

The uterine artery leads to several collateral branches,
including vesicovaginal branches, the cervicovaginal artery
after the ureteral crossing, the sinuous cervical artery, the
corporeal artery and the round ligament artery. The vaginal
arteries run behind the uterine artery. The obturator artery
proceeds forwards, towards the obturator foramen. It is
situated against the internal obturator muscle fascia and is
bordered by the obturator nerve above and the obturator
vein below. Its distal part is opposite the obturator lymph
nodes. The middle rectal artery goes down medially
towards the lateral side of the rectum, into the lateral
rectal ligament. The internal pudendal artery accompanies
the pudendal nerve in the perineum. After leaving the
pelvis through the greater sciatic foramen, passing around
the sciatic spine, penetrating the ischiorectal fossa and
traveling along the pudendal canal, it ends in two branches,
the deep artery and the dorsal artery of the clitoris. The
posterior branch of the internal iliac artery has parietal
branches, the iliolumbar artery, the lateral sacral artery and
the superior gluteal artery.

4 Vaginal artery
5 Uterine artery
6 Uterine veins

AL 10

N

v \ . \ & Ay
W

w o

ANV L
AW

T
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The ovarian artery emerges from the abdominal aorta
at the L2 level and joins the ovary by means of the
infundibulopelvic ligament.

The superior rectal artery emerges from the inferior
mesenteric artery and joins the superior rectal ligament.

At the pelvic level, there is an efficient anastomotic
arterial system which compensates for all obstruction, even
internal iliac.

An important arterial relationship to be aware of is the
median sacral artery. It emerges from the posterior side of
the aorta just above its bifurcation and descends against
the anterior side of L4, L5 and the sacrum. It vascularizes
the posterior side of the rectum. During surgical inter-
vention for genital prolapse, we perform vaginal vault
sacrofixation. During strip fixation using tackers at the
L4-L5 level or promontory, there is always a risk of arterial
injury and that is why efficient coagulation of the fixation
zone is necessary. One must also take great care not to
injure the anterior sacral roots which emerge on each side.
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Figure 1.4 Relationships of the ureter to other pelvic organs

Venous relationships

The pelvic veins are essentially drained by the internal iliac
veins and secondarily by the external iliac, common iliac,
superior rectal and ovarian veins. The internal iliac vein
does not contain valves, and emerges from the superior
side of the greater sciatic foramen and connects to the
external iliac vein at the promontory level, to form the
common iliac vein. The tributary veins are satellites of the
arteries and drain the pelvic venous plexus.

The ureter and its relationships

The lumbar ureter lies on the psoas muscle on each side of
the rachis, and is only seen in gynecology by specialists
who perform para-aortic lymphadenectomy. It then passes
through the superior pelvic strait and becomes pelvic. The
right ureter crosses the right external iliac artery in front,
near its origin. The left ureter is situated in front of the end
of the common iliac artery. On each side, it maintains a
close relationship with the infundibulopelvic ligament
which crosses it (Figure 1.4). It is therefore vulnerable
when hemostasis of this ligament is carried out and during
reperitonealization, which are pointless anyway. Laterally,

7 Infundibulopelvic ligament
8 Fallopian tube

5 Peritoneum
6 Uterosacral ligament
9 Round ligament

it is situated opposite the internal iliac vein and next to the
obturator nerve and obturator, umbilical, uterine and
vaginal vessels. In a thin patient, it is easy to identify under
the peritoneum by its characteristic peristaltic motion. In
an obese patient, it is necessary to search for it and dissect
it in order not to injure it.

The retroligamentary ureter runs forwards and
medially, along the posteromedian side of the uterine
artery, approaching the uterosacral ligament origin. This
course may be modified in the case of attraction to
endometriosis, sequelae of infection or previous surgery. It
can then come into contact with the ovary or the
uterosacral ligament, and its identification is indispensable
before continuing the dissection further. The distance
between the ureter and the uterosacral homolateral
ligament and the infundibulopelvic ligament is small, but
significantly greater on the left side. The ureter is located
about 1-3cm from the uterosacral ligament and the
infundibulopelvic ligament.

The intraligamentary ureter is of even more concern to
the surgeon as it is invisible. It crosses the vessels and the
lateral ligaments of the uterus from back to front to join
the bladder (Figures 1.3 and 1.5). In fact, in crossing under
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1 At the crossing with the iliac vessels

2 At the crossing with the uterine artery

Figure 1.5 Localization of ureteric injuries

the uterine artery loop, it passes between the parametrium
and the paracervix.

The ureter, however, remains clearly independent of
the uterine artery, since the crossing occurs behind the
artery, 15mm from the isthmus and 10mm from the
lateral vaginal fornix. It then joins the vesical extremity of
the vesicouterine ligament which attaches above the
ureteral meatus (retrovesical ureter).

Knowing that the ureter is at some distance from the
isthmus and the vaginal fornix is not enough to guarantee
safe surgery. It is necessary to know exactly how to dissect
and shelter it. Mobilizing the uterus, it is possible to
display the ascending segment of the uterine artery
without modifying the position of the ureter, which
remains at some distance from the vascular section. One
can also use the uterine artery as a guide, cutting it at the
isthmus level, and, by moving aside its parietal stump
laterally, the ureter is effectively protected. Another way is
to open the vesicouterine space and remove the
vesicouterine ligament laterally and with it the retrovesical
ureter which runs alongside.

3 At the angle of the vaginal fornix

Ureteral vascularization (Figure 1.6) merits a brief
reminder. It derives from the renal, ovarian, common iliac
and uterine arteries. These ureteral branches divide into a
T-shape on ureteral contact to form a rich adventitial
network the anastomotic system of which compensates for
vascular interruption, thus allowing dissection over a long
distance.

Digestive system

After moving the bowels upwards, out of the way, the only
other awkward digestive elements in laparoscopy are the
sigmoid and the rectum. The rectal peritoneum extends
forwards to the vagina to form the rectouterine pouch. The
lateral sides of the rectal peritoneum extend, with the
pelvic wall peritoneum, to form the pararectal fossae
which proceed obliquely towards the rectouterine pouch.
Injury is rare in gynecology, but possible in some
operations which require a prior intestinal wash-out, such
as cases of rectovaginal adenomyosis resection by
laparoscopy. It is difficult and perilous surgery, reserved for
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1 Mucosa with urothelium
2 Medial muscular layer
3 Adventitial sheath

Figure 1.6 Anatomy of the ureter

experienced surgeons, because it requires not only gyne-
cological knowledge but also knowledge of the particular
behavior of endometriosis and of digestive surgery. Rectal
effraction is a constant risk, and, if any doubt exists, a
diagnostic test by air or dye injection in the rectum may be
necessary. On the other hand, the spread of these lesions
can be considerable, not only on the rectal mucous
membrane but also more laterally towards the pelvic wall,
sometimes leading to ureteral stenosis and even invasion of
the muscle elevator ani.

The rectum can also pose a danger in cancer surgery. Its
invasion can make its approach dangerous during
dissection. There is another gynecological procedure that is
risky for the rectum, namely vaginal vault sacrospino-
fixation, described by Richter and Dargent in prolapse
surgery. It consists of fixing the vagina to the sacrospinal
ligament through a vaginal approach. Without a wide
opening of the pararectal fossa, the ligatures are placed
blindly and a rectal or pudendal nerve injury is possible.

Nervous elements
Pelviperineal innervation is both somatic and vegetative.

The peripheral nervous system of the pelvis includes the
sacral and pudental plexi. The first, which consists of roots

4 Arteriole between musculosa and adventitial sheath
5 Ureteral artery
6 Peritoneum

L4, L5, S1, S2 and S3, goes to the inferior limbs and the
pelvis. The second, coming from roots S2, S3 and S4, is
responsible for the innervation of the perineum and the
viscera. These two plexi are closely linked with the vegeta-
tive nervous system from the superior and inferior
hypogastric plexus. This association between the somatic
and vegetative nervous systems exists in all the great
visceral functions of the organism, but is more intense at
the level of the pelvic viscera.

The laparoscopic surgeon safely avoids, in contrast to
the abdominal surgeon, section of the anterior branch of
the iliohypogastric and ilioinguinal nerves, which may
lead, although reversible, to cutaneous anesthesia of the
pubic region, the inside of the thigh and the labium majus,
as well as injury to the femoral nerve, which extends along
the lateral side of the psoas and may be in danger of
compression by the autostatic valves during laparotomy.

The nervous elements that are important to know in
laparoscopy include primarily the genitofemoral nerve
which emerges from spinal nerves L1 and L2 and crosses
the psoas to extend in its sheath behind the ureter and the
peritoneum. It then continues along the lateral side of the
external iliac artery. Its genital branch provides sensitive
innervation to the labia majora and the neighboring areas.
Its injury is very rare in laparoscopy.
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Figure 1.7 Superior hypogastric plexus

The obturator nerve (L2, L3, L4) emerges in the pelvis
between the external and internal iliac vessels. It extends
against the lateral wall opposite the ovarian fossa, before
entering the obturator foramen. It can be affected at this
level by endometriosis or adnexal infection, leading to
obturator neuralgia on the superomedial side of the thigh
and the knee.

Surgical injury to these nerves can be observed during
lymphadenectomy, but the functional consequences are
minor.

ANATOMIC BASIS OF PELVIC AND
PERINEAL PAIN AND THERAPEUTIC
APPLICATIONS

Anatomic description

The perineum receives its innervation from the pudental
plexus. This plexus also supplies visceral nerves, which are
of variable number. They extend forwards towards the
lateral walls of the pelvic viscera to the bladder, the rectum
and the internal genital organs, either directly, or by the
intermediary of the hypogastric plexus. Through these
branches, the nervous impulses controlling micturition,
defecation and sensory innervation of the pelvic viscera
proceed. Vegetative innervation of the pelvic viscera
derives essentially from the inferior hypogastric plexi, but
also from the superior hypogastric plexus and the ovarian
plexus.

The superior hypogastric plexus is situated facing L5
and the promontory, and is the origin of the left and right
hypogastric nerves which connect to the corresponding
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inferior hypogastric plexus (Figure 1.7). This plexus used
to be resected according to Cotte’s procedure, but the
mediocre results obtained have now made this method
obsolete.

The inferior hypogastric plexus, or Lee and
Frankenhauser’s ganglion, is a collection of afferent and
efferent fibers going towards the pelviperineal viscera. It is
symmetrically paired in the form of a nervous quadrilateral
lamina of 4 cm in length and 3 cm in height. It is located in
the lateral part of the uterosacral ligament, surrounded by
the lateral side of the rectum on the inside and the visceral
venous plexus on the outside. Its superior edge is in contact
with the ureter, its inferior edge with the pelvic floor, its
posterior edge with the sacrum and its anterior edge with
the posterior bladder wall. This inferior hypogastric plexus
is the central point of a considerable number of nervous
branches aimed at all the organs inside the pelvis.

Each inferior hypogastric plexus receives afferent
branches: the hypogastric nerve originating from the
superior hypogastric plexus, the sacral sympathetic chain
(sacral splanchnic nerves), the pelvic splanchnic nerves
(nervi erigentes) and the inferior mesenteric plexus (some
spindle nerves). Efferent branches make up the pelvic
visceral plexus: the uterovaginal plexus, the rectal plexus
and the vesical plexus (vesical nerves, when cut during
extended hysterectomies, can account for bladder
hypotonia).

The ovarian plexus supplies innervation to the ovaries
and the distal half of the Fallopian tubes. It originates from
the aortic plexus. The parasympathetic fibers come from
the pneumogastric nerve, which could explain vagal
digestive reactions during adnexal torsion. These plexi
contain orthosympathetic and parasympathetic fibers. The



pelvic orthosympathetic centers are located inside the
intermediolateralis columnae of the medulla, from the
tenth thoracic verbebra to the third lumbar vertebra. The
efferent branches, the positioning of which is segmental,
provide nerve supply to the pelvic viscera. The fibers
follow the vessels, leading them to the viscera.

The sacral parasympathetic nucleus is located at the
level of the S2-S4 segments, on the basal part of the
ventral horn, and takes charge of all pelvic elements except
the ovaries. Concerning the orthosympathetic system, the
sensitive fibers are individualized and carry influx such as
nociception. Thereafter, they join the closest somatic nerve
and account for abdominal wall pain originating from
visceral discomfort. Concerning the parasympathetic
fibers, their sensitive role is still in question, even if their
existence itself cannot be disputed. The motor response to
nociceptive perceptions correlates with the anatomy: the
parietal pain experienced during acute salpingitis is, in fact,
pain from a viscus transmitting painful information
through the closest somatic nerve into the corresponding
iliac fossa. Motor cells under orthosympathetic influence
may account for abdominal wall contracture on clinical
examination.

Another example of these sensitive functions is the
pain experienced by patients who suffer from adeno-
myotic nodules of the rectovaginal septum. These are
caused by stimulation of the orthosympathetic fibers
inside the rectovaginal septum; through the inferior
hypogastric plexus, they carry their nociceptive informa-
tion to the superior centers. The sympathetic motor cells
then induce a reflex contraction of the pelvic diaphragm,
closing the vagina and making intercourse even more
painful.

Although such pain is no indication for laparoscopic
treatment, it is important to evoke the anatomic basis of
chronic perineal neuralgia and the role of the pudendal
nerve which leads to pain, the etiologic diagnosis of which
is sometimes difficult, and often considered as having a
psychiatric origin. These patients suffer pain in the area of
the pudendal nerve, either uni- or bilaterally, and this pain
is exacerbated, if not provoked, by the sitting position. The
positional character of this pain in a given area leads us to
investigate a compression syndrome of the nerve stem.

These pains can be urogenital, anal or mixed. They
involve women in two-thirds of cases and manifest
themselves as burning sensations, torsions, heaviness or
even intravaginal or intrarectal foreign bodies. They are not
satisfactorily treated by different local therapeutic
approaches and can be exacerbated by a proctological,
urological or gynecological surgical procedure.

The pudendal nerve generally issues from S3, and can
intercept contingents from adjoining roots S2 and S4.
Emerging in the ventral sacral area, it rapidly penetrates,
together with its vessels, the gluteal area under the
piriformis muscle, in ligamentary claws formed from the
sacrotuberous and sacrospinous ligaments (Figure 1.8). It
passes around the sciatic spine between the superior rectal
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nerves on the inside and the pudendal vessels on the
outside. In the perineal area, the nerve lies on the medial
side of the internal obturator muscle in the pudendal canal
(described by Alcock), formed by a split in the apo-
neurosis. In the posterior part of this canal, it crosses over
the falciform process of the sacrotuberous ligament, which
is a fibrous lamina with a sharp superior edge, concave
above, and parallel to, the medial side of the ischium.

Medially, the abundant fat of the ischioanal fossa
occupies all the posterior perineum. Observation of the
course of this nerve, as described above, highlights several
possible areas of conflict:

o In the ligamentary claws near the sciatic spine, the
nerve is pressed between the sacrotuberous and
sacrospinous ligaments

o The falciform process of the sacrotuberous ligament
can emerge very high and come into contact with the
nerve which overlaps it

° The fascia of the internal obturator muscle, when it
splits, can be thickened and thus become a potential
site of conflict

Several studies have shown that a sitting position provokes

an ascent of the ischioanal fat, which presses the sacro-

tuberous ligament falciform process laterally and brings it
closer to the nerve stem.

Therapeutic applications

LUNA (laser uterine nerve ablation)

This is the practical application of the anatomy of the
inferior hypogastric plexus. Uterosacral ligament ablation
by laser interrupts the vegetative fibers and thus leads to a
diminution in dysmenorrhea and dyspareunia. Some
authors believe that the beneficial effect of LUNA is due
more to the treatment of endometriosis of the uterosacral
ligament than to the fiber ablation itself.

Torus uterinus ablation

According to the same principle, surgery consists of
ablation of the area which joins the isthmic origin of the
two uterosacral ligaments.

Rectovaginal septum adenomyosis

Apart from ablation of the adenomyotic lesion, surgery
also effects suppression of vegetative fibers which provoke
pain at the level of the rectovaginal septum.

Chronic perineal pain

Surgical liberation of the pudendal nerve, described by

Robert et al., gives excellent results when anesthetic
infiltrations fail. Of course, this type of surgery requires
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3 Pudendal canal 6 Piriformis muscle

Figure 1.8 Posterior view of the deep gluteal area

perfect knowledge of the regional anatomy. The principle
is very simple: by a transgluteal approach, the gluteus
maximus muscle is incised in the direction of its fibers, on
both sides of a transverse line passing at the level of the
coccyx and thus the sciatic spine. The muscular
attachments of the posterior side of the sacrotuberous
ligament are removed over 2-3 cm. The pudendal pedicle
then appears to cross the sacrospinous ligament behind.
The latter is sectioned and the nerve can then be
transposed forwards to the sciatic spine, gaining precious
centimeters. Dissection of the nerve in the pudendal canal
is easy, and the internal obturator muscle fascia is incised
and the nerve stem and its branches are freed over 3-4 cm.
Section of a threatened falciform process is performed if
necessary. It is then easy to release the nerve stem in this
simple way.

DANGEROUS RELATIONSHIPS DURING
ILIAC AND AORTIC LYMPHADENECTOMY
BY LAPAROSCOPY

Because of the anatomic complexity and technical
difficulty of lymphadenectomy, we devote an entire
chapter to this subject. In fact, rare are those gynecologists
who perform lymphadenectomy by laparoscopy, because
vascular and nervous relationships of pelvic lymph nodes
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make dissection extremely delicate. The advantages of the
laparoscopic approach are the absence of trauma and a
decreased risk of adhesions, for the price of specialized
training, but without any diminution in the quality of
samples taken.

Cancer work-ups and pelvic or lumbar lymph-
adenectomy require thorough knowledge of these lymph
nodes (Figure 1.9). The indications are essentially
diagnostic and prognostic. Lymphadenectomy is the
surgical removal of an entire cellulo-lymph node area.

Occasionally present pelvic lymph nodes are situated
near the viscera and are drained by the external iliac,
obturator, interiliac, internal iliac, common iliac and
lumbar nodes. The paravesical nodes are situated in the
lateral ligaments of the bladder. The parauterine nodes are
found in the parametrium near the uterine artery loop. The
paravaginal nodes are located in the paracervix. The
pararectal nodes are situated in the lateral ligaments of the
rectum. External iliac nodes are eight to ten in number;
they are found along the external iliac vessels, and they
include three groups:

(1) The lateral group are outside the external iliac
vessels.

(2) The intermediate group lie on the external iliac vein
or between the artery and the vein. They drain the
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Figure 1.9 Anterior view of the lymph nodes of the pelvis

inguinal nodes and the medial external iliac nodes
towards the common iliac nodes.

(3) The medial group are situated under the vein and
against the pelvic wall, so it is necessary to lift the
vein to reach them. This group receives the lymph
vessels of the bladder, the pelvic ureter, the uterus
and the vagina.

The obturator nodes are situated against the obturator

pedicle and the internal obturator muscle. They receive the

lymph vessels of the bladder, the ureter, the uterus and the
vagina. The interiliac nodes are situated at the bifurcation
of the internal and external iliac vessels. They drain the
obturator and external iliac nodes. The also receive the
lymph vessels of the bladder, the uterus and the vagina.
The internal iliac nodes are found between the internal
iliac artery branches. One can distinguish the sacral nodes,
situated along the lateral sacral artery, which receive the
lymph vessels of the rectum and the cervix, and the gluteal
nodes, which lie on the piriformis muscle, and drain the
lymph vessels of the rectum, the deep area of the

10 External iliac nodes
11 Obturator nodes
12 Interiliac nodes
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9 Sacral plexus 13 Internal iliac nodes
14 Common iliac nodes

15 Lumbar nodes

perineum and the gluteal area. The common iliac nodes are
situated against the common iliac vessels, and drain the
external, internal and intermediate iliac nodes. They
include five groups:

(1) The lateral group: on the lateral sides of the common
iliac artery at the level of the iliolumbar fossa;

(2) The intermediate group: under the common iliac
vessels, against the obturator nerve, the ascending
lumbar vein and the lumbosacral trunk;

(3) The medial group: situated against the medial side of
the right common iliac artery and the right and left
common iliac veins;

(4) Promontory nodes;

(5) Subaortic nodes; the lumbar nodes are found around
the aorta, the inferior vena cava and between these
two vessels.

Lymphadenectomy is performed according to several

techniques in laparoscopy: by either a transperitoneal
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approach to the paravesical fossa, or an extraperitoneal
approach, by careful detachment of the peritoneum,
beginning with the retropubic space and then the pre-
vascular and preperitoneal areas. Insufflation through the
trocar detaches the preperitoneal area. Lymphadenectomy
can be extended to several levels, described below.

Level I describes the angle defined by the common iliac
artery bifurcation. It removes the medial and intermediate
external iliac nodes, obturator and interiliac. These are the
sentinel lymph nodes of the front line of the uterine
cervix, which can first be identified by the sentinel lymph
node technique during surgery for cervical cancer. This
level is sufficient for small cervical tumors and endometrial
cancers. The risk during dissection of this area is to the
inferior obturator vein, the internal iliac vein branches and
the obturator vessels.

Level 1I is astride the pelvis and the abdomen, limited
above by the angle of the aortic bifurcation. It includes the
common iliac nodes, the lateral external iliac nodes not
affected by the first level, the promontory and the sub-
aortic nodes. The risk during lateral external iliac node
removal is injury to the genitofemoral nerve which runs
alongside the psoas and, particularly, the sometimes
present psoic artery, which emerges from the external iliac
artery. The epigastric vessels must also be respected near
the deep inguinal ring. On the other hand, the retrocrural
nodes described by Cloquet are removed. During
promontory node dissection, care must be taken with
regard to the middle sacral pedicle, the presacral veins and,
particularly, the left common iliac vein.

Level TII is lower aortic, defined above by the
emergence of the inferior mesenteric artery. It is bordered
laterally by the lumbar ureters, and behind by the iliac
vessels, the sympathetic ganglions and psoas attachment.
These elements are generally well visible, and complica-
tions are rare if the dissection is carefully performed.

Level 1V, infrarenal, does not generally involve
laparoscopy and is rarely carried out.

Increasingly, removal of the cellular lymph node tissue
of the distal part of the paracervix, known as paracervical
lymphadenectomy, is performed. Its purpose is to supplant
the removal of the distal part of the paracervix. The
affected tissue is removed, preserving the nerves and
vessels of the paracervix. It is necessary, at this level, to
identify the middle rectal artery at the back and the vege-
tative nerves in order to protect them.

ANATOMIC BASIS OF URINARY STRESS
INCONTINENCE AND THERAPEUTIC
APPLICATIONS

Stress incontinence is a frequent and complex symptom in
women. It is caused by obstetric trauma to the urogenital
perineum, but also dystrophic modifications of the
menopause. Finally, it can be the consequence of surgery or
radiotherapy to the bladder or urethra. The principal
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anatomic structures implicated in stress continence are the
retropubic space, the base and cervix of the bladder, the
urethra and its sphincter. The retropubic space described
by Retzius is situated in the preperitoneal space. It is
bordered in front by the pubis symphysis, the pubovesical
ligaments, the tendinous arch of the pelvic fascia and the
retropubic branches of the obturator and pudendal vessels.
Laterally is the superior branch of the pubis and a thick-
ening of the periosteum, the pectineal or Cooper’s
ligament, implicated in pectineal colposuspension
described by Burch. Behind is the inferolateral side of the
bladder as well as the urethra and the pelvic vagina. This
area is closed below by the pelvic diaphragm. It is full of
loose tissue, infiltrated by fat and easily cleavable during
laparoscopy. The vesical base includes the trigone of the
bladder and the retrotrigonal fossa, the depth of which
increases with age, which is a factor in post-micturition
dribble.

The vesical cervix is essential for urinary continence. It
is situated 25 mm from the pubic symphysis and 10 mm
above the horizontal, passing along its inferior side. Its
anterior fixity is assured by the pubovesical ligaments. The
normal urethrovesical angle is 90-100°.

The urethra includes three segments: supradiaphrag-
matic, diaphragmatic and infradiaphragmatic. It is situated
obliquely below and in front, and at an angle of 30° from
the vertical. The supradiaphragmatic urethra is supported
by the pubovesical ligament; the infradiaphragmatic
urethra is supported by the pubourethral ligament and
suspensory ligament of the clitoris.

Micturition requires absolute synergy between the
bladder, the urethra and abdominal pressure.

During the repletion phase, abdominopelvic pressure
constitutes a passive occlusion force of the urethra. It
opposes urogenital diaphragmatic resistance against which
the urethra pushes. The resultant force exerted by the
abdominopelvic pressure and the resistance of the urogen-
ital diaphragm makes its way forward, perpendicularly, to
the perineal membrane, which constitutes the essential
static structure of diaphragmatic urethral occlusion.
Techniques using a perineal sling in urinary stress
incontinence surgery illustrate perfectly the biomechanics
of the urogenital diaphragm. The TVT and TOT methods
(tension-free vaginal tape and transobturator tape), in
particular, are among those which, by their physiological
and almost non-invasive approach, currently give very
good results. This sling exerts retrourethral resistance the
orientation of which adjoins that of the pubis. The resul-
tant abdominopelvic pressure and tape resistance is then
perpendicular to the perineal membrane. During any
effort, abdominopelvic pressure, oriented towards the
posterior perineum, leads to a posterior transfer of the
supradiaphragmatic urethra. On the other hand, the
diaphragmatic urethra opposes the resistance of the tape
and bends.

During the micturition phase, the association of both
intravesical pressure and intraparietal tension created by



detrusor contraction is directed to an area of weak
resistance, the vesical cervix. The tonus of the urethra
yields and the urethra opens.

In urinary stress incontinence, there is ptosis of the
urethrovesical region, and shortening and horizontalization
of the urethra. The surgeon’s objective is to replace the
vesical cervix so that it will maintain its anatomic position,
while preserving cervical and urethral flexibility.

The wide use of retropubic tension-free suburethral
slings (TVT) has been associated with various peri- and
postoperative complications. To reduce these complica-
tions, TOT wusing transobturator passage of the tape has
been developed. This technique uses specific instruments
for the passage of synthetic tape from beneath the urethra
towards the thigh fold. With this technique, the risk of
injury to the bladder, the epigastric vein and the external
iliac vein is non-existent. By contrast, such injuries may
occur if the tape is introduced through the retropubic
space. Anatomic dissection shows that the transobturator
tape does not enter the retropubic space. The tape is
inserted according to a fixed path which penetrates from
the suburethral space into a strictly perineal region, limited
medially and cranially by the levator ani muscle, caudally
by the perineal membrane and laterally by the obturator
internus muscle. This region corresponds to the most
anterior recess of the ischiorectal fossa. The tape then
perforates the obturator membrane and muscles, and exits
through the skin after crossing the adductor muscles and
subcutaneous tissue. It passes through the obturator
foramen along the upper third of the ramus inferior of the
pubic bone. The tape courses away from the dorsal nerve
of the clitoris located more superficially below the perineal
membrane, the obturator nerve and vessels, and the
saphenous and femoral vessels. The tape is not visible in
the Retzius space; it remains covered with the fasciae of
the internal obturator muscle, so that it cannot access the
lower pelvis at any time. This is a highly accurate,
reproducible and safe technique, which does not require
perioperative cystoscopy, as does TVT.
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ENDOSCOPIC INSTRUMENTS

Telescopes

Telescopes used in laparoscopy are available with different
viewing directions, either with or without an instrument
channel. The various telescopes and their application range
are briefly described below (Figure 2.1):

o 0° straightforward telescope: this telescope has the
greatest application range, because it facilitates
orientation and conveys an impression of the area
inspected. The direction of view corresponds to the
natural approach and the usual perspective. The 0°
telescope is generally preferred in gynecological
interventions

o 30° forward-oblique telescope: this can be rotated to
enlarge the field of vision. Use of the 30° telescope
can be advantageous during dissection in the
Douglas pouch

o 45° telescope

Telescopes without instrument channels are used in the
majority of cases in gynecology, as they give a better
overview and offer better image resolution. However, in
some cases, it may be more reasonable to use telescopes
with an integrated instrument channel (telescope with
parallel eyepiece, see Figure 2.1, top). These telescopes are
generally 0° straightforward telescopes. The diameter of
the instrument channel is 5-7 mm; thus, a correspondingly
large instrument can be inserted.

Figure 2.1 Telescopes used in gynecology. From top to
bottom: telescope with instrument channel, 30° and 0°
telescopes (Karl Storz)

Additional devices can also be connected to this
laparoscope, such as a CO; laser. The best example of this
is for laparoscopic sterilization; tissue fragments or biopsy
specimens can also be extracted through the telescope
trocar with the aid of a grasping forceps, which is intro-
duced through the telescope’s instrument channel.

A disadvantage of using telescopes with instrument
channels is the deterioration in image quality. This is due
to the lower light intensity that can be picked up by the
video camera, when compared with telescopes that do not
have an instrument channel.

A Verres optical needle with insufflation can be used in
some difficult cases (Figure 2.2), or in order to perform
‘mini-laparoscopy’.

Trocars

Small passageways through incisions in the abdominal wall
are created with the aid of trocars. The use of disposable
trocars is clearly in decline, in the era of cost reduction.

In general, trocars with various diameters are used in
surgical endoscopy. The standard sizes (Figure 2.3) are 5.5,
11,12, 15 and 22 mm.

Spherical and flap valves make it possible to change
operating instruments quickly, as the change can be carried
out without activating the valve mechanism. Trumpet
valves are mostly found in telescope trocars. The telescope
is protected from contamination by tissue and blood parti-
cles during insertion by pressing the trumpet valve. Sharp,
pyramidal trocar tips, on the other hand, can be positioned

Figure 2.2 (a) and (b) Optical Verres needle
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Figure 2.3 Trocars are available in different sizes and with
various valve mechanisms (Karl Storz)

Figure 2.4 Various trocar tips (Karl Storz)

Figure 2.5 (a) Threaded trocars offer a better grip in the

abdominal wall (Karl Storz); (b) various trocar reducers
(Karl Storz)
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relatively easily. The sharp edges can sometimes damage
smaller blood vessels and other organs.

There are great differences between trocar tips (Figure
2.4). By using spherical, blunt, trocar tips, the blood vessels
are pushed aside and protected to a large degree.
Sometimes, however, greater pressure has to be exerted
during insertion. Since the skin incision for the auxiliary
puncture is carried out under transillumination and the
puncture itself is in full view, the choice of trocar tip here
can be regarded as being of secondary importance. Better
protection to prevent the trocar slipping out of the
intraperitoneal space is provided by sheaths with screw
threading (Figure 2.5a). However, these cause increased
trauma to both the abdominal wall and the peritoneum.
Trocar reducers facilitate the surgery (Figure 2.5b).

INDIVIDUAL INSTRUMENTS

Grasping forceps

Atraumatic dissecting and grasping forceps (Figures 2.6
and 2.7) are particularly suitable for grasping and the liber-
ation of hollow organs. The claws are fashioned so that
trauma to the tissue should not occur. Atraumatic grasping
forceps (multiserrated) are designed for atraumatic and
precise tissue grasping, such as of ligaments during diagno-
sis. Grasping forceps (2x4 teeth) are used to grasp and
liberate solid organs. Sturdy grasping forceps are indispens-
able in surgical endoscopy; in the case of endoscopic cyst
extirpation, for example, they can help to fix the ovary
capsule properly and remove the cystic bag.

Dissecting and grasping forceps (claw forceps) are
particularly designed for grasping solid structures (e.g.
myomas). These forceps are used where trauma of the
tissue does not have to be particularly considered.

Figure 2.6 Grasping forceps. From top to bottom: Kelly

grasping forceps (atraumatic), Manhes grasping forceps
(atraumatic), Manhes grasping forceps (traumatic),
Schneider lymph node grasping forceps (atraumatic)



Figure 2.7 Intestinal grasping forceps, diameter 5mm
(Karl Storz)

Figure 2.8 Laparoscopic scissors. From top to bottom:
straight scissors, curved scissors (different lengths of
blades), hook scissors

Figure 2.9 Monopolar high-frequency needle (Karl
Storz): the tip of the needle can be retracted into the
sheath

Scissors

Hook scissors (Figure 2.8) are particularly suitable for tran-
secting ligature fibers and for tissue transection. Delicate
dissection can be carried out with straight scissors. Curved
scissors, in general, have the same features as for straight
scissors. In some cases they are easier to dissect with,
because the curvature changes the viewing angle.

Coagulation instruments

The tip of a monopolar high-frequency needle (Figure 2.9)
can be retracted into the sheath. Various bipolar forceps
(Figures 2.10 and 2.11) can be introduced through a 5-mm
trocar.

INSTRUMENTATION AND OPERATIONAL INSTRUCTIONS

Figure 2.10 Various bipolar forceps (Karl Storz)

Figure 2.11 (a) 1-mm and 3-mm wide bipolar forceps;
(b) RoBi™: new generation of rotating bipolar forceps and
scissors; (c) bipolar ball electrode

19



ATLAS OF OPERATIVE LAPAROSCOPY AND HYSTEROSCOPY

Additional instruments Atraumatic forceps
Other 5-mm instruments are needed for laparoscopic Atraumatic forceps (Figure 2.16) are used for prehension
surgery, for example probes (atraumatic), a needle for cyst of the Fallopian tube or the ureter.

puncture and an irrigation-suction probe (Figure 2.12).
Intestinal probe
Biopsy forceps
The intestinal probe (Figure 2.17) is used to push back the

Biopsy forceps (Figure 2.13) are used during diagnostic intestines in order to achieve a good view.

laparoscopy in cases of malignant disease (ovarian cancer:
before chemotherapy or during second-look laparoscopy)

and benign disease such as endometriosis. MORCELLATORS
Needle holder

In the past, laparoscopic surgeons were faced with the

difficult problem of extraction of tissue, and were often

Figure 2.14 shows 5-mm and 3-mm needle holders.

Myoma holder

Figure 2.15 shows a myoma fixation instrument.

Figure 2.12 Additional instruments. From top to bottom:
palpation probe, irrigation and suction tube, puncture
needle

Figure 2.13 Various biopsy forceps Figure 2.16 Various atraumatic forceps
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obliged to perform a suprapubic mini-laparotomy or a
transvaginal extraction. The first substantial improvement
was the development of the manual morcellator
(Semm-Wisap). Much force and time were necessary,
depending on the consistency of the tissue.

In collaboration with Storz, Steiner developed the
electromechanical morcellator (Figure 2.18), consisting of
a motor-driven cutting tube. The speed can be selected in
three stages. It is possible, with the aid of this morcellator,
to extract even large amounts of tissue from the abdomen,
using the size 11 trocar, in a short period of time. With 12-
mm and 15-mm trocars (Figure 2.19), large quantities of
tissue can be extracted in this way within a few minutes.

Because of the good cutting quality of the rotating
morcellator, the tissue structure is minimally damaged. It
also enables a reliable histological examination to be
carried out.

CO; GAS INSUFFLATOR

A pneumoperitoneum must be created so that the organs
and tissues are separated from each other and rendered
accessible. Conventional gas insufflators are sufficient for a
purely diagnostic laparoscopy. However, in surgical laparo-
scopies performed today, compensation for considerable

volume losses must be made in a relatively short period of
time, for example due to frequent suction of irrigation
solutions using high-performance irrigation—aspiration

Figure 2.17 Intestinal probe

Figure 2.18 Rotocut™ GI1 morcellator with Unidrive®
Gyn motor system

INSTRUMENTATION AND OPERATIONAL INSTRUCTIONS

units. High-flow CO; insufflators (Figure 2.20) are a basic
prerequisite for surgical laparoscopy, as they offer the only
option for reducing operating time to a minimum.
Electronically controlled insufflators have become the
preferred choice in this respect.

The insufflator’s display, which the surgeon should
always be able to see, gives continuous information on the
following data:

o The patient’s intra-abdominal pressure (actual
value): the preselected maximum intra-abdominal
pressure should never exceed a value of 15 mmHg!

o Flow rate: the required set value for the patient’s
intra-abdominal pressure must be preselected. The
maximum flow rate (set value) must be preset

o Total CO; insufflated volume is given

° Gas reserve, is indicated
Some of the state-of-the-art insufflators (Figure 2.20) are
equipped with an integrated preheating element which

Figure 2.19 Rotocut G1 morcellator in diameters 12 mm
and 15 mm

Figure 220 Thermoflator for high-flow insufflation
(301/min) with Optitherm® heating element
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Figure 2.21 EndoCart™ set-up, including: flat screen
monitor, digital camera, xenon light source, insufflator,
suction—irrigation system, Aida DVD recorder (for digital
storage of still images, video sequences and audio files) and
motor system for morcellator

Figure 2.22 Digital three-chip Imagel™ camera with

camera control unit

22

keeps the insufflated gas at body temperature, to prevent
the patient from cooling down. In order to avoid the disad-
vantages of CO; insufflation, gasless laparoscopy could be
an alternative.

IRRIGATION-SUCTION UNIT

Within the framework of diagnostic and surgical
laparoscopy, it is often necessary to drain fluids and irrigate
wound surfaces until they are clean and can be viewed
adequately. Sometimes, effective irrigation can also be used
for adhesiolysis (hydrodissection). Suction is performed
either with an additional suction pump or by means of a
central vacuum supply system. It is important that these
solutions are used at body temperature.

In summary, the equipment in an operating theater for
endoscopic surgery (laparoscopy) should comprise (Figure
2.21):

° Gas insufflator

o Light source

. Video camera unit (Figure 2.22)
o Suction irrigation device

o Monitor and documentation system (video recorder,
printer or photodigitalizer for digital image storage)

LASER INSTRUMENTATION

Utilization of the laser in advanced modern surgery owes
its wide dissemination to the fact that lasers commonly
used in industrial, military, commercial or scientific appli-
cations interact with biological tissue in such a way that
localized and precisely controlled alterations of the cellu-
lar structure are effected irreversibly. In the hands of the
skilled surgeon, the laser becomes an instrument capable
of inducing desired therapeutic effects, far beyond the
scope of conventional surgical tools such as cold knives or
electrocautery probes. The laser enables the surgeon to
utilize a variety of operational modalities for the treatment
of diseased tissue. Precise incisions can be performed,
lesions extending over large areas can be vaporized and
voluminous lesions can be debulked and destroyed by
ablation or necrotization. Very often, it is possible to target
the therapeutic energy selectively at cells characterized by
a well-defined property (e.g. color), implementing the
selectivity of the interaction process between laser and
tissue.

Laser energy can be delivered to tissue in a variety of
ways: by contact or from a distance, in conjunction with an
operative microscope, through an endoscope or with the
aid of freehand tools.

Finally, laser treatments provide significant advantages,
unmatched by competitive techniques; in the majority of
cases the operation is largely hemostatic. Thus, the surgeon



enjoys the convenience of a dry and clear field, even when
operating in an environment of high vascularity.

Moreover, the contamination of adjacent areas is
considerably reduced because of the sealing of blood and
lymph vessels. The extent of injury to surrounding tissue is,
to a large degree, controllable. Consequently, the risk of
postoperative pain, complications or irreversible damage is
diminished considerably. In some cases, the recurrence rate
of the disease also appears to be reduced. The laser enables
the surgeon to reach anatomic structures the size or
location of which renders them inaccessible to any other
known surgical instrument.

The reasons for this impressive procedural variety and
wealth of benefits lie in the particular properties of the
laser as a special source of energy

Physical effects of laser on tissue

The laser effect on a tissue sample is one of transmission,
reflection, scattering or absorption (Figure 2.23). The
effect on tissue achieved by any laser commonly used in
therapeutic medicine is a consequence of its absorption
therein. In particular, the energy deposited by most of the
commonly used lasers is transformed into heat, thereby
obtaining a thermal effect on the tissue. The types of lasers
used in therapeutic medicine are confined to the visible,
ultraviolet and infrared regions of the spectrum. Figure
2.24 presents a list of these lasers with their respective
wavelengths.

The infrared lasers constitute the primary subject of
this book. They are widely recognized by the medical
community as part of the armamentarium of modern
surgery. Therefore, we elaborate further on their interac-
tion with biological tissue.

Figure 2.25 illustrates the relative absorption of light in
water as a function of wavelength. Because water is a major
component of the cellular structure, its interaction with
the laser is predominant. The CO; laser features a wave-
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Figure 2.23 Laser—tissue interaction
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length of 10.6 um in the far infrared range. It is strongly
absorbed by water, as indicated in Figure 2.25. CO; laser
radiation is readily absorbed by the first few cellular layers
of tissue, constituting the first 100 pm. Consequently, this
is a laser used for superficial treatments.

The neodymium : yttrium-aluminum-garnet (Nd: YAG)
laser features a wavelength of 1.06 um (near infrared). Water
is completely transparent to this type of radiation.
Consequently, the Nd : YAG laser is ideal for the treatment
of lesions located in liquid-filled cavities, such as the
bladder and the uterus (filled with a distension liquid). The
Nd: YAG laser is, however, strongly scattered by the tissue.
Penetrating beams are scattered and folded at multiple
sites, increasing the effective path length of the beam
through the tissue. Nd: YAG laser light, which is absorbed
to some degree by the proteins within the tissue bed,
deposits energy each time absorption takes place. The end
result is the creation of a deep and laterally extended ball
of affected tissue, 3-5 mm in diameter.

Contact fibers allow a more controlled incisional effect
with Nd: YAG lasers, with only about 1 mm of surround-
ing thermal necrosis.

Color
Ultraviolet

Name
Excimers

Wavelength
200-400 nm

Argon Blue 400 nm
Green 515nm

e nm

Helium-neon Red 630 nm
Gold vapor Red 630 nm
Krypton Red 647 nm
Ruby Deep red 694 nm
Diode Infrared 810-980 nm
Nd: YAG Infrared 1064 nm
Infrared 1318 nm

CO, Infrared 10600 nm

Figure 2.24 Lasers used in therapeutic medicine
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Figure 2.25 Absorption of laser radiation
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More recently, high-power diode lasers have become
available, emitting wavelengths of either 810 or 980 nm.
Tissue interaction at these wavelengths resembles the
interaction of the Nd:YAG laser; therefore, these diode
lasers are replacing the Nd: YAG lasers in certain medical
applications.

Thermal effects on tissue

Heat deposited in tissue elevates its temperature. Figure
2.26 summarizes how the tissue is affected, both visually
and biologically, by the increase in its temperature. As long
as the temperature does not reach 60°C, there is no visual
change in the appearance of the tissue. Up to 45°C, the
changes that occur are all reversible. Beyond that
temperature, some of the cellular enzymes are destroyed
and the functional operation of the cell is impaired.
Between 60 and 65°C, capillary blood vessels shrink and
the tissue undergoes extensive coagulation, showing
distinct blanching.

It is noteworthy that the coagulation process induced
by the CO; laser is rather different from that effected by
the Nd: YAG laser. Shrinkage of the capillary vessel caused
by the CO; laser is a result of vaporization of the water
contained in the walls of the blood vessel. If, however, the
CO; laser beam hits a vessel, it is readily absorbed by the
liquid blood at its exit from the initially desiccated wall.
Thus, it will never have the chance to hit the opposite wall,
leaving the vessel open and, thereby, causing extensive
bleeding. Hence, it is important to remember that the
sharply focused beams of CO>, lasers are inadequate for the
treatment of highly vascular tissue.

Conversely, Nd:YAG lasers are unhindered by the
presence of the liquid medium; consequently, they can
very effectively accomplish complete coagulation of the
bulk of the tissue. Nd:YAG lasers are excellent
coagulators.

Temperatures between 65 and 90°C completely
denature the proteins. The tissue turns a whitish color,
indicative of dead cells, which subsequently slough off.

At 100°C, vaporization of the cellular water occurs.
The high vapor pressure (generated by rapid expansion of

Absorptive heating

60-65°C | === Blanching Coagulation

37-60°C Warming, welding

Visual change Biological

change

Figure 2.26 Thermal effects on tissue
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the cellular content that undergoes transformation from
liquid to vapor) pushes against the cell membrane, which
eventually ruptures, vigorously expelling the resulting
fragments in an outgoing plume. The end effect of the
entire process is the local removal of tissue matter.

If temperatures are raised much above boiling point,
carbonization ultimately occurs.

Energy, power and power density

The rise in temperature of the tissue matter depends
primarily on the amount of energy deposited on the target
site, as well as on the capability of the tissue to rid itself of
heat by dissipating it to surrounding areas. If a large quan-
tity of energy is deposited in the tissue before it can dissi-
pate the heat, a rise in temperature will occur.

Energy, power and power density are the physical para-
meters that determine the eventual rise in temperature.
Energy is measured in joules. Power is the amount of
energy delivered per second and is measured in watts
(joules/s). The thermal effect of the laser is local. Thus, the
physical quantity which governs the thermal response of
the tissue is the amount of power delivered to a unit of
area; this quantity is called power density, and is measured
in W/cm?.

The higher is the power density, the more rapid is the
temperature rise on and around the area where the laser
beam impinges upon the tissue. In order to obtain the
desired surgical effect, both power and power density can
be adjusted easily. All commercial laser systems enable the
user to vary the power to the tissue in a continuous
manner. At constant output powers, the power density can
be varied with the aid of optical devices, which either bring
the laser beam into focus on the target site, or defocus it
intentionally (Figure 2.27).

The shape of the cross-section of the beam in most
commercial systems is approximately circular. The diame-
ter of the beam can be decreased or increased by the
respective focusing/defocusing method. Reducing the
diameter of the beam spot by a factor of two represents
a reduction of the spot area by a factor of four and,
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Figure 2.27 Focusing/defocusing the laser beam on tissue




consequently, a four-fold increase in the power density
(Figure 2.28).

The optical system through which the CO; laser beam
is delivered incorporates specially designed lenses. This
system is responsible for bringing the beam into focus on
the tissue at the operative site. For a given optical system
at a given power, the maximum power density is obtained
when the beam is completely focused.

If the surgical circumstances require lower power
densities, the surgeon can achieve this by defocusing the
beam, i.e. by increasing the diameter of the spot size and,
consequently, increasing its area. Defocusing is normally
effected by manually retracting the optical system from its
focused position, or by employing a focusing/defocusing
device.

High-power densities are required when fine incisions
must be performed. Traction is applied to the tissue on
both sides of the desired incision and a focused beam is
aimed at the required location. The depth of the incision is
a function of the power delivered and of the dwell time of
the laser on each and every point of the incision. The
longer is the dwell time, the larger is the volume of tissue
removed by the laser and, therefore, the deeper is the cut.
However, the dwell time is inversely proportional to the
speed of movement of the cutting tool. In short, the depth
of the incision increases with the power of the beam and
decreases with the speed of movement. Vaporization may
be performed with a defocused beam and high power.
However, in this mode, tissue ablation is not well
controlled, and is accompanied by excessive carbonization
and deeper thermal necrosis. A significantly more effective
CO;, laser vaporization technique is based on rapid scan-
ning of a focused beam over the area to be vaporized. This
Flashscan™ technology allows extremely uniform, char-
free, layer-by-layer vaporization with minimal residual
thermal necrosis.
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Figure 2.28 Diameter (d) and area (A) of the spot versus
power density (PD)

INSTRUMENTATION AND OPERATIONAL INSTRUCTIONS

CO, laser systems and accessories

The CO; laser beam is generated by a sealed gas-filled
tube. The lasing gas is CO>, and it is mixed with other
types of gases which are required for different technologi-
cal reasons. The excitation of the CO; molecules is
effected by an electrical discharge.

One of the limitations of the CO> laser beam is that it
cannot propagate very effectively through flexible fibers.
Consequently, the delivery system ordinarily used in
commercial products consists of a lightweight articulated
arm, composed of straight, hollow, segmental tubes with
reflective mirrors mounted at the joints. Hence, the CO,
laser beam propagates in straight lines and bounces off
each consecutive joint, eventually reaching the target
tissue through an optical device attached to the end joint.
As the CO; laser is invisible to the human eye, each laser
system is equipped with a red helium-neon (He-Ne) laser
tube, the direction of propagation of which is coincident
with the infrared beam. The red He-Ne beam enables the
surgeon to aim at the target area and simulate visually, on
the tissue, the position and the extent of the therapeutic
beam.

Manufacturers offer CO; laser units featuring various
maximum powers from 15 to 150 W. CO; laser systems
are composed of:

° A laser tube

o A power supply which provides the necessary elec-
trical energy to excite the lasing gas

° A closed-circuit water-cooling system which
removes excess heat from the tube and its sur-
roundings

L A control system based on a microcomputer

o An articulated-arm delivery system

° A He—Ne laser tube

Figures 2.29 and 2.30 show, respectively, a schematic
diagram and a photograph of a state-of-the-art CO; laser
system.

The latest generation of CO, lasers employs
SurgiTouch™ Flashscan technology, which significantly
improves the laser’s tissue vaporization capabilities. This
technology, introduced by Lumenis, allows uniform, char-
free, layer-by-layer tissue vaporization control with
minimal residual thermal necrosis. Tissue layers as thin as
100um may be removed with extreme precision and
excellent visual control.

The ‘Flashscanner’ is a miniature optomechanical
scanner compatible with any Lumenis microprocessor-
controlled laser (Figure 2.31). It consists of two almost, but
not exactly, parallel folding mirrors. Optical reflections of
the CO; laser beam from the mirrors cause the beam to
deviate from its original direction by an angle 6 (Figure
2.32). The mirrors constantly rotate at slightly different
angular velocities, thereby rapidly varying with time
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Articulated arm

CO; laser
head

Figure 2.29 Schematic structure of a CO; laser. M, mirror

Figure 2.30 SurgiTouch™ CO; laser system

between zero and a maximal value, 0,,,.c. By attaching the
laparoscope-focusing coupler of focal length F to the
Flashscan, the CO; laser generates a focal spot which
rapidly and homogeneously scans and covers a round area
of diameter 2Ftan 0, at the distal end of the laparoscope.

For a single-puncture laparoscope (F=300mm), 0y is
selected to provide a round treatment area of 2.5mm
diameter. The rapid movement of the beam over the tissue
ensures a short duration of exposure on individual sites
within the area, and very shallow ablation.
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Since therapeutic CO; medical lasers typically gener-
ate a focused beam smaller than 0.9 mm in diameter at the
laparoscope working distance, use of the SurgiTouch with
a laser power level of 30 W will generate an optical power
density of greater than 50 W/mm? on tissue. This is consid-
erably higher than the threshold for the vaporization of
tissue without residual carbon charring (the threshold for
char-free tissue ablation is about 30 W/mm?). The time
required for the SurgiTouch to cover homogeneously a
2.5-mm round area is about 100 ms. During this time, the
30-W operating laser will deliver 3000mJ to the tissue.
Since the typical energy required to ablate tissue
completely is about 3000 mJ/mm?3, keeping the laparo-
scope precisely on a single site for 0.1s will generate a
clean, char-free crater of 0.2 mm in depth.

b

Figure 2.31 (a) SurgiTouch optomechanical scanner
consisting of two almost, but not exactly, parallel micro-
processor-controlled mirrors; (b) ‘Flashscanner’, connected
to the direct coupler (ESC Lumenis)



Nd: YAG laser and accessories

Manufacturers offer Nd: YAG laser units featuring differ-
ent maximum powers, from 40 to 100 W. Nd: YAG laser
systems are composed of:

. A laser head or resonator

o A power supply, which furnishes the flashlight lamp
with the necessary electrical energy

o A closed-circuit water-cooling system, further chilled
by a radiator which removes excess heat from the
resonator

o A control system, based on a microcomputer
o A He-Ne laser tube

o An output port optical assembly to which the
external glass fiber is attached
Several types of fibers are offered with the Nd: YAG laser.

THE OPERATING LAPAROSCOPE

The operating laparoscope for laser laparoscopy is an
instrument which is 11 mm in diameter with a 7.3-mm
operative channel. To use the CO; laser through the
laparoscope, the operator simply swings the articulated
arm of the laser over the operative field and attaches the
BeamAlign™ coupler to the operative channel of the
laparoscope (Figure 2.33) or to a special second-puncture
laser delivery tube. The laser coupler assembly (Figure
2.34) consists of the following:

/

COs, laser beam

Rotating
T mirror #2
Rotating Bimax
mirror #1
—— Lens
Optical
axis
Tissue

/e

Ablated surface single-layer char-free crater

Figure 2.32 Optical reflections of the beam from the two
mirrors cause it to be deflected from its original direction
by 6°
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o Direct coupler housing: this contains a mechanical
alignment mechanism which must be preadjusted
for the specific operating laparoscope used. Once
adjusted, alignment remains for multiple uses with
the same laparoscope

o Interchangeable lens housing:

- 200-mm working distance lens housing to match
beam focal length to nominal length of standard
second-puncture tube, giving spot size diameter of
0.64 mm; laser beam may also be defocused

— 300-mm working distance lens housing to match
beam length to nominal length of single-puncture
tube (and optional 300-mm second-puncture
tube), giving spot size diameter of 0.70 mm; laser
beam may also be defocused

— Each lens housing has a groove around it for
convenient attachment of the sterile drape

° Laser arm attachment

Figure 2.33 The single-puncture operating laparoscope
for laser laparoscopy. The direct coupler containing the
focusing lens is attached to the operative channel of the
laparoscope
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Figure 2.34 Laser ‘direct’ coupler (ESC Lumenis)
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SMOKE EVACUATION

To allow a flow of fresh CO, down the beam channel, the
CO; insufflation tubing is attached to this operative
channel; the flow of CO; from the insufflator displaces
smoke, which can reduce the power of the beam from the
laser channel, and prevents fogging of the mirror and lens
in the black coupler. To evacuate smoke, a Verres needle
can be inserted suprapubically under direct vision and
transillumination, directing it towards the target site and
connecting it to the smoke evacuation system. Auxiliary
kits are available for synchronizing smoke evacuation with
laser emission, providing automatic smoke evacuation
from the target site.

With the automatic smoke evacuation kit installed,
smoke evacuation begins with actual laser emission and
remains active for 3 s after the laser emission ceases.

If smoke disturbs the viewing field, the smoke evacua-
tion flow can be increased, taking care not to cause a
collapse of the pneumoperitoneum. The equilibrium state
will be reached when the insufflation system is able to
provide the amount of gas that the smoke evacuation port
is releasing. If a smoke evacuation kit is installed, the
expulsion of gas (smoke) can be regulated using a sterile
infusion drip kit.

SECOND-PUNCTURE PROBES

The current second-puncture probe which permits use of
the CO; laser with the laparoscope is a double-ring probe,
8mm in external diameter with a 5.6-mm operating
channel. The second-puncture laparoscope is based on two
tubes. The inner tube contains the operating channel and
insufflation port as well as the locking device for securing
it to the outer tube. Two distinct outer tubes are provided:
open-ended and hook-tipped (Figure 2.35).

The outer tube includes a smoke evacuation port with
stopcock. This assembly provides the user with a double-
lumen second-puncture laparoscope that is easily disas-
sembled for cleaning purposes. The hook-tipped outer
tube is recommended for use in clinical situations that
require a backstop to protect healthy tissue beyond the
treatment site. The probe attaches to the same laser
coupler assembly that is used with the operative laparo-
scope. A 200-mm working-distance lens is then used.
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ACCESSORIES

Third-puncture probes are shown in Figure 2.36. The
following operating instruments were developed in our
department in collaboration with the Storz company:

o Atraumatic probe
o Hook for fimbrioplasty

e Probe with backstop for use in vaporizing adhesions
near the blood vessels

o Smoke suction and rinsing tube
o Double-channel probe for rinsing the pelvis and for
suction

Figure 2.35 Second-puncture probes. From top to
bottom: hook-tipped, open-ended, trocar

T LLU UL

Figure 2.36 Third-puncture probes: left, atraumatic
probe; center, hook for fimbrioplasty; right, probe with
backstop. An inner channel is used for rinsing the operat-
ing field (Karl Storz)
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Laparoscopic management of peritoneal 3

endometriosis

P Jadoul, ] Donnez

Endometriosis is the cause of pelvic pain (dysmenorrhea,
dyspareunia) and infertility in more than 35% of women of
reproductive age.

In 1997, we demonstrated that three entities must be
clearly distinguished!

o Peritoneal endometriosis
o Ovarian endometriomas (chocolate cysts)
o Retroperitoneal endometriosis or adenomyosis

In this chapter, we focus on the diagnosis and management
of peritoneal endometriosis.

DIAGNOSIS

The increased diagnosis of endometriosis at laparoscopy
can be explained by the increased experience and ability of
the surgeon to detect such lesions. The diagnosis of peri-
toneal endometriosis at the time of laparoscopy is often
made by the observation of typically puckered black and
bluish lesions, but there are also numerous subtle appear-
ances of peritoneal endometriosis?3. The greatest change
has been seen in the case of these ‘subtle’ lesions, the diag-
nosis of which increased from just 15% in 1986 to 65% in
198829, These lesions, frequently non-pigmented, were
first diagnosed as endometriosis following biopsy confir-
mation by Jansen and Russell in 1986'°. Endometriosis was
confirmed in 81% of white opacified lesions, 81% of red
flame-like lesions, 67% of glandular lesions, 50% of
subovarian adhesions, 47% of yellow-brown patches and
45% of circular peritoneal defects. Later, Stripling et al.®
confirmed endometriosis in 91% of white lesions, 75% of
red lesions, 33% of hemosiderin lesions and 85% of other
lesions. In our study, we confirmed the presence of
endometriosis in non-pigmented lesions of the peritoneum
in more than 50% of cases.

A recent study published in 2005 by Marchino et al.!!
found histological proof of endometriosis in 64% of classic
lesions, 62% of vesicular implants, 54% of black lesions,
25% of hemorrhagic lesions, 0% of peritoneal pockets and
20% of scarred lesions. In this study, the authors cast doubt
on the accuracy of diagnosis of endometriosis by simple
visual inspection of the abdominal cavity, and emphasized
the need for histological proof. The accuracy of their
histological evaluation raises questions, however, as they
confirmed endometriosis in only 64% of typical lesions. In
one of our studies, histology confirmed the presence of

endometriosis in 93% of typical lesions®.

We classified peritoneal lesions into black, red and
white lesions for the first time in 1992 (Table 3.1),
recognizing that the concept of non-visible endometriosis
should be borne in mind?3.

Black or bluish lesions

The typical black peritoneal endometriotic lesion (Figure
3.1a) results from tissue bleeding and retention of blood
pigment, producing brown discoloration of tissue.
Puckered black lesions are a combination of glands, stroma
and intraluminal debris (Figure 3.1b).

Red lesions

Red flame-like lesions, glandular excrescences and
subovarian adhesions must be considered as the most
active lesions!3, and are described as follows:

(1) Red flame-like lesions of the peritoneum (Figure
3.2a) or red vesicular excrescences, more commonly
affecting the broad ligament and the uterosacral
ligaments: histologically, red flame-like lesions and
vesicular excrescences are due to the presence of
active endometriosis surrounded by stroma (Figure

3.2b).

(2) Glandular excrescences on the peritoneal surface,
which in color, translucency and consistency closely
resemble the mucosal surface of the endometrium
seen at hysteroscopy (Figure 3.3a): biopsy reveals the
presence of numerous endometrial glands (Figure

3.3b).

Table 3.1 Different appearances of  peritoneal
endometriosis
Color Description
Black Typical puckered black lesions
Red Red flame-like lesions

Glandular excrescences

Petechial peritoneum

Areas of hypervascularization
White White opacification

Subovarian adhesions
Yellow-brown peritoneal patches
Circular peritoneal defects
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Figure 3.1 Puckered black lesion. (a) Laparoscopic
aspect; (b) histology: presence of endometrial glands and

typical stroma; note the presence of intraluminal debris
(Gomori’s trichrome x110)

(3) Subovarian adhesions, or adherence between the
ovary and the peritoneum of the ovarian fossa, as
distinct from adhesions characteristic of previous
salpingitis or peritonitis: they are the consequence of
an inflammatory reaction induced by active lesions
(Figure 3.4a and b).

(4) Areas of petechial peritoneum or areas with
hypervascularization, diagnosed as endometriosis in
one of our previous studies!'$12: these lesions
resemble petechial lesions resulting from manipula-
tion of the peritoneum or from hypervascularization
of the peritoneum (Figure 3.5a). They generally
affect the bladder and the broad ligament;
histologically, red blood cells are numerous and
endometrial glands are scarce (Figure 3.5b).

White lesions

Sometimes, subtle endometriotic lesions are the only
lesions seen at laparoscopy and appear as:
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Figure 3.2 Red flame-like lesion of the peritoneum. (a)
Laparoscopic aspect; (b) histology: active endometriotic
glands surrounded by stroma (Gomori’s trichrome x 110)

(1) White opacification of the peritoneum (Figure 3.6a),
which looks like peritoneal scarring or circumscribed
patches, often thickened and sometimes raised:
histologically, white opacified peritoneum is due to
the presence of an occasional retroperitoneal
glandular structure and scanty stroma surrounded by
fibrotic tissue or connective tissue (Figure 3.6b).

(2) Yellow-brown peritoneal patches resembling ‘café au
lait’ patches (Figure 3.7a): the histological character-
istics are similar to those observed in white
opacification but, in yellow-brown patches, the
presence of the blood pigment hemosiderin among
the stromal cells produces the ‘café au lait’ color
(Figure 3.7b).

(3) Circular peritoneal defects, as described by
Chatman* (Figure 3.8a): serial section demonstrates
the presence of endometrial glands in more than
50% of cases (Figure 3.8b).
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b

Figure 3.3 Glandular excrescences on the peritoneal
surface. (a) Laparoscopic view; (b) histology: presence of
numerous endometrial glands (Gomori’s trichrome x 56)

Figure 3.4 Subovarian adhesion. (a) Laparoscopic aspect: adherence between the ovary and peritoneum of the ovarian
fossa; (b) connective tissue with sparse endometrial glands (Gomori’s trichrome x 110)

Figure 3.5 Areas of petechial peritoneum. (a)
Laparoscopic aspect; (b) histology: note the typical
endometrial glands and stroma (Gomori’s trichrome x 56)
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Figure 3.6 White opacification of the peritoneum. (a)
Laparoscopic aspect; (b) histology: rare retroperitoneal

glandular structure and scanty stroma surrounded by
fibrotic tissue (Gomori’s trichrome x 110)

Non-visible endometriosis

In one of our studies® (Table 3.2), biopsies were taken
from visually normal peritoneum of the uterosacral liga-
ments. Histological study revealed the presence of
endometriotic tissue in two out of 32 infertile women
without endometriosis. This rate (6%) was less than half
the rate (13%) observed in normal peritoneum taken from
52 women with visible endometriosis, but shows that
unsuspected peritoneal endometriosis can be found in the
visually normal peritoneum of infertile women, with or
without known associated endometriosis. The size of
endometriotic lesions in visually normal peritoneum,
ranging from 88 to 720 um (mean 313 um, SEM 185 um),
probably explains why the peritoneum had a normal
aspect and why the lesions were not visible, even though a
meticulous inspection was carried out to identify small and
non-hemorrhagic lesions.

Since our first publication in 1990, the findings of
others, such as Nezhat et al.13, and more recently Walter et
al.*, have reinforced the concept of invisible lesions.
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Figure 3.7 Yellow-brown peritoneal patches of the
peritoneum. (a) Laparoscopic aspect; (b) histology: the
presence of blood pigment (hemosiderin) among the
stromal cells produces the ‘café au lait’ color (Gomori's
trichrome x 110)

The concept of ‘non-visible’ endometriosis was
recently reviewed by Redwine!®. His conclusion was that
‘invisible microscopic endometriosis’ or IME is a rare and
clinically unimportant entity and that allegations of its
existence are almost always due to inexperience and lack
of magnification at surgery.

According to Redwine, human visual acuity is
remarkable, and a human hair (100 um in diameter) can be
seen at arm’s length at a distance of 70 cm; he therefore
suggests that the non-visible lesions described in our study
(ranging from 88 to 720 um) were actually large enough to
be seen.

Redwine forgets to mention, however, that all the non-
visible lesions identified in our study were in the retro-
peritoneal space, beneath the mesothelium, at a distance
varying from about 100 to 900 um. Furthermore, we can
safely assume that every gynecologist, every medical
doctor and indeed every human-being would agree that it
is very difficult to see a human hair under a thin sheet of

paper!



In spite of the scant evidence put forward by Redwine,
the presence of microscopic endometriosis in visually
normal pelvic peritoneum has become a generally
accepted concept!®. Evers et al.!l” go one step further,
suggesting that invisible endometriosis is much more
frequent than generally suspected: ‘If in every patient in
the studies on invisible endometriosis, the researchers had
taken 8-16 biopsies instead of a single one, all the women
with normal peritoneum would have shown evidence of
endometriosis.’

The take-home message is that laparoscopy is fallible.
Inspecting the peritoneum through the looking glass of a
laparoscope has high false-positive and false-negative rates:
not all we see is endometriosis; and if we do not see it, it
may still be there. But the presence of non-visible lesions
is surely not an argument for prescribing postoperative
hormonal treatment, nor does it explain recurrence. Non-
visible endometriotic lesions are quiescent lesions. They
are non-active and, at this stage, clinically irrelevant.
Nevertheless, nobody knows the exact evolution of these
lesions.

Vascularization of endometriotic implants is probably
one of the most important factors in the growth and
invasion of other tissue by endometrial glands. We
evaluated histologically the vascularization of typical
peritoneal endometriosis and its modifications, according
to the macroscopic appearance of peritoneal
endometriosis!®19,

Our study demonstrated significant differences
between the typical (black or bluish) lesion and the
‘subtle’ lesion. Subtle lesions were classified as red lesions
(vesicular, red flame-like and glandular excrescences) and
white lesions (white opacification, yellow-brown patches
and circular peritoneal defects). When compared with
typical lesion data, vascularization was found to be
significantly higher in red lesions and significantly lower in
white lesions. This was due to an increase (red) or decrease
(white) in the volume occupied by the vessels, as proved
by both the mean capillary surface area and the ratio of
capillaries/stroma surface area.

LAPAROSCOPIC MANAGEMENT OF PERITONEAL ENDOMETRIOSIS

Figure 3.8 Circular peritoneal defects. (a) Laparoscopic

aspect; (b) histology: typical endometrial glands are found
in more than 50% of cases (Gomori’s trichrome x 25)

Table 3.2 Morphological characteristics of peritoneal endometriosis

Group I (n=52) Group 1l (n=32)

Number of biopsies
from visible endometriotic lesions*
from normal-looking peritoneum*

Histological proof of endometriosis
in visible lesions*
in normal-looking peritoneum*

86 —
52 32

80/86 (93%)

7/52 (13%) 2/32 (6%)

*Macroscopic appearance
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This difference was more evident in the group of red
lesions, where the number of capillaries/mm? was
significantly lower than in the other subgroups. Thus, in
red lesions, the increased level of vascularization is due to
a greater number of larger vessels than in the other groups.
In white lesions, there were a greater number of smaller
vessels; the number of capillaries was higher than in red
lesions.

The mitotic index was also significantly different in the
three groups. Mitotic processes permit the maintenance
and growth of peritoneal endometriosis. The absence of
mitosis in white lesions proves their low ‘activity’818.19,

According to our data, we can suggest that there are
probably different types of peritoneal endometriotic
lesions, at different stages of development. Red flame-like
lesions and glandular excrescences are probably the first
stage of early implantation of endometrial glands and
stroma.

The significantly higher stromal vascularization and
epithelial mitotic index could be responsible for the
invasion of ectopic sites by glands and stroma. Thereafter,
menstrual shedding from viable endometrial implants
could initiate an inflammatory reaction, provoking a scari-
fication process which encloses the implant. The presence
of intraluminal debris is responsible for the typical black
coloration of the same lesion. This scarification process is
probably responsible for the reduction in vascularization,

Inflammatory

reaction
fibrosis White

L

Figure 3.9 Hypothesis of peritoneal endometriotic lesion
evolution
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as proved by the significant decrease in the
capillaries/stroma relative surface area. Thereafter, the
inflammatory process devascularizes the endometriotic
foci, and white plaques of old collagen are all that remain
of the ectopic implant. Concerning white lesions, our study
demonstrated an absence of mitosis and poor vasculariza-
tion, although a similar number of capillaries were found
compared with typical lesions. Our hypothesis is that
white opacification and yellow-brown lesions are latent
stages of endometriosis. They are probably non-active
lesions, which could be quiescent for a long time!819,

Our morphological and morphometric data lead us to
suggest that eutopic endometrium and red peritoneal
lesions are similar tissues, red lesions being recently
implanted and regurgitated endometrial cells2%2!. These
data constitute an argument in favor of the transplantation
theory for peritoneal endometriosis (Figure 3.9). After
endometrial tissue transplantation, the factors that regu-
late the attachment phase and initiate subsequent ectopic
growth are not known, but a new hypothesis discussed by
Donnez and Van Langendonckt?? in a recent paper
suggests the involvement of heme and reactive oxygen
species in the development of endometriosis.

Erythrocytes?3, apoptotic endometrial tissue and cell
debris?* transplanted into the peritoneal cavity by
menstrual reflux and macrophages?* have all been
implicated as potential inducers of oxidative stress (Figure
3.10).

Erythrocytes are likely to release pro-oxidant and
proinflammatory factors, such as hemoglobin and its highly
toxic by-products heme and iron, into the peritoneal
environment. However, erythrocytes are found in the
peritoneal cavity of 90% of menstruating women?>. Thus,
why do some patients develop macroscopically visible
peritoneal endometriotic lesions, while others do not? One
hypothesis is that, in some patients, protective peritoneal
mechanisms are swamped by menstrual reflux, either
because of the abundance of the reflux or because of
defective scavenging systems26.

Catabolism of hemoglobin involves its degradation into
its protein component and non-protein core, heme. Most
cells protect themselves from heme toxicity by rapid
expression of scavenger proteins, such as hemopexin, and
by induction of heme oxygenase-1, which catalyzes heme
degradation?”.

All products of heme catabolism are biologically active.
These products include iron, carbon monoxide acting as a
signal molecule and biliverdin, which is further converted
into bilirubin, both biliverdin and bilirubin acting as
antioxidants. Van Langendonckt et al?® showed that
endometrial cells express constitutive heme oxygenase-2
and inducible heme oxygenase-1, and that endometrial
lesions, especially red lesions, strongly express inducible
heme oxygenase-12°. However, the fact that heme
oxygenase-1 was found to be poorly expressed in
macrophages and mesothelial cells and that levels of
bilirubin, the final by-product of hemoglobin catabolism,
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Figure 3.10 Hypothesis explaining oxidative stress in the peritoneal cavity of women with endometriosis. Bold type indi-

cates factors that have been studied specifically in relation to pelvic endometriosis. CO>, carbon dioxide; HO, heme oxyge-

nase; NO, nitric oxide; NOS, nitric oxide synthase

were not increased in peritoneal fluid may suggest that
detoxifying systems are overwhelmed by excess
hemoglobin in endometriosis??:30.

The presence of erythrocytes, which release pro-
oxidant and proinflammatory factors into the peritoneal
environment, could be one of the key factors to explain
peritoneal endometriosis.

Red lesions are consistently located on the surface of
the peritoneum, which consists histologically of a thin
layer of loose connective tissue covered with a layer of
mesothelium. There is a rich supply of subperitoneal blood
vessels and lymphatics3!. In our opinion, vascularization of
endometriotic implants is probably one of the most
important factors of growth and invasion of other tissue by
endometrial glands32. Thereafter, detachment of glands
from viable red endometrial implants, explained by the
presence of matrix metalloproteinases (MMPs), could
initiate their implantation in other peritoneal sites, as in a
‘metastatic’ process33. Preliminary data from our group
revealed the presence of MMPs in the stroma of red lesions
throughout the menstrual cycle, although in eutopic
endometrium, MMPs are detected only during the marked
decline in progesterone. After this partial shedding, the
remaining red lesion continues to regrow until the next
shedding, but menstrual shedding finally induces an
inflammatory reaction, provoking a scarification process
that encloses the implant. The enclosed implant becomes
a ‘black’ lesion because of the presence of intraluminal
debris. This scarification process is probably responsible for
the reduction in vascularization, as proved by the
significant decrease in the relative surface areas of the
capillaries and stroma. In some cases, the inflammatory
process and subsequent fibrosis totally devascularize the
endometriotic foci, and white plaques of old collagen are
all that remain of the ectopic implant. White opacification
and yellow-brown lesions are latent stages of endo-
metriosis. They are probably inactive lesions that could be

quiescent for a long time. In agreement with Brosens3*

, we
regard red lesions as early endometriosis and black lesions
as advanced endometriosis. White lesions are believed to

be healed endometriosis or quiescent or latent lesions.

TREATMENT

Complete resolution of endometriosis is not yet possible,
but therapy has three main objectives: (1) to reduce pain;
(2) to increase the possibility of pregnancy; (3) to delay
recurrence for as long as possible.

Medical and/or surgical therapy can be proposed for
endometriosis. However, the efficacy of medical and
surgical treatment of endometriosis-associated infertility
and pelvic pain continues to be a source of debate and
controversy.

In infertile women presenting with minimal or mild
endometriosis (American Fertility Society (AFS) classifi-
cation), laparoscopic ‘destruction’ was initially proved to
be the first line of therapy®, but a later study®® demon-
strated exactly the opposite. It is very curious that two
evidence-based medicine (EBM) (degree 1) studies on
the same subject reached two completely different
conclusions.

In the first study®, 341 infertile women (20-39 years of
age) with minimal or mild endometriosis were randomized
into two groups: either laparoscopic resection or ablation
of the endometriotic lesions (n=172), or diagnostic
laparoscopy (n=165). Cumulative pregnancy rates of
30.7% and 17.7%, respectively, were achieved. The authors
concluded that laparoscopic resection or ablation of
minimal and mild endometriosis enhances fecundity in
infertile women. The most frequently cited bias is that
patients were aware of the randomization. Another possi-
ble bias could be that mapping of the lesions was not
considered in the selection at the time. Moreover, no
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distinction was made between red, black and white lesions.
Vascularization and mitotic activity, which are criteria
suspected of inducing infertility, were not taken into
account. This, surely, influenced the peritoneal fluid
content and the peritoneal inflaimmatory reaction, with
resulting cytokine production and macrophage induc-
tion37.

The results of the later study published by the ‘Gruppo
Italiano per lo Studio dell’Endometriosis’3® do not support
the hypothesis that ablation of endometriotic lesions
markedly improves fertility rates. Here, too, bias exists:
first, the series is small (54 vs. 47 patients); second, seven
centers participated in the study, giving a mean of 14
patients per center; third, histological confirmation of the
diagnosis of endometriosis was not requested; and last, the
percentage of active red lesions or non-active black or
fibrotic lesions is unknown. We also have no idea of the
vascularization and mitotic activity of the lesions.

It is easy to criticize, but which study should we
believe if we agree that both studies are supposed to be
randomized controlled trials? We are therefore faced with
the following question: do we really need evidence-based
medicine (degree 1) when we know that two prospective,
randomized controlled studies have led to two completely
opposing conclusions?

As far as endometriosis-related pain is concerned,
medical treatment alone is not effective, and the results of
therapy with a gonadotropin-releasing hormone analog
(GnRH-a) are disappointing. Following the laparoscopic
diagnosis of endometriosis in 130 patients, Waller and
Shaw3® administered GnRH-a treatment for 6 months.
Most of the women underwent second-look laparoscopy.
The cumulative recurrence rate 5 years after cessation of
treatment was 53.4% (36.9% for minimal disease and 74%
for severe disease). The authors concluded that patients
treated with GnRH-a alone stand a greater chance of
suffering a recurrence, particularly if the disease is more
severe. A second trial confirmed the poor results of purely
medical therapy. Miller et al.3°, retrospectively analyzed
data from 327 patients treated for 6 months with danazol
(128/327) or GnRH-a (199/327). The mean interval
before pain recurred was 6.1 months in the danazol group
and 5.2 in the GnRH-a group. Recurrence times varied
according to the stage of endometriosis. Miller et al. found
this rapid recurrence of pain disappointing in both treat-
ment groups.

Our group clearly demonstrated that relatively
hormone-independent endometriotic lesions persisted
after GnRH-a treatment*0:41,

We can conclude that, because of the limited informa-
tion currently available on the activity of lesions described
in studies on mild or minimal endometriosis, any absolute
statement on endometriosis and infertility and pain is
probably inappropriate at this time. Nevertheless, it seems
that there are more arguments in favor of treating minimal
and mild endometriosis at laparoscopy, if laparoscopy is
decided upon. Thus, in the case of pain or infertility,
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endovaginal echography must be performed, with CA125
dosage if required (Figure 3.11). If the two examinations
prove normal, the question of laparoscopy arises. In some
departments, medical therapy will be attempted. In other
departments such as ours, laparoscopy will automatically
be performed in order to evaluate the presence or absence
of endometriosis and establish the exact stage of the
disease. It should be emphasized that preventing the
progression of endometriosis may be considered an argu-
ment in support of laparoscopy.

In the case of pain, dyschezia or deep dyspareunia, a
very careful vaginal examination should be carried out to
exclude the presence of nodules. If a nodule of the recto-
vaginal septum is discovered, preoperative examinations
must be performed (Figure 3.12; and see Chapter 6).

ENDOSCOPIC TECHNIQUES

For peritoneal endometriotic implants, three different
techniques exist: laser vaporization, excision and
coagulation.

Laser vaporization

In our department, we use the CO; laser to vaporize peri-
toneal endometriosis.

A power setting of 40-50 W is used. The debulking of
endometriotic implants is best performed using a continu-
ous firing mode. If a lesion is overlying a vital structure
such as the ureter, urinary bladder, colon or larger blood
vessels, a retroperitoneal injection of fluid (hydrodissection
and hydroprotection) provides safer vaporization of the
lesions. This technique allows a 100-200-um depth of
vaporization, thus substantially limiting the depth of pene-
tration. Vaporizing an endometriotic implant (Figure 3.13)
provokes the bubbling of old blood, followed by a curdy
white material, representing vaporization of the stromal
layer. After the endometriotic lesion has been vaporized,
retroperitoneal fat is encountered, and the appearance of
bubbling confirms complete vaporization of the lesion.

Excision

Another technique for removal of peritoneal endometrio-
sis is excision with scissors. The lesion is grasped with
forceps and then, using scissors, the peritoneum and
endometriotic lesion are excised. Once all the endometri-
otic tissue has been excised, it is removed.

Care is taken to remove all the lesions and to have
sufficient borders between the lesions and healthy
peritoneum, which is left in place.

With this technique, excision of the peritoneum seems
rather excessive. Moreover, excision of large peritoneal
defects may induce adhesions. The risk of adhesions is not
zero with laser vaporization, but is much lower than after
large excision.
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Figure 3.13 (a) Peritoneal endometriotic lesion, typical red lesion; (b) after vaporization with the SurgiTouch™ (CO,

laser). Note the absence of carbonized areas (char-free ablation)

Those who criticize laser vaporization claim that
excision is more thorough, and point to the risk of
recurrence after vaporization. Qur response is plain and
simple: if bubbling appears during vaporization, it means
that the retroperitoneal fat has been reached and we can
safely say that vaporization is complete.

Coagulation

A third technique of destruction is coagulation with
bipolar forceps, but this method has two major
shortcomings. First, thermal damage appears to be greater
than with the CO; laser, despite the use of bipolar forceps.
Second, there is coagulation of tissue, but no proof of real
destruction of peritoneal lesions.

Recurrence is therefore possible, because endo-
metriotic cells are not destroyed.
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Laparoscopic management of ovarian 4

endometriosis

P Jadoul, C Wyns, ] Donnez

There are two different types of ovarian endometriosis that
may be classified as:

o Superficial hemorrhagic lesions

o Hemorrhagic cysts (endometriomas)

Superficial lesions Superficial ovarian lesions are small
vesicular lesions covering the ovarian cortex, or small
implants usually found on the lateral surface of the ovary
(Figures 4.1 and 4.2). Adhesions between the ovary and
the broad ligament are often observed. From a histopatho-
logical point of view, the endometrial lesion may be lined

Figure 4.1 Superficial ovarian endometriosis

Figure 4.2 Laparoscopic view of superficial ovarian

endometriosis

with free endometrial tissue (unpublished observations),
which is similar histologically and functionally to eutopic
endometrium!. Active ectopic endometrial tissue can
cover the inner surface of a small cavity in the ovary. In
some instances, atypical epithelium and ciliated cells are
found?.

Endometriomas ~ The pathogenesis of typical ovarian
endometriosis is a source of controversy. The original paper
by Sampson? on this condition reported that perforation of
the so-called chocolate cyst led to spillage of adhesions and
the spread of peritoneal endometriosis. Hughesdon®
suggested that adhesions are not the consequence but the
cause of endometriomas, and thus contradicted Sampson’s
hypothesis. The site of perforation, as described by
Sampson, could represent the stigma of invagination of the
cortex following the accumulation of menstrual debris
from the bleeding of endometrial implants*. This hypoth-
esis corroborates observations based on ovarioscopy and ‘in
situ’ biopsies>”’. Other authors® have claimed that large
endometriomas may develop as a result of the secondary
involvement of functional ovarian cysts in the process of
endometriosis.

We proposed a different hypothesis for the develop-
ment of ovarian endometriosis based on celomic
metaplasia of invaginated epithelial inclusions®!0. This
hypothesis, based on the metaplastic potential of the pelvic
mesothelium, is a widely accepted theory on the
pathogenesis of common epithelial ovarian tumors!!.
Our arguments were as follows:

(1) In our series, we found 12% of endometriomas not
fixed to the broad ligament.

(2) It was not unusual to find multilocular endometri-
omas that could not be explained by adhesions.

(3) The epithelium covering the ovary, which is the
mesothelium, can invaginate into the ovarian cortex.
Invaginations of the mesothelial layer covering the
ovarian tissue were described by Motta et al.!2. In
our serial sections of the ovary, we frequently
observed mesothelial inclusions.

(4) The fact that primordial follicles were found
surrounding endometriotic cysts also corroborated
our hypothesis.

(5) Our main argument is based upon the presence of
epithelial invaginations in continuum with endome-

trial tissue, proving the metaplasia theory!0:13.14,

(6) Endometriomas have been described in patients with
Rokitansky—Kiister-Hauser syndrome who do not
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have a uterus and, therefore, do not have retrograde
menstruation!>.

(7) Common epithelial tumors of the ovary are
considered to be derived from the surface epithelium
covering the ovary and from the wunderlying
stroma!!: why not endometriomas?

Our classification published in 199316, thus, needs to be

revised. There can only be two types of ovarian

endometriosis:

(1) Superficial implants, which must be considered as
peritoneal implants, resulting from the implantation
of regurgitated endometrial cells;

(2) Intraovarian endometriosis or endometriomas, which
are the consequence of metaplasia of invaginated
mesothelial inclusions.

INDICATIONS FOR SURGERY

Ovarian endometriomas are encountered, not infrequently,
in infertile patients. The recommended treatment is still a
subject of debate. Does the removal of endometriomas
increase spontaneous fertility? If there is an indication for
in vitro fertilization (IVF) other than the endometriosis, do
we need to remove the endometrioma before IVF? Does
the removal of an endometrioma influence IVF results?

Removal of endometriomas and fertility

In the late 1980s, we initiated a combined treatment
regimen with hormonal therapy followed by surgery!”.
Pregnancy rates of more than 52% were achieved with
moderate endometriosis and more than 45% with severe
endometriosis, the difference being due to the severity of
periovarian adhesions more frequently observed in ‘severe’
cases.

In a study published in 19969 including 814 women
presenting with ovarian endometriomas, we observed a
cumulative pregnancy rate of 51% after combined treat-
ment with a gonadotropin-releasing hormone agonist
(GnRH-2a) and laparoscopic surgery. The majority of
pregnancies occurred within 10 months of surgery.

Several studies have confirmed pregnancy rates of
approximately 50% after the surgical removal of

endometriomas!8-20.

Endometriomas and IVF

It is unclear at the present time whether endometriomas
have an impact on IVF outcome.

Several authors have claimed that the presence of
endometriomas did not affect pregnancy rates during
IVFZI_B.

A more recent report shows a significantly lower
pregnancy rate per fresh embryo transfer among women
with stage III/IV endometriosis?*. Moreover, in 2005, the
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European Society of Human Reproduction and
Embryology (ESHRE) guidelines for the treatment of
endometriosis®® indicated that IVF pregnancy rates are
lower in women with endometriosis than in those with
tubal infertility. The main risk of performing IVF in
women with endometriomas is that of infection. Several
cases of tubo-ovarian abscesses have been published?6:?7,
The treatment of ovarian abscesses can be very difficult,
and the risk of recurrence of infection high.

These findings provide arguments in favor of the
surgical treatment of endometriomas.

SURGICAL TREATMENT OF
ENDOMETRIOMAS

Endometriomas must be treated by laparoscopy. Two
techniques are currently proposed: either cystectomy
consisting of the removal of the endometrioma wall, or
ablative surgery that involves opening the endometrioma
and destroying the endometrioma wall by laser
vaporization or bipolar coagulation. A third approach
combines these two techniques.

Laser surgery
Owarian endometriosis <3 cm

Ovarian endometriosis is treated during first-look
laparoscopy if penetration of no more than 3 cm into the
ovary is observed and if the cyst diameter is no larger than
3cm. Small (<1cm in diameter) endometriotic implants
of the ovary are vaporized (Figure 4.3) until follicles
containing fluid are encountered or no further pigmented
tissue is seen (Figure 4.4). Large (<3cm in diameter)
endometriomas are destroyed as follows (Figure 4.5). A
3-4-mm portion of the top of the cyst is excised (Figure
4.6), the chocolate-colored material is aspirated and the
cyst is completely opened (Figure 4.7) and washed out
with irrigation fluid. After washing, the interior wall of the
cyst is carefully examined to confirm the diagnosis of an
endometrioma and the absence of any intracystic lesions
suspected of being malignant (ovarian cystoscopy, Figure
4.8). At a power setting of 40W and with continuous
mode application, the interior wall of the cyst is then
vaporized to destroy the mucosal lining of the cyst (Figures
4.9 and 4.10). Vaporization continues until no further
pigment can be seen.

Vaporization with the SurgiTouch™ permits quick and
easy vaporization of the internal wall with minimal
thermal damage to the normal ovarian cortex. Indeed,
experimental histological studies have shown char-free
residual damage just 0.1 mm deep!®. Moreover, because
the time required for the SurgiTouch to cover a 2.5-mm
round area homogeneously is about 100 ms, vaporization
of large areas of peritoneal endometriosis, as well as the
ovarian endometrial cyst wall, is very fast, significantly
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Figure 4.3 Vaporization of superficial ovarian endometriosis

Figure 4.4 At the end of vaporization, no further
pigmented tissue is seen

reducing the overall operating time compared with the
conventional laser technique. After copious irrigation, the
ovaries are left open.

Owarian endometriosis >3 cm (Figure 4.11)

During diagnostic laparoscopy, the endometrial cyst is
emptied (Figure 4.12), completely opened and washed out
with irrigation fluid (saline solution), and a biopsy is taken.
Then, GnRH-a (Zoladex®; ICI, UK) therapy is given for 12
weeks to decrease the cyst size. A decrease of 50% in cyst
diameter is observed after drainage followed by a 12-week
course of GnRH-a (Figure 4.13). Drainage alone (if not
associated with GnRH-a) is ineffective; indeed, 12 weeks
after drainage, the ovarian cyst diameter is found to be
unchanged compared with the diameter observed before
drainage.

Thereafter, second-look laparoscopy is carried out. The
endometrioma is opened and the interior wall of the cyst
is vaporized as previously described. After a 3-month
course of GnRH-a therapy, the thickness of the
endometrial cyst is dramatically reduced and the epithelial
lining is atrophic and white. Vaporization with the
SurgiTouch allows very quick and easy vaporization of the
internal wall, with minimal thermal damage to the normal
ovarian cortex.

Quvarian endometriosis > 10 cm (Figure 4.14)

When the endometrioma is more than 10 cm in size, a first
laparoscopy is performed to confirm the diagnosis of an
endometrioma and to open it wide and rinse it.
Gonadotropin-releasing hormone is then given for 12
weeks to decrease the cyst size. After 6-8 weeks of
treatment, ultrasound is performed to assess the residual
cyst size. If the endometrioma is still larger than 4 cm, an
ultrasound-guided transvaginal puncture of the cyst is
performed. Gonadotropin-releasing hormone therapy is
pursued for one more month. Second-look laparoscopy is
then performed to open and rinse the endometrioma and
vaporize its internal wall.

Indeed, in order to be able to completely destroy the
endometrioma wall, it is important for the initial or
residual endometrioma to be no bigger than 3 cm.

Excisional surgery: ovarian cystectomy
(Figure 4.15)

The procedure begins with adhesiolysis. Once the cyst is
mobilized, the cortex is grasped with forceps introduced
through a second trocar. The cortex is incised using laser or
scissors. The incision must be made on the antimesenteric
surface, as far as possible from the ovarian hilus. The
incision is extended with scissors, and hydrodissection can
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LAPAROSCOPY

VAPORIZATION

Figure 4.5 Decisional tree for the treatment of endometriomas <3 cm

be used to separate the cyst wall from the ovarian stroma.
If the cyst is opened and spillage occurs, peritoneal irriga-
tion must be performed in order to remove the chocolate-
colored fluid. The cyst is decompressed by suction drainage
and washed. The cyst wall is then exposed and inspected to
confirm the diagnosis of an endometrioma.

After identifying the correct plane of cleavage between
the wall of the cyst and the ovarian tissue by applying
opposite bimanual traction with two 5-mm grasping

forceps, providing strong but non-traumatic traction, the

inner lining of the cyst is stripped from the normal ovarian
Figure 4.7 The endometrioma is completely opened tissue. The bed of the cyst needs to be carefully inspected
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Figure 4.8 (a) Cystoscopy of an endometrioma. (b) After
drainage and rinsing, in order to remove the ‘chocolate’
fluid, the internal wall of the cyst can be seen (areas of
fibrosis, areas of hypervascularization with mucosal flaps)

Figure 4.9 Ablation of the endometrioma involves
complete vaporization or coagulation of the endometri-
oma wall

LAPAROSCOPIC MANAGEMENT OF OVARIAN ENDOMETRIOSIS

to detect possible bleeding zones that may require
coagulation with bipolar forceps.

The endometrioma is removed through the 10-mm
trocar. If the volume exceeds the dimensions of the trocar,
an endobag can be used.

The ovary does not usually require suturing.

Combined technique: excisional and ablative
surgery (Figures 4.16 and 4.17)

Ablative surgery may prove difficult because of the thick-
ness and hypervascularization of the cyst wall. On the
other hand, recent data in the literature appear to show
that the excisional surgery of endometriomas could be
deleterious for ovarian function. Some papers report that

function is excisional

ovarian compromised by
surgery?8-33,
According to a report by Muzii et al.3%, recognizable

ovarian tissue was inadvertently excised together with the
endometriotic cyst wall in most cases during stripping for
endometrioma excision. Close to the ovarian hilus, the
ovarian tissue removed along the endometrioma wall
consisted mostly of tissue which contained primordial,
primary and secondary follicles in 69% of cases. Away from
the hilus, no follicles or only primordial follicles were
found in 60% of specimens.

In view of these data, we propose a mixed technique of
excisional and ablative surgery. A large part of the
endometrioma is first excised according to our cystectomy
technique. The stripping technique allows the removal of
80-90% of the cyst. If the excision provokes excessive
bleeding or if the plane of cleavage is not clear, the
cystectomy is stopped because of the risk of removing
normal ovarian tissue with primordial, primary and
secondary follicles along with the endometrioma.

After this first step, the laser is used to vaporize the
remaining 10-20% of the endometrioma close to the hilus.
Care must be taken to vaporize all the residual cyst wall in
order to avoid recurrence.

Which technique should we choose: laser
vaporization or ovarian cystectomy?

There are two main risks associated with the surgical

treatment of endometriomas:

° The risk of excessive surgery (removal of normal
ovarian cortex together with the endometrioma
capsule, due to the absence of a plane of cleavage)

o The risk of incomplete surgery (early recurrence of
endometrioma)

In a Cochrane review published in 2005, Hart et al.3°
concluded the following:
‘There is some evidence that excisional surgery for
endometriomata provides for a more favourable
outcome than drainage and ablation with regard to the
recurrence of the endometrioma, recurrence of

47



ATLAS OF OPERATIVE LAPAROSCOPY AND HYSTEROSCOPY

Figure 4.10 Vaporization of the endometrioma wall. (a) Use of the SurgiTouch™ allows quick vaporization of the
endometrioma wall. (b) Care must be taken to vaporize the whole endometrioma wall and especially the endometrioma
borders. (c) The vaporized areas are easily distinguishable from the remaining endometrioma wall. (d) The endometrioma
wall has been completely destroyed

VAGINAL
ECHOGRAPHY
CA125

;
LAPAROSCOPY

LAPAROSCOPY
p OVARIAN DRAINAGE

CYSTECTOMY

GnRH analog therapy
3 months

LAPAROSCOPY-SECOND LOOK
P> VAPORIZATION

Figure 4.11 Treatment of endometriomas more than 3 cm in size. GnRH, gonadotropin-releasing hormone
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Figure 4.12 Opening and suction of the endometrioma Figure 4.13 Evolution of endometrioma size after

opening and drainage. GnRH-a, gonadotropin-releasing
hormone agonist; MPA, medroxyprogesterone acetate
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Figure 4.14 Treatment of endometriomas more than 10 cm in size. GnRH, gonadotropin-releasing hormone

symptoms and subsequent spontaneous pregnancy in rate of recurrence of endometriomas (odds ratio (OR)
women who were previously subfertile. Consequently, 0.41, 95% confidence interval (CI) 0.18-0.93), reduced
this approach should be the favoured surgical requirement for further surgery (OR 0.21, 95% CI
approach. However, we found no data as to the effect 0.05-0.79) and lower recurrence rates of the symptoms of
of either approach in women who subsequently dysmenorrhea (OR 0.15, 95% CI 0.06-0.38), dyspareunia
undergo assisted reproduction techniques.’ (OR 0.08, 95% CI 0.01-0.51) and non-menstrual pelvic
This review was based on two randomized studies compar- pain (OR 0.10, 95% CI 0.02-0.56). It was also associated
ing the two approaches of cystectomy and ablation by with a subsequently increased rate of spontaneous preg-
bipolar coagulation3”:38. Laparoscopic excision of the cyst nancy in women who had documented prior subfertility

wall of the endometrioma was associated with a decreased (OR 5.21, 95% CI 2.04-13.29).
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Figure 4.15 Ovarian cystectomy. A, endometrioma
capsule. B, ovarian cortex

Although these were randomized controlled studies, we
believe it is not possible to draw accurate conclusions from
them. First of all, the number of cases was small (164
patients). Second, ablation was performed by bipolar
coagulation, not by laser. Third, no preoperative drugs were
used to decrease cyst size or reduce the thickness and hyper-
vascularization of the cyst wall. Finally, neither study
addressed ovarian function after surgery.

a

When we attempt to address the question of ovarian
function after surgery, data in the literature are
contradictory.

Indeed, Canis et al.3°, Marconi et al.*°, Donnez et al.*!
and Wyns and Donnez*? found no effect on ovarian
response in IVF after cystectomy or vaporization of
endometriomas. Canis et al.3° showed that the number of
oocytes retrieved and the number of embryos obtained did
not significantly decrease after ovarian cystectomy.
Ovarian response was not affected after cystectomy in
Marconi’s study either*0,

In one of our studies*!, endometrioma wall vaporiza-
tion did not negatively affect IVF outcome. A later study
actually suggested that both cystectomy and cyst wall
vaporization allow preservation of a good ovarian response
to stimulation by gonadotropins*2.

Our studies led us to conclude that (1) vaporization of
the internal cyst wall does not impair ovarian function in
terms of IVF parameters and outcome; (2) theoretical risks
of loss of viable ovarian tissue during cystectomy exist but
may be avoided by a ‘microsurgical’ laparoscopic
technique, taking care to preserve the normal residual
ovarian cortex; and (3) after removal or destruction of
endometriomas, [IVF outcomes are similar in endometriosis
patients compared with women with tubal factor or
idiopathic infertility.

Other studies in the literature, however, point to the
risk of ovarian damage due to ovarian cystectomy for

b

Figure 4.16 Combined technique. (a) A partial cystectomy is carried out. (b) To avoid excessive bleeding close to the hilus,

vaporization of the residual cyst is carried out
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Figure 4.17 Combined technique: laparoscopic view. (a) The endometrioma is opened; (b) endometrioma wall; (c) detec-
tion of plane of cleavage between the endometrioma wall and ovarian cortex; (d) cystectomy of the endometrioma; (e)—(g)
partial cystectomy: section of the endometrioma wall;

endometriomas. Several studies have shown reduced
follicular response after cystectomy. Nargund et al.?®
showed that in cycles with ovulation induction after
cystectomy, the normal ovary yielded a significantly higher
number of follicles and oocytes compared with the
contralateral ovary which had undergone cystectomy.

Loh et al.?? demonstrated that post-cystectomy ovaries
showed reduced follicular response in natural and
clomiphene citrate-stimulated cycles in women <35 years
of age. Ho et al3% concluded that surgery for ovarian
endometriomas induces poor ovarian response to
controlled ovarian hyperstimulation, compared with the
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Figure 4.17 continued (h) resected part of the endometrioma; (i) remaining endometrioma wall on the left side, ovarian
cortex after cystectomy on the right side; (j) and (k) vaporization of the remaining endometrioma wall; (I) final view:
vaporized endometrioma wall on the left, ovarian cortex after cystectomy on the right

response of the contralateral normal ovary in the same
individual. In Geber’s group, patients <35 years of age
with previous ovarian surgery had fewer retrieved oocytes
than patients in the control group3!. Others showed
reduced ovarian volume after cystectomy. Exacoustos et

52

al 34 showed that ovarian stripping of endometriomas, but
not of ovarian dermoids, is associated with a significant
decrease in residual ovarian volume, which may result in
diminished ovarian reserve and function. Histological
studies demonstrated the presence of follicles in the



excised tissue. One or several primordial follicles were
found in 68.9% of endometrioma capsules removed by
cystectomy in a study by Hachisuga and Kawarabayashi32,
Compared with cystectomy for dermoid cysts, cystectomy
for endometriomas was associated much more frequently
with the ablation of follicles®2. Close to the ovarian hilus,
the ovarian tissue removed along the endometrioma wall
consisted mostly of tissue which contained primordial,
primary and secondary follicles in 69% of cases3>.

In the light of all this evidence, we can conclude that
excisional surgery and ablative surgery are valuable
techniques, but that they should be performed by
experienced surgeons.

In the hands of inexperienced surgeons, cystectomy can
be destructive for the ovary, whereas ablation may be
incomplete, with a greater risk of recurrence. The
combined technique appears to take the best of both
techniques, while avoiding the risks, but requires further
evaluation.
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