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Important notes:
Medical knowledge is ever changing. As new research and clinical
experience broaden our knowledge, changes in treatment and therapy
may be required. The authors and editors of the material herein have
consulted sources believed to be reliable in their efforts to p
 rovide
information that is complete and in accord with the s tandards accepted at
the time of publication. However, in view of the possibility of human error
by the authors, editors, or publisher, or changes in medical knowledge,
neither the authors, editors, p
 ublisher, nor any other party who has been
involved in the preparation of this book, warrants that the information
contained herein is in every respect accurate or complete, and they are
not responsible for any errors or omissions or for the results obtained
from use of such information. The information contained within this book
is intended for use by doctors and other health care professionals. This
material is not intended for use as a basis for treatment decisions, and
is not a substitute for professional consultation and/or use of p
 eerreviewed medical literature.
Some of the product names, patents, and registered designs referred to
in this book are in fact registered trademarks or proprietary names even
though specific reference to this fact is not always made in the text.
Therefore, the appearance of a name without designation as p
 roprietary
is not to be construed as a representation by the publisher that it is in
the public domain.
The use of this book as well as any implementation of the information
contained within explicitly takes place at the reader’s own risk. No
liability shall be accepted and no guarantee is given for the work
neither from the publisher or the editor nor from the author or any
other party who has been involved in the preparation of this work. This
particularly applies to the content, the timeliness, the correctness, the
completeness as well as to the quality. Printing errors and omissions
cannot be completely excluded. The publisher as well as the author or
other copyright holders of this work disclaim any liability, particularly for
any damages arising out of or associated with the use of the medical
procedures mentioned within this book.
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Endometriosis and Pain
A Sculpture of the Stiftung Endometriose-Forschung (SEF)
The idea to design and
create a sculpture for the
recipient of the bi-annual
Rokitansky Award of the
‘Scientific Foundation of
Endometriosis’ was born on
the occasion of an exhibition of the Artist’s Foundry
at Tragwein, Austria in 2013
and was jointly developed
by Felix Buchsbaum (owner
of the hammer mill) and
Peter Oppelt (Professor of
Gynecology and Obstetrics),
Linz, Austria.
The holes in the midline
of the sculpture represent
the center of an endometriotic lesion. The radiating grooves that
emanate from the holes symbolize the typical appearance of the
scarred surrounding area of such a lesion. Taking into account
that a sculpture made from stainless steel would not be suited to
reflect the detrimental effects that endometriosis has on women’s
lives, the decision was made to choose an oxidized, rusty finish.
The award is named after the Austrian pathologist Carl von
Rokitansky (1804–1878), who was the first to describe the common
occurrence of endometrium and smooth muscle cells in the wall of
the uterus, which he named ‘adenomyosis’.
The recipients of the prize since its inception in 2013 are:
Paolo Vercellini, Italy (2013)
Liselotte Mettler, Germany (2015)
Jörg Keckstein, Austria (2017)
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Preface
With up to 20 % of women suffering from endo
metriosis, the diagnosis and state-of-the-art treatment of this disease have enormous relevance for
women’s health. The mainstay for the diagnosis
metriosis is laparoscopy
and treatment of endo
surgery. As surgical techniques have been refined over the years and considering that new
resection techniques and principles have enabled
the gynecologic laparoscopic surgeon to remove
previously inoperable deep infiltrating endometriosis, the time has come to publish an up-to-date
guide to diagnosis and treatment that is written by
experts in the field.
Dealing chiefly with the surgical treatment of
endometriosis, this authoritative reference work

has been published by an Austrian-German group
of scholars, friends, and mentors at the 45-yearold Kiel School of Gynecological Endoscopy. This
school is an active part of the Schleswig-Holstein
University Medical Center in Kiel, Germany, which
is one of the founding faculties of the 350-year-old
Christian Albrechts University.
The first clinical description of endometriosis may
date back to the German physician Daniel von
Schroen of Jena (1661–1734) in 1690 and to the
Austrian professor Carl Freiherr von Rokitansky
(1804–1878), who was the first to describe the
pathohistology of this condition in Vienna in 1860.
Several of our mentors and masters in Kiel laid the
foundations for our work and have also influenced
recent developments in endo
metriosis research
and treatment. Ernst Philipp (Head of Department
of Gynecology and Obstetrics from 1937 to
 epartment
1961) and Herbert Huber (Head of D
from 1961 to 1970) devoted a large part of their
scientific research to endometriosis. In 1939,
Huber 

implanted endometriotic tissue into his
upper arm as an experiment for his postdoctoral
thesis and hoped to observe endometriosis
growth. The ‘father of laparoscopy,’ Kurt Semm
(Head of Department from 1970 to 1995), founded
the German medical journal ‘Endometriosis’,
which was published in six editions annually over
a period of 20 years. He established the German
and European Endometriosis Societies and is
also the founding father of our Kiel School of

Gynecological Endoscopy. Thoralf Schollmeyer
(Director of the Kiel School, 2006–2014) was senior
editor of the Practical Manual for Laparoscopic and
Hysteroscopic Gynecological Surgery, which was
published in 2013 and included chapters dealing
specifically with endometriosis.
This book was created with the generous and
steadfast support of Dr. h. c. mult. Sybill Storz, our
living mentor and esteemed partner in the industrial
sector. We are grateful to publish our book through
of Tuttlingen, G
 ermany. In 
addition
to continuous, intensive studies and ongoing
research into this still enigmatic disease, which
requires treatment for life, doctors and patients
rely upon high-quality imaging, instrumentation,
and equipment to perform advanced endoscopic
surgery of endometriosis.
The editors thank all of our authors, who are
friends of the Kiel School, for their contributions
and diligent work on this book. We express special
thanks to our many patients, whose feedback on
their sufferings and symptoms helped us to understand key details in the d
 iagnosis and treatment of
this disease. We thank Friedrich Gagstatter, Nicole
Guckelsberger and Dawn Rüther for their tireless
co
operation and 
secretarial support, and we
gratefully acknowledge the work of our illustrator,
Holger Vanselow. It is our dream that this book can
help many of us – students, doctors, scientists,
physicians, healthcare workers, and patients – to
deepen and broaden our knowledge and foster a
precise, individualized approach to the treatment
of endometriosis patients.
Liselotte Mettler, Ibrahim Alkatout,
Jörg Keckstein and Ivo Meinhold-Heerlein.
Kiel, Villach and Aachen, May 2017.

Liselotte Mettler Ibrahim Alkatout Jörg Keckstein

Ivo MeinholdHeerlein
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Forewords
This manual on the endoscopic surgical t reatment of
endometriosis is a welcome addition to textbooks
on endometriosis. It provides a 
balanced
blend of endometriosis history and discourse
on 
pathogenesis, along with descriptions of
clinical symptomatology, medical and surgical
therapeutic approaches, and offers suggestions

for 
holistic care of patients. Detailed information
 rovided, along with
on preparations for surgery is p
what 
surgical instruments and approaches are
recommended for various disease phenotypes.
addition, the latest in d
 iagnostic imaging and
In 
advanced technologies for surgical therapies are
described, and the perennial issue of laparoscopy
or assisted reproduction for women with infertility
and endometriosis is discussed. A highlight of the
manual is the section on ‘special situations’ with
detailed information about managing endometriosis
in women with infertility, 
endometriosis-related
postsurgical management, nerve-sparing
pain, 
surgery, pelvic floor reconstruction, the role of
robotics and definitive surgery in special situations,
endometriosis-associated malignancies, treating
the adolescent with endometriosis and pelvic pain,

controversies in the surgical management
and 
of adenomyosis. Other strengths of this manual
are the detailed sections on diagnosing and
managing endometriosis of the urinary tract and
bowel. Overall, the authors have provided a timely
and practical manual that will be of great value to
clinicians, patients, and trainees now and in the
future.

Linda C. Giudice
MD, PhD, MSc
President, World Endometriosis Society.
Distinguished Professor and Chair,
Department of Obstetrics, Gynecology
and Reproductive Sciences.
The Robert B. Jaffe Endowed Professor
in the Reproductive Sciences.
Director, Center for Origins and Biological
 onsequences of Human Infertility.
C
Director, Center for Women’s Repro
ductive Health Research Career
Development, University of California,
San Francisco, USA.
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Forewords
Endometriosis affects an estimated 10 to 15% of
the female population. It has various p
 resentations
and degrees of severity. In its most severe form
this disease is very debilitating for patients, compromising their social, professional, and personal
life. It has become a major public health problem
associated with high monetary costs and a
significant decline in productivity.
Endometriosis, including its severe form, was
described in the early 1900s. Since that time very
little progress has been made in our understanding
of the disease. Today the progressive nature of
endometriosis has been called into question, and
no evidence has been found to substantiate the
potential for early radical or curative treatment.
It is still common to say that the elapsed time
between the onset of symptoms and the diagnosis
of endometriosis is approximately 9 years.
This claim rests upon old data, however, and
it is probably more correct to say that too many
patients with endometriosis are managed poorly
or improperly. This includes adolescents.
It is also common to observe that more severe
cases of the disease appear to be presenting at a
younger and younger age. Recent epidemiological
studies do not support this claim, however.

Endometriosis is not acknowledged in society.
Because of this nonacknowledgment, endo
metriosis is underdiagnosed. And because it is
not diagnosed, endometriosis is undertreated.
The disease affects an estimated 176 million
women worldwide, yet there is little evidence to
establish criteria for how endometriosis should be
managed to improve quality of life for the millions
of women – and their families – who are affected
by this condition every single day of their lives.
The editors of this book, who are well-known
champions of women with endometriosis, have
invited colleagues from around the world to

Our main purpose in writing this foreword is to
emphasize the importance of teaching both the
present and future generation of gynecologists
about endometriosis. In this respect, this book is
truly essential for achieving this goal. All aspects of
endometriosis are covered from its pathogenesis
to its most severe sites of occurrence.
The book compiles the most current knowledge
on endometriosis, and the long list of contributing
authors, including renowned experts as well as
younger doctors, underscores the clear educational objectives of this work.
It is such an honor for me to have been asked
to write this foreword, and I encourage all
practitioners interested in treating endometriosis,
in all of its varied forms and symptoms, to read
this book carefully. They will be rewarded with
the most up-to-date information available on this
prevalent disease.

Arnaud Wattiez
MD, Professor, Department of Obstetrics
and Gynecology, Strasbourg University
Hospital, IRCAD, Strasbourg, France.
Latifa Hospital, Dubai Health Authority,
Dubai – United Arab Emirates.

submit their opinions about endometriosis and to
justify the reasons for their proposed treatment
options.
These deliberations allow women with 
endo-
metriosis to read, digest, evaluate, and decide
what may be potential solutions for them,
when it comes to managing the way in which
endometriosis is impacting their lives.

Lone Hummelshoj
Secretary General of the
World Endometriosis Society
Publisher and Editor-in-Chief of
www.endometriosis.org/
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1.1

Background and Purpose

Liselotte Mettler a
Within the multitude of books and papers available on the
topic of endometriosis, there is still need for a practical guide
focusing on endoscopic surgical treatment. With this goal in
mind, the editors invited a distinguished panel of researchers
and clinicians to familiarize readers with management aspects
of this disease. Apart from that, we were fortunate to enlist
a team of dedicated surgical colleagues who contributed
chapters on the major operative approaches currently
available in the surgical treatment of endometriosis.
Knowing that this chronic, benign, estrogen-dependent
inflammatory disease is a life-long problem for our patients,
we emphasize that early recognition and adequate treatment
are essential. Recent literature suggests that – apart from the
classic theories on the pathogenesis and spread of the various
forms of endometriosis – other contributing factors such as
genetic predisposition, abnormal peritoneal environment,
stem cells, immune dysfunction, and inflammation are involved
in the formation and propagation of endometriotic lesions.
While multiple therapeutic approaches are discussed and
are effective to a degree, surgery – usually by the endoscopic
route – is still the mainstay for both diagnosis and treatment.
Accordingly, particular emphasis has been laid on presenting
the operative steps required to perform specific surgical
procedures. The following chapters are, on the one hand,
intended to provide patients with a better understanding of
the potential difficulties to be anticipated and resolved during
surgical excision, while on the other hand, they serve to guide
consultants and surgeons in performing the surgical steps
that are both adequate and efficient. As described later in
this book, for diagnosis and treatment of endometriosis to be
fully effective, virtually all forms of the disease still need to be
managed by a surgical approach.

a | Professor Emerita, MD; Department of Obstetrics and Gynecology,

Kiel School of Gynecological Endoscopy, University Hospitals
of Schleswig-Holstein, Kiel Campus, Kiel, Germany
Corresponding author:
Prof. Dr. med. Dr. h.c. mult. Liselotte Mettler
Klinik für Gynäkologie und Geburtshilfe
Universitätsklinikum Schleswig-Holstein (UKSH)
Campus Kiel
Arnold-Heller-Strasse 3
24105 Kiel, Germany
E-mail: endometriose@uksh.de

Considering that most treatment protocols currently used in
the management of endometriosis are based on a surgical
approach and that the large majority of medical therapies rely
on manipulating ovarian steroid hormones without achieving
a complete response in every patient, all authors of this book
share the hope that new research results will bring fresh
perspectives and insights for the continued development
of new treatment strategies. With advanced technical,
instrumental, optical and healthcare support from the industry,
surgical endoscopic procedures have become easier, safer,
less invasive, and certainly more effective.
A second purpose of this book, therefore, is to foster more
effective cooperation among medicine, research, and industry.
We have chosen to publish this book through
Tuttlingen, Germany, and the KARL STORZ Company, which
has supported the Kiel School of Gynecological Endoscopy
for more than 20 years.
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1.2

The History of Endometriosis

Christopher J.G. Suttona
1.2.1 Introduction
1.2.1.1 Texts from Ancient Egypt
Trying to fathom the history of female pelvic diseases is a
difficult task and although it is tempting to ascribe descriptions
of symptoms of pelvic pain written in ancient texts from
Egypt such as the Kahun Papyrus (1825 BC) and the Ebers
Papyrus (1550 BC)42 to diseases such as endometriosis, this
is pure conjecture since the disease could only be accurately
diagnosed when the characteristic lesions could actually be
seen and that would not happen for many centuries later.
1.2.1.2 Early Attempts at Endoscopy
Throughout recorded time doctors have had a compelling
desire to look inside body cavities to advance their knowledge
of disease. Some of the earliest descriptions of endoscopic
examinations came from the medical school on the island of
Kos, in the eastern Aegean Sea, led by Hippocrates (Fig. 1.1)

who lived between 460–375 BC and is generally regarded
as ‘The Father of Medicine’ (Fig. 1.2). The Hippocratic Corpus
describes a rectal speculum remarkably similar to the
instruments in use today that were almost certainly used also
for inspection of the vagina.
A three-bladed adjustable vaginal speculum was recovered
from the molten lava and ash that engulfed the Roman
city of Pompeii after the cataclysmic volcanic eruption of
Mount Vesuvius in 70 AD and this remarkably sophisticated
instrument (Fig. 1.3) can be seen at the Institute Rizzoli in
Bologna in Northern Italy.
The Babylonian Talmud (Niddah Treatise) written in 500 AD
after 300 years of preparation, described a sipherot, a tube
made of lead with a wooden tip to ease insertion into the
vagina, that was used to observe the cervix.18 Even with
improved visualisation using ‘the good light of the sun’
reflected and focussed by various mirrors there was never
Fig. 1.2 Hippocrates
(460–375 BC) as depicted in a
fourteenth-century miniature
inspecting urine.
National Library, Paris, France.

Fig. 1.1 Hippocrates teaching on the Island of Kos. Illustration from
15th Century manuscript.
Library of the Old Faculty of Medicine, Paris, France.

a |	MA, MB, BCh, (Cantab) FRCOG;

Professor of Gynaecological Surgery,
Faculty of Health and Social Sciences,
University of Surrey, Guildford, UK
Director of the Minimal Access Therapy Training Unit,
Royal Surrey County Hospital, Guildford, UK
Corresponding author:
Christopher J.G. Sutton
MA, MB, BCh, (Cantab) FRCOG
Gunners Farm, Stringers Common,
Jacobs Well, Guildford, Surrey GU4 7PR, UK
E-mail: chrislasersutton1@btinternet.com

Fig. 1.3 Three-bladed vaginal speculum discovered in Pompeii in 70 AD
after the eruption of Vesuvius.
Institute Rizzoli, Bologna, Italy.
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a description of a blue-domed cyst in the posterior vaginal
fornix or an endometriotic implant on the cervix which would
have been obvious even without the assistance of a modern
light source.
1.2.1.3 From Ancient Greece to Rome: Pythagoras, Hippocrates
and Galen
This lack of comprehensive data is compounded by a certain
mystique about female anatomy exemplified by the fact that
the ancient Greeks regarded the uterus (hysteros) as the seat
of the soul and they believed that the uterus wandered around
the abdominal cavity and that when the organ was displaced
the poor woman developed signs of hysteria.42
The Pythagoreans believed that the uterus was bifid which
almost implies a knowledge of embryology and anatomy
but probably arose from the fact that they were permitted
to dissect animals but human dissection was forbidden.
They hypothesised that the left uterine horn represented the
west, or darkness, from which females were derived whereas
the right side represented the east, or light, in which males
developed. It is conceivable that this has laid the basis of the
concept of the inferiority of women compared to men which
has persisted until relatively recently.
Although these ancient writings describe female symptoms
especially in regard to the influence of painful menstruation,
odiferous vaginal discharge and chronic pelvic pain and
suggest plentiful, and often bizarre, suggestions for natural or
herbicidal treatment there is nowhere a specific suggestion
indicating endometriosis as the cause.
Hippocrates did not write specifically on female anatomy, but
he theorised that the uterus went wild if not fed on semen and
his followers practiced an elementary form of gynaecological
treatment but, nevertheless, he and his followers performed
careful internal examinations of the pelvis conducted with
great skill and would almost certainly have picked up the
nodular fibrotic swelling of deeply infiltrating endometriosis in

Fig. 1.4 Claudius Galen
(129–201 AD) a Roman physician
who described fibroids as
‘scleromas’. Library of Congress,
Washington, DC, USA.

Fig. 1.5 Soranus of Ephesus
(AD 98–138) who wrote the first
textbook of Gynaecology. Photo
by Chris Sutton at the Ephesus
Amphitheatre.

the posterior fornix and signs of a painful ovarian swelling in
the adnexal region suggesting a large ovarian endometrioma
(chocolate cyst) and yet there is no descriptions of such signs
in their writing.
The situation is completely different with uterine leiomyomata
(fibroids), that are the most common benign tumours to afflict
the pelvic organs of women, and references have been made
to them since antiquity. Radiography of some of the remains
of Egyptian mummies revealed several instances of calcified
leiomyomas which can be seen in the Egyptology Section of
the British Museum in London.73 These lesions were certainly
recognised at the time of the ancient Greeks, and Hippocrates
called them ‘womb stones’ whilst Galen, (Fig. 1.4) a Roman
physician who lived in the second century AD, described
them as ‘scleromas.’42
Descriptions of most gynaecologic diseases can be recognized
in the writings of Hippocrates, Soranus of Ephesus (Fig. 1.5), or
followers of the Greek god of healing Asclepios (Fig. 1.6), or the
Hebrew Talmud, but this is not the case with endometriosis.
Most of our knowledge of surgery in Greek and Roman times
is derived from Gynaecology, the oldest published work on
obstetrics and gynaecology written by Soranus and translated
by Owsei Temkin62,63 in 1956. Soranus was born in Ephesus
in Asia Minor and, being situated between India and Greece
absorbed the early medical ideas of these two great cultures.
Ephesus, which has a well preserved stone amphitheatre
was originally a Greek city and a famous port on the Aegean
Sea but the Turks captured that part of Greece and it is now
situated in Turkey, just north of Izmir, and the sea has now
retreated so it is no longer a seaport. Soranus received his
medical training in Alexandria in Egypt and later worked in
Rome during the reigns of Emperor Trajan (AD 98–117) and
Emperor Hadrian (AD 117–138). He wrote the first textbook
of Obstetrics and Gynaecology entitled ‘Gynaecology’ and in
it there is a well documented case of a vaginal hysterectomy
which explained in detail an operation performed by the author
which involved the removal of an inverted uterus that had
become gangrenous and had turned black in colour. Rumour
has it that his father had performed a similar operation as

Fig. 1.6 Asclepios, the Greek God of healing treats a young patient who
has an injured shoulder. Museum of Piraeus, Athens, Greece.
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had Themison of Athens a long time previously in 50 BC.69
It is unlikely that the patients survived this ordeal since the
bladder and ureters were invariably part of the removed uterus
during these early operations.14 Soranus was probably the first
surgeon to look inside the living body even though he used
the vaginal approach and he does describe filmy adhesions
which are most likely to be a result of pelvic sepsis but there is
no mention of lesions resembling endometriosis.
1.2.1.4 Endometriosis Not Mentioned in Medical Historical
Encyclopaedias
I can find no compelling evidence that endometriosis existed
in ancient times and suggest that it is a relatively recent arrival
in the pantheon of gynaecological diseases. This is supported
by the fact that there is no reference to endometriosis in
any of the medical historical encyclopaedias, such as the
Cambridge World History of Human Disease, edited for the
Cambridge University Press in 1993 by Kenneth Kiple.27 Even
the Encyclopaedia of Medical History by Roderick McGrew34
published in 1985 and the extensive study by the television
historian Roy Porter, entitled The Greatest Benefit to Mankind46
published in 1997, does not mention endometriosis at all.
It is possible that this is due to the extreme rarity of this disease
in ancient times when women were subjected to much less
retrograde menstruation than their modern counterparts.
Thus, girls in Roman times (Fig. 1.7) usually married at 14, or
younger, and were expected to become pregnant within a few
months. Further pregnancies followed in rapid succession
and breast feeding was universally practiced resulting in a
postpartum amenorrhoeic state until they met with an early
demise, either in childbirth or naturally, since the average age
of death was 35. Thus the number of exposures of a woman
of those times to retrograde flow of endometrial tissue was
minimal compared to her modern-day counterpart.76
1.2.1.5 Endometriosis in the Middle Ages
The earliest reference in the literature to a disease that could
possibly be endometriosis only appears as a vague reference
as late as 1690, soon after the Great Plague and Great Fire
of London when a German Physician, Daniel Schroen writing

in his Disputato Inauguralis Medica de Ulceritus Ulceri7
describes it as ‘a female disorder characteristic of those who
are sexually maturing’. Almost a century later it is described
more graphically by William Smellie from Edinburgh, the
former tutor of John Hunter’s brother William, in his textbook
Dissertatio medica inauguralis de utero inflammatione
ejusdem:4 ‘An affliction that permeated the whole female
system … producing morbid symptoms that manifestly
change the disposition of the entire body. Those of us that
have spent most of our working lives looking after women with
this unpleasant disease will surely recognise this description’.
Although it was referred to sporadically in European texts from
the 17th and 18th Centuries,4 it is difficult to determine when
the disease first appeared.28
1.2.1.6 Is Endometriosis a Modern Disease?
Professors Michelle Nisolle and Jacques Donnez, when they
were working together at the Catholic University Hospital
of Louvain in Brussels, hypothesised that endometriosis
is in fact three completely separate conditions; namely,
superficial peritoneal endometriosis, ovarian endometriomas,
and deep infiltrating disease of the rectovaginal septum and
the uterosacral complex, which is in reality adenomyosis.40
If one accepts the premise that retrograde menstruation is
the main cause of superficial peritoneal endometriosis, then
one would expect to find the disease more often in women
with an increased exposure to menstruation. Such increases
are inherent in the modern tendency for women to delay
childbearing until their late 1930s or early 1940s. It is probably
for this reason that endometriosis was regarded as an affliction
of modern times and, until recently, was considered to be a
disease of more affluent Western women. In recent years,
however, this trend has become less evident and, with the
worldwide increase in the use of laparoscopy to diagnose the
condition, it is becoming all too obvious that endometriosis
is not merely a disease of ‘well-to-do ladies of European
extraction’, but it poses a significant health problem in other
countries with increasing social, medical and technological
development such as Singapore, Malaysia, India, China and
particularly Japan, which may have the highest incidence in
the world.36
A review of the relevant literature suggests that Belgium has
the highest incidence of the disease in Europe. According
to a report from the World Health Organisation, the highest
concentrations of dioxin in breast milk in the world are in
Belgium and, interestingly, the highest concentration of cases
is reputedly in the main industrial corridor running along the
south of the country.79

Fig. 1.7 Roman girls in bikinis playing various sports from a mosaic at
the Villa Romana del Casale in Sicily, Italy. Photo by Chris Sutton.

Philippe Koninckx and his colleagues have suggested that
dioxin and polychlorinated biphenyl pollution is a possible cofactor in the initiation and / or development of deep infiltrating
endometriosis30 and this has resulted in a steadily increasing
proportion of hysterectomies performed in Belgium for this
type of disease from 10 % in 1965 to over 18 % in 1984 and
this has continued to rise since then.37,45

6

Endometriosis – A Concise Practical Guide to Current Diagnosis and Treatment

Dioxin has immunosuppressive activities and is a potent
inhibitor of T-lymphocyte function.21,38. A group of rhesus
monkeys, which were chronically exposed to dioxin for a period
of 4 years and followed by serial laparoscopies, were found to
have developed endometriosis 7 years after the termination of
dioxin exposure and in the majority of these cases it was of the
deeply infiltrating adenomyotic variety.51 Dioxin is a potentially
harmful by-product of the chlorine bleaching process used in
the wood pulp industry, which includes the manufacture of
feminine hygiene products such as tampons. It is therefore
of some concern that young girls are increasingly being
encouraged to use tampons and therefore may possibly be
at risk of subjecting the tissues of the rectovaginal septum
and posterior vaginal fornix to the chronic exposure from a
known immunosuppressant from a very early age. It has
been suggested that a woman may use as many as 11,000
tampons in her lifetime, and this represents a worrying level of
dioxin exposure to the delicate vaginal tissue in the posterior
fornix, which could result in deep infiltrating endometriosis
and could explain the increasing incidence of this condition
in young women.76 It was unknown in ancient times and can
genuinely be considered a new disease that has resulted from
industrial or commercial pollutants. The fact that dioxins are
released into the atmosphere as part of the incineration of
domestic waste is an added cause for concern.79
The third type of endometriosis, ovarian endometriomas
(chocolate cysts), would only have been discovered at
laparotomy. Since the first laparotomy was performed by
Ephraim McDowell (1771 – 1830) (Fig. 1.8) on Christmas Day in
1809 in Danville, Kentucky.19,75 It can be seen that surgery is a
relatively modern intervention in historical terms and explains
why this disease is absent from ancient historical texts.

Fig. 1.8 Ephraim McDowell (1771–1830). The Father of Abdominal
Surgery. Performed the first laparotomy for a massive ovarian cyst on
Christmas day 1809. Painting by P.W. Davenport in McDowell House,
Danville, Kentucky, USA. Reprinted with permission.

1.2.1.7 Anatomic Dissection in the 18th Century Leads to the Discovery
of Uterine Pain Pathways
Although human dissection was forbidden in ancient Greece,
it was widely practiced in 18th Century London and one of
its foremost proponents was the celebrated Scottish surgeon
John Hunter, (Fig. 1.9) one of the teachers of Ephraim McDowell
during the two years he studied in Edinburgh. John Hunter
was one of the most distinguished scientists and surgeons
at that time and was an advocate of careful observation
and scientific method in medicine. He learned anatomy
by assisting his elder brother William with dissections in
William’s anatomy school in London and became an expert
in the subject and after some years as an Army surgeon he
set up his own Anatomy School. He was an avid collector of
anatomical specimens eventually amassing a collection of
14,000 specimens that he bequeathed to the Royal College
of Surgeons in London. This almost proved to be his undoing
for there were allegations that he and his brother’s former
tutor, William Smellie (vide supra)4 were responsible for the
deaths of many pregnant women whose corpses were used
for their studies on the anatomy of the gravid uterus.61 This
is unlikely since the maternal mortality in Georgian London
was particularly high due to a combination of pre-eclampsia
and puerperal sepsis, both of which were untreatable in those
times.29
Nevertheless, it is certainly true that he acquired the skeleton
of the Irish giant, Charles Byrne who was 2.31 metres tall, by
bribing a member of the funeral party to the tune of £500 and
filling the coffin with rocks during an overnight stop. This was
against the wishes of the deceased who wished to be buried
at sea. The skeleton is presently exhibited in the Hunterian

Fig. 1.9 John Hunter (1728–1793). Scottish surgeon, anatomist and
teacher of Ephraim McDowell (1728–1793).
Painted by John Jackson, 1813, after Sir Joshua Reynolds, 1786.
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Museum at the Royal College of Surgeons in Lincoln’s Inn
Fields, London with much of Hunter’s surviving collection
and there is presently a small active vociferous group that
are trying to remove the skeleton to honour Charles Byrne’s
deathbed wish and have the skeleton committed to the deep
blue sea.
In spite of lurid tales of grave robbers and medical students
gathering at London’s main execution site at Tyburn to steal
bodies of criminals who had just been hanged, anatomical
dissection became increasingly sophisticated and detailed.
This is exemplified by the incredibly detailed illustrations of the
plexus of nerves supplying the uterus produced by Robert Lee
(Fig. 1.10) in 1838 while dissecting a gravid uterus of a woman
who had died at seven months gestation.32 He was not a
happy man and had long running disputes with colleagues
that lasted many years and in 1843 he briefly held the Regius
Chair of Midwifery at the University of Glasgow but not being
a Glasgow man he was made to feel so unwelcome that he
resigned within a few weeks of his appointment.3

Para-cervical uterine denervation was first described by
Joseph Doyle in 1963 and the procedure still bears his name.13
When performed vaginally, a suture was placed on the
posterior lip of the cervix at the apex of the vagina and traction
was applied to increase the distance of the cervix from the
ureter. The attachments of the utero-sacral ligaments to the
posterior aspect of the cervix were then divided between a pair
of Heaney clamps and tissue from the posterior peritoneum
was interposed between the cut ends to prevent regrowth.
Doyle felt that gynaecologists would be more comfortable
with the vaginal approach, but surgeons would prefer to
operate through an abdominal incision and this approach was
also recommended if endometriosis or other pathology was
suspected.67

Ferdinand Frankenhäuser (1832–1894) published a more
detailed description of the nervous plexus and ganglia 20
years later17 and the complex innervation of the uterus is
generally named eponomously as the Lee-Frankenhauser
plexus.

Doyle’s results were extremely impressive, with complete pain
relief in 63 out of 73 cases (86 %) with those suffering from
secondary dysmenorrhea due to endometriosis having the
most favourable results. With such a satisfactory outcome it is
difficult to see why the procedure sank into obscurity, but the
advent of powerful prostaglandin synthetase inhibitors and
the introduction of laparoscopic laser surgery allowed uterine
nerve ablation to be performed with less pain and morbidity
and Chris Sutton reported in a series of 126 patients 86 %
improvement in those with endometriosis and slightly less
(73 %) in women with primary dysmenorrhoea.71

Attempts to interrupt many of these afferent pain fibres
as they pass through the utero-sacral ligaments have
met with reasonable success in diminishing the pain of
primary dysmenorrhoea or secondary dysmenorrhoea and
dyspareunia associated with endometriosis.

1.2.1.8 Theories of Origin
Friedrich von Recklinghausen, (Fig. 1.11) a German pathologist
born in Gütersloh in Westphalia studied in Berlin under the
tutelage of Rudolf Virchov, who is widely regarded as the father

Fig. 1.10 Robert Lee (1793–1877). Described and illustrated the uterine
nerve supply in 1838. Reproduced from Baskett TF ‘On the Shoulders of
Giants’. RCOG Press, London.

Fig. 1.11 Friedrich von Recklinghausen (1833–1910) was the first to
name the condition as endometriosis in 1885. Reproduced from Baskett
TF ‘On the Shoulders of Giants’. RCOG Press, London.
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of modern pathology. He was a Professor at the University of
Würzburg and later at the University of Strasbourg and was
the first to name the condition as endometriosis in 188547 and
he suggested that it developed from tissue of Wolffian origin.
The first detailed pathologic description of the disease
was in 1860 by Carl von Rokitansky,52 a Czech research
pathologist working in Vienna, who supervised over 100,000
autopsies in his lifetime and was a great supporter of Ignaz
Semmelweiss. He also, with others, described the condition
of vaginal atresia known as the Rokitansky-Kustner-Hauser
syndrome. In the following year, he described the condition
of ovarian endometriosis, which was described by him as a
‘cystosarcoma adenidese ovarii uterinum’.50

spread laterally to blend with the anterior wall of the rectum
and the uterosacral ligaments. He also mentioned that these
may also invade the broad ligaments, encircle the ureter, and
break through into the vagina.
At the end of his address he said to the rather astounded
audience:
‘Many of you have undoubtedly seen them, but may not have
recognised them. They are of unusual importance and, if
overlooked, will in time cause the patient to become a chronic
invalid, and in some instances will undoubtedly lead to her
death.’
One cannot but feel that he then got rather carried away by
saying:

In 1896, Thomas Cullen (Fig. 1.12) described adenomyoma of
the round ligaments, which he asserted was tissue of Mullerian
origin.8 Cullen was born in Bridgewater, Ontario, in Canada
from Anglo-Irish stock. He graduated from the University
of Toronto. He is famous for his observation now known as
Cullen’s sign describing the blue-black discolouration of the
umbilicus as a clue to an ectopic pregnancy, but it is ironic
that the paper describing this phenomenon was only one and
a half pages long. He was also among the first to describe
endometrial hyperplasia as a cause of menorrhagia. Two years
later, Iwanoff22 advocated the theory of serosal metaplasia and
the following year Russell, also writing in the Johns Hopkins
Hospital Bulletin described aberrant portions of the Mullerian
duct found in an ovary.53 Further ideas on the pathogenesis
were put forward during the late 19th century and developed
in the early part of the last century. In 1919, Thomas Cullen
described the adenoma of the rectovaginal septum in an
address to the ‘Western Surgical Association’ in Kansas
City, which was published in the ‘Archives of Surgery’ (now
‘JAMA Surgery’) the following year.9 He described tumours of
non-striped muscle, with islands of uterine mucosa scattered
throughout them, that arise from behind the cervix and that

1.2.1.9 Sampson Describes the Ovarian Endometrioma and Proposes
his Theory of Retrograde Menstruation
In 1921, Dr John Albertson Sampson (1873–1946) (Fig. 1.13),
who practiced in Albany, New York State, began a series of
reports starting with a description of ovarian endometriomas,
which he described as ‘perforating haemorrhagic (chocolate)
cysts of the ovary’.54 Once his interest had been fired, he began
to publish a series of reports on endometriosis, including
the possibility of malignant development55,56 and during the
following years, his theory of retrograde menstruation as the
main etiologic factor in the development of this disease was
published in a series of articles.57,58

Fig. 1.12 Thomas S. Cullen (1868–1953) described adenomyoma
of the round ligaments in 1896 and deep infiltrating endometriosis
(adenomyomas) of the recto-vaginal septum in 1919. Reproduced
from Baskett TF ‘On the Shoulders of Giants’. RCOG Press, London.

Fig. 1.13 John Albertson Sampson in 1921 described perforating
h aemorrhagic (chocolate) cysts of the ovary and later proposed the
theory of retrograde menstruation. Reproduced from Baskett TF
‘On the Shoulders of Giants’. RCOG Press, London.

‘In less than 10 years I feel sure that the surgeon will recognise
and operate on these ‘adenomyomas of the rectovaginal
septum’ long before the wall of the rectum or the broad
ligament have been involved.’
Some 97 years later very few gynaecologists seem able to
recognise this disease and appreciate the clinical importance
of the findings, let alone operate decisively to cure the patient.
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His explanation seemed eminently logical because he
surmised that the actual implantation of fragments of the shed
endometrium that had been regurgitated from the fimbrial
ends of the tubes explained the origin of the disease. This
seemed justified by the observation of menstrual blood in the
cul-de-sac at the time of laparotomy, and also that the sites of
implantation most frequently seen are in the pouch of Douglas
and the ovary closely adjacent to the tubal fimbriae and that
these viable fragments would be expected to gravitate to
these sites and implant and grow to produce the characteristic
lesions.
Sampson was born in Troy, New York State, and graduated
from Johns Hopkins (1795–1873) in Baltimore in 1899. He
was a bachelor and was fond of animals and trees. It is said
that he once changed a new car because his dog did not
like it.
After its publication, the Sampson theory gave rise to much
debate and still does to this day.49 The main objection
to Sampson’s theory of retrograde menstruation was
the frequent observations of endometriosis occurring at
distant sites, such as the umbilicus, inguinal lymph nodes,
the dome of the diaphragm, and the pleura, and this was
explained by the theory of coelomic metaplasia described
by Iwanoff22 and Meyer.35 Other theories were put forward
to explain the spread of endometriosis to distant sites and
the theory of endolymphatic spread was first proposed
by Halban.20 Sampson also demonstrated metastatic or
embolic endometriosis in the venous circulation, suggesting
that haematogenous dissemination of the disease was a
possibility.59 The first report of urinary tract involvement was
by Judd in 1921.25 There is almost certainly an element of truth
in all of these theories and the aetiology and pathogenesis of
endometriosis are eloquently described and summarised by
Story and Kennedy65 and by Nisolle and Foidart.41

Fig. 1.14 Dr. Georg Kelling (1866–1945). One of the fathers of
laparoscopy. Photo by Chris Sutton from an original photo supplied
by Prof. Dr. Liselotte Mettler.

1.2.2 The Era of Laparoscopy
and Laparoscopic Surgery

Before the introduction of culdoscopy and laparoscopy
endometriosis required a laparotomy for diagnosis and
possible treatment. Laparotomy was a painful procedure
associated with a considerable morbidity and occasional
mortality so was not embarked upon merely to make a
diagnosis but reserved for cases involving a large ovarian
endometrioma and even then it was justified by the need to
rule out malignancy.
The first endoscopy on a human was performed in 1901 by
von Ott43 from St. Petersburg, Russia, who examined the
abdominal cavity of a pregnant woman through a culdoscopic
incision in the posterior vaginal fornix using a head mirror to
reflect the light. In 1901, Dr. Georg Kelling (Fig. 1.14), who was
a Professor in Dresden, in an address he gave to the German
Biological and Medical Society in Hamburg, described the
visual examination of the stomach and oesophagus in the
human and additionally the use of a cystoscope to visualise
the viscera of a dog using air filtered through cotton wool to
produce a pneumoperitoneum.26 The credit for the first true
laparoscopy on a human must go to Hans Christian Jacobaeus
(Fig. 1.15) of Stockholm,23 who in 1910 described inspection of
the peritoneal, thoracic, and pericardial cavities.

Fig. 1.15 Hans Christian Jacobaeus (1879–1937) of Stockholm, Sweden.
The first person to perform laparoscopy on humans. Photo from the
Archives of the Minimal Access Therapy Training Unit, Guildford ,UK.
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1.2.2.1 The Development of Operative Laparoscopy
It is interesting that surgeons from the United States of
America were actively involved in the early development of
laparoscopy,18 but in the 1940’s the technique was virtually
abandoned in North America and replaced by culdoscopy
in many centres.11 Nevertheless, laparoscopy continued to
develop in Europe under the influence of Raoul Palmer from
Paris44 (Fig. 1.16) and later Hans Frangenheim from Konstanz
in Germany.16
Presumably, the Second World War presented difficulties in
communication and exchange of ideas across the Atlantic
Ocean and it was not until Patrick Steptoe (Fig. 1.17) visited Raoul
Palmer in Paris and subsequently described the technique
of laparoscopy in his book ‘Laparoscopy in Gynaecology’

that the first practical textbook in the English language was
published in 1967.64 In that volume, Steptoe described several
laparoscopic operations, including aspiration of ovarian cysts
and simple ovarian cystectomy, as well as laparoscopic
ventro-suspension, which is rarely practiced nowadays. As
is well known, Steptoe continued his interest in laparoscopy
and many surgeons from the United Kingdom visited him to
learn this new technique, even though it meant journeying
to Oldham, an industrial town in Lancashire, in the North of
England. In spite of the drabness of the surroundings, work of
universal importance was taking place with the collaboration
of the physiologist and embryologist Robert Edwards (1925–
2013) from Cambridge University’s Department of Physiology,
which eventually resulted in the first baby produced by in vitro
fertilisation in the world: Louise Brown was born in Oldham at
nearly midnight on the 25th July 1978.
Initially laparoscopy was used for diagnosis and relatively
simple therapeutic procedures such as female sterilisation and
puncture or fenestration of benign ovarian cysts but gradually
became more sophisticated owing much to the pioneering
work of Professor Kurt Semm60 (Fig. 1.18) of Kiel University
in Northern Germany and the gifted team of surgeons led
by Professor Maurice Bruhat (Fig. 1.19) at the University of
Clermont Ferrand in the Auvergne in France.5 Endometriosis
was the disease that benefited most since the visualisation
of the characteristic lesions afforded by the laparoscope
allowed it to be diagnosed accurately and as power sources
were developed which enabled it to be treated surgically at
the same time.68

Fig. 1.16 Dr. Raoul Palmer (1904–1985) from Paris.
Generally considered the ‘Father of Operative Laparoscopy’
Photo by kind permission of the late Mme Elizabeth Palmer.

Fig. 1.17 Patrick Steptoe (1913–1988) from Oldham,
near Manchester, UK. One of the pioneers of In-Vitro Fertilisation
who wrote the first book in English on Laparoscopy.
Photo supplied by the late Patrick Steptoe.

Fig. 1.18 Professor Kurt Semm (1927–2003) from Kiel, Germany, one of
the great advocates and teachers of laparoscopic surgery and an inventor
of much of the original equipment. Photo taken by Chris Sutton on his visit
to the Minimal Access Therapy Training Unit in Guildford, UK.
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Redwine suggested that there appeared to be a relationship
between the colour and the age of the endometrial implants
and indeed even with the age of the patient; the nonhaemorrhagic lesions are more usually found in young women
and the black deposits laden with hemosiderin are more
common in older patients.48
Martin et al. pioneered excisional techniques using the CO2
laser laparoscopically for the treatment of abnormal appearing
peritoneum33 which provided the basis for extensive histologic
studies of abnormal peritoneum, and, in a subsequent
study, used up to 20 descriptive terms to characterise the
appearance of endometriosis.

Fig. 1.19 Professor Maurice Bruhat (1934–2014) from the University
of the Auvergne in Clermont Ferrand in France who performed the first
laparoscopic removal of an ectopic pregnancy with Dr. Hubert Manhes.
Photo given to Chris Sutton by the late Maurice Bruhat.

1.2.2.2 The Evolution of the Laparoscopic Appearances
of Endometriosis
When he was describing the appearances of endometriosis
at laparotomy, Sampson used terms such as red raspberries,
purple raspberries, blueberries, blebs, and peritoneal
pockets in his original series of articles.56–58 Subsequent
articles tended to emphasise the blue or black classical
‘powder-burn’ appearance of endometriosis and, certainly,
in the 1970s this was considered the hallmark of the
diagnosis of endometriosis to the extent that this was
called a ‘typical’ lesion. This attitude changed completely
with the publication of the seminal paper by Jansen and
Russell, entitled ‘Non-pigmented endometriosis: clinical,
laparoscopic and pathological definition’, which described a
whole range of different appearances such as white opacified
peritoneum resembling vesicles or ‘sago-grains’, red flamelike telangiectatic lesions, and glandular lesions resembling
endometrium at hysteroscopy.24 Jansen and Russell showed
that many of these macroscopic appearances are associated
with active endometriosis by demonstrating endometrial
glands and stroma on histologic inspection of peritoneal
biopsies in 67–81 % of cases. Other lesions such as subovarian adhesions, yellow-brown peritoneal patches, and
circular peritoneal defects had endometriosis in 50 % of the
biopsies. In fact, although Sampson had mentioned peritoneal
pouches in his original description, they later became
associated with two gynaecologists from the Southern
United States, Allen and Masters.2 These Southern gentlemen
suggested that these lesions, which were particularly common
in the Afro-Caribbean population, were due to childbirth
trauma or possibly damage from vigorous sexual intercourse,
but it was found that biopsy of the base of these peritoneal
defects virtually always revealed endometriosis and a causal
relationship was postulated.6 It is my belief that they represent
the early stage of cul-de-sac obliteration, which later develops
into deep infiltrating endometriosis.

1.2.2.3 The Appliance of Science
The Carbon Dioxide laser was introduced by Bruhat and
his team from Clermont Ferrand,5 and in the early days of
operative laparoscopy became a popular energy source for the
laparoscopic vaporisation or excision of superficial peritoneal
endometriosis and was shown to be safe and extremely
precise with very little damage to surrounding tissue and with
little residual debris the vaporised implants healed perfectly
with virtually no scar formation, fibrosis or tissue contraction.66
Although by modern standards this would seem an expensive
way to deliver energy via the laparoscope, this was in the late
1970’s and mid 1980’s during the initial phase of laparoscopic
surgery when instruments were reusable and scissors were
not self sharpening or designed for single use. At that time
electrosurgery did not have the same safeguards to prevent
burns from insulation failure or capacitative coupling that is
incorporated into modern electrosurgical generators and there
was sufficient concern over the incidence of electrosurgical
injuries that it was banned in Germany for a length of time
and Semm introduced endocoagulation, whereby the tissue
was heated slowly to 120 °C to denature protein and cause
haemostasis and occlusion of vessels without any electric
current passing through the body.76
There were many retrospective studies from Europe and the
USA showing a pain relief rate of the order of 75 %10,12,15,39
and our own study with five year follow-up showed similar
pain relief and was also associated with a pregnancy rate
of 80 % with most women conceiving within a few months
of laser surgery.70 Although these results were remarkably
consistent, they were met with considerable scepticism from
our academic colleagues who felt that the personality of the
surgeon could influence the response of the women with
regard to improvement in pain scores.
Since evidence-based studies had been used in the evaluation
of medical therapy in endometriosis, we felt it necessary to
perform a double blind prospective randomised controlled
trial (RCT) in surgery that had never been attempted before.
My research team had the difficult task of recruiting women
into this study because patients had been referred specifically
for laparoscopic laser surgery and were asked to take part in a
trial where one arm would only have a diagnostic laparoscopy
but would have the same incisions and, in order to remove
bias, the operation details were sealed and follow-up was
documented by a research nurse, who was unaware of
the details of the surgery. Thus it was entirely double blind
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comparing treatment or no treatment and neither the patient
nor the nurse involved in the follow-up would know which arm
of the trial they were in. The results showed a large placebo
response in the no-treatment group at three months but at
six months there was a significant difference in the two
groups and the visual analogue pain scores had improved
considerably in the laser treatment group, but had returned to
pre-operative levels in the women who only had a diagnostic
laparoscopy.74
Although this study had full ethical approval and in order not
to penalise patients, who did not have laser treatment and
failed to have pain relief, they were offered such treatment as
soon as it could be arranged after the six month follow-up
visit. Nevertheless, the study had certain limitations in that
we were only allowed to include women with minimal, mild
and moderate stages of endometriosis since our results for
severe endometriosis in a previous study had been excellent
and it was deemed ethically wrong to withhold treatment for
those women with severe (Stage IV) disease.77 Additionally, a
priest on the ethics committee had deemed it unacceptable to
ask questions about sex-related activity such as dyspareunia
and quality of sexual satisfaction. Happily, my good friend
Professor Ray Garry (Fig. 1.20) conducted a virtually identical
study in his department at the James Cook University Hospital
in Middlesborough and addressed Quality-of-Life issues and
included all stages of the disease and came up with virtually
identical results.1
There was a further criticism based on the fact that our
standard treatment protocol involved laser vaporisation of all
endometriosis implants and vaporisation of the pain fibres in
the Lee-Frankenhauser plexus that pass through the uterosacral ligaments. We then had to perform a further double
blind prospective RCT with one group having a laparoscopic
uterine nerve ablation (LUNA) with vaporisation of the implants
and the other having vaporisation alone. This was an easier
trial to recruit patients since they all had a some form of laser
treatment and the results showed that the LUNA did not add
anything to the pain relief.72

1.2.2.4 Deep Infiltrating Endometriosis
In a 3-year prospective study of 643 consecutive laparoscopies
in the early 1990s, Koninckx et al. demonstrated a highly
significant correlation between pain and the depth of the
endometriotic implant and showed that deeply infiltrating
endometriosis was found primarily in the retroperitoneal areas
in the rectovaginal septum, the uterosacral ligaments, and,
occasionally, in the pelvic sidewall around the ureter and the
utero-vesical fold.31 These sclerotic lesions with considerable
fibromuscular hyperplasia can often be palpated rather than
seen and are best diagnosed by a clinical examination,
preferably performed during menstruation.
As the 1990s slowly turned into the new millennium, it became
increasingly obvious that most tertiary referral centres dealing
with a large volume of women with endometriosis were seeing
more patients with deep infiltrating disease and many with
bowel involvement presenting with painful rectal bleeding
during menstruation. Many of these patients had such obvious
large painful nodules in the vaginal fornices that it is difficult for
me to believe that this disease existed to the same extent 20
years ago. I am strongly of the opinion that it is a new disease
that is increasingly common and not due to the fact that we
did not recognize it in the past.
This type of disease requires patients to be referred to special
centres of excellence where they can be cared by an expert
team of laparoscopic gynaecological surgeons with access
to power sources they are most comfortable with,78 be it
electrosurgery with or without ultrasonic energy, different
wavelength lasers, argon neutral plasma energy or simply
scissors that cut efficiently and devices to adequately seal large
bleeding vessels. They should have access to 3-D cameras
and Da Vinci Robots if they wish and have the requisite
skills and finance to use them but, above all, they should be
involved with expert laparoscopic colorectal and urological
surgeons with special expertise, interest and knowledge of
this strange disease and its protean manifestations. The team
should be backed up by a team of caring and understanding
nurses and involve pain specialists, interested physicians
and pharmacologists, psychologists and even alternative
medicine practitioners.
All of these, and the skills and practical approaches they
employ, are covered in this comprehensive textbook that aims
to make a significant therapeutic improvement in women who
suffer from this strange, painful and poorly understood affliction.
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1.3

Etiology and Pathogenesis

Liselotte Mettlera
1.3.1 Introduction

Endometriosis was originally described more than 300 years
ago. It is a chronic, estrogen-dependent, inflammatory
disease with a worldwide prevalence of 10–30 % in women
of reproductive age. Characterized by the growth of
endometrium-like tissue at aberrant sites outside the uterus,
it is responsible for symptoms that may include chronic pelvic
pain, inflammation, dysmenorrhea, dyspareunia, and sub
fertility. Symptoms of this kind are known to significantly
degrade the quality of life. In Germany, the direct and
indirect economic costs of endometriosis are approximately
1.5 billion euros.12 The costs in the U.S. are significantly
greater, estimated at 20 billion dollars.
Despite decades of research, the etiology and pathogenesis
of endometriosis are not yet fully understood. This chapter
aims to compile current published details on the pathogenesis
of endometriosis, with a specific focus on mechanisms
behind the vascularization of lesions and the contribution of
immune factors. The role of hormones, immune cells, and
cytokine signaling is highlighted. We also survey current
pharmaceutical options available for pain management in
women with this lifelong, potentially treatable disease.

Endometriosis continues to confront and challenge all
clinicians and researchers working in the field, and especially
patients suffering from the disease. In 2010 Linda Giudice
published an evidence-based evaluation of endometriosis,
in which she expressed the need for additional randomized
controlled studies and clinical research.21

1.3.2 History

As noted in the previous chapter, Carl von Rokitansky
(1804–1878) published the first histological description of
endometriosis in 1860 (Figs. 1.21, 1.22). Endometriosis has
already assumed ‘mythical’ proportions from a scientific and
clinical perspective. The disease has been and is provoking
scientists and clinicians in its diverse presentations as
endometriosis, adenomyosis, endosalpingiosis, endo
salpingitis nodosa, endocervicosis, and müllerianosis. This
chronic, occult disease was described in the 19th century
as having a difficult pathologic anatomy. It is hoped that the
exploration of its immunologic and genetic etiologies will help
to foster new treatments in the 21st century.
The most extensive survey on the history of endometriosis is a
unique book written by Ronald E. Batt, in which he d
 escribes
the philosophical, poetic, intellectual, and pathohistologic
aspects of the disease.6 He bases the final recognition of
metriosis by Rokitansky on the background of the
endo
Goethe University-educated Alexander von Humboldt,
Johannes Peter Müller, and on the history of embryology.
Rokitansky eventually emerged as the first full-time anatomic
pathologist. The Viennese Medical School gave Rokitansky
the opportunity to write a handbook on pathological anatomy
in which he described the then-new disease (1860).

Fig. 1.21 Portrait of Carl von Rokitansky (1860).
a |	Professor Emerita, MD; Department of Obstetrics and Gynecology,

Kiel School of Gynecological Endoscopy, University Hospitals of
Schleswig-Holstein, Kiel Campus, Kiel, Germany
Corresponding author:
Prof. Dr. med. Dr. h.c. mult. Liselotte Mettler
Klinik für Gynäkologie und Geburtshilfe
Universitätsklinikum Schleswig-Holstein (UKSH)
Campus Kiel
Arnold-Heller-Strasse 3
24105 Kiel, Germany
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Fig. 1.22 First article by Carl von Rokitansky on endometriosis, published
in the Journal of the Physicians’ Society of Vienna, Austria. ‘New growth of
uterine glands in sarcomas of the uterus and ovaries,’ 1860.54
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The developmental steps in understanding endometriosis
progressed from the early years of Rokitansky to Thomas
Cullen and John A. Sampson, who described the disease with
reference to philosophical aspects from Immanuel Kant.

1.3.3 Theories on the Pathogenesis of Endometriosis
Eight different theories have been advanced on the etiology
of endometriosis as a complex, multifactorial, benign disease
involving hormonal, genetic, immunologic, and environmental
components (Table 1.1). Specifically, all expressions of endo
metriosis, including its deep and superficial forms, can be
explained by the following theories:
Theory

Mode of action

Retrograde menstruation Transport of endometrial cells through the
fallopian tubes into the lesser pelvis, allowing
implantation of endometrial lesions
Metaplasia

Transformation of peritoneal tissue/cells into
endometrial tissue through hormonal and/or
immunological factors

Hormones

Proliferation of endometrial lesions in
response to estrogens. Resistance to
progesterone-mediated control of endometrial
proliferation

Oxidative stress and
inflammation

Activation of immune cells and cytokines to
promote endometrial growth

Immune dysfunction

Hampers the elimination of menstrual debris
and promotes the implantation of endometrial
lesions

Apoptosis suppression

Supports the survival of endometrial cells and
the down-regulation of apoptotic pathways

Genetics

Basis for the increased attachment of endometrial cells and their ability to evade immune
clearance

Stem cells

Endometriotic deposits of undifferentiated
cells with natural regenerative capacity

Table 1.1 Theories on the etiology of endometriosis.

1.3.4 Retrograde Menstruation
The retrograde menstruation theory (according to Sampson) is
the oldest principle explaining the etiology of endometriosis. It
states that endometriosis results from the reflux of sloughed
endometrial cells and debris through the fallopian tubes into the
pelvic cavity during menstruation.57 But retrograde menstruation
occurs in 76–90 % of women with patent fallopian tubes, and
not all of these women develop endometriosis.59 The greater
volume of retrograde menstrual fluid found in the pelvises of
endometriosis patients compared with healthy women may
increase the risk for implantation of endometriotic lesions.34
In studies of nonhuman primate models, endometriosis can
be induced by inoculating autologous menstrual products
simulating retrograde menstruation into the peritoneal cavity
of baboons and macaques.29 With a single, direct inoculation
of menstrual endometrial tissue into the pelvic cavity, up to
46 % of animals showed development of endometriotic
lesions in the pelvic cavity.15 A full 100 % of animals developed
peritoneal endometriotic lesions after two consecutive cycles
of inoculations of curetted menstrual endometrium. These
lesions were found to be histologically and clinically similar
to human ectopic endometriotic lesions.14 Moreover, in a

recent study deep nodular endometriosis was generated
by the ectopic implantation of full-thickness endometrium
including the basalis layer, underscoring the involvement of the
endometrial basalis in the development of ectopic lesions.17
However, only well-differentiated cells from the superficial
functional layer of the endometrium are normally shed with
the menstrual flow, while the deep basalis layer remains intact
for life. Regeneration of the endometrial functional layer after
menstrual shedding is believed to originate from the basal
layer.68 Thus, when this basalis tissue, with the ability to
generate an endometrial functional layer, is introduced into the
pelvis, the processes that occur in nonhuman primate models
may not fully mimic the events of spontaneous retrograde
menstruation. Further evidence to support the Sampson
theory comes from the observation that factors obstructing
menstruation, such as congenital anomalies including
imperforate hymen and iatrogenic cervical stenosis, increase
retrograde menstruation and heighten the risk for developing
endometriosis.10 Increased retrograde menstruation through
experimentally induced cervical stenosis has also caused
endometriosis in nonhuman primate models.15 The location of
superficial endometriotic lesions in the posterior aspect and
left side of the pelvis may be due to gravitational effects on
refluxed menstrual products and the anatomic position of the
sigmoid colon.16 However, this theory has been disputed in
the past as it cannot explain the occurrence of endometriosis
in prepubescent girls, newborns, or males. Neonatal uterine
bleeding occurs in the immediate postnatal period in most
girls following the withdrawal of (maternal) ovarian hormones,
similar to menstrual bleeding, and the retrograde flow of this
material has been proposed as the cause of prepubertal
endometriosis.7

1.3.5 Metaplasia
Other theories suggest that endometriosis originates from
extrauterine cells that abnormally transdifferentiate or
transform into endometrial cells. The coelomic metaplasia
theory postulates that endometriosis results from the
metaplasia of specialized cells that are present in the
mesothelial lining of the visceral and abdominal peritoneum.23
Hormonal or immunologic factors are thought to stimulate
the transformation of normal peritoneal cells and tissue into
endometrium-like tissue.10 The coelomic metaplasia theory
may explain the occurrence of endometriosis in prepubertal
girls.19 However, the usual driving force for endometrial growth,
estrogen, is not present in prepubertal girls, and therefore
this condition may differ from endometriosis in women of
reproductive age.
Ectopic endometrial tissue has also been detected in female
fetuses, and it has been suggested that endometriosis
may result from defective embryogenesis. According to
this theory, residual embryonic wolffian or müllerian duct
cells persist and develop into endometriotic lesions that are
estrogen-responsive.10 Moreover, recent theories have cited
coelomic metaplasia as the origin for the adolescent variant
of the severe, progressive form of endometriosis.8 This theory
is imperfect, however, due to endometriotic lesions being
found in areas outside the distribution of the müllerian duct.
Others have also proposed that endogenous biochemical or
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immunologic factors induce resident undifferentiated cells
to differentiate into endometrial-like tissue at ectopic sites,
resulting in endometriosis.24 This theory is supported by
studies describing the hormone-dependent transformation of
peritoneal cells into müllerian-type cells.5

1.3.6 Hormones
Steroid hormones should play a central role in the etiology
of endometriosis, since it is a disease of reproductiveage women and is rare in postmenopausal women not on
hormonal therapy.53 Similar to the eutopic endometrium,
the growth of ectopic lesions is thought to be regulated
by ovarian steroid hormones. Estrogen is the driving force
of endometrial proliferation, and ectopic lesions may have
increased responsiveness to estrogen, thereby promoting the
development of endometriosis.5 Environmental toxins such as
dioxin have been implicated in the etiology of endometriosis
and may mimic estrogen through their interaction with estrogen
receptors.53 Moreover, there may be a higher bioavailability of
estradiol in endometriotic tissue due to the local aromatization
of circulating androgens to estradiol by endometriotic stromal
cells, and the conversion of estradiol to the less potent
estrone may be reduced due to a decreased expression
of 17ß-hydroxysteroid enzymes in ectopic endometriotic
tissue.10 These factors may explain the proliferationpromoting phenotype that has been described in ectopic
endometriotic tissue.5 Progesterone generally counteracts the
proliferation-promoting action of estrogen in healthy, eutopic
endometrium. Many authors believe that endometriosis is
marked by endometrial resistance to progesterone, which
plays a pivotal role in its pathogenesis.2,32 The harnessing of
the estrogen-driven mitotic/proliferative action of progesterone
on the endometrium during the secretory phase of the cycle
does not occur in endometriotic lesions, and sustained
proliferative activity is seen in the eutopic endometrium of
women with endometriosis during the secretory phase.9,28 The
progesterone resistance may result from a reduced expression
of progesterone receptors in endometriotic lesions or from a
functional abnormality of existing progesterone receptors.4

1.3.7 Oxidative Stress and Inflammation
Increased oxidation of lipoproteins has been linked to the
pathogenesis of endometriosis, where reactive oxygen species
(ROS) cause lipid peroxidation leading to DNA damage in
endometrial cells.48 The presence of water and electrolytes in
the increased peritoneal fluid volume of endometriosis patients
provides the source of ROS.70 These patients also have iron
overload in their peritoneal cavities from the breakdown of
hemoglobin, which in turn causes redox reactions.36 The
release of proinflammatory heme products and the oxidative
stress signals generated from the ROS incite an inflammatory
response, leading to the recruitment of lymphocytes and to
cytokine production by activated macrophages; this in turn
induces enzyme oxidation and promotes endothelial growth.24
The excess production of ROS is also accompanied by a
decreased level of antioxidants, which normally eliminate
these molecules.48,49 The resulting accumulation of ROS
may contribute to the propagation and maintenance of
endometriosis and associated symptoms.

1.3.8 Immune Dysfunction
The observation that autoimmune diseases are more common
in women with endometriosis suggests that the pathogenesis
of endometriosis may involve an alteration of immune
surveillance in these patients.63 Women with endometriosis
have higher levels of activated macrophages, decreased
cellular immunity, and repression of NK cell function.51,62 The
regurgitation of endometrial cells into the peritoneum triggers
an inflammatory response, leading to the local activation of
macrophages and leukocytes.37 This inflammatory response
may alter normal immune surveillance, preventing the
elimination of menstrual debris and promoting the implantation
and growth of endometrial cells at ectopic sites.11
With our studies on the macrophage growth-factor (M-CSF)
hypothesis in females with endometriosis, we elucidated the
interaction between the immune system and an abnormal
proliferation of epithelial cells in dystopic endometrium.26,45,71
The concentration of M-CSF in serum and fluid from the cul-desac was measured in enzyme-linked immunosorbent assays
(ELISA). Using an in-vitro reverse transcription polymerase
chain reaction (in-vitro RT-PCR), we were able to detect
c-fms mRNA encoding the M-CSF receptor in heterogenic
endometrial biopsies.46
It has also been theorized that the peritoneal immune clearance
occurring in nonhuman primates has been lost in humans
during the evolutionary process, and that this may contribute
to the persistence of menstrual debris in the pelvic cavity and
the subsequent development of endometriosis.17 Survival and
resistance to immune-cell-mediated lysis of endometriotic
cells is ensured by masking these ectopic cells to the
immune system, one mechanism being the ability of ectopic
endometrial cells to modulate the expression of HLA class I
molecules.61,62 Both immune and endometrial cells secrete
cytokines and growth factors, which induce cell proliferation
and angiogenesis that promote the implantation and growth
of ectopic lesions.67 Possibly as a consequence, women with
endometriosis have a higher expression of cytokines and
vascular endothelial growth factors in their peritoneal fluid,
which promotes the proliferation of endometrial cells and
angiogenesis.38,44

1.3.9 Suppression of Apoptosis and Alteration
of Endometrial Cell Fate
Alteration of the endometrial cell fate to favor an antiapoptotic
and proproliferative phenotype is paramount for the survival
of endometrial cells in the peritoneal cavity, their ability to
form ectopic deposits, and for the maintenance of established
lesions.27 By examining matched eutopic endometrium
and ectopic lesions from women with endometriosis and in
baboons with induced disease, we have recently shown that
telomerase enzyme may play a central role in this altered
endometrial cell phenotype.27,28
In our study of apoptotic activity using the terminal
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL)
method and proliferative activity measurement with Ki-67
antigens and monoclonal antibody Ki-S5, we found that
13–47 % of women with endometriosis had positive apoptotic
activity with a proliferative activity of 12–25 % of epithelial
cells.35,55
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This led us to conclude that the persistence of dystopic
endometrial particles requires proliferative epithelial cells
from the middle to lower endometrial layers. Superficial
dystopic epithelial cells can easily be eliminated by apoptotic
activation.56
There is considerable evidence indicating an upregulation
of antiapoptotic and prosurvival genes and a reciprocal
downregulation of the genes regulating the apoptosis
pathway in ectopic endometrial cells.18 In addition to
decreased scavenger activity, the endometrium in patients
with endometriosis expresses higher levels of antiapoptotic
factors.64 The inhibition of apoptosis in endometrial cells may
also be mediated by the transcriptional activation of genes
that normally promote inflammation, angiogenesis, and cell
proliferation.22

1.3.10 Genetics
A genetic basis for the development of endometriosis is
suggested by reports of familial aggregation, an increased
risk in those with an affected first-degree relative,60 and
the concordance of endometriosis in twins.25 A great many
studies have cited genetic polymorphisms as a contributory
factor to the development of endometriosis. Endometriosis
has a polygenic mode of inheritance that is likely to involve
multiple loci, and some chromosomal regions were reported
to be associated with the corresponding endometriosis
phenotype.3 Inherited as well as acquired genetic factors may
predispose women to the attachment of ectopic endometrial
cells to the peritoneal epithelium and the evasion of those
lesions from immune clearance.16 Differences in genes
and protein expression between patients with and without
endometriosis have been reported.43 Genes that have been
implicated in the pathogenesis of endometriosis include
those encoding for detoxification enzymes, polymorphism
in estrogen receptors, and genes involved in the innate
immune system.5 Genetic predisposition can increase the
frequency of cellular damage. Genetic mutations that cause
cell damage can promote the progression of endometriosis,
since women with endometriosis show altered endometrial
cell behavior that favors extrauterine adhesion and growth.33
Several authors in recent decades have employed gene
arrays to identify endometriosis-related genes. Using laser
capture microdissection as well as high-throughput and highresolution comparative genomic hybridization (CGH) arrays,
researchers have discovered significant genomic alterations
in both eutopic and ectopic endometria of women with
endometriosis.1,31 Recent genome-wide association studies
have also identified new loci for endometriosis.3 Collectively,
these data suggest that different types of endometriosis may
be associated with changes in different gene clusters that
regulate specific functional aberrations in cells.

1.3.11 Stem Cells
The monthly regeneration of the endometrium after menstrual
shedding and reepithelialization of the endometrium after
parturition or surgical curettage support the existence of a
stem cell pool.66 Since the endometrial basalis is not sloughed
with the monthly menstrual shedding of the functionalis,
the stem cells are believed to reside in the basalis layer.52
Clonogenic cells, which are thought to represent the stem cell

population in the human endometrium, have recently been
identified and proposed to be involved in the formation of
ectopic endometrial lesions.13
Stem cells are undifferentiated cells characterized by an
ability to self-renew and differentiate into one or more types of
specialized cells.30 Differentiation is defined as a change in cell
phenotype secondary to an alteration in its gene expression,
enabling the cell to carry out a specific function.19 Endometrial
self-generation may occur through stem cells in specific
niches of the endometrium.50 The undifferentiated endometrial
stem cells may be less responsive to ovarian steroids than
their terminally differentiated progeny due to a lack of hormone
receptor expression.20 In addition to the resident endometrial
stem cells, the incorporation of circulating bone-marrowderived stem cells may contribute to the cyclic regeneration
of the endometrium.65
Stem cell involvement in the formation of endometriotic
deposits could result from an abnormal translocation of
normal endometrial basalis via retrograde menstruation.42
Brosens et al. postulated that uterine bleeding in neonatal girls
has a high content of endometrial progenitor cells.8 Some of
these cells may deposit and survive in the peritoneal cavity
after retrograde flow and may reactivate during adolescence
in response to ovarian hormones.8 However, no current
data are available on the amount of endometrial stem cells
or progenitor cells present in the neonatal period compared
with adult endometrium. Furthermore, since even the ageing
postmenopausal endometrium appears to have enough
progenitor cells to generate a normal, competent functionalis
with essential hormonal stimulation, it seems unlikely that
there are significant differences in progenitor activity between
the premenopausal and postmenopausal endometrium.
Leyendecker et al. proposed that women with endometriosis
abnormally shed endometrial basalis tissue, which can initiate
endometriotic deposits after retrograde menstruation.39 The
observation of endometriosis induction in the baboon model,
where stem-cell-rich endometrial basalis implanted in the
pelvic cavity produced 100 % induction of endometriosis in
all animals, may further support Leyendecker’s theory. If the
basalis contains the stem/progenitor cells, they are more likely
to survive and initiate endometriotic deposits in the pelvis than
differentiated endometrial cells from the functionalis. With
their natural ability to regenerate, these stem cells may give
rise to new endometriotic deposits. The fact that women with
endometriosis may shed significantly more of the stem-cell-rich
basalis layer than healthy women,39 plus the similarity noted
between ectopic lesions and the basalis layer,68 may support
the possibility of retrograde menstruation providing an access
route for endometrial stem cells to extrauterine structures.13,39
Alternatively, these stem cells may be transported to ectopic
sites via lymphatic or vascular pathways.41 The fact that some
endometrial stem cells are of bone-marrow origin further
supports the hematogenous dissemination theory of these
cells.40 Recent studies further suggest that mobile stem cells
may be involved in endometriosis progression, based on
the finding that cells derived from ectopic lesions in induced
endometriosis migrated to eutopic endometrium.40 However,
since stem cells are normally expected to differentiate into
mature cells in concordance with their environmental niche,
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the presumably multipotent endometrial stem cells in the
peritoneal cavity should differentiate into peritoneal-type
cells. It is possible that the deposition of endometrial tissue
fragments containing both endometrial stem cells and their
niche cells in the peritoneal cavity promote the regeneration
of endometrium-like tissue, due to the signal received by the
stem cells from the surrounding endometrial niche cells. On
the other hand, the relocation of an aberrant or committed
stem cell from the endometrium to an ectopic site may
also generate endometrium-like lesions. Endometrial tissue
produces several chemokines and angiogenic cytokines,
which presumably induce neovascularization at the ectopic
sites to ensure the establishment of the lesions.58

3. Albertsen HM, Chettier R, Farrington P, Ward K.
Genome-wide association study link novel loci to endometriosis.
PLoS One 2013;8(3):e58257. doi:10.1371/journal.pone.0058257.

A further possibility of stem cell involvement in endometriosis
is the transdifferentiation of peritoneal, hematopoietic, or
ovarian stem cells into endometrium-like tissue. The peritoneal
cavity communicates directly with the uterine cavity, enabling
a free flow of cytokine- and chemokine-rich fluid between
the two environments. This direct connection may regulate
the endometrium-like differentiation of the resident stem
cell population in the peritoneal cavity. While this theory is
plausible, the reasons for such specific differentiation of
peritoneal stem cells into endometrium-like tissue in no more
than 10 % of the female population remain unexplained.

7. Brosens I, Benagiano G. Is neonatal uterine bleeding involved
in the pathogenesis of endometriosis as a source of stem cells?
Fertil Steril 2013;100(3):622–3. doi:10.1016/j.fertnstert.2013.04.046.

1.3.12 Discussion and Summary
No theory on the pathogenesis of endometriosis covers
all manifestations of this disease, although the retrograde
menstruation theory is widely accepted and does explain
the wide dissemination of endometrial cells. Defective
immune clearance and inflammation are systems of interest
in explaining the establishment of endometriotic implants.
Inciting factors and genetic susceptibilities shed further light
on the development of endometriosis.
The lesions of endometriosis are morphologically diverse
(vesicular type, red lesions, scar type, white lesions, ‘old
bloodshed’ type, black powder-burn lesions) and cannot
always be diagnosed, even histologically.47 The progression
of red lesions to a fibrotic stage with white plugs occurs
predominantly in older women, while a cyclic inflammatory
response is typical of peritoneal endometriotic lesions
in younger women. Endometriosis has a wide range of
appearances, and only an orchestrated etiology can explain
it.69 Our present understanding of endometriosis allows for
preventive strategies and novel diagnostic modalities besides
classic surgical resection and holds promise for better
treatment options in the future.
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Pathology of Endometriosis

Dietmar Schmidt a
1.4.1 Introduction

Endometriosis is an extremely common condition, especially
in women of reproductive age. Even though the clinical
diagnosis is usually confirmed by histological examination,
only a few representative biopsies are usually taken. Given the
presence of endometriosis in the tissue specimen, diagnosis
can be established in a straightforward way in the majority
of cases,6 but pitfalls may occur, and pathologists should be
aware of these potential diagnostic problems.13
In the following, the most significant morphological features
of endometriosis are described including those which do not
demonstrate endometriosis itself, but may be useful in the
diagnosis of the disease.
1.4.1.1 Definition
Endometriosis is defined as the presence of endometrial tissue
consisting of glands and stroma outside the endometrium and
myometrium.

1.4.2 Macroscopic Findings

Endometriosis may manifest with superficial ‘powder burn’
or ‘gunshot’ lesions on the ovaries, serosal surfaces and
peritoneum. The lesions may present as punctate, red,
blue, brown or white spots, patches or nodules. They often
appear as nodules or small cysts containing old hemorrhage
surrounded by a variable extent of fibrosis. Atypical or ‘subtle’
lesions are also common, including red implants (petechial,
vesicular, polypoid, hemorrhagic, red flame-like) and serous
or clear vesicles.
Endometriotic cysts (endometriomas) most often involve the
ovaries. They usually have a fibrotic wall with a smooth or
shaggy brown to yellow lining. Typically, they show a semifluid or inspissated chocolate-colored content. Such cysts are
often densely adherent to the peritoneum of the ovarian fossa,
and the surrounding fibrosis may involve the tubes and bowel.
Mural nodules or intraluminal polypoid projections may be
seen. They must be sampled in order to exclude the presence
of a neoplasm originating in the cyst which is found to develop
in up to 3 %.

Polypoid endometriosis is characterized by polypoid, often
multiple, mucosal or serosal masses that may mimick a
neoplasm. Typical endometriosis is often present in the same
site or elsewhere.

1.4.3 Microscopic Findings

1.4.3.1 Typical Findings
In most cases of endometriosis, both endometriotic epithelium
and stroma are present (Fig. 1.23). However, a diagnosis of
endometriosis often can be made despite the fact that only
one of the two components is identified. The endometriotic
foci can be hormonally responsive, but this depends on
various factors including the amount of stroma surrounding
the glands, the degree of vascularity, and the degree of
fibrosis.
In most endometriotic foci, the glands are either inactive
or slightly proliferative, only rarely secretory. They usually
do not reflect the histologic appearances expected at the
appropriate stages of the menstrual cycle, and commonly
lack cyclic changes. Occasionally, they appear atrophic and
are lined by a single layer of cuboidal or attenuated epithelial
cells. Metaplastic changes are quite common, especially in
cystic ovarian endometriosis including squamous, ciliated,
mucinous (Fig. 1.24), hobnail-like and clear cell metaplasia
(Fig. 1.25).
The stromal component usually resembles typical endometrial
stroma including a network of arterioles. Delicate reticulin fibrils
are present between the stromal cells. Smooth muscle cells
can be seen to be associated with these cells. Incidentally,
there is only a small cuff of stromal component around endometriotic glands or cysts. In other cases, the stromal cells may
assume a spindle-shaped and fibroblast-like appearance.
Not infrequently, identification of the stromal cells can be

Deeply infiltrating endometriotic nodules may extend > 5 mm
beneath the peritoneum and may involve the uterosacral ligaments, vagina, bowel, bladder, or ureter.
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Fig. 1.23 Endometriosis of the infundibulo-pelvic ligament, consisting of
glandular structures surrounded by stromal cells.
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Fig. 1.24 Epithelial cells with mucinous metaplasia
(intense blue staining of mucus).

Fig. 1.25 Endometriotic cyst with clear cell metaplasia of the epithelial
lining cells.

compromised by the presence of varying numbers of histiocytic cells and extravasated erythrocytes. Menstrual
hemorrhage is common and may even serve as a clue to the
diagnosis of endometriosis. The histiocytes typically contain
lipid and two types of brown granular pigment (Fig. 1.26), ceroid
(lipofuscin, hemofuscin) and hemosiderin (Fig. 1.27).

In immunohistochemistry, the stromal cells are CD10-positive
(Figs. 1.28a,b). Staining for the endometrial stromal antigen CD10
has been shown to facilitate identification when the stromal
component is sparse or obscured by histiocytes. This method
is also helpful in the diagnosis of cases, which lack a distinct
glandular component and only consist of a stromal component.

Fig. 1.26 Pigmented histiocytes (containing ceroid) beneath the
epithelial cells in an endometriotic cyst.

Fig. 1.27 Histiocytes with hemosiderin in the cytoplasm
(blue staining with Prussian blue dye).

a	   b
Fig. 1.28a, b Endometriotic cyst lined by cuboidal cells (a). Stromal cells beneath this cell layer stain positively for CD10 (b), whereas spindle cells in
the adjacent ovarian cortex are CD10-negative.
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Myxoid change in the stromal component may mimick
metastatic mucinous adenocarcinoma or pseudomyxoma
peritonei. However, in a nutshell, the presence of typical
endometrial glands and stroma is a histological finding that
facilitates the diagnosis.

Stromal Endometriosis
Stromal endometriosis refers to endometriotic foci composed
of endometriotic stroma only. These foci can be very small
and may thus be easily overlooked and underdiagnosed
(Fig. 1.29). It has been described in the peritoneum, cervix,
ovary, omentum and in other sites. In one study, it was
identified in 44.9 % of peritoneal biopsies.2 These foci either
occur in association with typical endometriosis or as the only
manifestation of the disease. They usually present as serosal
or subserosal nodules or plaques. Following completion of
progestin treatment, the stromal cells can exhibit features of
decidualization (Fig. 1.30). These cells may contain cytoplasmic
vacuoles resembling signet-ring-like cells. However, they are
cytokeratin-negative cells. Stromal endometriosis can also be
found within the ovarian stroma and in the superficial stroma
of the uterine cervix (Fig. 1.31). This is usually an incidental
finding not associated with pelvic endometriosis.

Polypoid Endometriosis
Polypoid endometriosis may mimick an endometrial polyp24
or a neoplasm clinically, macroscopically and microscopically,
most often adenosarcoma.5 It is characterized by polypoid,
often multiple, mucosal, or serosal masses (Fig. 1.32). Typical
endometriosis is often present in the same site or elsewhere.
The most common sites of occurrence are: colon, ovary,
uterine serosa, cervicovaginal mucosa, ureter, fallopian tube,
omentum, bladder, paraurethral and paravaginal soft tissue,
and retroperitoneum.24

Fig. 1.29 Stromal endometriosis with no identifiable glands.

Fig. 1.30 Endometriosis with decidualized stroma. Glands are atrophic.

Fig. 1.31 Superficial stromal endometriosis of the cervix after preceding
curettage.

Fig. 1.32 Polypoid endometriosis consisting of a thick fragment of
polypoid endometriotic tissue.
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1.4.3.2 Atypical Endometriosis
The term ‘atypical endometriosis’ has been used in the
literature to describe the following changes:



Endometriosis with atypia of the glandular epithelium
Endometriosis with hyperplasia, without and with atypia.

Cytologic atypia in endometriotic cysts is not a rare finding.
Czernobilsky and Morris8 report on a frequency of 22 %,
3.6 % with strong atypia. The atypical form is seen focally
or multifocally, and consists of enlarged cells with a varying
amount of eosinophilic cytoplasm (Fig. 1.33) and pleomorphic
hyperchromatic nuclei with homogenized chromatin. Clear
cells and hobnail cells are sometimes found coincidentally,
in places with the formation of micropapillae and sometimes,
in addition, with mucinous metaplasia (papillary mucinous
metaplasia). According to Ballouk et al.,1 cases with severe
atypia were aneuploid, while those with minor or moderate
atypia showed a diploid DNA content.
In most cases of endometriotic cysts, atypical cells can be
attributed to reactive cell changes (Fig. 1.34) with a benign
clinical course. Nevertheless, the concurrent appearance

Fig. 1.33 Endometriotic cyst lined by eosinophilic cells with mild nuclear
atypia.

Fig. 1.34 Endometriotic gland with reactive nuclear changes.
Hemosiderin deposits (brown granules) in the cytoplasm.

of adenocarcinoma and seromucinous borderline tumor in
endometriotic cysts with atypia can give rise to suggest that
in some cases the atypia is not due to regressive change but
rather should be regarded as precancerous alteration. The
frequency of malignant transformation amounts to 0.6–0.8 %,
in cases of histologically confirmed endometriosis > 10 %.11
The rate of hyperplasia in endometriosis varies between 2 %8
and 9.4 %.26 Thus, it is clearly more infrequent than cytologic
atypia. The risk of malignant transformation probably
corresponds to that of atypical hyperplasia of the eutopic
endometrium.
1.4.3.3 Special Sites
Ovary
Up to 50 % of cases of ovarian endometriosis appear as
bilateral lesions, either as endometrium-like areas or as
endometriotic cysts whose origin can be only supposed with
longer existence. The size and state of these cysts is very
variable and can amount up to 15 cm in size. Microscopically,
the ovarian cortex is involved in most cases, occasionally
the endometriotic focus is located at the ovarian surface
(Fig. 1.35), possibly with concomitant adhesions. Reactive
changes in the form of adhesions, inflammatory changes
and mesothelial proliferations are frequently seen. In younger
patients, the diagnosis of endometriosis is usually easy to
make, nevertheless, in postmenopausal patients, the glands
and the surrounding stroma are often atrophic, and the ectatic
glands can be easily mistaken for inclusion cysts. Hyperplastic
changes in the glands are rare in patients of older age.
The stroma varies considerably in its magnitude and its content
of collagen fibres and cellular elements. Key diagnostic
features are pigmented histiocytes (pseudoxanthoma cells)
which often contain ceroid (lipofuscin, hemofuscin), but only
rarely hemosiderin. Depending on the age of the cyst, a
different lining can be found. In younger cysts, the endometrial
origin of the cyst can be demonstrated based on the cubic to
highly cylindrical epithelium. In older cysts or old cysts, only
granulation tissue or a thick band of hyalinized collagenous
tissue can be seen (Fig. 1.36), sometimes admixed with
pseudoxanthoma cells.

Fig. 1.35 Endometriosis of the fallopian tube. Dilated gland in the tubal
wall. Adhesions on the tubal surface.
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Fig. 1.36 Old endometriotic cyst with hyalinized cyst wall.

Fig. 1.37 Endometriosis (right half) and endosalpingiosis close to each
other. Endosalpingiosis is lined by serous epithelium, lacking endometrial
stroma.

The lining epithelium can show the same metaplastic
changes as the epithelium of the eutopic endometrium
including tubal, eosinophilic, squamous, mucinous and
hobnail-like metaplasia. Mucinous metaplasia is most often
of endocervical type, only rarely of intestinal type with goblet
cells. In a few cases, hobnail-like metaplasia takes on an
atypical appearance with enlarged pleomorphic nuclei. The
cytoplasm of these cells is usually eosinophilic and varies in
its amount.

because of the reactive smooth muscle hyperplasia around
the glandular epithelium. Tubal endometriosis may occur in
conjunction with endosalpingiosis. This lesion consists of
tubules or cysts with cuboidal or flattened epithelium-lacking
endometrial stroma (Fig. 1.37). Psammoma bodies may be
found in those lesions which indicate regression of the lesion.
These are usually not found in endometriosis.

Fallopian Tube
Endometriosis of the fallopian tube may exhibit various
manifestations. A highly distinctive albeit uncommon form is
signalled by the presence of endometrial tissue lining the tubal
mucosa itself. In the majority of these cases, the endometriosis
fills the entire lumen of the isthmic segment. This intraluminal
growth may be a cause of infertility. A more common finding
is the presence of endometriosis on the serosal surface of the
fallopian tube. Depending on the age of the lesion, fibrosis and
signs of repeated hemorrhage may be seen. Occasionally,
endometriotic foci may be found in the tubal wall. This
finding must be distinguished from salpingitis isthmica
nodosa. In contrast to endometriosis, this disease resembles
adenomyosis of the uterine myometrium. Salpingitis isthmica
nodosa often assumes a nodular macroscopic appearance

Fig. 1.38 Endometriosis of the abdominal wall in a scar after cesarean
section.

Abdominal Wall Endometriosis
Endometriosis of the abdominal wall is the most frequent site
of extrapelvic endometriosis. It consists of endometriotic foci
of varying size interspersed between adipose and connective
tissue, sometimes also in skeletal muscle (Fig. 1.38). It is usually
seen in patients with a prior history of surgical procedures.
The development of clear cell carcinoma in this location has
been described by several authors.7,10,14,30,32
Intestinal Endometriosis
The most common site of involvement is the rectosigmoid,
followed by the proximal colon, small intestine and caecum.
Endometriosis is also not an uncommon finding in the
appendix. All layers of the intestinal wall may be involved. The
subserosa and muscularis propria are the layers mainly affected
by endometriosis. Secondary fibrosis may lead to bowel wall
thickening, stricturing and luminal stenosis (Fig. 1.39). Mucosal

Fig. 1.39 Endometriosis of the large intestine. Dense inflammatory
infiltrate and fibrosis of the intestinal wall. There is no endometriotic
focus visible in this area.
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involvement may lead to deep fissuring into the muscularis
propria. Muscularis propria involvement with associated
fibrosis and/or smooth muscle hypertrophy may result in
the formation of a mass and the differential diagnosis of a
mesenchymal tumor. Mucosal and submucosal involvement
may manifest with so-called polypoid endometriosis,
mimicking a neoplastic polyp or inflammatory pseudopolyp.
In the case of extensive submucosal disease with surface
ulceration with rolled edges, a malignant tumor might be
considered.
Mural changes include smooth muscle hypertrophy, neuronal
hyperplasia and fibrosis around the foci of endometriosis.37
Endometriotic glands may be distributed haphazardly within
the mucosa and submucosa and can merge with the adjacent
colonic epithelium, mimicking an adenocarcinoma, especially
since some mitotic activity is not uncommon. The possible
identification of cilia and endometrioid stroma, however,
should prevent a misdiagnosis. Immunohistochemistry may
be of great help since endometriotic glands are positive with
CK7, CA125 and ER, and usually negative with CK20, CEA
and CDX2, while the adjacent large intestinal glands exhibit
the converse immunophenotype. The endometriotic stroma
will stain with ER and CD10. Mullerian type adenocarcinomas,
most commonly endometrioid and clear cell carcinoma,
may rarely arise within endometriosis of the intestine.31 The
diagnosis is often straightforward in a resection specimen as
adjacent foci of endometriosis are generally visible. Since the
morphology of clear cell carcinoma differs significantly from
most primary colorectal carcinomas, this diagnosis is a rather
straightforward matter. Morphological features that may
be helpful in diagnosing an endometrioid adenocarcinoma
include a low nuclear grade, the frequent presence of
squamous cells and an absence of the typical features of
‘dirty’ necrosis.

Fig. 1.40 Low-grade endometrioid adenocarcinoma in ovarian
endometriosis.

Fig. 1.41 Clear cell adenocarcinoma (tubulo-cystic type) in ovarian
endometriosis.

Urinary Tract
Endometriotic urinary tract involvement is rarely seen, with
a prevalence of less than 1 % in women suffering from
endometriosis.29 Most frequently, the bladder serosa is
involved. In case of endometriotic involvement of the bladder
wall, this is usually seen with coexisting fibrosis and muscular
proliferation resulting in thickening of the bladder wall. The
ureter, kidney and urethra are affected very rarely.

1.4.4 Endometriosis-Associated Tumors

Common characteristics have been identified for malignant
growth and clinical behavior of benign endometriosis. On
the one hand, endometriotic tissue is capable of transgressing organ barriers and infiltrating into neighboring tissues or
organs (deeply infiltrating endometriosis). On the other hand,
it has been known for quite a long time that patients suffering from endometriosis in general have an increased risk of
developing cancer.3 It has also been shown11,22 that the risk
of ovarian carcinoma is clearly raised in ovarian endometriosis, in particular if this condition has been present for a long
period of time. However, the increased risk is not equally distributed among all types of ovarian carcinoma, but specifically
applies to endometrioid adenocarcinoma (Fig. 1.40), clear cell
carcinoma (Fig. 1.41)4,27 and low-grade malignant serous carcinoma.25 In some cases, endometrioid ovarian carcinoma

Fig. 1.42 Serous borderline tumor at the inner surface of an ovarian
endometriotic cyst.

develops synchronously with endometrioid carcinoma of the
endometrium.9 These patients have a favorable prognosis.15
In addition, patients with endometriosis have a higher risk
for adenosarcoma, endometrioid stromal sarcoma as well as
seromucinous borderline tumor (Fig. 1.42). Even infants can
be affected.12 A precursor lesion of seromucinous borderline
tumor that may develop in endometriotic cysts, is papillary
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mucinous metaplasia. Endometriosis-associated carcinomas
affecting younger patients are diagnosed in lower stages, with
a lower grade of malignancy and a more favorable prognosis
than ovarian carcinomas, which have not been shown to be
linked to endometriosis.11,34







Endometrioid carcinoma
Clear cell carcinoma
Low-grade malignant serous carcinoma
Seromucinous borderline tumor
Adenosarcoma
Endometrioid stromal sarcoma

Table 1.2 Tumor types commonly associated with endometriosis.

Many morphological findings suggest a pathogenetic link
between endometriosis and endometriosis-associated
carcinomas. Apart from that, numerous molecular findings
suggest a causal relationship between endometriosis
and endometrioid carcinoma and clear cell carcinoma,
respectively.
Loss of heterozygosity (LOH) for one locus or several loci on
candidate genes for ovarian carcinoma on 6q, 9p, 11q, 17p,
17q and 22q have been demonstrated in 28 % of patients
with ovarian endometriosis.16 LOH for the tumor suppressor
gene PTEN / MMAC1 which is localized on chromosome
10q (10q23.3) was detected in 8 of 19 ovarian endometrioid
carcinomas (42.1 %), 6 of 22 clear cell carcinomas (27.3 %)
and 13 of 23 solitary endometrioid cysts (56.5 %). Somatic
mutations of PTEN were found in 4 of 20 ovarian endometrioid
carcinomas (20.0 %), 2 of 24 clear cell carcinomas (8.3 %),
and 7 of 34 solitary endometrioid cysts (20.6 %).28
Synchronous endometriosis was found in five cases of
endometrioid carcinoma and seven cases of clear cell
carcinoma. Three out of five endometrioid carcinomas
showed LOH, which was also detected in the associated
endometriosis. Of the clear cell carcinomas with synchronous
endometriosis three showed LOH, which coincides with those
found in the associated endometriosis.
Wiegand et al.35 described mutations in the ARID1A gene
in endometrioid and clear cell carcinomas. Mutations were
found in 55/119 (46 %) of clear cell and 10/33 (30 %) of
endometrioid carcinomas. Mutations of ARID1A identified
in the clear cell carcinomas were also found in the atypical
endometriosis bordering the tumor, but not in the portion of the
endometriosis at some distance from the tumor. Yamamoto et
al.36 were able to demonstrate a protein loss already in 86 %
of the non-atypical endometriosis.
Based on these findings it can be concluded that mutations
of the ARID1A gene are an early event in the development of
malignancy.
In recent studies on whole-genome sequencing and sequencing of certain genetic targets in ovarian clear cell carcinomas17
frequent mutations of the PIK3CA gene and less often mutations of PPP2R1A and KRAS were identified in addition to the
known mutations in the ARID1A gene. In endometrioid carcinoma mutations of PTEN, CTNNB1 (ß Catenin) and KRAS20,23
were found.

A relationship between endometriosis and clear cell carcinoma
is also supported by immunohistochemical data. The marker
HNF-1 ß is activated and overexpressed not only in clear cell
carcinoma, but also in atypical endometriosis and in typical
endometriosis.19 Conversely, overexpression of HNF-1 ß is
not found in endometrioid adenocarcinoma. Based on these
differences Kajihara et al.18 proposed a dichotomous model of
the histogenesis of endometriosis-related adenocarcinomas
of the ovary.
There are multiple interactions of the HNF-1 ß gene with
other genes consisting of a gain or loss of significant genes
which induce decidualization, endometrial differentiation and
regeneration, hormone dependence, glycogen synthesis,
detoxification, ion exchange and cell cycle regulation.33
To date, it remains unclear what causes the various genomic
changes. A contributing factor could be the bloody content of
the endometriotic cyst which exerts an oxidative stress on the
lining cells of the cyst21 because of the high iron content and
the formation of free O2 radicals.
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1.5

Anatomical Understanding for Radical Endometriotic Treatment

Daniel Ginna | Joseph L. Hudgensb | Resad Pasicc
1.5.1 Introduction

In the radical treatment of endometriosis, the most important
tool available to the surgeon is expert knowledge of anatomy.
Awareness of normal anatomic relationships guides the
assessment, dissection, restoration, and resection of tissue
damaged by endometriosis. Critical adjunct discussions of
endometriosis pathology (subsection 1.4), neuropelvology
(sub
section 4.6.), and surgical techniques (chapter 3) are
covered in detail later in this text and must be reviewed and
fully understood for a safe and successful approach to radical
endometriotic treatment.
The plan for surgical resection must account for the three
different types of endometriosis – superficial endometriosis,
ovarian endometriomas, and deeply infiltrating endometriosis
(DIE). Superficial endometriosis lesions are most commonly
found in the posterior compartment of the pelvis and,
specifically, on the left side. Similarly, primary and recurrent
ovarian endometriomas most frequently are observed in the
left ovary.3
DIE lesions are those that invade tissue to a depth of more
than 5 mm beneath the peritoneum and affected patients
have pain symptoms that are strongly related to that depth
of invasion.3 Lesions are found in the pelvis in the anterior
compartment invading the bladder wall muscularis and
in the posterior compartment on the uterosacral ligament
and vagina, including the rectovaginal septum; and also
abdominally, invading the intestinal muscularis. Most often,
lesions are multifocal, with the exception of the bladder wall
where lesions are typically unifocal.4 Overall, the left side is
more prominently affected by DIE lesions to the uterosacral
ligaments, intestines, and ureter. Pelvic DIE lesions occur
most often in the posterior compartment while abdominal
DIE lesions are more common on the appendix and ileocecal
junction.3 In all cases, understanding the locations of DIE is
critical to achieving symptomatic improvement for patients via
surgical resection.4

A routine diagnostic survey of the abdomen provides the
roadmap for an overview of pelvic anatomy. In order to address
severe endometriosis, dissection must occur from ‘known
to unknown,’ using normal anatomic landmarks to guide
restoration and treatment of distorted areas. The laparoscopic
approach to endometriosis offers distinct advantages for
dissection including pneumoperitoneum, which aids in
hemostatic tamponade and in separation of areolar tissues,
and superior magnification of areas requiring fine attention.
Pelvic anatomy, particularly neurovascular structures and the
course of the ureter, carries a significant rate of anomalies
and, as such, blunt dissection is safest whenever possible.6

1.5.2 Important Anatomic Considerations for
Laparoscopic Trocar Placement in the Anterior
Abdominal Wall

Complete understanding of the major structures of the
anterior abdominal wall is essential for safe entry into the
abdomen. The two critical considerations of laparoscopic
trocar placement are vascular and nerve anatomy. The course
of the inferior epigastric artery is of first importance in trocar
placement. The inferior epigastric artery branches from
the external iliac artery at the level of the inguinal ligament.
Intraabdominally, it is seen within the lateral umbilical fold on
the anterior wall, medial to the insertion of the round ligament
at the deep inguinal ring and is grouped with two veins.5
This artery cannot be transilluminated and can be visualized
directly through the laparoscope (Fig. 1.43).
In the retroperitoneal space, the most fearsome anatomic
structure to consider during laparoscopic entry is the aorta.
The aortic bifurcation lies at the level of L4 and varies in relation
to anterior wall anatomy depending on the patient’s body
mass. In a non-obese patient, the bifurcation is even with the
umbilicus and can be avoided with entry at a 45-degree angle.
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Fig. 1.43 The left inferior epigastric artery is visualized directly through
the laparoscope.
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In obese patients, the umbilicus is caudad to the bifurcation.
Also in the retroperitoneal space is the presacral (or superior
hypogastric) nerve plexus, which is anterior to both the aortic
bifurcation and the left common iliac vein, which is most
posterior. These structures coalesce at the level of L5.5
1.5.2.1 Layers of the Pelvic Sidewall
There are three surgical layers to the pelvic sidewall that
are demarcated by avascular planes. The retroperitoneal
entry is accomplished in the space created by the round
ligament anteriorly, the infundibulopelvic ligament medially,
and the external iliac artery laterally. In the first layer of the
pelvic sidewall, the ureter and hypogastric nerve that runs
below and parallel to the ureter which is attached to the
medial leaf of the broad ligament within a pseudosheath.
The second layer is made up of the internal iliac vessels and
the visceral anterior branches including the uterine, superior
vesical, umbilical, inferior vesical, vaginal, and middle rectal
arteries, as well as the visceral connective tissue containing
the lympatics and hypogastric nerves. The third layer of the
pelvic sidewall contains the external iliac artery medial to the
psoas muscle, the external iliac vein medial and posterior
the psoas and obturator internus muscles, and the obturator
neurovascular bundle on the obturator internus muscle. The
obturator nerve can safely be retracted medially during blunt
dissection of this space9,10 (Fig. 1.44).
1.5.2.2 Ureter
Ureterolysis is frequently required for radical endometriosis
surgery and resection of some adnexal masses. Full dissection
of the ureter from the adventitia should be minimized, where
possible, in order to preserve the supplying vasculature and
prevent ischemic injury.8 Above the pelvic brim, the arterial
supply to the ureter is primarily medial in origin and within the
pelvis, the supply approaches laterally.1

psoas muscles and infudibulopelvic ligaments. The right
ureter is easiest to view in the retroperitoneum overlying the
pelvic brim and crosses over the right external iliac artery
(Fig. 1.45). The left ureter is typically obscured by the sigmoid
colon and can be first identified in the left ovarian fossa and
then crossing over the left common iliac artery. The left ureter
can best be reached by opening the peritoneum under the
infundibulopelvic ligament and dissecting inferiorly on the
peritoneal side (Fig. 1.46). The ureter is loosely attached to the
retroperitoneal tissue and typically falls with the medial leaf of
the broad ligament after opening the peritoneum parallel to the
ovarian vasculature. The uterine artery travels laterally to the
ureter until crossing over it to supply the uterus, at which point,
the ureter is typically 1.5 centimeters lateral to the cervix.5,7
The ureter is most commonly vulnerable to injury within the
2.5 centimeter space between passing under the uterine
artery, traversing the upper portion of the cardinal ligament,
and then inserting into the lateral trigone of the bladder.1 The
ureteral orifce is a continuous fusion of the ureteral muscularis
to the trigone.7

Fig. 1.45 Right ureter is seen passing under the right infundibulo pelvic
ligament.

The right and left ureters must initially be considered
separately. Vermiculation of the ureter should be observed to
confirm identification.1 The ureters lie medial to the ipsilateral

Fig. 1.44 Cadaveric dissection of the right pelvic sidewall. The grasper
is holding right hypogastric nerve. Ureter is completely freed up from the
peritoneum and is seen in the middle. Right inferior iliac artery is seen
with uterine artery, Inferior vesical and obliterated umbilical branches.

Fig. 1.46 Dissected left pelvic side wall with left ureter.
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1.5.2.3 Space of Retzius
The space of Retzius, or the retropubic space, is bounded by
the pubic symphysis anteriorly, the pubic rami and obturator
internus muscles laterally, and the bladder posteriorly. When
opened, the space shows the anterior bladder and proximal
urethra and it is supported posteriorly by the fibro-fatty
endopelvic (or pubocervical) fasica of the vaginal wall. The
anterior margins of the space can be developed by blunt
dissection of the adipose tissue of the bladder away from the
pubic bone. Laterally, the space extends to the paravesical
space.2 The relevance of dissection of this space is only in
cases of extensive bladder endometriosis.
1.5.2.4 Bladder
The bladder is a hollow, muscular pelvic organ that serves
as a reservoir for urine. When empty, it lies below the level
of the pubic symphysis, however, when full, the bladder can
rise above the symphysis. The superior surface, or apex, of
the bladder is covered by peritoneum that connects anteriorly
via a fibrous cord to transversalis fascia, creating the median
umbilical ligament. The bladder wall is coated internally with
layers of transitional epithelium. An overlying layer of loose
connective tissue permits stretching of the mucosa except at
the trigone, where the mucosa is adherent to the musculature,
yielding a smooth appearance of the tissue.7
1.5.2.5 Avascular Spaces
Knowledge of retroperitoneal anatomy and avascular spaces
in the pelvis is essential for surgeons to navigate their way
through the pelvis. The paravesical space opens into the space
of Retzius and is bordered anteriorly by the broad ligament,

Fig. 1.47 Schematic drawing of the pararectal
space.

medially by the bladder, and laterally by the obturator internus
muscle fasica. Lateral to this space is the obturator space
containing the obturator nerve and obturator vessels.9 The
paravesical space is divided by the cardinal ligaments and
uterine artery from the pararectal space.
The pararectal space lies posterior to the base of the broad
ligament and is important in lower segment ureterolysis. The
boundaries of the space are the rectal pillars medially, the pelvic
sidewall laterally, and the cardinal ligaments anteriolaterally.
The space can be further subdivided into medial and lateral
segments by the ureter. Within the lateral subdivision of the
pararectal space lies the uterosacral ligament as it passes
posteriorly toward the sacrum (Fig. 1.47).
The rectovaginal space lies between the uterosacral
ligaments, vaginal fascia, and rectum and is accessed via the
pararectal spaces (Fig. 1.48). Obliteration of this space occurs
due to endometriotic scarring of the ovarian fossae and
sigmoid colon. The entry into the rectovaginal space is safely
performed by dissecting the pararectal space, identifying the
ureter and branches of the hypogastric nerve and entering the
rectovaginal space from lateral toward medial (Fig. 1.49). The
posterior cervix is incised superior to the rectum, which is
then dissected inferiorly to the uterosacral ligaments and then
potential space between the ureter and uterosacral ligament
can be accessed and the uterosacral ligament divided to open
the rectovaginal space. Care should be taken in this space with
dissection medial to the uterosacral due to the vasculature
of the perirectal fat.6,9 When performing the dissection in this
area, the surgeons should keep in mind that fat belongs to the
rectum in order to avoid rectal injury.

Fig. 1.48 Schematic drawing of the
rectovaginal space.

Fig. 1.49 Entry into the rectovaginal space is
obtained via pararectal space.
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1.6

Classification of Endometriosis

Peter Oppelt a | Omar Shebl b
1.6.1 Introduction

Endometriosis is a disease that is becoming increasingly
important, and it is therefore vital for any health care
professional faced with this condition to be able to
systematically classify and reproduce the findings obtained in
each individual case. This is usually done using a classification
system. However, considering the heterogenous symptomatic
picture of endometriosis, which can range from pain to
sterility, a coherent classification system capable of meeting
all requirements is still lacking.
On an international level, a multitude of scoring and classification
systems have been developed for endometriosis, and the
revised version of the American Society for Reproductive
Medicine (rASRM), published in 1997, has become the one
most widely used worldwide.3 The latter is a scoring system
that uses point scores to demarcate the stage of disease and
does not allow morphologic-topographic characteristics to be
taken into account. Another classification system which was
very popular in the past was the Endoscopic Endometriosis
Classification (EEC) according to Mettler and Semm.7
The inability of the rASRM score to reflect deeply infiltrating
endometriosis prompted a German-speaking research group
to revisit and explore the topic in greater detail, which finally lead
to the publication of the Enzian classification.6 Its preliminary
version was rather unwieldy which is why the scheme was
subjected to a follow-up revision. Even though a separate
edition has not been released yet, the current German version
of the Enzian classification scheme, that dates from 2012, can
be accessed for download from the website of the Foundation
for Endometriosis Research (Stiftung Endometrioseforschung)
using the internet link * given below.8 Unlike the rASRM
scheme, the Enzian classification is not based on a scoring
system, but should rather be considered a topographic
and / or working description focusing on the assessment of
deeply infiltrating endometriosis.
* www.endometriose-sef.de/dateien/ENZIAN_2013_web.pdf
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A diagnosis of endometriosis is often established in patients
who wish to give birth to a child. This has not been taken
into account in any of the scoring or classification systems
available so far. The publication of the Endometriosis Fertility
Index (EFI) provided a tool that uses point scores to predict a
patient’s probability of getting pregnant.1
The severity of pain has not been adequately reflected in any
of the existing classification systems, even though this clinical
feature is among those contributing factors that have a major
impact on a patient’s quality of life.
As already stated, a large number of scoring and classification
systems are available for endometriosis, but only those
mentioned above will be discussed in the following.

1.6.2 History

One of the oldest classification schemes for endometriosis
which is still used in some textbooks, is that of Albrecht
(1955).2 In this scheme, endometriotic nodules are classified
only according to their location, as described below:
Internal
genital
endometriosis:
endometriotic
lesions located within the myometrium (also known as
‘adenomyosis uteri’).
 External genital endometriosis: endometriotic lesions
outside the uterus, in the lesser pelvis (ovaries, sacrouterine
ligaments, rectouterine pouch, bladder peritoneum).
 Extragenital endometriosis: endometriotic lesions
outside the lesser pelvis.


Documentation of extent and size of endometriotic lesions is
not at all taken into account, while only a rough mapping of
locations is provided for by this classification scheme.
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1.6.3 Classification Schemes
1.6.3.1 rASRM Classification
The endometriosis classification of the American Society
for Reproductive Medicine (rASRM)3 stipulates that primary
evaluation addresses two major categories. In the first
category, the location of endometriotic lesions is recorded
(ovary, peritoneum), along with their extent (superficial,

Fig. 1.50 The rASRM classification system.3

deeply infiltrating). Severity and extent of adhesions related to
fallopian tubes and ovaries is assessed in the second category.
Additional point scores are assigned in the presence of partial
or complete endometriotic involvement of the rectouterine
pouch (pouch of Douglas) (Fig. 1.50).
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A major deficiency of the rASRM classification system lies in
the fact that only the most distinct finding detected in a given
area is reflected by the points that are scored in a specific
category. For example, if superficial endometriotic lesions
have been confirmed to extend over an area of more than
3  cm (four points) while showing an infiltration depth of more

Fig. 1.51 Examples and guidelines of the rASRM Classification.3

than 3 cm (six points), then a total of 10 points is discarded,
whereas a total of 6 points only, attributed to the most distinct
finding (depth of infiltration), is scored. The same applies to
the method of assessment with regard to ovaries and tubes
(Fig. 1.51).
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1.6.3.2 Endoscopic Endometriosis Classification (EEC)
The EEC classification scheme was first established by
Mettler and Semm in 1984 and is based on the endometriotic lesions visually detected at laparoscopy. The findings are
graded into stages 1 – 4 (stage 1: lesions < 5 mm; stage 2:

Fig. 1.52 EEC Classification according to Mettler and Semm, 1984.7

lesions > 5 mm; stage 3: frozen pelvis endometriomas and
extensive pelvic endometriosis; stage 4: distant lesions,
endometriotic lesions outside of the genital tract as in bowel
diaphragm, lungs etc. (Fig 1.52).7
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1.6.3.3 Enzian Classification
The term ‘Enzian’ is not an acronym as one might be tempted
to presume, but rather the name of a distilled alcoholic
beverage of Alpine provenance that is produced using
gentian root. The same name was chosen to designate a hotel
situated near lake Weissensee at Neusach / Austria, where the
classification scheme was developed on the occasion of an

Fig. 1.53 ENZIAN Classification – Compartments A–C.8

expert conference.8 The aim of the Enzian classification is
to establish a reproducible record of the location of deeply
infiltrating endometriosis. For this purpose, the lower pelvis
is divided into the following three compartments, A, B and C
(Fig. 1.53):

40

Endometriosis – A Concise Practical Guide to Current Diagnosis and Treatment

Compartment A comprises the rectovaginal space
including the longitudinal aspect extending towards the
vagina (Fig. 1.54).
 Compartment B encompasses the sacrouterine ligament
as far as the pelvic wall. In the presence of parametrial
involvement and / or given obstructive (extrinsic)
endometriotic encasement of the ureter, these findings
are also assigned to compartment B (for infiltration of
the ureter, see the use of suffix ‘FU’ as described below)
(Fig. 1.55).
 Compartment C is assigned to denote rectal involvement
only. In the presence of other types of bowel wall infiltration,
the suffix ‘FI’ is used, as described below (Fig. 1.56).


Fig. 1.54 Endometriosis of the rectovaginal septum: ENZIAN A3.

In the documentation, taken down for each compartment
affected by disease, severity is graded by a number that is
added to describe the extent of endometriotic spread (termed
‘level’ in Fig. 1.53). A standardized description of the extent of
disease is used for all three compartments (corresponding to
the notation commonly used for histologic findings):
Level 1: 1–9 mm
Level 2: 10–29 mm
 Level 3: ≥ 30 mm



Since deeply infiltrating endometriosis is also observed
outside the lesser pelvis, additional descriptions can be
included (Fig. 1.57), however these may only indicate the site of
the lesion, leaving out further details related to size.
Fig. 1.55 Left-sided hydroureter resulting from endometriosis of the
sacrouterine ligament: ENZIAN B3.

FA: adenomyosis (Fig. 1.58).
FB: deep infiltration of the bladder wall (Fig. 1.59).
 FU: infiltration of the ureteral wall = intrinsic
(extrinsic = compartment B) (Fig. 1.60).





Fig. 1.56 Endometriosis of the rectum: ENZIAN C2.

FO: other locations (lung, diaphragm, inguinal region)
(Figs. 1.61, 1.62).
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Fig. 1.57 The suffixes FA, FA, FI and FO are part of the ENZIAN
classification scheme addressing the sites of endometriotic implants
detected outside the lesser pelvis.8

Fig. 1.58 Sonographic appearance of adenomyosis: ENZIAN FA.

Fig. 1.59 Endometriosis of the bladder: ENZIAN FB.

Fig. 1.60 Ureteric infiltration: ENZIAN FU, describing involvement
of rectum, appendix, and ileum. Image of operative specimen with
permission of Erlangen University Hospital, Dept. of Gynecology and
Obstetrics, Germany.

Fig.1.61 Axial MRT scan showing endometriosis of the abdominal wall:
ENZIAN FO.

Fig. 1.62 Operative specimen demonstrating endometriosis of the
abdominal wall: ENZIAN FO.
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1.6.4 Endometriosis Fertility Index (EFI)
Published in 2010, the EFI is used to predict the likelihood
of pregnancy in women who have undergone surgery for
endometriosis.1 It refers only to the probability of natural
pregnancy and is not predictive of pregnancy involving in
vitro fertilization (IVF) and intracytoplasmic sperm injection
(ICSI). It is based on the a priori assumption that sperm and
oocytes are functioning normally, so that natural pregnancy
is a realistic option. Confounding factors related to IVF and
ICSI cannot be included in the EFI score (Fig. 1.63). Nor does
it take into account any endocrinological factors such as
the presence of ovulation. The EFI represents a summation
of two types of contributing factors that are related to
surgery on the one hand, and medical history on the other.
Variable parameters related to medical history are reflected
in the age of the patient (up to age 35, 36–39, and 40 or
older), duration of infertility (≤ 3 years or > 3 years), and
prior history of pregnancy (yes or no). The surgical variables
are addressed by a ‘least function score,’ that individually
evaluates bilateral functional competency of fallopian tubes,

Fig. 1.63 EFI Score.1

fimbria, and ovaries determined upon completion of surgery
by a detailed description of relevant anatomical features such
as residual ovarian function with normal or almost normal
ovarian size and minimal or mild injury to the ovarian serosa.
Functional competency is subdivided into normal, mild
dysfunction, moderate dysfunction, severe dysfunction, and
loss of function. Classification into subcategories defining the
functional competency of the patient’s adnexae is subject to a
detailed and precise presentation of findings.
The rASRM score is then added to the outcome of assessment
obtained by use of the EFI. The total number of points scored
in this way is intended to reflect the patient’s probability of
giving birth to a child through natural pregnancy. The outcome
can be presented in a graph that shows the estimated
cumulative percentage of women pregnant over a period of
3 years – after surgery for endometriosis – in relation to the
individual EFI score results. The cumulative pregnancy rates
range from 10 % to around 80 % after 36 months.1
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The validity of the EFI was investigated in a retrospective
study published in 2013. The authors were able to reproduce
the correlation between the EFI and the rate of actual
pregnancies.9 Apart from other issues, the study criticized
the inclusion of dependent parameters such as the rASRM
in the EFI.9 In another study in which the EFI was compared
with the rASRM, it was found that only the EFI was predictive
for pregnancy, not the rASRM,10 indicating the value of the
EFI for predicting spontaneous pregnancy after surgery for
endometriosis.
As a matter of course, the EFI cannot be used universally
and has its own deficiencies, as well as a certain element of
subjectivity in the assessment process. However, it is the only
tool available for predicting pregnancy following surgery for
endometriosis.

1.6.5 Discussion

The main issue associated with any type of classification is the
purpose for which it was designed. While the rASRM and EEC
classifications are geared toward establishing the severity of
endometriotic disease, the aim of the Enzian classification is
to record deeply infiltrating endometriotic involvement in a
reproducible way. Each of the classification systems, when
applied on its own, is inadequate for describing endometriosis
– particularly deeply infiltrating endometriosis. The Enzian
system should be regarded as a complementary scheme used
in addition to the rASRM, as there is no overlap between the two
classifications.6 Very severe symptoms can often lead to a low
rASRM score in the assessment, but the extent of symptoms
does correlate with the Enzian score.5 In addition, there is a
direct correlation between the Enzian score and the operating
time required.4 This correlation can be used for the purpose of
surgical planning on the basis of a preoperatively established
clinical score (‘cEnzian’). The EFI has been shown to be
very useful in improving counseling on the individual fertility
prognosis of patients who already underwent endometriosis
surgery. However, it does not provide any information about
the potential success of attempted IVF/ICSI. A comprehensive
diagnostic workup (sperm quality, endocrinology findings)
and close interdisciplinary collaboration between surgeons
and reproductive medicine specialists is mandatory. In
comparison with the rASRM, the EFI has been shown to be
superior in that it allows to predict a patient’s natural fertility
potential after surgery for endometriosis.10
In summary, it can be stated that an optimal classification
for endometriosis is not yet available. Further aspects, such
as intensity of pain, infertility, primary findings and recurrent
findings are not included in any of the classifications discussed
above.
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1.7

The ENZIAN Classification of Deep Infiltrating Endometriosis

Jörg Kecksteina
1.7.1 Introduction

Endometriosis is a condition with a highly variable clinical
presentation. To date, relentless efforts have been made to
fully describe and classify8 the various manifestations of
the condition.3,6,9,12,30 The traditional classification systems
of endometriosis, developed by several professional
organizations worldwide, have been based on lesion
appearance, pelvic adhesions, and anatomic location of
disease. The primary objective of subdividing endometriosis
into different grades of severity is to determine the extent of
disease, and secondly, to elicit a correlation between stage
of disease and symptoms, and especially, to enable an
assessment of the patient’s individual prospects for giving
birth to a child.
In 1979,37 the American Fertility Society (AFS) published a
classification scheme that was revised in 1985.7
In 1995, the AFS was renamed the American Society for
Reproductive Medicine (ASRM). The subsequent revision was
issued in 1997 and has become the most frequently used
classification system both in clinical practice and international
literature.8 The corresponding staging process is based on
either diagnostic laparoscopy or laparotomy. The classification
scheme is used to evaluate the intraperitoneal distribution
of disease (peritoneum, ovary). The main emphasis of the
current rASRM classification is on the correlation between the
cumulative score of assigned points and a patient’s fertility
potential. The classification system also takes into account the
extent of adhesions, which is a major contributing factor to a
patient’s fertility prospects. However, one should bear in mind
that adhesions do not only form as a result of endometriosis
and they can also conceal deeper foci.
The rASRM score is particularly useful in the treatment of
infertile patients.
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Endometriosis is a disease which invades and proliferates
on the affected tissue structures and organs, causing
inflammation and destruction. For many patients, the disease
is associated with severe pain, as well as disturbed function
of the organs involved, and apart from that, it manifests with
clinical, physical and psychological sequelae that can severely
compromise a patient’s quality of life.
While the correlations between stage of disease and symptoms
are used to evaluate the efficacy of therapeutic interventions,
all of the above classification schemes do not allow to take
into account pelvic pain, response to medications, disease
recurrence, risks of disease sequelae, quality of life measures,
and other target issues similarly important to women and
health care providers because they are instrumental in guiding
the decision-making related to therapeutic options and
prognosis.25
1.7.1.1 Various Forms of Endometriosis Associated
With Various Symptoms
Endometriosis shows different clinical presentations
depending on its localisation. The rASRM classification
scheme differentiates between peritoneal endometriosis,
ovarian endometriosis and deep infiltrating endometriosis.

1.7.2 What is DIE?

Deep infiltrating endometriosis (DIE) is a variable, poorlydefined term, which is why it cannot be used on a reproducible
basis by clinicians and researchers who must rely on precise
criteria and terminology.
While deep endometriosis was originally described by Reich
et al.36 in 1991 as ‘deep fibrotic nodules’, the scientific concept
was updated and refined describing deep endometriotic
lesions as being those infiltrating either from the peritoneal
surface32 or emanating from a deeper origin as ‘adenomyosis
externa’.31
The most widely accepted definitions of DIE are simply based
on the (arbitrary) depth of extension beneath the peritoneal
surface. For practical purposes, this definition covers almost
all lesions that either involve or cause anatomical distortion
of vital structures (bowel, ureters, and bladder), as well as
rectovaginal lesions. However, a viable definition of DIE
should be complemented by a surgical description that
addresses anatomical functional deficiencies in addition to
the depth of extension beneath the peritoneal surface. Hence,
the statement – based on what was criticized as being weak
evidence – holds true, that ‘deep endometriosis should be
defined as lesions extending deeper than 5 mm under the
peritoneal surface’.
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In the literature, the anatomical sites are specified in different
ways. In particular, when endometriotic invasion is revealed to
extend deeply into the pelvis (pouch of Douglas, sacrouterine
ligaments, cardinal ligaments, parametria, pararectal fossae,
bowel infiltration, bladder infiltration, ureteric involvement,
pelvic wall involvement) such findings are identified as DIE
and regarded as underlying cause of the patient’s severe
symptoms that account for a dramatic decline in quality of life.
Major advancements in the field of minimally invasive surgery
have broadened the scope of viable treatment options in
recent decades and made it possible that even severe forms
of endometriosis are now amenable to adequate resection,
in turn enabling us to make further improvements in the
quality of life for our patients. Given an adequate level of
experience and expertise on the part of the surgeon, even
severe manifestations such as extragenital endometriosis can
be adequately resected.15,16,29
In patients with a confirmed diagnosis of endometriotic
involvement of the bowel, bladder and ureter, the need for a
multidisciplinary approach may arise.
However, each therapy involves the risk of side effects and
complications. Even though removal of a small nodule in the
pouch of Douglas may be a relatively straightforward task, the
well-adapted surgical treatment of extensive endometriosis in
the pouch of Douglas spreading to vagina, uterus and bowel
can pose a significant challenge for the surgeon.
Occasionally, we are confronted with the paradox that a small
nodule is associated with concomitant symptoms of severe
pain, while on the other hand, large bowel nodules are seen in
a patient with only minor symptoms.

Foci of endometriosis in the extraperitoneal space, extragenital
endometrial foci (bowel, bladder, ureter, etc.) and extensive
adenomyosis, however, are not adequately dealt with by the
rASRM scoring system which is frequently used on a routine
basis.8
In a study based on 63 patients (State Hospital of Villach,
Austria) with DIE including recto-sigmoid endometriosis, 21 %
were found to have only stage 1 or 2 according to the revised
ASFM scoring system (Fig. 1.64).41
Haas et al. (2013) confirmed these data in 160 patients with
DIE.22
Owing to lack of knowledge about the extent of disease, which
unavoidably gives rise to inadequate staging, both patient and
clinician are faced with enormous consequences:
Foci of endometriosis which are not revealed during
laparoscopy lead to the diagnosis of a lower stage of
disease.
 Hence, the outcome of the therapeutic intervention is
either wrong or inadequate.
 The value of scientific studies, discussions and conclusions
is called into question as a result of inadequate staging.


It is therefore of utmost importance that the current limits
of our knowledge of disease be expanded through in-depth
scholarly work in order to yield an improved appreciation of
the anatomical changes and pathological structures that play
a major role in the multifactorial etiology and pathogenesis of
endometriosis.

Fig. 1.64 Staging of endometriosis using the rASFM scoring system in 63 patients with DIE and
bowel involvement (Wustlich, M. 2002).41
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The need for an alternative or additional classification system,
particularly in regard to DIE, is a topic currently being debated
by experienced surgeons.1,2,4,5,10,11,13,17,19,35

on the occasion of annual ‘Weissensee Meetings’.26 The latter
revision was designed to reduce complexity and thus gain a
wider acceptance and also help resolve unintended partial
overlap with the rASRM classification scheme.23,27

1.7.3 The ENZIAN Classification System

The guidelines of the German, Swiss, Czech and Austrian
Societies for Obstetrics and Gynecology recommend
the use of the ENZIAN classification system (Ulrich et al.,
2014).39 The certification process for centres of excellence for
endometriosis in these countries stipulates that the ENZIAN
scheme be used in addition to the current rASRM staging
system.18

The motives and rationale that prompted the inception of
a new classification system specifically adapted to deep
infiltrating endometriosis was the need to improve description
of DIE and to adequately evaluate the outcome of a therapeutic
intervention. Its foundations were laid in 2002 by members of
the German Stiftung Endometriose Forschung (Endometriosis
Research Foundation, Westerstede, Germany). The need to
take the initiative emerged partly as a result of controversial
discussions in the literature and at various congresses, and
was centered on the definition and implications of DIE, as well
as on the most suitable treatment option to be offered to the
patient.
Particularly in regard to the extragenital form of DIE, with
involvement of the bowel, ureter and other pelvic structures,
it is imperative that adequate information is obtained in the
preoperative, intraoperative and postoperative phases of care.
The following is a survey of issues that are of great relevance
to medical experts involved in the treatment of DIE:









Diagnostic confirmation of DIE by means of palpation,
ultrasound, MR and CT imaging.
Follow-up investigation of findings.
Correlation between DIE and symptoms.
Decision-making related to the most suitable therapeutic
regimen.
Decision-making related to the surgical technique to be
adopted.
Preoperative planning and completion of the surgical
procedure.
DIE and surgical complications.
Post-operative follow up care.

The ENZIAN classification scheme was developed by
a working group of the SEF in 2002 as part of the first
‘Weissensee Meeting’ in Carinthia, Austria.
SEF Members at the First ‘Weissensee Meeting’
Initiators: Prof. J. Keckstein, Prof. K.-W. Schweppe
P.D. Dr. M. Sillem, Prof. Dr. R. Greb, Dr. R. Mangold, Dr. N.
Reeka, Dr. O. Richter, Prof. V. Terruhn, Prof. H.-R. Tinneberg,
Prof. U. Ulrich, Prof. M. Possover, Prof. K. Neis, Prof. A. E.
Schindler, P.D. Dr. O. Buchweitz, Dr. F. Tuttlies.
The term ENZIAN derives from the name of a hotel where
the first meeting of SEF members was held (Hotel Enzian,
Neusach, Weissensee, Austria) in 2002.
The initial version of the ENZIAN classification scheme
was published in 2003 by Keckstein et al.27–29 and was
complemented in 2005 by Tuttlies and Keckstein.38 It was
revised by the SEF research group in 2010, and again in 2011,

In current clinical practice, use of the ENZIAN scheme
is gaining more widespread acceptance not only among
surgeons but also among those professionals involved in the
assessment and diagnosis of endometriosis.14,20,21,23,24,34,40
1.7.3.1 Scientific Basis of the ENZIAN Classification
Designed to complement the rASRM staging system, the added
use of the ENZIAN classification enables a more accurate
description of severe endometriosis and allows to encompass
all endometriotic lesions. Consistent with the underlying
objectives, the ENZIAN classification is used to describe
endometriotic involvement of retroperitoneal structures with
deep endometriosis. Accordingly, it is intended to serve as
a morphological-descriptive classification implemented in
cases of deep endometriosis and endometriosis affecting
other organs, including the cul-de-sac, vagina, cervico-uterine
ligaments, bladder, ureter, bowel and uterus.
In order to fully assess the extent of disease intraoperatively, a
complete exploration of all structures and organs is imperative.
In many cases, staging by means of diagnostic laparoscopy
alone is inadequate, taking into account that endometriotic
foci buried in extraperitoneal sites can be missed.
Therefore, exposure and, as required, excision
extraperitoneal structures may become necessary.

of

For various reasons, this is neither desired nor possible in
every operation.
Imaging modalities such as ultrasound or MRI, have shown
to be useful in demonstrating these structures and may be
employed to facilitate adequate staging even in the setting of
a diagnostic procedure.14
1.7.3.2 ENZIAN Classification Based on the TNM Classification
Similarly to the TNM (tumour/node/metastasis) classification
system familiar to those specialists frequently engaged in
staging breast cancer and cervical cancer, organs such
as bladder, ureter, bowel, vagina, uterus as well as culdesac and uterine ligaments are included in the ENZIAN
classification scheme (Fig. 1.65). The pelvis is divided into
three compartments that emanate from the central pouch of
Douglas. These are defined by the three axes of spread (A, B,
C) of disease (Fig. 1.66).
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Fig. 1.65 The cul-de-sac as the centre of the pelvis (a, b).
Three dimensions of the staging system.
A = (craniocaudal) cul-de-sac, rectovaginal septum, vagina.
B = (mediolateral) uterosacral lig., cardinal lig., pelvic side wall,
extrinsic ureteric involvement
C = (mediodorsal) rectum, rectosigmoid.

Fig. 1.66 Graphical representation of the ENZIAN
classification scheme as available via http://www.
endometriose-sef.de/dateien/ENZIAN_2013_web.pdf
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1.7.3.3 The Three Compartments A, B, and C
The ENZIAN classification comprises three axes or levels
(Fig. 1.65) represented by the compartments A, B, and C
(Fig. 1.67) to which findings, encountered in this area, can be
assigned . The drawings shown in Figs. 1.65a–c (see previous
page) illustrate the ENZIAN classification diagrammatically.
Compartment A: the rectovaginal space and vagina;
 Compartment B: the uterosacral ligaments, cardinal
ligaments, pelvic sidewall and extrinsic ureteric
compression;
 Compartment C: the lower bowel (rectum and sigmoid
colon).


Fig. 1.67 Pelvic compartments A, B and C
of the ENZIAN classification scheme.

Grades of Severity
The Grades of Severity, assigned to each compartment (thus
excluding apparently minor peritoneal lesions), are as follows
(Fig. 1.68):
Grade 1 invasion < 1cm,
Grade 2 invasion 1–3 cm,
 Grade 3 invasion > 3 cm.



Fig. 1.68 Grading of lesions according to size.
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Organ Involvement and Other Types of Lesions
Deep infiltrating endometriosis extending beyond the lesser
pelvis and deep invasion of the organs is stratified separately
as shown below in Fig. 1.69:
Findings related to organ involvement and other types of
lesions are tagged with the letter ‘F’
Adenomyosis (FA);
Bladder involvement (FB);
 Intrinsic ureteric involvement (FU);
 Bowel disease (FI) cranial to the rectosigmoid junction
(upper sigmoid, tranverse colon, coecum, appendix, small
bowel);
 Other locations (FO) such as abdominal wall or
diaphragmatic endometriosis.



The prefix ‘C’ is used to denote a suspected lesion detected
clinically by ways of diagnostic imaging, or as an intraoperative
visual finding. Once a confirmed histological diagnosis of
endometriosis has been established, the prefix ‘C’ is deleted
and replaced by the term ‘Enzian’. The letters ‘A’, ‘B’, ‘U’,
‘I’ or ‘O’ are used as a suffix that is added to the letter ‘F’
and denote the anatomical site (compartment) of the detected
lesion, followed by a number that describes its size. The
duplicated use of the same letter denotes that the assigned
compartment is affected by bilateral disease.

Fig. 1.69 Uterine and other types of
extragenital deep infiltrating endometriosis
are tagged with the prefix F as determined
by the localisation of the lesion.
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1.7.4 Case Histories
1.7.4.1 Case 1
The 29-year-old woman presented with severe symptoms
of dysmenorrhoea, dyspareunia and dyschezia. The
laparoscopic examination did not allow to visualize all of the
anatomical sites affected by endometriosis. The rectosigmoid
was attached to the posterior part of the sacrouterine ligament
(Fig. 1.70,b). The size of the endometriotic nodule seemed to be
larger on palpation as compared to the laparoscopic finding.
The preoperative workup demonstrated a deep nodule in the
lateral rectal wall (> 3 cm) and another nodule located between

a

rectum and pelvic sidewall. Following dissection of the nodule
performed in two halves, the extent of disease became visible
(Fig. 1.70b). There was a deep infiltrating nodule in the rectum,
> 3 cm, ENZIAN C3 and another nodule was found to adhere
to the pelvic sidewall, > 3 cm, ENZIAN B3. The entire extent
of disease was revealed only by preoperative assessment,
palpation and laparoscopic dissection.
Final score: ENZIAN C3, B3.

b

Fig. 1.70a,b Deep infiltrating endometriosis localized between the rectum and the right sacrouterine ligament. (a) Intraoperative view upon completion
of endometriosis dissection. Final score: ENZIAN B3, C3. (b)

1.7.4.2 Case 2
The patient presented with extreme pelvic pain and lower
abdominal cramping on the left side synchronous to the
menstrual cycle. Colonoscopy revealed the presence of
a stenosis in the upper sigmoid. The lower pelvis did not
show any signs of intestinal endometriosis. Considering that
the sigmoid loop lies in close proximity to the vagina, the
endometriotic nodule was demonstrated by transvaginal
sonography.
Final score: ENZIAN FI.
Fig. 1.71 Endometriotic implants on the sigmoid.
Final score: ENZIAN FI.

1.7.4.3 Case 3
The 35-year-old woman presented with chronic pain in the
upper left abdomen close to the diaphragm. She suffered from
periodical pain synchronous with inspiration. On laparoscopy,
a nodule was revealed on the left diaphragm (Fig. 1.72).
Final outcome: ENZIAN FO.

Fig. 1.72 Laparoscopic aspect of endometriosis on the left diaphragm.
Final score: ENZIAN FO.
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1.7.4.4 Case 4
The 30-year-old woman suffered from deep infiltrating
endometriosis in the cul de sac. The lesion was also
noticeable during preoperative inspection of the posterior
fornix. Transvaginal ultrasound revealed the presence of a
nodule, > 4 cm in size, located in the vaginal fornix and in
the space between vagina and rectum (rectovaginal septum).
Involvement of the rectal wall was not demonstrable. Presence
of the same nodule was confirmed on laparoscopy (Fig. 1.73)
and was found to protrude from the rectovaginal septum.
Integrity of the vagina was visually corroborated.

a

The nodule was dissected en bloc. Fig. 1.73b shows the opened
vaginal posterior fornix and an uterine manipulator introduced
to facilitate anteversion / retroversion of the uterus.
The isolated presence of this nodule was confirmed in
compartment A only.
Final score: ENZIAN A3.

b

Fig. 1.73a,b Laparoscopic view of endometriosis in the cul de sac. (a) The intraoperative view taken after completion of dissection demonstrates
the overall extent of the nodule (4 cm) spreading between the vagina and the rectovaginal septum. The rectum was not confirmed to be involved by
disease. Final score: ENZIAN A3 (b)

1.7.4.5 Case 5
The 30-year-old woman presented with hydronephrosis on
the right side (Fig. 1.74).
She was found to have deep infiltrating endometriosis in the
cardinal ligament (ENZIAN B3) on the right side and in the
anterior rectal wall (ENZIAN C3).
In the course of laparoscopic treatment, all of the fibrotic tissue
detected in the cardinal ligament was removed. The nodule
in the rectum was left behind due to lack of pain symptoms.
The ureter was mobilized whereupon infiltration of the ureteral
wall became visible. Segmental resection of the ureter was
performed.

Fig. 1.74 Intrinsic endometriosis of the right ureter.
Final score: ENZIAN B3, C3, FU.

Final score: ENZIAN B3, C3, FU (intrinsic ureteral infiltration).
1.7.4.6 Case 6
The 28-year-old patient presented with cyclic bleeding oozing
out of the umbilicus (Fig. 1.75). The nodule was identified both
by ultrasound and clinical examination. The finding was
classified as deep infiltrating endometriosis outside of the
pelvis.
Final score: ENZIAN FO.

Fig. 1.75 Endometriosis of the umbilicus.
Final score: ENZIAN FO.
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1.7.4.7 Case 7
The 38-year-old patient was diagnosed with deep infiltrating
endometriosis of the cul de sac. As shown in Fig. 1.76a, distinct
infiltration of the cul de sac, rectal anterior wall, rear part of
the uterus and of the left sacrouterine ligament sacrouterinum
was noticeable. Preoperative assessment also revealed the
presence of a deep lesion in the vagina and in the anterior
rectal wall, exhibiting a size of > 3 cm. In view of the size of
the lesion, dissection was performed in two pieces. Fig. 1.76b
shows the anterior rectal wall and a large endometriotic nodule
of > 3 cm in size, that was found to invade the muscularis

a

c

(ENZIAN C3). Removal of the left uterosacral ligament has
already been completed.
On the rear side of the uterus, an adenomyotic lesion was also
dissected.
As shown on Fig. 1.76c, a fenestration to the vagina is noticeable
after removal of the vaginal nodule (ENZIAN A3). Final score:
ENZIAN A3, B2,C3, FA.

b

Fig. 1.76 Deep endometriosis of the cul de sac including the vagina
(A3), uterus (FA), uterosacral ligament (B2) and rectum (C3).
Final score: ENZIAN A3, B2, C3, FA.
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1.7.4.8 Case 8
The 35-year-old patient presented with chronic dysuria and
haematuria during menstruation. Preoperative ultrasound
demonstrated a nodule on the rear side of the bladder
wall close to the uterus (Fig. 1.77a). As shown in Fig. 1.77b,
cystoscopic inspection confirmed the tentative diagnosis of
the ultrasound examination and revealed the presence of an
intravesical proliferated process.

Laparoscopic dissection and removal of the nodule from the
posterior bladder wall (Fig. 1.77c).
Final score: ENZIAN FB.

Fig. 1.77 Endometriosis on the posterior
bladder wall. Final score: ENZIAN FB.

a

c

b
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1.7.4.9 Case 9
The 25-year-old patient presented with a long standing history
of severe dysmenorrhea, hypermenorrhoea and sterility (more
than 3 years).
The clinical examination revealed the presence of an enlarged
uterus with a thickened anterior wall.
Fig 1.78a shows the anterior wall of the enlarged uterus as
visualized during laparoscopy.

MRI showed the typical appearance of a lesion suggestive of
intramural adenomyosis of the anterior uterine wall (Fig. 1.78b).
In view of the large size of the nodule, conversion to laparotomy
was imperative. The sagittal incision made in the anterior wall
is shown on Fig. 1.78c. The adenomyotic nodule was removed
completely, followed by reconstruction of the uterus.
Final score: ENZIAN FA.
Fig. 1.78 Adenomyosis.
Final score: ENZIAN FA.

a

c

b

1.7 The ENZIAN Classification of Deep Infiltrating Endometriosis

1.7.5 Validation of the ENZIAN Classification

Validation of the ENZIAN classification has been the subject
of a retrospective study undertaken by the SEF group on
the basis of 460 women of which 187 women consented
to undergo surgical treatment. A total of 270 lesions were
analysed according to the revised ENZIAN classification23
and 156 women were assessed preoperatively on the basis
of findings obtained through clinical examination, transvaginal
ultrasound and MR imaging.33
Given the presence of deep endometriosis, the ENZIAN
classification affords a more complete description of the
disease, when used as an adjunct to rASRM.23 In the past, the
adjunctive use of the ENZIAN scheme was prone to redundant
scoring, thus resulting in an ‘over-scoring’ of women with deep
endometriosis. However, the revised ENZIAN classification
has been shown to better complement the rASRM score and
to avoid the occurrence of redundancy.21
ENZIAN may be used for preoperative assessment based on
clinical findings, transvaginal ultrasound and MR imaging.
Accordingly, surgical planning can be improved by more
accurate prediction of both extent of deep endometriosis and
anticipated duration of the surgical procedure.20

1.7.6 Summary and Recommendations

The ENZIAN scoring system is anatomically logical and easy
to use. The significant correlation between preoperative and
postoperative scores obtained on the basis of the ENZIAN
scheme allows for a consistent and clear classification of DIE,
which in turn considerably facilitates both conservative and
surgical treatments, planning of therapy, as well as follow up
care.
The ENZIAN scheme can be used to further investigate the
known associations between extent of disease and some
symptoms with the goal of improving correlation.
Given the primary use of the rASRM classification, the ENZIAN
classification system should be employed as an adjunct in
the presence of deep endometriosis in order to obtain a full
description of operative findings.25 According to a consensus
statement issued by the World Endometriosis Society (WES),
the ENZIAN scheme is recommended for use in preoperative
diagnostics on the basis of clinical findings, transvaginal
ultrasound and MR imaging.25
Taking into account recommendations from Consolidated
Standards of Reporting Trials (CONSORT), it has been
proposed that the ENZIAN scheme should be used to record
and report on the surgical management of patients with deep
infiltrating endometriosis.40

In an analysis that was based on 156 patients with DIE and
bowel involvement Mutuku and Keckstein33 showed a clear
association between preoperative and intraoperative findings
evaluated with the ENZIAN scoring system. A significant
correlation was noted between these findings and the
presence of dyspareunia. However, no overt correlation was
demonstrable between extent of disease and dysmenorrhoea
and bowel symptoms.
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1.8

Medical Therapies in the Treatment of Endometriosis

Karl-Werner Schweppe a
1.8.1 Introduction

Laparoscopic surgery does not always result in the complete
excision of lesions down to normal tissue. In many cases it
is impossible to visualize all of the affected tissue, while in
others, incomplete resection is necessary in order to maintain
fertility. In patients with endometriosis, who do not wish to
give birth to a child in the near future, laparoscopic excision
should therefore always be followed by medical therapies.
This is to ensure removal of any residual endometriotic tissue
– including microscopically small lesions – and to protect
the patient from pain, while preventing irregular menstrual
cycles and the recurrence of endometriotic lesions.11 The
medical treatment options currently available continue to
be focused either on eliminating proliferative stimulation
induced by ovarian oestrogens, i.e., through direct or indirect
suppression of ovarian function, or on pharmaceutical
regulation of the patient’s prostaglandin metabolism. The
latter therapeutic approach is geared toward relieving the
endometriosis-associated pain symptoms, which are mainly
attributed to the inflammatory response triggered within the
lesions. A hormonal state of oestrogen deficiency can be
achieved by using steroid drugs that act by modulating the
negative feedback loop of the hypothalamic-pituitary-ovarian
axis, however their metabolic pathway does not involve the

release of substances with oestrogen-like characteristics.
Alternatively, a hypo-oestrogenic state can be induced by
using substances like gonadotropin-releasing hormone
(GnRH) analogues, that act on the pituitary gland and
inhibit the release of gonadotropin. Substances inhibiting
the synthesis of prostaglandins can be used to modulate
endometriosis-related pain that arises from areas affected
by disease, exhibiting an altered prostaglandin metabolism.
The question as to whether this approach also has a specific
impact on the endometriotic lesions themselves is the subject
of current research endeavours, as cyclooxygenase-2 (COX-2)
expression has been found to be involved in the pathogenesis
of different types of endometriosis.5

1.8.2 Anti-Inflammatory Treatment
One of the mainstays of medical therapeutic approaches is the
treatment of pain that develops as a result of local inflammatory
responses. Alterations in prostaglandin metabolism, the
initiation of the interleukin cascade reaction, and neurogenesis,
all are contributing factors to the occurrence of the pain
symptoms associated with endometriosis. This is why nonsteroidal anti-inflammatory drugs (NSAID)-type analgesics can
be used to suppress the inflammatory reactions underlying the
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Fig. 1.79 Schematic representation showing
the impact of prostaglandins and oestrogen
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disease, and prevent pain from becoming chronic in nature.
Even though the efficacy of NSAIDs in treating endometriosisassociated pain is not well established owing to a lack of
studies of sufficiently high quality,1 there is evidence from
clinical practice to suggest that administration of naproxen
or ibuprofen can have a positive effect. Selective COX-2
inhibitors, which act by inhibiting intracellular pathways
responsible for COX-2 activity, are particularly useful in this
regard (Fig. 1.79). At the time of writing, this type of drug has
not been approved worldwide for use in the treatment of
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endometriosis, and can therefore only be used off-label in
highly selective cases. Furthermore, many of these substances
have been removed from the market after long-term use was
shown to be associated with adverse cardiovascular effects.
Animal experiments suggested that NSAIDs might have direct
effects on endometriotic implants causing regression and
atrophy.9 However, these observations remain to be confirmed
in humans. To date, no prospective randomized clinical trials
have been published.

1.8.3 Endocrine Treatment
It has been known for some time now that pain symptoms
decrease in intensity when oestrogen levels, and the impact
they have on endometrial tissue, are reduced.2 The second
mainstay of a medical therapeutic approach therefore includes
substances that inhibit ovarian or local oestrogen production
(Fig. 1.80), such as progestogens and GnRH analogues38 and –
in the past – danazol. These preparations can be used either
pre-operatively or post-operatively, e.g., following incomplete
excision of endometrial tissue, or with the intent of reducing
the risk of recurrence.21
1.8.3.1 Danazol
Danazol is an isoxazole derivative of ethinyl-testosterone and
its mechanism of action is still unknown in detail. Dmowski
and Cohen8 established that the agent plays a vital role on
the hypothalamic-pituitary-ovarian level. Moderate binding
of danazol to testosterone, progesterone and glucocorticoid
receptors has been shown also, however the conclusions
drawn in terms of progestational, antiprogestational and
glucocorticoid effects in humans are contradictory.3,7
Apparently, danazol interferes with pulsatile gonadotropin
secretion, has some androgenicity via its main metabolite
ethisterone, and, despite its low binding affinity for estradiol
and progesterone receptors, the agent blocks progesterone
action at the endometrium, suppresses sex hormone-binding
globulin (SHBG) and corticosteroid-binding globulin (CBG)
levels and thereby counteracts the binding of testosterone,
estradiol, progesterone and cortisone. Evidently, follicle
maturation is suppressed and thus the midcycle gonadotropin

surge is inhibited.4 Danazol has been shown to be effective in
cases of mild and moderate endometriosis. However, danazol
causes marked weight gain and, more worryingly, it has
androgenic side-effects like oily skin, acne, hirsutism, voice
changes and lipid changes in 4 to 23 % of the cases.31 Many
clinical trials conducted between 1976 and 1987 confirmed
the subjective and objective improvements of endometriosisrelated symptoms in patients using a total daily dosis of
danazol ranging from 200 mg to 800 mg. Following danazol
treatment, it should be anticipated that the rate of persisting
endometriosis is no less than 30 %. Therefore, we recommend
that careful histologic examination and primary surgery be
performed in the presence of the less differentiated, hormoneunresponsive form of endometriosis.32
Based on a detailed analysis of follow-up outcomes
after danazol treatment, specifying the various stages of
endometriosis, it appears that recurrence rates vary between
15–20 % within the first year after treatment and further
increase by 5 % per year in the ensuing follow-up period.
Henriques et al.13 point out, that according to their own
findings, a recurrence rate of 50 % should be anticipated in
the 5-year follow-up period after danazol treatment.
The use of danazol is of limited value on account of its
androgenic side effects. Today, it is used in some facilities
under special circumstances only, for example, intravaginal
application for pain relief in the presence of pelvic
endometriosis or adenomyosis.15
1.8.3.2 The Use of Progestogens in the Medical Treatment
of Endometriosis
Pure progestogens, that do not exhibit an oestrogen-like
activity, have been shown to be effective in the treatment
of endometriosis33,38 and will be discussed in greater detail
in the following paragraph. Administration of combined oral
contraceptives (COCs) containing progestogens, on the other
hand, appears to be a less suitable option. This is because in
some patients the latter type of treatment may cause oestradiol
levels to exceed the established therapeutic range. Apart from
that, side effects and risks such as thrombosis must be taken
into consideration. Furthermore, as the accumulative effect
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of ethinyloestradiol remains to be elucidated, progression of
disease cannot be ruled out.16,19 Last but not least, any such
use would be considered off-label.

Progestogen Monotherapies
For some time, a variety of progestogens have been
used in the treatment of patients with endometriosis. In
order to be sufficiently effective, however, the medication
regimen required the patient to take the drug at a relatively
high dosage. Studies have shown that continuous use of
progestogens can reduce endometriosis-related symptoms
in 80 % of cases. In physiological terms, progestogens act
in direct opposition to oestrogens. Progestogens suppress
the secretion of gonadotropins through negative feedback
inhibition of the hypothalamic-pituitary-ovarian axis, thereby
producing an oestrogen deficiency and an excess of
progestogen. The scope of activity also involves a reduction in
the areas of localized peritoneal inflammation associated with
endometriosis (Fig. 1.81). The licensing status of progestogens
for the treatment of endometriosis varies considerably across
the globe, a fact that needs to be taken into consideration
when prescribing these medicines. In Germany, almost
all progestogens that used to be part of the treatment
armamentarium for endometriosis have now been removed
from the market. Dienogest is now the only such product
available that has been licensed specifically for the treatment
of endometriosis.33
The Use of Dienogest in the Treatment of Endometriosis
Dienogest is a 19-nortestosterone derivative that unlike
other preparations of the same group, does not contain a
17a-ethinyl group. Due to its unique chemical structure,
it combines the benefits of both the 19-nortestosterone
derivatives and the progesterone derivatives. Aside from its
anti-proliferative effect, dienogest also has anti-inflammatory
and anti-angiogenic properties. While it lacks androgenic
properties, dienogest has a clear anti-androgenic effect.12 As
a progestogen, it is also moderately effective at suppressing
the production of oestrogens and counteracts the stimulating
effects the latter have on the ectopic endometrium. It is welltolerated and therefore well-suited for long-term treatment.32

Progestins suppress
Progestins reduce

Data from clinical studies are available for treatment periods
of up to 5 years.42
In a trial comparing dienogest with leuprolide acetate (LA)
in 252 women with endometriosis,37 dienogest was shown
to be as effective as LA at reducing endometriosis-related
pain (which was rated using a visual analogue scale). After
a treament period of 24 weeks, approximately 60 % of the
patients of both groups were free from pain. Over the treatment
period, VAS scores were found to be reduced by 47.5 ± 28.8
mm in the dienogest-group, and by 46.0 ± 24.8 mm in the
LA-group. While a dramatic reduction in oestrogen levels was
recorded among women in the LA-group, dienogest appeared
to cause only a moderate level of suppression. Dienogest also
outperformed LA with regard to benefits related to quality of
life.37 In another study, researchers set out to investigate the
efficacy and safety of dienogest as a long-term treatment
for endometriosis.23 Among a total of 168 patients enrolled
in the study, 90.5 % (n = 152) completed the extended
treatment period of 15 months. A significant reduction in
pain levels was recorded during treatment, with mean VAS
scores falling from 34.08 mm to 11.52 mm (p < 0.001). While
researchers also recorded a gradual decrease in subjective
side effects, such as the frequency and intensity of bleeding,
half of all patients continued to experience bleeding at the
end of treatment. Other adverse events were generally mild
or moderate in intensity, resulting in a 2.4 % withdrawal rate.
Data from the study’s follow-up control visit at 24-weeks after
completion of treatment were obtained from 34 women and
showed that patients continued to experience reduced levels
of pain throughout this period. Research results suggest that
dienogest has favorable efficacy and safety profiles, and is
suited for long-term treatment of women with endometriosis.
1.8.3.3 The Use of GnRH Analogues in the Medical Treatment
of Endometriosis
GnRH analogues constitute an effective alternative to the
use of progestogens. The term “analogues” refers to both
agonists and antagonists of the naturally occurring luteinizing
hormone-releasing hormones (LHRHs), a group of substances
that act directly at the pituitary and hypothalamic level. While
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GnRH antagonists are widely used in oncology and, to a
more limited extent, in reproductive medicine, GnRH agonists
have become a well-established type of medication in the
treatment of endometriosis – in spite of their initial stimulatory
effect. The use of GnRH analogues results in regression and
atrophy of endometriotic lesions. This is achieved without
producing any significant metabolic side effects, and involves
the reversible suppression of ovarian function through pituitary
desensitization (Fig. 1.82). The objective and subjective success
rates reported for various substances falling into this category
are basically the same.17 Prolonged-release preparations are
generally preferred by clinical practitioners as they produce
better compliance rates and reliable ovarian suppression.
As far as adverse effects are concerned, these are primarily
related to oestrogen deficiency, and are comparable to
symptoms of menopause. Although GnRH analogues are
well-tolerated, length of treatment is limited to 6 months
because the ultimate effect of these substances is to induce
a hypo-oestrogenic state and in the long-term leads to bone
demineralization. While this is reversible and varies greatly
between individuals, mean bone loss ranges between 4–6 %.
The so-called ‘add-back’ therapy,10 which involves the use
of low-dose oestrogens or progestogens in conjunction with
GnRH analogues, was introduced to reduce bone loss without
impairing the treatment’s therapeutic effect. Oestradiol levels
should remain within the therapeutic range (i.e. between 30
and 60 pg/ml).2,18
Prospective randomized studies have shown that GnRH
analogues are better than progestogens at causing regression
of endometriotic lesions,26 and a comprehensive Cochrane
review25 confirmed that GnRH analogues are at least as
effective as progestogens at reducing the pain associated with
endometriosis. While the use of combined oral contraceptives
(COC) is still widely accepted – due to their low cost – it is
important to acknowledge that they have been shown to be less
effective than GnRH analogues.43 A review article by Shaw36
reported that the various GnRH agonists currently available on
the market are all equally effective at causing regression, and
at reducing the pain associated with endometriosis. However,

even after 6 months of treatment, 50 % of patients will present
with endometrial scar tissue that still contains endometrial
glands and stroma.29,31 This, of course, explains why, even
after such potent treatment, patients with residual disease will
become symptomatic again, and why recurrence is simply a
matter of time.

1.8.4 Recommendations for Clinical Practice
1.8.4.1 Pain Patients
The clinical benefits associated with adjuvant medical therapy
are particularly important in patients with a history of previous
surgery. This is because adjuvant use of progestogens42
or adjuvant GnRH agonists can reduce the overall rate of
recurrence and increase the duration of the recurrence-free
interval.6 While GnRH agonists have been shown to be as
effective at reducing the pain associated with endometriosis
after only 3 months of treatment, the recurrence-free interval
is significantly longer if suppression of ovulation is continued
for a duration of 6 months. Symptomatic treatment with
COCs has also become common practice in clinical routine,
and is used in patients with pain recurrence or as prophylaxis
following surgery. COCs are used as part of both cyclical
and continuous regimens. While a prospective, randomized
study20 has shown that, during the postoperative period,
COCs are less effective than GnRH agonists in treating
the pain associated with endometriosis, they are also less
expensive and linked with a different set of adverse effects.
To date, no data exists on whether and how the various
modalities of administration – transdermal patch, vaginal
ring or subcutaneous implant – are contributing to the
medication’s effectiveness in reducing endometriosis-related
pain. One prospective study, though based on a total of 55
patients only,39 showed that continuous administration of
COCs is more effective than cyclical regimens. When given as
prophylaxis following surgery, oral contraceptives (OCs) have
been found to reduce the recurrence rates for dysmenorrhoea
and ovarian cysts, and/or endometriomas.35,40 With regard
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Fig. 1.83 Algorithm for medical treatment of
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to the recommended therapeutic regimen, the duration of
treatment still needs to be determined, and varies between
3 months and 5 years. However, symptoms will recur if the
medication is discontinued.41 Physicians will need to evaluate
the pros and cons of the adjunctive use of these preparations
in addition to other treatments designed to further increase
the recurrence-free interval after adjuvant therapy with
progestogens or GnRH agonists (Fig. 1.83).
1.8.4.2 Long-Term Treatment Options
In patients with recurrent and/or progressive disease and
in patients with deeply infiltrating endometriosis (DIE), there
are several treatment options available in addition to surgical
excision that can be used to achieve an improvement of
pain symptoms. Taking into account the chronicity of the
disease, these treatments can be used either continuously or
intermittently, and include OCs and progestogens, prolongedrelease GnRH analogues, physical therapy or homeopathy,
and intrauterine progestogen delivery systems. Additional
surgical procedures, in particular radical surgery, should be
avoided as these are associated with a high recurrence rate and
a significant risk of complications. Low-dose progestogens
represent the most effective treatment option for long-term
therapy. Dienogest was shown to produce a gradual reduction
in pain symptoms over a duration of 15 months.34 As GnRH
analogues offer the option of using ‘add-back’ medication to
reduce the occurrence of adverse effects, they also represent
an alternative for the long-term treatment of endometriosis24
in cases where progestogen-only treatment is insufficient
or poorly tolerated by the patient. GnRH agonists remain
effective even after repeated use in patients with recurrent
disease. Another option, however, is to adopt an intermittent
treatment regimen consisting of a 3-month administration of
GnRH agonists and ‘add-back’ medication, interrupted by a
treatment-free interval with resumption of treatment only in
patients where symptoms persist or recur.30 This treatment
approach is cost-effective and well-tolerated by patients. Due
to a lack of relevant data, however, it is not clear whether longterm treatment regimens can be discontinued after a period of

2–3 years, and whether the subsequent continuous use of an
OC is likely to be sufficient. Patients who are likely to require
long-term treatment should be identified early to reduce the
risk of pain syndromes becoming chronic. This also applies
to patients who need to be treated via an interdisciplinary
approach that is geared toward managing both psychosomatic
symptoms and pain symptoms.
1.8.4.3 Recommendations Regarding Endometriosis-Related Infertility
Medical treatments alone are not capable of improving a
patient’s fertility status. A Cochrane review14 published in 2007,
demonstrated clearly that the use of ovulation suppression
agents does not have any beneficial effect on the fertility status
in subfertile women with minimal or mild endometriosis. It is
worth mentioning, however, that the above conclusion is based
on studies with a small number of participants. International
multi-centre studies based on a statistically relevant number of
participants are required to draw scientifically valid conclusions.
Down-regulation with GnRH agonists is used as part of in vitro
fertilization (IVF) protocols prior to the start of the stimulation
cycle. When compared with treatment protocols that do not
include the use of GnRH agonists, this approach prevents an
early LH surge, produces more eggs, and improves pregnancy
rates.27 The positive effects associated with GnRH agonists –
which are used up to 6 months prior to starting an IVF cycle
(ultra-long protocol), and irrespective of the severity grade of
endometriosis – have to be assessed and discussed on a caseby-case basis. Particularly in older patients, prolonged ovarian
suppression may be inappropriate as the age-related decline in
ovarian reserve status may render the subsequent stimulation
cycle more difficult.28 The same applies to women who have a
reduced number of follicles as a result of unilateral or bilateral
endometriomas and surgical resection. To date, there is no
consensus in the literature in regard to what constitutes a
suitable candidate for GnRH treatment, or what the length of
the ultra-long protocol’s GnRH cycle should be.
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1.8.5 Conclusions

Endometriosis severely affects the quality of life in women
suffering from the disease. Laparoscopy has been found
to play a significant role in the diagnosis and treatment
of endometriosis. In order to reduce pain and prevent
recurrence, and in addition to surgical measures, patients
should be treated either with GnRH analogues and ‘addback’ medication, or with progestogens. Non-steroidal antiinflammatory agents, OCs and many of the progestogens
available today have demonstrated a positive effect in patients
faced with a recurrence of pain symptoms. On the basis of
relevant data from studies of suitable design and quality it
can be concluded that the progestogen dienogest currently
plays a central role in the medical treatment of endometriosis.
In Germany, dienogest is the only progestogen medication
available to date, that is licensed for the treatment of
endometriosis and suited for long-term use. The use of GnRH
agonists in combination with ‘add-back’ medication is a valid
alternative option that helps to alleviate symptoms and induce
regression of active disease. The decision-making regarding
the most suitable treatment option should be based on the
patient’s compliance with the proposed regimen and must
include a risk assessment of the potential adverse effects of
the therapy under consideration.

1.8.6 References
1. Allen C, Hopewell S, Prentice A, Gregory D. Nonsteroidal
anti-inflammatory drugs for pain in women with endometriosis.
The Cochrane database of systematic reviews 2009(2):Cd004753.
doi:10.1002/14651858.CD004753.pub3.
2. Barbieri RL. Endometriosis and the estrogen threshold theory.
Relation to surgical and medical treatment. The Journal of
reproductive medicine 1998;43(3 Suppl):287–92.
3. Barbieri RL, Lee H, Ryan KJ. Danazol binding to rat androgen,
glucocorticoid, progesterone, and estrogen receptors: correlation
with biologic activity. Fertility and sterility 1979;31(2):182–6.
4. Barbieri RL, Ryan KJ. Danazol: endocrine pharmacology and
therapeutic applications. American journal of obstetrics and
gynecology 1981;141(4):453–63.
5. Bartley J, Mechsner S, Beutler C, Halis G,
Lange J, Ebert AD. COX-2-Expression in extragenitalen
Endometrioseläsionen als neuer Therapieansatz? Zentralblatt fur
Gynakologie 2003;125(07/08):252–5. doi:10.1055/s-2003-42279.
6. Busacca M, Somigliana E, Bianchi S, Marinis S de,
Calia C, Candiani M et al. Post-operative GnRH analogue
treatment after conservative surgery for symptomatic
endometriosis stage III-IV: a randomized controlled trial. Human
reproduction (Oxford, England) 2001;16(11):2399–402.
7. Dmowski WP. Endocrine properties and clinical application of
danazol. Fertility and sterility 1979;31(3):237–51.
8. Dmowski WP, Cohen MR. Antigonadotropin (danazol) in the
treatment of endometriosis. Evaluation of posttreatment fertility
and three-year follow-up data. American journal of obstetrics and
gynecology 1978;130(1):41–8.
9. Dogan E, Saygili U, Posaci C, Tuna B, Caliskan S,
Altunyurt S et al. Regression of endometrial explants in rats
treated with the cyclooxygenase-2 inhibitor rofecoxib.
Fertility and sterility 2004;82 Suppl 3:1115–20.
doi:10.1016/j.fertnstert.2004.06.033.

10. Emons G, Ormann O, Schutz KD. GnRH analogues in ovarian,
breast and endometrial cancer. In: Lunenfeld EB, Insler V, editors.
GnRH Analogues: The State of Art 1996. Lancaster, New York:
Parthenon Publishing; 1996. p. 95–120.
11. Göretzlehner G, Göretzlehner U. Orale Kontrazeptiva und
Langzyklus bei Endometriose. J Gynäkol Endokrinol 2008(2):27–31.
12. Gudermann T. Endokrinpharmakologie. In: Leidenberger F,
Strowitzki T, Ortmann O, editors. Klinische Endokrinologie für
Frauenärzte: Springer Berlin Heidelberg; 2009. p. 217–44. (ISBN
No. 978-3-540-44162-5).
13. Henriques ES, Jofe MH, Friedlander RL, Swarzt DP.
Longterm follow up of endometriosis treated with danazol. In:
Greenblatt RB, Semm K, Mettler L, editors. Genital endometriosis
in infertility. Stuttgart: Thieme; 1982. p. 55–66. (ISBN No.
3136289013 9783136289013 086577059X 9780865770591).
14. Hughes E, Brown J, Collins JJ, Farquhar C,
Fedorkow DM, Vandekerckhove P. Ovulation suppression
for endometriosis. The Cochrane database of systematic reviews
2007(3):Cd000155. doi:10.1002/14651858.CD000155.pub2.
15. Igarashi M. A new therapy for pelvic endometriosis and
uterine adenomyosis: local effect of vaginal and intrauterine
danazol application. Asia-Oceania journal of obstetrics and
gynaecology / AOFOG 1990;16(1):1–12.
16. Kappou D, Matalliotakis M, Matalliotakis I.
Medical treatments for endometriosis. Minerva ginecologica
2010;62(5):415–32.
17. Kiesel L, Kohl C. Medikamentöse Therapie der Endometriose.
In: Schweppe K, Schindler AE, Semm K, Runnebaum B, editors.
Endometriose. Balingen: Demeter Verlag; 1995.
18. Kleinstein J. GnRH-Analoga und Add-back-Verfahren. J.
Reproduktionsmed. Endokrinol 2008;2(2):40–3.
19. Klipping C, Duijkers I, Remmers A, Faustmann T,
Zurth C, Klein S et al. Ovulation-inhibiting effects of dienogest
in a randomized, dose-controlled pharmacodynamic trial of healthy
women. Journal of clinical pharmacology 2012;52(11):1704–13.
doi:10.1177/0091270011423664.
20. Muzii L, Marana R, Caruana P, Catalano GF, Margutti F,
Panici PB. Postoperative administration of monophasic combined
oral contraceptives after laparoscopic treatment of ovarian
endometriomas: a prospective, randomized trial. American journal
of obstetrics and gynecology 2000;183(3):588–92.
doi:10.1067/mob.2000.106817.
21. Neunhoeffer E, Lawrenz B. Therapieoptionen der
Endometriose. Arzneimitteltherapie 2011;29(2):35–41.
22. Noble LS, Simpson ER, Johns A, Bulun SE. Aromatase
expression in endometriosis. The Journal of clinical endocrinology
and metabolism 1996;81(1):174–9. doi:10.1210/jcem.81.1.8550748.
23. Petraglia F, Hornung D, Seitz C, Faustmann T,
Gerlinger C, Luisi S et al. Reduced pelvic pain in women with
endometriosis: efficacy of long-term dienogest treatment.
Archives of gynecology and obstetrics 2012;285(1):167–73.
doi:10.1007/s00404-011-1941-7.
24. Pierce SJ, Gazvani MR, Farquharson RG. Long-term
use of gonadotropin-releasing hormone analogs and hormone
replacement therapy in the management of endometriosis: a
randomized trial with a 6-year follow-up. Fertility and sterility
2000;74(5):964–8.
25. Prentice A, Deary AJ, Bland E. Progestagens and antiprogestagens for pain associated with endometriosis. The
Cochrane database of systematic reviews 2003.

63

1.8 Medical Therapies in the Treatment of Endometriosis

26. Regidor PA, Regidor M, Schmidt M, Ruwe B, Lubben G,
Fortig P et al. Prospective randomized study comparing the
GnRH-agonist leuprorelin acetate and the gestagen lynestrenol in
the treatment of severe endometriosis.
Gynäkologische Endokrinologie 2001;15(3):202–9.
27. Rickes D, Nickel I, Kropf S, Kleinstein J. Increased
pregnancy rates after ultralong postoperative therapy with
gonadotropin-releasing hormone analogs in patients with
endometriosis. Fertility and sterility 2002;78(4):757–62.
28. Rickes D, WeiSS M, Nickel I. Ovarielle Ansprechbarkeit auf
rekombinante Gonadotropine nach ultralanger „Dornregulation” mit
GnRH-Analoga. Zentralbl Gynäkol 2003;125:306.
29. Ruwe M, Donhuijsen K, Regidor PA, Leder LD,
Schindler AE. Endometriose: Klinische, histologische und
morphometrische Befunde vor und nach Gn-RH-AgonistenTherapie. Zentralblatt für Gynäkologie 1998;120(8):391–8.
30. Schweppe K. Longterm continuous, intermittent and recurrent
treatment of endometriosis. 7th International Symposium
on GnRHAnalogous in Cancer and Human Reproduction.
Gynäkologische Endokrinologie 2003b;17 (Suppl 1)(28).
doi:10.1007/s10304-006-0145-x.
31. Schweppe K. Morphologie und Klinik der Endometriose.
1st ed. Stuttgart, New York: F. K. Schattauer GmbH; 1984.
(ISBN No. 9783794509775).
32. Schweppe K, Dmowski WP, Wynn RM. Ultrastructural changes
in endometriotic tissue during danazol treatment. Fertility and
sterility 1981;36(1):20–6.
33. Schweppe K, Dmowski WP, Wynn RM. Endometriose –
Entstehung, Diagnostik Behandlungsmöglichkeiten und Probleme in
Klinik und Praxis. J. Reproduktionsmed. Endokrinol 2011;8(3):
180–94.

36. Shaw RW. The role of GnRH analogues in the treatment of
endometriosis. British journal of obstetrics and gynaecology
1992;99 Suppl 7:9–12.
37. Strowitzki T, Marr J, Gerlinger C, Faustmann T,
Seitz C. Detailed analysis of a randomized, multicenter,
comparative trial of dienogest versus leuprolide acetate in
endometriosis. International journal of gynaecology and obstetrics:
the official organ of the International Federation of Gynaecology
and Obstetrics 2012;117(3):228–33. doi:10.1016/j.ijgo.2012.01.009.
38.	Ulrich U. Interdisziplinäre S2k-Leitlinie für die Diagnostik
und Therapie der Endometriose / Arbeitsgruppe „Leitlinie
für die Diagnostik und Therapie der Endometriose“. 3rd ed.
München / Germering: Zuckschwerdt; 2013.
39. Vercellini P, Frontino G, Giorgi O de, Pietropaolo G,
Pasin R, Crosignani PG. Continuous use of an oral
contraceptive for endometriosis-associated recurrent
dysmenorrhea that does not respond to a cyclic pill regimen.
Fertility and sterility 2003;80(3):560–3.
40. Vercellini P, Somigliana E, Daguati R, Vigano P,
Meroni F, Crosignani PG. Postoperative oral contraceptive
exposure and risk of endometrioma recurrence. American journal of
obstetrics and gynecology 2008;198(5):504.e1-5.
doi:10.1016/j.ajog.2007.11.010.
41. Vercellini P, Trespidi L, Colombo A, Vendola N,
Marchini M, Crosignani PG. A gonadotropin-releasing
hormone agonist versus a low-dose oral contraceptive for
pelvic pain associated with endometriosis. Fertility and sterility
1993;60(1):75–9.

34. Seitz C, Gerlinger C, Faustmann T, Strowitzki T.
Safety of dienogest in the long-term treatment of endometriosis:
a one-year, open-label, follow-up study. Fertility and sterility
2009;92:S107.

42.	Yoshiaki O, Masaaki A, Shiori Y, Saori N, Mika F, Mizuki T
et al. Long-term administration of dienogest reduces recurrence
after excision of endometrioma. Journal of Endometriosis and
Pelvic Pain Disorders 2015;7(2):63–7.

35. Seracchioli R, Mabrouk M, Frasca C, Manuzzi L,
Savelli L, Venturoli S. Long-term oral contraceptive pills and
postoperative pain management after laparoscopic excision of
ovarian endometrioma: a randomized controlled trial. Fertility and
sterility 2010;94(2):464–71. doi:10.1016/j.fertnstert.2009.03.083.

43. Zupi E, Marconi D, Sbracia M, Zullo F, Vivo B de,
Exacustos C et al. Add-back therapy in the treatment
of endometriosis-associated pain. Fertility and sterility
2004;82(5):1303–8. doi:10.1016/j.fertnstert.2004.03.062.

64

1.9

The Role of Rehabilitation in the Treatment of Endometriosis Patients

Hans-Harald Riedel a
1.9.1 Introduction

Endometriosis is a chronic, progressive gynecological disorder
that affects approximately 10–15 % of women aged 15–45 in
Germany, making it the second most common benign disease
in the female population. Many of these women experience
dysmenorrhea, dyspareunia, dysuria, chronic lower abdominal
pain, bowel dysfunction, and infertility, which can seriously
compromise the physical, psychological and social quality of
their lives. Despite 100 years of extensive research, the cause
of endometriosis is still unknown. As a result, no universally
effective evidence-based therapy has yet been established.

1.9.3 Rehabilitation Goals

The Prof. Schedel Rehabilitation Center in Kellberg, Germany,
offers a rehabilitation program that places special emphasis
on the following goals:







Pain relief.
Patient education.
Support for women who desire pregnancy.
Reduction of cramps and tension.
Improvement of physical fitness.
Development of compensation strategies.

Approximately 90 % of endometriosis patients suffer from
some degree of lower abdominal pain that significantly
impacts their work and daily activities. Because of these
disabling effects, a comprehensive range of target-oriented
complementary therapies should be available as adjuncts to
medical and surgical pain management.

Rehabilitation at our center follows an holistic approach that
includes nutritional counseling, the use of natural remedies,
yoga, and balneotherapy. These measures help to promote a
more positive body awareness, an enjoyment of movement,
and a significant reduction in pain.

While the primary goal of rehabilitation is to achieve the best
possible recovery, patients should also be counseled about the
potential for long-term health restrictions. Studies have shown
that endometriosis patients require up to 65 days of sick leave
per year, underscoring the need for an individualized, holistic
approach to pain management.

Throughout rehabilitation, patient care is provided by a team
consisting of doctors, nurses, psychologists, sports therapists,
physiotherapists, social workers, and nutritionists. Educating
the patient about endometriosis, especially in small group
settings, is an essential part of the rehabilitation process.
Social workers focus on issues concerning reintegration into
the workplace and available support services.

1.9.2 Indications for Rehabilitation

Especially after major operations, which may involve a partial
bowel or bladder resection or reimplantation of the ureters,
rehabilitation should start with a follow-up program after the
patient has been discharged home. In Germany, the costs of
these treatments are covered by health insurance or pension
funds. But while follow-up is standard for cancer patients or
patients who have had orthopedic surgery, the follow-up care
of endometriosis patients is rarely submitted to insurance
providers for reimbursement. Apart from receiving immediate
follow-up care after a surgical procedure, a patient treated
for endometriosis is eligible to participate in a rehabilitation
program that is indicated for chronic pain. This program
is geared toward the primary goals of relieving pain and
improving physical fitness.
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Fig. 1.85 Prof. Schedel Rehabilitation Center
in Kellberg, near Passau (a, b). City of Passau
(c). Aerial photograph of the city of Passau,
where the Danube river is joined by the Inn
and Ilz (d).
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Since there is no causal treatment for endometriosis, patients
can vary widely in their individual response to the various
complementary therapies.
The rehabilitation program usually lasts 3–4 weeks. Throughout
this period, the aim of the rehabilitation team is not only to
achieve primary pain relief but also to develop a long-term
plan and decide which therapies should be continued on
an outpatient basis to consolidate the gains that have been
achieved.
Details regarding surgical, endocrine and medical therapies
for endometriosis are beyond our present scope and are
addressed elsewhere in this book.
An important fact to remember when dealing with
endometriosis patients is that there is no definite correlation
between the degree of endometriosis and the severity of
associated pain. This is significant because it means that
patients with grade I and II endometriosis will often benefit
from complementary therapy, showing good response with
an improvement in their general state of health.
It is also important that the rehabilitation facility be managed
by a doctor who has extensive experience in the surgical
and conservative treatments available for endometriosis.
The author, Prof. Dr. med. Hans-Harald Riedel, is Head of
Department of Gynecology at the Prof. Schedel Rehabilitation
Center and is highly experienced in the treatment of
endometriosis patients. He has offered specialized
endometriosis treatment and consultation for many years
and has successfully established and conducted a holistic
rehabilitation program for the disease. Since Prof. Riedel
has a license in gynecologic endocrinology and reproductive
medicine, he is specifically skilled and qualified to advise and
treat endometriosis patients who suffer from fertility problems.
A holistic, inpatient rehabilitation program for endometriosis
should always cover the physical, psychological, and
occupational aspects of the disease. As noted earlier,
the attending physician should be supported by a team
of therapists from various disciplines in developing and
implementing a customized treatment plan.

Rehabilitation generally starts with a complete medical
workup that includes a gynecologic examination and a
detailed history taken by the physician in charge. When
taking the history, the physician can review previous medical
records (furnished by the patient) that describe the course
of the disease up to that time. Particular attention should be
given to any prior operations.
It is important to determine whether the patient is suffering
from active endometriosis, as this will influence the planning
of treatment. For example, balneologic therapies such as
partial- or full-immersion peat baths would be contraindicated
in patients with current active endometriosis and associated
inflammation. The laboratory workup should include
erythrocyte sedimentation rate (ESR), C-reactive protein
(CRP), and a full blood count to exclude the presence of
active inflammation. While follow-up treatment is usually
initiated within 2 weeks after hospital discharge, it should be
delayed for 4–6 weeks after major surgery involving a bowel or
bladder resection or ureteral reimplantation. We recommend
an ultrasound examination on admission to the rehabilitation
center only if there is reason to believe that significant amounts
of endometriotic tissue could still be present (e.g., in the form
of chocolate cysts).
The use of peat therapy should be postponed in cases of this
kind. If the intake examination and laboratory tests are normal,
the doctor can confer with the patient to define individual goals
and to develop and prescribe an appropriate plan of treatment.
All therapeutic measures should be individually tailored to the
patient’s physical and psychological state of health. Additional
medical examinations or laboratory tests may be necessary
as rehabilitation proceeds. Psychological intervention for pain
management in an individual or group setting should be an
integral part of endometriosis rehabilitation and should be
offered from the outset as an adjunct to medical therapy and
complementary treatment options. A series of goals should be
defined for each individual patient based on her history and
physical findings and on the outcomes of previous surgical
procedures and endocrine therapies.
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1.9.4 Possible Therapeutic Goals in Endometriosis
Patients















Gaining a general knowledge and understanding of the
disease, and learning about current diagnostic methods
and treatment options that can improve posture and
strengthen the abdominal, pelvic-floor and back muscles.
Reducing tension.
Improving bowel and bladder function.
Relieving lower abdominal and back pain.
Improving physical fitness.
Building self-confidence and fostering an appreciation for
physical exercise.
Helping the patient come to terms with the disease,
including issues of interpersonal relationships, sexuality,
and inability to achieve pregnancy.
Learning new ways to deal with pain.
Improving the ability to relax.
Psychological support for patients with anxiety or
depression.
Information about relevant social legislation.
Useful tips about support and sources for information,
self-help groups etc.

Of course, the therapeutic goals listed above do not apply to
every patient with endometriosis. In each individual case, the
goals developed for the patient should be weighed against
what can be realistically accomplished with therapy. Weekly
meetings are held in which the rehabilitation team tracks the
patient’s progress for that week and adjusts the treatment
plan as the current situation requires. Treatment should always
focus on the complaints that are most distressful and disabling
for the patient at the time. If and when the complementary
therapies are successful, they should be continued on an
outpatient basis following discharge from rehabilitation.

1.9.5 Rehabilitation Program

The following therapies and services are available at the Prof.
Schedel Rehabilitation Center.

















Psychosocial care.
Relaxation techniques.
Art therapy.
Nutritional counseling.
Cooking lessons.
Informational lectures.
Gynecologic exercise therapy.
Pelvic floor exercises.
Water gymnastics.
Balneotherapy.
Massages.
Electrotherapy.
Health management and behavioral therapy.
Workplace and social counselling.
Sexual counseling.
Acupuncture.

The different therapies can be modified as needed to suit
patients’ individual needs. Their frequency is also tailored
to individual needs. If certain treatments are found to be
ineffective for a patient, they are eliminated from the program.
Needless to say, homeopathy, traditional Chinese medicine
and phytotherapy can all be integrated into the complementary
therapy program.
Within the context of the balneology, peat baths play a
special role along with salt baths. The use of peat baths can
achieve significant pain reduction in over 80 % of patients.
First, however, it is important to confirm the absence of any
residual active endometrial tissue after surgery, as the use
of peat therapy in these cases could have adverse effects.
Vaginal peat applications may be used in patients who
want to become pregnant but have ovulation problems and
endometriosis.
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Fig. 1.86 Yoga session (a); gymnastic therapy (b); pelvic floor exercises (c); fitness center therapy (d); massage (e); aquatic exercises (f); art therapy (g).
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Balneotherapy not only improves blood flow to the ovaries,
but has also been found to increase hormone production
and stimulate ovulation. Anecdotal reports from rehabilitation
centers in Bad Pyrmont, Germany, indicate that numerous
pregnancies were achieved with this method in the 1970s.
The combined use of gynecologic therapy, physiotherapy,
balneotherapy, and physical therapy in endometriosis
rehabilitation has a beneficial effect on fatigue, pain, and
lethargy. Even better results can be obtained by integrating
additional therapies listed above. We know, for example,
that the use of homeopathy can not only relieve pain in the
majority of patients treated, but also improves pregnancy rates
in many women with a prior history of multiple failed attempts
to conceive.
As one aspect of the rehabilitation program, it is crucial that
patients receive adequate information about the disease
itself and about helpful guidelines. This information can be
imparted in group meetings or in individual appointments.
Of course, this presupposes that the rehabilitation center
is staffed with an experienced specialist who has treated
all stages of endometriosis and has participated in various
follow-up programs over the years. It is important for patients
to understand their anatomy and cycles as well as the different
types of endometriosis (active and inactive, scars). Patients
should also be educated about diagnostic and surgical
options, possible postoperative functional disorders, and
forms of endocrine therapy that may be helpful in women who
desire pregnancy. Medical and alternative pain relief should
also be discussed in this context, and information can be
given about participation in support groups. Every patient with
endometriosis should clearly understand the nature, cause,
and consequences of their chronic disease. Armed with this
knowledge, patients are better able to understand and comply
with their treatment regimen.
Ideally, endometriosis patients should be managed by a
specialist in gynecology who is proficient in gynecologic
endocrinology and reproductive medicine and has access
to support and advice from a urologist and another medical
specialist. This reinforces the holistic concept that is so vital
in the treatment of endometriosis patients. In addition to
regular visits between the attending physician and the patient,
necessary ultrasound and laboratory follow-ups are scheduled
as required. Moreover, exercise therapists, physiotherapists,
massage therapists, the nursing team, psychologists and
nutritionists meet on a regular basis to review the patient’s
condition and evaluate her progress. The attending physician
keeps the patient apprised of the results and adjusts the
treatment plan according to response. Endometriosis patients
at the Prof. Schedel Center are treated primarily by the head
of the gynecology department, Prof. Riedel. The location of
the center in a very quiet, rural area in southern Germany
provides an ideal setting for relaxation. With the city of Passau
located just a few kilometers away, a wide range of activities
are available to the patients in their leisure time.
An in-depth medical examination is scheduled one to three
days before the patient is discharged from the center. The
results are compared with the findings on admission to see

how well the rehabilitation goals have been met, both from
the perspective of the patient and her doctor. The discharge
examination includes an assessment of future employment
possibilities for patients who are still in the workforce. The
patients are counseled on any further outpatient therapy that
may be required. Each case is summarized in a final, detailed
report that includes the results of laboratory tests and other
diagnostic procedures.
That report is sent directly to the referring physician. During
the discharge examination, each patient is required to fill out
a questionnaire from the European Endometriosis League to
document the results of her treatment, such as a possible
reduction in the severity of lower abdominal pain.
During the final consultation, patients are advised that
any necessary surgical procedures in the future should be
conducted only at a Level III Endometriosis Center. Patients
are also told that, after undergoing such surgery, they are
again eligible for follow-up care at a rehabilitation center.
Patients who experience persistent pain are entitled to attend
periodic rehabilitation sessions. Unfortunately, endometriosis
has a high recurrence rate even after surgical treatment, so
patients should understand the importance of having regular
gynecologic checkups in an outpatient setting. It is also
important to make sure that patients have been adequately
educated about the disease and ways of dealing with it. This
is necessary to ensure that positive rehabilitation outcomes
can be maintained in the long term. After assessing the
rehabilitation goals that have been achieved, the doctor and
patient can decide which therapies should be continued after
discharge.
A detailed description of the complementary therapies that
are used during rehabilitation is beyond our present scope,
but we can offer a few brief observations. Physiotherapy is
used in endometriosis patients to treat the functions and
structures of the human body. It includes the use of massages,
exercises, and the use of water, electricity, heat, and cold.
Physiotherapeutic methods stimulate the circulation, aid
cardiovascular function and metabolism, promote wound
healing, and contribute to pain relief. The mobility and
coordination of the muscles and joints can be improved, and
postural faults can be corrected.
Heat packs applied to the lower abdomen or back can help
to reduce pain and ease tension. Mud and peat packs work
in the same way and can be particularly helpful in patients
with dysmenorrhea and diffuse lower abdominal pain.
Myofascial massage can reduce tension in the muscles,
nerves, and surrounding tissue. In this way it can promote
circulation and relieve pain in the back and lower abdomen.
Since the gynecologic organs correspond to skin areas over
the sacrum, therapies addressing that region can be helpful
in the treatment of dysmenorrhea as well as bladder and
bowel dysfunction, which are often disclosed during the
intake examination. Tension in the pelvic girdle and hip area
can be treated with classic massage techniques. These help
to relax cramped muscles and improve blood flow, even in
deeper tissues. Scar tissue and adhesions can be loosened
and pain relieved. Osteopathy can also be very helpful in this
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area. This method is based on a holistic view of the body in
which the hands diagnose and treat functional disturbances in
the organs. The main goal in osteopathy is to restore healthy
body functions in order to activate self-healing mechanisms.
Endometriosis patients often have a painful limitation of motion
in the sacroiliac joint. An experienced osteopath can treat this
condition and achieve significant pain reduction. Reflexology
of the foot is also effective in treating painful menstruation,
decreased sacral motion, and venous and lymphatic swelling
of the legs.
It should also be noted that environmental factors, nutrition,
and exercise have a direct impact on female hormones, the
menstrual cycle, and the immune system. Many studies
have shown that women with endometriosis tend to have
a poorer diet than healthy women. They do not eat enough
fruit and vegetables and consume too much animal products
and carbohydrates, including sugar. The saturated fats from
animal products (sausage, meat, milk, cheese) flood the body
with arachidonic acid, which can promote inflammation and
pain. Typically, the diet is poor in unsaturated omega-3 fatty
acids. Patients will benefit from detailed nutritional counseling
with an emphasis on fruits, vegetables, and pulses (beans,
lentils, chickpeas, dry peas). A healthful diet also requires
an adequate intake of certain vitamins such as vitamin B
complex, vitamins C, E and D, and some trace elements
like selenium, magnesium, and calcium. Not only can the
wrong diet be a problem, but an imbalance in the intestinal
flora and an increase in certain fungi can lead to digestive
problems in more than 60–80 % of endometriosis patients. A
special laboratory assessment of the gut microflora (socalled
‘cybernetic’ or microbiological status) may be indicated so
that specific treatment can be instituted to restore the normal
intestinal flora.
Phytotherapy (‘herbal medicine’) may include the use of special
teas, tinctures, baths, and suppositories. Again, the selection
of plant extracts should be individualized for each patient. We
favor the use of mistletoe therapies because they can inhibit
the growth of endometriosis lesions and stimulate the immune
system in general. The agent is administered in the form of
subcutaneous injections or oral droplets. Traditional Chinese
medicine also plays a role and may include acupuncture,
acupressure, moxibustion, and relaxation techniques such as
qigong and tai chi.
Chinese medicine teaches that symptoms such as pain or
infertility result from a blockage or imbalance in the human
body. Life energy flows along energy channels, called
meridians, which connect the different areas of the body and
organs to one another. Pain can be significantly reduced in the
majority of patients by using special acupuncture techniques.
Sometimes the complaints resolve completely.
Because endometriosis patients experience a high level
of suffering, there is often a psychosomatic component to
their illness which should also be addressed. Treatment may
consist of individual sessions with a psychotherapist or may
involve special therapies such as the Jacobson technique of
progressive muscle relaxation. This approach can improve
body awareness and perception and enhance the ability to

cope with pain and the restrictions it imposes. Other therapies
that can help are music and art. Additional methods such as
yoga, tai chi, and qigong can harmonize the body and soul.
Relationship conflicts can be addressed within the context of
psychosomatic care.
Exercise is an essential part of rehabilitation. Pain can
often be relieved by strengthening weak muscles. Special
medical exercises, equipment-based physiotherapy, Nordic
walking, water gymnastics, pelvic floor exercises, ergometer
training, Pilates, and yoga, all play a role. When the discharge
examination has been completed, measures are recommended
that can be continued on an outpatient basis. Any fertility
problems should be readdressed at this time, as it is known
that 50 % of endometriosis patients have difficulty becoming
pregnant. If it has not already taken place, counseling can be
given on the causes of endometriosis-related infertility and on
available options, including in vitro fertilization.
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1.10

Endometriosis and Nutrition

Matthias Korell a
1.10.1 Introduction

Endometriosis is a very common disease that imposes a
significant burden on women afflicted by this condition. Even
though endometriosis is amenable to a standard therapeutic
approach consisting of surgery and hormonal treatment,
efficacy has been limited and associated with a high
recurrence rate.3 A multitude of theories have been proposed
on the etiology of endometriosis, and probably more than
one theory is needed to build a thorough understanding of
the highly complex and multifactorial nature of the disorder.
The ‘implantation theory,’ for example, with its concept of
retrograde menstruation, is among the oldest theories on this
topic and was described by Sampson in 1927.16 Retrograde

menstruation is a fairly common diagnosis in clinical practice
(Fig. 1.87). It seems very likely that endometriotic cells are
implanted in the cul-de-sac, which is considered a site of
predilection for endometriosis. To date, however, none of the
various hypotheses on the etiology of endometriosis has been
validated conclusively by scientific evidence.
Irrespective of the unknown etiology, we can see how the
body ‘fights’ against endometriosis in every affected patient
by noting the hemosiderin deposits, fibrotic tissue, and
neoangiogenesis that are present in a typical implant (Fig. 1.88).
So then, if most women have retrograde menstruation, for
example, why is endometriosis not present in every one of
them? Expressed another way, one may raise the question
as to what are the ‘condiments’ needed in a ‘recipe for
endometriosis?’

1.10.2 History

Fig. 1.87 Residual blood in the cul-de-sac after menstruation.

More than 50 years ago, Ancel Keys demonstrated the
tremendous impact of nutrition on coronary heart disease and
brought the ‘Mediterranean diet’ to popular attention.8 The
European Prospective Investigation into Cancer and Nutrition
(EPIC) study documented a dramatic reduction of diabetes
(–93 %), myocardial infarction (–81 %), stroke (–50 %), and
an overall reduction of cancer development (– 36 %) by a
‘healthy’ diet consisting of low meat consumption and a high
intake of fruits, vegetables, and whole-grain bread.5
1.10.2.1 But What About Endometriosis?
In their book ‘Endometriosis – A Key to Healing through
Nutrition’, Vernon and Mills instituted a new approach to
dealing with this disease.22 The question is whether it can truly
‘fill the void left by the traditional treatment of endometriosis
and provide physicians and patients with additional options,’
as stated on the book cover.
In recent years there has been a growing body of evidence
to support the influence of nutrition on endometriosis in both
retrospective14 and prospective trials.12

Fig. 1.88 Endometriotic implant on the right pelvic sidewall.
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1.10.3 Study Results

Parazzini et al. investigated nutritional patterns in 504 patients
with confirmed endometriosis and compared it with 504
matched pairs without endometriosis.14 A significant difference
was noted between the two groups in their intake of red meat,
ham, vegetables, and fresh fruits. While a high consumption
of ham and red meat was found predominantly in patients
with endometriosis, women without endometriosis showed a
higher intake of vegetables and fresh fruit (Table 1.2, Fig. 1.89).
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< 3 x/week red meat
50 % less risk of endometriosis
compared with > 6 x/week.
 > 13 x/week vegetables
70 % less risk of endometriosis
compared with < 6 x / week.
 > 13 x/week fruits
40 % less risk of endometriosis
compared with < 6 x/week.


Table 1.2 Reduced endometriosis risk by intake of selected foods
expressed by odds ratio estimates (OR).14

This suggests a possible benefit from a diet of fish and
vegetables. However, fish intake should be limited due to
marine pollution with rising levels of heavy metals and dioxins.17
Specifically, cadmium is a ‘metalloestrogen’ suspected of
increasing the risk of endometriosis. The oral intake of heavy
metals and dioxins is of great importance in settings where air
pollution appears to play a minor role.10,15,20 A safer alternative
to seafood would be to increase the consumption of omega-3
fatty acids through plant sources such as linseed.1

1.10.4 Discussion

The influence of nutrition on general health is widely accepted
but frequently underused. As an example, the development of
type 2 diabetes mellitus could be prevented and treated more
effectively with an appropriate diet than with conventional
pharmacologic medication.9
Several studies have shown that nutritional patterns have
a significant impact on the prospective incidence of endo
metriosis. Besides the importance of vegetables as in the
Mediterranean diet, the intake of fat has the greatest influence.
Omega-3 fatty acids reduce the incidence of endometriosis,
whereas trans fatty acids increase it.12
Fig. 1.89 Typical vegetables featured in the Mediterranean diet.

One limitation of this study is its retrospective design using
matched pairs. However, there have been other, prospective
studies conducted over a long period to investigate a possible
link between nutritional habits and endometriosis risk.
In one prospective study, Missmer et al. used the enormous
data pool from the Nurses’ Health Study II to correlate fat
consumption with the incidence of histologically confirmed
endometriosis.12 Starting in 1989, nutritional patterns were
investigated via a food frequency questionnaire in 1991, 1995,
and 1999. Women with the highest intake level of omega-3
fatty acids had a 22 % lower risk of endometriosis than those
with the lowest consumption (Fig. 1.90). On the other hand,
the highest consumption of trans fatty acids contributed to a
rise of incidence by 48 % (Fig. 1.91). This study demonstrates
that fat consumption plays a central role in the incidence of
endometriosis.

Fig. 1.90 Incidence of endometriosis relative to the intake of omega-3
fatty acids. First quintile = lowest intake, 5th quintile = highest intake.12

1.10.5 Nutritional Patterns and Endometrial Cancer

The stimulation of endometrial growth appears to do more
than provide an ideal environment for endometriosis. Estrogen
dominance could also increase the risk of endometrial cancer.
It has been shown that adherence to the Mediterranean diet
leads to a 57 % reduction in the incidence of endometrial
cancer.4 A high intake of vegetables alone leads to a risk reduction of 36 %.
1.10.5.1 Role of Dairy Fat?
It appears that milk and red meat contribute to the development
of endometriosis in different ways. The source of animal fat is
relevant to its biological effect on the endometrium. Women
who consume more than three servings of total dairy food per
day have an 18 % lower risk of endometriosis compared with
two servings per day.6 Accordingly, women with a high intake
of dairy products have a 16 % lower risk of endometrial cancer
compared with a low intake.4 High dairy intake was also found
to correlate with a significant risk reduction for endometrioid
ovarian cancer.11

Fig. 1.91 Incidence of endometriosis relative to the intake of trans fatty
acids. – 1. First quintile = lowest intake, 5th quintile = highest intake.12
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1.10.5.2 ‘An Apple or a Pill?’
The ‘modern’ path to better nutrition is often to reach for
vitamin supplements.23 Darling et al. compared the incidence
of endometriosis relative to different amounts of vitamin intake
from food sources versus vitamin supplements.2 Figs. 1.92 and
1.93 show the results for vitamin C and E, respectively, which
are similar for all the vitamins tested. A preventive effect was
demonstrated only for vitamins ingested from food sources.
None of the vitamin supplements had any preventive effect
on the incidence of endometriosis in this prospective study.
Multivitamin supplements were also found to be without
benefit. There was no difference in the incidence of
endometriosis, even with daily multivitamin use (Fig. 1.94).
1.10.5.3 Nutrition and Endometriosis – Prevention and / or Therapy?
Available data on the correlation between nutrition and the
incidence of endometriosis support the preventive effects of
a special diet (Figs. 1.90–1.93). But what about women who are
already diagnosed with endometriosis? Is it possible to modify
the course of endometriosis, comparable to the reversal of
coronary heart disease, by implementing lifestyle changes?13

substances may act by reducing the release of prostaglandins,
which can cause inflammation, pain, and spastic uterine
contractions. Vitamin E, for example, was found to be effective
in the treatment of primary dysmenorrhea.24 A prospective
randomized study found that a special diet could reduce pain
severity relative to a placebo when rated on a visual analog
scale (VAS scores of 4.7 vs. 6.2 on a 0–10 point scale) and
was just as effective as GnRHa or a contraceptive pill (VAS
5.3 vs. 5.0).19 In our experience, nutritional counseling alone
can lead to a significant reduction in pain level from 6.7 (VAS)
before counseling to 3.2 afterward.7 We found a concomitant
gain in well-being from 2.6 to 6.67 (Fig. 1.95).
We do not know how effective a nutritional change is
for secondary prophylaxis in patients with confirmed
endometriosis. Nevertheless, the existing data support the
claim that nutritional counseling should be an important
component of multimodal therapy in patients with
endometriosis. Especially in women who desire pregnancy
or have other contraindications to oral contraceptive use,
nutritional counseling offers patients a self-determined
alternative tool.

There is evidence for the efficacy of omega-3 fatty acids,
vitamins B1, B3, and E, and magnesium in relieving pain
and reducing the need for additional medication.18 These

The role of nutrition in women at risk for endometriosis
should be included in published guidelines.3,21 This could be
helpful not only for the patients themselves but also for their
daughters.

Fig. 1.92 Incidence of endometriosis relative to the intake of vitamin C
from food sources versus supplements. First quintile = lowest intake,
5th quintile = highest intake.2

Fig. 1.93 Incidence of endometriosis relative to the intake of vitamin E
from food sources versus supplements. First quintile = lowest intake,
5th quintile = highest intake.2

Fig. 1.94 Incidence of endometriosis (odds ratio) relative to the intake of
multivitamin supplements.2

Fig. 1.95 Effects of nutritional counseling on pain and well-being,
assessed on a 10-point visual analog scale.7
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1.10.6 Conclusion
Studies have clearly shown that nutritional habits have
a significant and relevant effect on the incidence of
endometriosis. Nutritional recommendations should be
included in the guidelines. Identifying the various contributing
factors for the development and course of endometriosis will
be the future challenge in our efforts to better understand
this common disease. Nutrition appears to be one of these
factors. Patients and physicians should be more aware of its
importance.
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1.11

Organisation of an Endometriosis Centre

Neil P. Johnson a | Tal Jacobson b
1.11.1 Introduction

Models of care for women with endometriosis are as diverse
as there are clinicians with a passion and commitment to
treating endometriosis.2 The crux of this is that there has
traditionally been no consensus and there are no guidelines
as to how an endometriosis centre should be organised.
Over the years the concept of the endometriosis centre of
excellence.2 has been replaced by the endometriosis network
of expertise,6 illustrating that an endometriosis centre does not
need to be sited, for example, in an academic teaching centre,
and in fact may have multiple geographical loci contributing to
the centre, as long as all the essential ingredients are present
in such a ‘network’.
At the core of a network of expertise is the ability to consistently
deliver co-ordinated care for women with endometriosis
within a multi-disciplinary centre or network of accredited
practitioners, who each specialise in a specific discipline.2
So what are the key ingredients for a successful endometriosis
network of expertise? There remains no agreed definition of
a network or centre of expertise for endometriosis nor for
its accreditation requirements. One simple and aspirational
definition of a centre of excellence was ‘a place where the
highest standards of achievement are aimed for in a particular
sphere of activity’.5 There is agreement that a network of
expertise should include specialists who have undergone
specific training in endometriosis, advanced surgeons with
a high case-load of managing deep endometriosis, ready
access to an endometriosis organisation with substantial
input on behalf of women, and a track record of commitment
to collaborative research.6
Whilst unclear in terms of definition, the aims of networks of
expertise might be considered from a global perspective as
reducing time to diagnosis and reducing time to individualised
specialist care; increasing evidence based treatment and
reducing the requirement for fertility treatment if the disease is
controlled before fertility is affected.2
It is tempting to think that the services provided by a network
of expertise will inevitably be better than that received
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outside of a network of expertise setting, although there is
little evidence for this. This would be difficult to investigate
adequately. Once a ‘centre’ has gone down the pathway of
setting up a network of expertise, it might be considered a
retrograde step to then randomise women to care through
the network of expertise versus traditional care outside
the network of expertise setting. However this would be a
valuable piece of research that a centre could undertake if
there were funding restrictions to delivery of services such
that not every woman with endometriosis could receive
care through the network of expertise. In settings in which
access to a network of expertise is restricted, a randomised
controlled trial investigating its effectiveness (versus ‘standard
care’) would be a more valuable method of allocating women
to the scarce resource of the network of expertise rather than
setting rationing criteria to undertake this allocation. Despite
the lack of evidence, there is majority consensus the World
Endometriosis Society Montpellier Consortium, supporting the
‘good practice point’ statement ‘individualised care benefits
from a multi-disciplinary network of experts sufficiently skilled
in providing advice on and treatment of endometriosis and its
associated symptoms, based on the best available knowledge,
their extensive experience, and their transparent record of
success rates’.6

1.11.2 Attributes of a Network of Expertise

It is only by setting specific standards and monitoring those
standards that it will be possible to assess outcomes from a
network of expertise. The standards to be achieved should
preferably relate to clinical outcomes. Improved quality of life
should be the main aim, thus there is a need for auditable
standards that reflect this. For endometriosis this could mean
improved objective quality of life measures, lowered pain
symptoms, increased fertility, lower complication rates etc.
There are many secondary or alternative outcomes that may
be relevant such as waiting times, patient satisfaction rates,
cost effectiveness and research outputs.
1.11.2.1 Audit
To define these outcomes there must be audit undertaken in
order to assess each network’s outcomes and establish local,
national or international benchmarking to compare those
outcomes to. Audit and self assessment is therefore a primary
component of any network of expertise.
1.11.2.2 Criteria
In a UK study that surveyed consultant gynaecologists,3 85 %
expressed support for centres of excellence and many felt
that a colorectal surgeon, pain management team, specialist
nurse, access to counselling and access to complementary
therapies were important components of a centre of
excellence.
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Around the latter part of the first decade of this millennium,
the British Society of Gynaecological Endoscopy (BSGE)
proposed specific criteria for its members to have their
centres accepted as centres of excellence.5 It required the
centre to treat a minimum of 12 rectovaginal nodules per year,
have a named colorectal surgeon, submit data to a national
database, surgeons to attend centre meetings and be willing
to hold meetings for other UK centres of excellence. Other
criteria included a willingness to demonstrate surgery, have a
pelvic pain specialist in addition to gynaecological/colorectal
surgeons, and a dedicated pelvic pain clinic scheduled for
appropriate patients
The original report defining centres/networks of excellence
suggested that they should be defined by ‘proper training,
adherence to evidence-based guidelines, quality management
and continuous measurement of patient outcome as a central
focus’.2
1.11.2.3 Models
There are number of potential models for networks of expertise.
With a team approach there may be a group of gynaecologists
with an interest in endometriosis. The service delivery is likely
to be guideline-based and have an institutional approach to
treatment rather than that of a specific surgeon. There is also
the individual approach with an expert and highly experienced
surgeon running his or her practice. They are likely to have
developed their own highly skilled support or multidisciplinary
team. Other models may involve collaboration over several sites
with relevant expertise being coordinated by an endometriosis
expert who may not themselves have the specific surgical
skills or facilities to provide the more complex surgery that
is sometimes required. This latter model might be regarded
as the ‘network of expertise’ model. In the United States,
the American Association of Gynecological Laparoscopists
(AAGL) have partnered with the Surgical Review Corporation
and developed a program to designate Centres of Excellence
in Minimally Invasive Gynecology (COEMIG). Although it does
not focus specifically on endometriosis they have defined a
specific set of criteria that are required for accreditation as a
COEMIG.8 These include surgical experience with surgeons
required to have performed a minimum of 50 qualifying
gynaecological laparoscopic procedures in the preceding
24 months. Clinical care pathways must be established and
patients must be provided with comprehensive preoperative
patient education. Collaboration with and access to
appropriately qualified and experienced specialists including
an anaesthetist, vascular surgeon, general surgeon, urologist
and radiologist are required. Facilities must provide ongoing,
regularly scheduled education programs in minimally invasive
gynaecological surgery and collect prospective outcome data
on all patients.8

1.11.3 Establishing a Network of Expertise

Both authors were involved in establishing a self-defined
network of expertise (which, at the time, we called a centre of
excellence) with a group of like-minded colleagues in 2006.*
* http://www.endometriosisauckland.co.nz
** http://www.nzendo.org.nz/

In order to do this there was considerable discussion about
the attributes of a network of expertise and the following were
identified as important components of a network of expertise:









Offer evidence-based surgical, medical, alternative and
supportive therapy;
Encourage a multidisciplinary approach;
Collect data with a view to critically analysing and auditing
the centre;
Link with an endometriosis organisation (part of the
function of which is a patient support group) and promote
education and information sharing for women with
endometriosis about the condition and its management
– this is something that Endometriosis New Zealand,**
the world’s longest standing patient-representative – led
endometriosis organisation has done with great success;
Promote education for fellow specialists and general
practitioners;
Promote and undertake research into endometriosis;
Foster national and international collaborations with other
networks of expertise.

In order to achieve these goals, the services highlighted in
Table 1.3 need to be available – the lists have been stratified
in order to see how a network of expertise can evolve as
expertise and facilities improve.
Components of an endometriosis centre / network of expertise
Essential








Adequate case mix
Adequate frequency of complex cases
Colorectal surgeon
Dedicated theatre team
Audit and risk management process
Evidence based approach

Preferable











Accreditation
Links with patient support groups
Specialist nurse
More than one gynaecological surgeon
Pain Team
Urologist
Specialist physiotherapist
Specialist psychologist
Future participation in EPHect

Desirable









Close ties with tertiary fertility services
Links with other centres/networks of expertise
Digital operating theatre environment
Research focus
Run training courses and demonstrate surgery
Able to train future specialists
Links with complementary therapists

Table 1.3 Components of an endometriosis centre / network of expertise.
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Centres or networks of expertise (as an example of evidence
from observational studies)
Description

Either a centre or a network in which a multidisciplinary
team of experts collaborate to optimise the management.

Mechanism of Precise definitions of a centre or network of expertise,
action
along with its accreditation requirements, yet to be finalised. Most experts agree this should include specialists
who have undergone specific training in endometriosis,
advanced surgeons with a high caseload of managing
deep endometriosis, ready access to an endometriosis
organisation with substantial input on behalf of women,
and a track record of commitment to collaborative
research. The centre/network should have a transparent
record of outcome-based success rates.
Volume of
evidence

Observational studies only.

Consistency
of evidence

Unclear.

Applicability
of evidence

Probably applicable, but on-going evaluation important.

Effectiveness

Proving effectiveness of centres/networks of expertise
is elusive, but logic suggests that, based on the sound
principles/mechanisms of a centres/network of expertise, outcomes for women should be improved.

Adverse
effects

Minimal

 RADE –
* G
evidence
quality

Moderate – observational studies and expert opinion
only, but there appears to be no down side to the development of centres/networks of expertise.

** Consensus Women with endometriosis require individualised
α
statement
care over a long term period, where priorities may
and grading change owing to the type and severity of symptoms,
impact of these symptoms, current or future fertility
wish, and lifestyle factors (strong GPP ***).
Individualised care benefits from a multi-disciplinary β
network of experts sufficiently skilled in providing
advice on and treatment of endometriosis and its
associated symptoms, based on the best available
knowledge, their extensive experience, and their
transparent record of success rates (strong GPP).
References

D’Hooghe and Hummelshoj, 20062

*	Criteria for assigning grade of evidence to observational studies –
supplied to members of the WES Montpellier Consortium (can be
applied to observational studies as well as interventions).6
**	Criteria for ‘α’ (unanimous or near unanimous) consensus was where
more than 80 % of contributors agreed without caveat and fewer
than 5 % disagreed; ‘β’ (unanimous with caveat) consensus was
where fewer than 5 % disagreed, but fewer than 80 % agreed without
caveat.
*** Good Practice Point (GPP)
Table 1.4 Evidence table for networks of expertise from WES M
 ontpellier
consortium on current treatment of endometriosis. Reproduced with
permission from Human Reproduction.6

1.11.3.1 Essential Components of a Network of Expertise
An adequate case mix is important to allow a centre/network
to gain experience, maintain skills and offer training. There may
be considerable variation in complexity of surgical cases as
well as different patient need regarding fertility or pain control.

Case frequency is a reflection of the level of specialisation
of the centre/network and in the case of a single practitioner
there needs to be adequate case numbers to justify a
‘network of expertise’ status. The BSGE previously defined
this as at least 12 operations for rectovaginal nodules per
year.5 Other specialists may view this as less relevant to their
practice but still consider their service to be a network of
expertise.
It would be expected that a network of expertise would offer a
laparoscopic approach to surgery as the default approach as
there are clear and well known advantages over laparotomy.6
Collaboration with a colorectal surgeon with an interest in
endometriosis and preferably the training and experience
to operate laparoscopically is an essential part of any
network of expertise.
 The nature and complexity of the surgical procedures
would be optimised by a dedicated theatre team in order
to provide consistent and safe outcomes.
 The importance of audit and the relevant audit tools has
already been discussed above.


1.11.3.2 Preferable Components of a Network of Expertise
As the attributes of a network of expertise become more closely
defined and accepted it will be important to be involved in an
accreditation process that recognises and gives legitimacy to
the individual centre. This process is likely to vary between
territories but eventually this will become an essential rather
than preferable component of a network of expertise. The
World Endometriosis Society (WES) is interested in defining
more precisely these attributes, but whether this organisation
is the one that becomes responsible for such accreditation
standards internationally is moot.
The role of the specialist nurse is of great value to a network
of expertise. Their role may vary in different settings including
involvement in patient education; assisting surgery and patient
follow up.
In the authors’ view there are real advantages to having two
or more gynaecological surgeons involved in a network of
expertise. This allows for sharing of knowledge and skills, the
ability to discuss complex patients regularly and provide cover
for weekends, nights and holidays which may otherwise be
lacking in some settings. A range of other multi-disciplinary
specialists can be included in a network of expertise. In
particular an urologist for cases with ureteric involvement.
Again, some gynaecological laparoscopic surgical experts will
be happy to proceed with these procedures but in a setting
where a urologist is available it is prudent for the urologist
to be involved in the re-anastomosis or re-implantation of a
ureter.
Pain specialists or a formal pain team have a highly specialised
perspective on pain management and can be very valuable in
the more challenging cases.
The link with layperson-led professional endometriosis
organisations and patient support groups is highly valued by
many patients. The focus of patient support groups clearly
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varies in different settings and it is important that the network
of expertise has a constructive and mutual understanding of
the service that is available and vice versa.
Direct links to a physiotherapist with expertise in women’s
health, a psychologist with a similar focus, a dietician and a
highly experienced endometriosis patient educator (whose
role might also be fulfilled by a specialist nurse) are of prime
importance.
1.11.3.3 Desirable Components of a Network of Expertise
Surgical equipment is an important part of surgical treatment
of endometriosis and although no specific equipment is
necessary the development of integrated digital laparoscopic
theatres has enhanced the ergonomics of laparoscopic
surgery and the ability to document procedures. In some
settings there are significant constraints on operating time. If
an institution is able to facilitate long complex procedures with
relative ease, this is beneficial.
For many women with endometriosis fertility is a very
important component of their treatment and it is desirable for
one or more of the gynaecologists in the network of expertise
to have involvement with tertiary fertility services which would
allow seamless transfer or integration into those services.
Research is an important part of the development of the
specialty and should be considered to be a highly desirable
component of a network of expertise. The evidence base
of endometriosis management is growing but there remain
many unanswered questions and it is reasonable to expect
networks of expertise to contribute to the published literature
in this field.
Although there are no randomised controlled trials to show
that complementary therapies are beneficial there are many
individual studies of less exacting design suggesting benefit
from complementary therapies, which should be considered
and offered through a network of expertise if appropriate.

1.11.3.4 Critical Ingredients for Network of Expertise in the Future
The importance of collecting data that can be harmonised
with those collected in other centres is increasingly
recognised as being key, not only to maintaining standards
across centres of expertise, but also to the ability to pool
data with those of other centres/networks, in order to work
collaboratively to improve our collective understanding of
endometriosis. The EPHect (Endometriosis Phenome and
Biobanking Harmonisation) Programme1,4,9,10 is a distillation
of a number of years work by experts appointed by the
World Endometriosis Research Foundation (WERF) that is a
unique tool through which all networks of expertise can work
collaboratively to combine data, undertake collaborative
research and, without doubt, presents an opportunity to
advance understanding in the field of endometriosis at a
uniquely rapid pace.
There are templates for collection of demographic and clinical
data from women who have (or might have) endometriosis prior
to surgery.10 There are templates for standardisation of the
date collected at the time of surgery – including standardised
way to undertake laparoscopy for diagnostic purposes
and objective recording of standardised laparoscopic
photographs in order to document surgical findings,1 although
there is a groundswell of support for video-laparoscopy
recording in order to optimally document objectively and
archive laparoscopic findings.7 There are also standardised
techniques for fluid biospecimen9 and tissue4 collection.
It seems likely, in the near future, that centres will need to be
part of the global EPHect programme to be truly considered
to be part of a global network of expertise.

1.11.4 Conclusion

The concept of a network of expertise (replacing the more
traditional concept of a centre of excellence) for endometriosis
is valid and as formal criteria and accreditation are established
it is hoped that the goal of improved outcomes for women
with endometriosis will be achieved.
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1.12.1 Introduction

Endometriosis is still poorly understood despite 22,398 peerreviewed articles on PubMed (1 Feb, 2016) and 9.13   million
search hits on Google, surpassing even the entries for
‘hysterectomy’ (8 million) and ‘oral contraception’ (3.5  million).
The number of publications on endometriosis doubled
after 1980, owing largely to the advent of laparoscopy. The
exponential rise in publications since 2000 underscores the
hype and information glut that have come to surround the
topic of endometriosis (Fig. 1.96). This is also reflected in the
rising number of congresses focused on endometriosis, the
burgeoning discussion groups on social media, and the pro
liferation of lobbying groups throughout the world.
Endometriosis has not been adequately defined to date, and
the criteria used for differential diagnosis have changed over
time, contributing to biases in the literature. With the advent
of laparoscopy, endometriosis was described as consisting of
severe lesions occasionally found during surgery, such as deep
rectovaginal endometriosis and cystic ovarian endometriosis
as described in the early 20th century,15–17,72,73,100,101 as well
as other lesions in the pelvis13,103 or umbilicus.64 After the
introduction of endoscopy in the late 1960s, the apparent
prevalence increased as black-puckered endometriotic l esions
became a frequent observation in women with pain and/or
infertility.10 In the mid-1980s, the prevalence of the disease
almost doubled due to the observation that nonpigmented
or subtle lesions contained glands and stroma.38,67,69,106 From
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Fig. 1.96 Number of articles on endometriosis listed on PubMed,
indicated for 5-year periods since 1975.

the 1990s onwards, the detection of deep endometriosis
was dramatically improved, and this increased the apparent
prevalence even further.
Both the pathophysiology and natural history of endometriosis
are poorly understood. It remains unclear whether
endometriosis constitutes one or several different entities. It
is a widely accepted hypothesis that endometriosis is chronic
in nature, has a major adverse impact on fertility, and is
associated with chronic pelvic pain. It remains controversial
whether endometriosis is a progressive and recurrent disease.
Our limited understanding of the disease is at odds with the
substantial costs incurred by prolonged absence from work,
medical and surgical therapies, infertility treatments and
frequent reoperations.
The epidemiology of endometriosis is an issue of vital
importance, and the ongoing lively debate among healthcare
providers seems to suggest that the prevalence and severity
of endometriosis have been rising due to societal factors.
Indeed, the prevalence of endometriosis has purportedly
been linked to our modern style of living.24,113 Some authors
relate the disease to environmental exposures (e.g., dioxin,
polychlorinated biphenyls (PCB), radiation) while others have
characterized it as a ‘career woman’s disease.’ The validity
of available epidemiological data is limited by the following
factors:
Laparoscopic confirmation is needed to establish the
diagnosis.
 Recognition depends on the expertise and specific interest
of the laparoscopist.
 Pathology confirms the presumptive diagnosis in just 50 to
90 % of cases.
 The diagnostic criteria used to define endometriotic
lesions, and thus the observed prevalence, have varied
constantly over time.
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Thus, before discussing the epidemiology of endometriosis
from a clinician’s point of view, the authors will present a concise
definition of endometriosis, address its pathophysiology and
natural history, and explain why there is so much confusion
about endometriosis.

1.12.2 What is Endometriosis?

It is the authors’ opinion that the definition of endometriosis as
‘endometrial glands and stroma outside the uterus’ should be
changed.
Endometriosis was defined more than a century years ago as
the extrauterine presence of endometrial glands and stroma.
As early as 1899, Russell99 wrote, ‘Upon microscopic study
of the ovary, we were astonished to find areas which were
an exact prototype of the uterine glands and interglandular
connective tissue.’ At the turn of the century, Cullen15–17,40 and
Meyer72,73 described ‘adenomyosis externa,’ which is known
today as deep endometriosis. The term ‘endometriosis”100,101
was introduced by Sampson when he described glands and
stroma in ovarian ‘chocolate cysts.’ In 1940 he described
the theory of retrograde menstruation and implantation,102
and in 1942 Gruenwald advanced the theory of metaplasia.28
Endometriosis was thus defined on the basis of pathology –
the only tool available at that time – as ‘endometrial glands and
stroma outside the uterus.’ This definition had the advantage
of simplicity; it was widely adopted and is still in use today.
We should note, however, that a histologic description is not
the same as the definition of a disease, and that this definition
has never been proven or experimentally tested. In fact, when
viewed from a current perspective, this ‘historical’ definition
should be considered incomplete and a frequent source of
error.
It is generally known that ‘glands and stroma outside the
uterus’ are not always classified as pathology. Based on the
observation that retrograde menstruation35,55 occurs in almost
all women, and considering that the phenomenon involves
viable cells,63 it was logical to postulate that implantation
should occur more frequently, perhaps even in all women,
and to look for early lesions that arise from tissue implantation
on the peritoneum. This led to the description of minimal
lesions by scanning electron microscopy (SEM)78,110 and to the
detection of macroscopically visible nonpigmented lesions,38,40
later called ‘subtle lesions,’106 and of microscopic lesions found
on normal-looking peritoneum in some 20 % of women.80 This
even led to techniques such as peritoneal washings92 and
blood painting94 to diagnose microscopic endometriosis.
Since macroscopically visible subtle lesions were found in
up to 90 % of women with pain and or infertility58 (Fig. 1.97),
and considering that these subtle lesions could undergo
fundamental changes such as disappearing and reappearing at
other sites, it was suggested that subtle lesions were a normal
condition occurring at least intermittently in all women.47 To
the best of our knowledge, no evidence has been furnished to
date that subtle lesions are a cause of infertility or pain. Indeed,
there is even some evidence that subtle lesions do not cause
infertility since the luteinized unruptured follicle syndrome –
an established cause of infertility – is associated with typical

lesions and not with subtle lesions.48 This finding necessarily
holds true for microscopic endometriosis as well.
In a recent study, glands and stroma were found in the perirectal
lymph nodes in 18 to 20 % of women with deep endometriosis.71
On the other hand, no one has yet described any clinical
pathology that can be linked to this finding. Similarly, in bowel
resections performed for deep endometriosis, clusters of
glands and stroma may be found up to 5 cm from the nodule.4
It should be noted that recurrence rates after bowel resections
and after a more conservative discoid or local resection for
deep endometriosis are not manifestly different from each
other. This finding is strong evidence that these microscopic
clusters of glands and stroma should not always be classified
as pathology.
In conclusion, clinical observational evidence strongly suggests
that subtle lesions and microscopic glands and stroma do occur
in most women, at least intermittently. Given that no proven
clinical significance has yet been attributed to these findings,
it seems obvious that they should be considered normal. This
does not contradict the concept that some of these extrauterine
clusters of endometrial glands and stroma could have the
potential to develop into more severe lesions. Unfortunately,
today we cannot distinguish between extrauterine glands and
stroma that have no clinical significance and may disappear
spontaneously, and those that will develop into endometriosis
causing pain and infertility.54 The authors recommended,
therefore, that the general term ‘endometriosis’ be replaced
with more specific nomenclature: subtle endometriosis, typical
endometriosis, cystic endometriosis and deep endometriosis.
This distinction would help to prevent much of the current
confusion surrounding the topic.
1.12.2.1 Pathophysiology and Natural History
None of the classic pathogenetic theories such as retrograde
menstruation,102 coelomic metaplasia28 and Müllerian remnants
can explain all the different types of endometriosis described
so far.112 Indeed, clinical observation has revealed an increased
incidence of endometriotic lesions in women with obstructed
outflow.2,3,81,108 Endometriosis was also detected in a woman
with Rokitansky-Kuster-Hauser syndrome, however, and even
in one male patient. A common finding in all these observations
is that once implantation or metaplasia has taken place, the
normal endometrial cells will inevitably develop into typical

Fig. 1.97 Prevalence of endometriosis in women with infertility
(n = 1297), pain (n = 918), and infertility plus pain (n=267).58
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cystic ovarian lesions or into deep lesions. Clearly, however,
this hypothesis is not consistent with clinical observations95
when we note that most of the lesions do not progress after
implantation and may even resolve spontaneously. While some
lesions may still have the potential to progress, this theory
fails to explain why the development of disease occurs only
in some women and why progression manifests with typical,
cystic, or deep lesions.112
The endometriotic disease theory56 postulates the occurrence
of a cellular incident or mutation similar to that seen with
most benign tumors, and that the type of mutation is a crucial
determinant mediating the course of progression into typical,
cystic, or deep endometriosis. This theory is supported by
the fact that endometriosis is hereditary31–34,42–44,79 and that
cystic and deep lesions are clonal in origin.40,107,116 Moreover,
the theory is consistent with the observation that dioxin and
total body irradiation, both acting at the level of the genome,
may be causally related to the onset of endometriotic
disease.49 Even though these cells can grow and develop,
they will nonetheless be contained by the immune defense
mechanisms of the body. This results in ‘powder burn’ lesions
with fibrotic or scar tissue as remnants of local inflammation,
containing some endometrial cells and shielded from the
bloodstream and immunocompetent cells, comparable to
bacteria harbored in an abscess. Cellular incidents are more
common in predisposed women, and the many differences
seen in the endometrium of women with or without
endometriosis should be interpreted as an underlying cause
rather than a consequence of endometriosis.

with a recurrent disease. Moreover, endometriosis is not a
progressive disease. Clinical observation clearly indicates
that at the time of diagnosis, most endometriotic lesions no
longer exhibit a progressive course. Based on histopathologic
analysis, the majority of lesions exhibit an inactive, ‘burnedout’ state while deep lesions, when followed longitudinally,
remain mostly unchanged, at least over a period of several
years. In our experience, however, approximately 10 out of
3,000 deep endometriotic nodules undergo rapid proliferative
growth, which is confirmed both by clinical observation and
by their macroscopic appearance at surgery.
1.12.2.2 Conclusion: Typical, Cystic, and Deep Endometriosis are
Different Diseases
In the absence of any evidence that microscopic endometriosis,
subtle lesions, glands and stroma in lymph nodes, and lesions
located up to 5 cm from a deep endometriotic nodule of the
bowel can progress or cause pain or infertility, these findings
should not be classified as a disease but rather as a natural
condition occurring (intermittently) in all women. The clinical
impact of this conclusion is far-ranging. Indeed, women
with microscopic or subtle lesions should not be concerned
about the risk of progression. This also provides a compelling
rationale to opt for a more conservative approach in the
treatment of bowel endometriosis and to refrain from the use
of bowel resection intended for complete surgical removal.

Regardless of whether endometriosis cells should be classified
as normal (Sampson) or abnormal (endometriotic disease
theory), the environment of these cells obviously seems
to be abnormal considering that the peritoneal cavity and
peritoneal fluid are a specific microenvironment determined
by various factors such as concentrations and chronological
pathways of steroid hormones, cytokines, immune defense
mechanisms,5,21 angiogenetic factors and many others which
differ greatly from those in plasma and the intrauterine milieu.57
Similarly, the intraovarian hormone concentrations are even
much higher. Aside from that, immunological defense in
women suffering from endometriosis is different insofar as
there is decreased natural killer cell activity in the plasma84
and in peritoneal fluid.88 This defective immune surveillance is
presumed to exist before the onset of disease, as it does not
correct after surgery.86 Apart from the very specific properties
of the endocrine environment, the uterine endometrium is
bordered by the junctional zone, which appears to play a key
role in maternal immune system adaptation to pregnancy
as well as the induction of physiologic changes in the spiral
arteries.8,12

The pathogenetic theories such as retrograde menstruation
(Sampson),102 coelomic metaplasia,28 and Müllerian remnants
are manifestly incomplete to explain the disease. According
to the endometriotic disease theory, the major contributing
factors to disease onset are the type of cellular incident, such
as mutation, as well as the specific milieu and the individual
immunologic profile of the patient. Some of these lesions will
grow for a period of time and develop into typical, cystic,
or deep lesions as determined by interactions between the
aforementioned factors. Following this period of growth, the
great majority of these lesions – similar to most fibromas – will
remain inactive for a variable period of time. A small number
of deep lesions, however, may spontaneously exhibit a rapidly
progressive course, although the cause of quiescence or
growth reactivation remains unclear. Most importantly, no one
to date has observed or described the evolution of one type
of endometriosis into another. There is only rare anecdotal
evidence for the progression of one type of endometriosis.1
Apart from that, not all deep lesions are biochemically
similar since during pregnancy most will decidualize and
become inactive while others will grow during stimulation and
pregnancy, and some may even cause a spontaneous bowel
or bladder rupture.104

The natural history of endometriosis is not yet fully understood,
and the misconception persists that endometriosis is a
progressive and recurrent disease. This rationale is rooted
in Sampson’s theory, but conclusive evidence is still lacking.
Clinical observation suggests that endometriosis is not a
recurrent disease. Indeed, the range of recurrence rates after
surgery is 5 to 10 % for cystic endometriosis and even less for
deep endometriosis. These clinical findings are not consistent

Typical, cystic, and deep endometriotic lesions are different
pathologic entities, and the authors postulate that in the future
we will even be able to distinguish different types of deep
endometriosis. This is consistent with the current explanatory
model of uterine leiomyoma formation, in which different
genomic alterations have been described and different
patients may have quite different responses to pharmacologic
agents such as ulipristal acetate.
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The epidemiology of typical, cystic, and deep endometriosis
should be discussed separately, therefore, similar to the
epidemiologies of other entities as adenomyosis, peritoneal
pockets, Müllerianosis and stromatosis.

1.12.3 Why is There So Much Confusion Over
Endometriosis?
Pain, infertility, and irregular or abnormal bleeding are major
complaints in gynecology, and endometriosis has been linked
to all of these symptoms. Oral contraceptives, which are
the most commonly prescribed drugs in women, have also
been applied in the treatment of pain and endometriosis.
Endometriosis, moreover, has been linked to a great variety of
factors such as diet, fatigue, and infection.
1.12.3.1 Lack of an Animal Model
The lack of an animal model has greatly limited our ability to
investigate the pathophysiology, natural history, and medical
treatment of endometriosis. Aside from the fact that occasional
spontaneous typical and cystic endometriosis have been
observed in baboons and rhesus monkeys, experimental
attempts to induce these lesions have been inconsistent. The
many articles describing systematic retrograde menstruation
and its consequences in baboons are actually viewed with
doubt and are omitted from professional discussions. Indeed,
one study found that retrograde menstruation did not occur
in baboons even after cervical ligation.22 What remains are
important observations such as the heredity of spontaneous
typical lesions, that total body irradiation25 incites typical
endometriotic lesions, and that dioxin induces cystic ovarian
endometriosis of dose-dependent severity.97 In one study,
lesions similar to deep endometriosis were produced by
injecting slices of endometrium with myometrium.22 These
data are consistent with the fact that it takes many years before
a genomic incident becomes apparent.96,97 The relationship
between functional endometrium, basal endometrium, and
the junctional zone certainly warrants further investigation,
particularly as it relates to the concept of stem cells.
1.12.3.2 Problems with the Endometriosis Literature
We have described the problems with the endometriosis
literature as the ‘elephant in the room.’50 Given the multitude
of published articles, it is virtually impossible to read them all
and conduct an adequate review. Quality control is another
issue, since the publication costs for online journals are paid
by the authors, not by readers. In addition, as search engines
become more powerful and authors use key words in titles
and abstracts, most of us have time to read only the abstract,
without reviewing the original data. This situation, coupled
with the numerous lay press articles, websites and social
media, results in information that is confusing, not always
supported by data, and often erroneous.
1.12.3.3 Overuse of Medical Therapy Without a Diagnosis
Medical therapy can at best make endometriotic lesions
less active and can reduce pain, but not in all women. Since
patients are often young and the great majority of physicians
avoid surgery, many women are treated medically for years

before they are diagnosed. We should realize that there is
little evidence for the belief that medical therapy can prevent
lesion progression or recurrence. The evidence is limited
to scant data on the progression of typical lesions65 and
on recurrences during the initial months after surgery for
cystic ovarian endometriosis. It is conceivable that some
lesions may grow during prolonged medical therapy, making
subsequent surgery more difficult. Though unlikely, it must be
acknowledged that the widespread use of medical therapy
to prevent surgery may contribute to the epidemiology of
endometriosis.
1.12.3.4 Difficulties in the Diagnosis of Typical, Cystic,
and Deep Endometriosis
The diagnosis of typical lesions requires laparoscopy. The
recognition of typical lesions varies with the expertise of
the surgeon, and the rate of histologic confirmation is only
76 %75 or even 50 %.115 Endometriosis of the diaphragm is
underreported since not all surgeons will systematically inspect
the diaphragm with a 30° scope in a steep anti-Trendelenburg
position. The detection rate of subtle lesions is unspecified in
most reports.
Cystic ovarian endometriosis cannot be consistently diagnosed
with ultrasound, which has a sensitivity and specificity of
approximately 90 %.37,66 The most common source of error is a
cystic corpus luteum, which may persist as a ‘chocolate cyst’
for more than 4 months even during treatment with an LH-RH
agonist or oral contraceptive. Ca125 levels are also of limited
value.60 Cystic endometriosis can even be difficult to diagnose
at laparoscopy. CA125 in chocolate fluid has been reported to
have a sensitivity and specificity of nearly 100 %,61 but there is
no stick assay or other rapid test available for intraoperative
use. Since cystic ovarian endometriosis is so strongly
associated with adhesions,58 a clinical rule of thumb is that a
‘chocolate cyst’ without adhesions is almost always a cystic
corpus luteum. Given the diagnostic difficulties, one group of
authors recommended inspecting the interior of the cyst by
ovarioscopy9 to help make a correct diagnosis, noting that
‘Those with a flattened appearance and red or red and brown
mottled ridges generally were endometriosis, and those with
a dark uniform base, an intracavitary clot, or a yellowish rim
generally were corpus luteum or albicans.’ Another bias stems
from the fact that it is generally unclear whether a diagnosis
has been confirmed by pathology. When surgical pathology
is available, the report often describes the cyst as being
‘compatible with endometriosis’ without positively identifying
endometrial glands or stroma. This problem is well known,
especially for larger cysts, but is rarely addressed specifically
in the literature, making it difficult to judge the accuracy of the
diagnosis.11,68
The clinical diagnosis of deep endometriosis is unreliable,
since only about 50 % of larger nodules are detected on routine
clinical exam.58,59 Even during menstruation, high-sited deep
endometriosis will be missed on physical examination. MRI
and ultrasound have no more than 90 % overall sensitivity and
specificity, and it is unclear whether imaging is really helpful
in diagnosing smaller foci of deep endometriosis. Even during
surgery, some deep endometriotic lesions are difficult to find,
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especially when located in the sigmoid colon or cecum, and
often the surgeon is faced with the dilemma of doing nothing
or proceeding with the risk of making a hole in the bowel. The
sciatic nerve and sacral nerve roots are other potential sites
where endometriosis is likely to be missed.
In conclusion, the reliability of the reported prevalences of
typical, cystic, and deep endometriosis will vary with the
interest of the surgeon. A major problem is the reliability
of large databases with hospital discharge records. The
lack of reliability was noted in a comment52 on a report that
endometriosis risk increased with dietary fat consumption.
1.12.3.5 Misunderstanding of Evidence-Based Medicine
Evidence-based medicine is a common source of
misunderstanding. A randomized controlled trial (RCT) is
mathematically ideal, but this study design requires strict
randomization to neutralize confounding variables, blinding
to eliminate outcome bias, and large case numbers to detect
infrequent problems. In addition, most RCTs apply strict
inclusion and exclusion criteria to increase sensitivity, but this
makes it difficult to extrapolate the results to the population
as a whole. To date, only one rigorously blinded RCT has
investigated the medical treatment of pain in endometriosis,
finding that tumor necrosis factor α (TNFα) was ineffective for
deep endometriosis.53 The many other reported trials have
limited validity, since blinding of the patients was not done and
was even impossible with drugs that affected menstruation.
This is in line with the many problems of industry-sponsored
RCTs, as recently reported.29,111
The only definitive treatment for endometriosis is surgical
excision. It is beyond the scope of this chapter to review the
results of surgical excision. What is clear, however, is that RCTs
are difficult to perform in women with severe endometriosis
since the numbers required are prohibitive, and the outcome
will always reflect the skill and expertise of the surgeon and will
vary over time.
1.12.3.6 We Should Manage our Patients rather than ‘Treat Endometriosis’
Endometriosis is not a life-threatening disease and does not
require treatment in the absence of symptoms. In symptomatic
women, diagnosis and counseling should come first, followed
by informed consent before treatment. Informed consent is a
problematic issue. First, it presupposes that the information
given is correct. Second, medical treatment does not require
written informed consent, while informed consent rarely
mentions what information was furnished. Disclosure is
obviously difficult for an ill-defined disease with an unknown
pathophysiology and natural history. Moreover, a large majority
of doctors who do not perform surgery tend to exaggerate the
risk of complications, while pelvic surgeons are a small group.
It is equally unclear whether preoperative informed consent
should include information on the experience, results, and
complications of the individual surgeon.
1.12.3.7 Conclusion
In order to understand the epidemiology of typical, cystic,
and deep endometriosis, we should understand the problems

associated with the baboon model, the biases in the
endometriosis literature, the problems of disease recognition
and reporting, and the limited value of randomized controlled
trials when blinding is impossible for a drug affecting
menstruation, or when outcomes vary with the skill of the
surgeon.

1.12.4 Why Do We Have the Impression that
Prevalence is Increasing ?
1.12.4.1 Focus on Endometriosis
Since endometriosis may be the cause of almost any
gynecologic complaint such as infertility, pain, or bleeding
problems as well as fatigue and sexual problems, it is not
surprising that both patients and doctors will consider
endometriosis in almost all symptomatic cases. Also, given
that the diagnosis cannot be confirmed or excluded without
laparoscopy, many women without a diagnosis are still
treated for endometriosis and live with the idea that they have
endometriosis. Their fears are compounded by the common
beliefs that endometriosis causes infertility, is progressive,
increases the risk of a hysterectomy later in life, and is
untreatable except by surgery, which can be dangerous. This
climate in the age of social media is sufficient to explain the
hype.
After the millennium, we have also come to appreciate the
problems of pollution, radiation, and global warming as
significant concerns. Pollution and waste products such as
dioxins and PCBs have been linked to the development of
endometriosis, especially severe endometriosis. Additionally,
in recent decades we have witnessed a progressive
postponement of the first pregnancy, which is a cofactor in
reducing fertility. This increases the pressure on women to
seek immediate infertility treatment if they do not achieve
pregnancy within a short time. Considering the prevalence
of subtle lesions, a laparoscopy will almost invariably detect
endometriosis in these women, strengthening the belief that
endometriosis is very widespread and causes infertility.
These factors contribute to the fact that the focus on and
fear of endometriosis are steadily rising, as evidenced by the
growing number of support groups.
1.12.4.2 Bias of Prevalence Data
We previously noted the gradual shifts in the definition of
endometriosis over time. The most important development
was the recognition of subtle endometriosis in the mid-1980s,
which has increased the apparent prevalence of endometriosis.
The tendency to confuse cystic ovarian endometriosis and
cystic corpora lutea may account for up to 30 % of reported
cases. The growing awareness of deep endometriosis has
increased the apparent prevalence. The fact that smaller deep
lesions are usually undetected even at laparoscopy suggests
that the prevalence of deep endometriosis is underreported.
To understand the epidemiology of endometriosis, it is
important to note the inherent inaccuracy of the data that we
have. Superficial endometriosis can be diagnosed only by
laparoscopy. And when laparoscopy is performed, it is generally

84

Endometriosis – A Concise Practical Guide to Current Diagnosis and Treatment

unclear whether lesions are of the subtle or typical type. The
most widely used system for classifying endometriosis, the
rASRM classification, does not even make this distinction. One
bias in surgeons who scrutinize women with pain or infertility is
rarely considered: the finding of endometriosis is perceived as
a relief because it fulfills the need to ‘get a diagnosis.’
Ultrasound has unrivaled accuracy and sensitivity in the
diagnosis of cystic ovarian endometriosis. Whereas until
recently an ovarian cyst smaller than 2–3 cm was not
considered pathologic, the sensitivity of modern ultrasound
– now a routine examination at many centers – has been
inflating the diagnosis of cystic ovarian lesions. As a result,
it has become unclear whether small foci of cystic ovarian
endometriosis should be left alone, should be treated by
transvaginal hydroculdoscopy in young women,27 or whether
we should proceed to IVF without surgery.
Deep endometriosis is considered the ultimate surgical
challenge in gynecology. Thus it is likely that most centers
will exaggerate the diagnosis of deep endometriosis in
order to belong to the club of hospitals that perform deep
endometriosis surgery. The large number of endometriosis
centers in the UK has at least given that impression. Major
deep endometriosis surgery is technically demanding and
is fraught with potential complications. Before conservative
surgery was largely replaced by bowel resections, which can
be performed by any gastrointestinal surgeon, referral for deep
endometriosis was done systematically, and the referrals
increased with the growing awareness and diagnosis of deep
endometriosis. This referral bias has been obvious in Leuven,
Oxford, and later in Rome. Moreover, the number and size of
the deep endometriosis nodules has increased over the years.
A third bias is that today most women seen in the larger units
have already had two or more previous operations. Surgery
becomes more complicated and prolonged, which gives the
erroneous impression that the severity of endometriosis is
increasing relative to the period when most patients did not
have prior surgery.
Endometriosis is widely believed to be associated with pain
and infertility. It is much less clear that these lesions are the
cause of the pain or infertility. In the case of subtle lesions,
there is no evidence of a cause-and-effect relationship. For
typical lesions as well, it is uncertain that pain disappears or
fertility improves after surgical excision – a discussion which is
beyond the scope of this chapter.

1.12.5 Epidemiology
1.12.5.1 Prevalence, Age, and Heredity
With all the limitations imposed by the inherent selection bias
in Leuven, in 1991 we found that endometriosis was present
in 71 % of a group of 900 women with pain and/or infertility.
Among the women found to have endometriosis, 49 % had
subtle lesions, 29 % had typical lesions, 31 % had cystic
ovarian endometriosis, and 18 % had deep endometriosis.
Although the overall incidence remained constant with age,
subtle lesions decreased significantly with age whereas
typical, cystic, and deep lesions increased with age58(Fig. 1.98).
Endometriosis is clearly an hereditary disease33,43,44; 31–34,79 ;105
The prevalence in first-degree relatives is approximately 7
times higher than in control groups and is up to 15 times higher
in monozygotic twins. Genome-wide association studies have
identified common genetic variants.26,36,41,77,91 Severity and
early onset also appear to be hereditary.
Endometriosis is more frequent and more severe in women
with outflow obstruction.2,3,81,108
1.12.5.2 Subtle Endometriosis
The prevalence of subtle lesions decreases with age.58,93
There are no data to show that prevalence is increasing. No
studies are available demonstrating a clear association with
any of the variables considered important such as early
menarche, short cycles, heavy or painful periods, subfertility,
canalization defects of the cervix, race, dioxin exposure, total
body radiation, or any other factor.
1.12.5.3 Typical Endometriosis
Epidemiological data deal almost exclusively with typical
lesions. While it is generally unclear whether subtle lesions
were included as endometriosis, we will assume that typical
endometriosis contributes predominantly to the reported
prevalences.
The prevalence in asymptomatic women was approximately
4 % of women undergoing tubal ligation.115 A prevalence of
0.16 % white females aged 15–49 was reported in the U.S.
during the 1970s,14 as compared with 2.2 % in a large study
comprising all women in one county in Norway.76 In this study
early menarche, frequent menstruations, pelvic pain, infertility,
and nulliparity were associated with endometriosis.
A controlled study found similar rates of stage I endometriosis
in women with infertility and a normal partner and in women
with an azoospermic partner. Stage II endometriosis was
found to be more common in the infertile women (3.3 % vs.
5.7 %).70
Higher incidences have been found in women with pain. Fifty
percent of teenagers with intractable dysmenorrhea had
endometriosis.39 Prevalences of 40 to 70 % were reported in
women with pain and infertility, resulting in 33 % after metaanalysis.30 There is a nonvalidated clinical impression that
endometriosis could vary with race, as blacks have been noted
to have lower rates and Asians higher rates than in whites. The
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Fig. 1.98 Prevalence (red) of subtle,
typical, and deep endometriosis in women
with infertility (n = 1297), pain (n = 918),
and infertility plus pain (n = 267). Subtle
endometriosis declines with age whereas
typical, cystic, and deep endometriosis tend
to increase with age. The total prevalence
(yellow) remains unchanged.58

belief that endometriosis increases with earlier menarche and
heavy retrograde menstruation has not been substantiated in
women. Data describing an increased prevalence in primates
with obstructed uterine outflow were not confirmed by
subsequent studies showing that the primates did not have
retrograde menstruation. It has been suggested that dioxin
exposure is causally related to endometriosis,97,98 but evidence
in humans is scanty.36,49,51 The Seveso accident, which
involved massive population exposure, was associated with a
nonsignificant doubling of prevalence.23 Although breast-fed
girls should be exposed to dioxins in milk, an unexpectedly
lower rate of endometriosis was reported in their adult life.109
There are no data linking total body irradiation to an increased
prevalence of endometriosis in humans.
Decreased natural-killer-cell activity in plasma and in peritoneal
fluid82–89,114 has fueled speculation about the role of the
immune system in the pathogenesis of endometriosis.7,20,21 To
date, however, no clear association has been found between
endometriosis prevalence and chronic immunosuppression
(e.g., in transplant patients), or with smoking affecting NK
activity, or with caffeine or alcohol, or with any lifestyle variable.
Stress could be causally related to endometriosis. This
concept is derived from the association of endometriosis
and luteinized unruptured follicle (LUF) syndrome and from
the association between a higher trait anxiety and LUF
syndrome.18,19,46 We postulated that reduced steroid hormone
levels in peritoneal fluid could favor the implantation and
development of endometriosis.55 This hypothesis cannot be
tested, however, as there is no suitable animal model. Another
argument to link endometriosis and stress is the widely held
belief that endometriosis is a ‘career woman’s disease.’ This
could also be explained, however, by the postponement of
childbearing in this subset of women, with the inevitable
increase of infertility with age and a higher prevalence of
endometriosis found at laparoscopy.

Nulliparity could be a consequence of the disease, but a
large study in Italy found that the prevalence decreased with
increasing parity.90 Oral contraceptive use has been reported
to be associated with a decreased prevalence.65
1.12.5.4 Cystic Ovarian Endometriosis
The incidence of cystic ovarian endometriosis increases with
age.58 Cystic ovarian endometriosis is clonal in origin.40,107,116
There is no evidence of a rising trend in the prevalence of
cystic ovarian endometriosis.
1.12.5.5 Deep Endometriosis
The incidence of deep endometriosis increases with age.58
Rectovaginal endometriosis was known since the beginning
of the century, but a high prevalence of deep endometriosis
was not suspected until fairly recently. The prevalence of
deep endometriosis in the general population is estimated at
3–10 % based on the 10–20 % figures reported in Leuven from
1988 to 1991, a period in which endoscopic surgery was not
yet well developed and deep endometriosis was not yet well
known. Referrals, therefore, were exclusively for infertility and
pain, not for deep endometriosis.
It is unclear whether the prevalence of deep endometriosis is
rising. Although the number of articles in the literature suggest
a rising trend, the underlying biases of referral and enhanced
diagnosis prevent a definite conclusion.
The overall impression of deep endometriosis surgeons
practicing over the past 20 years is that the severity and
prevalence of deep endometriosis are increasing. The majority,
including Adamian, Donnez, Koh, Keckstein, Koninckx, Ussia,
and Wattiez, have a strong positive impression while others,
such as Nezhat, are less convinced.
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1.12.5.6 Adenomyosis, Müllerianosis, Peritoneal Pockets,
and Stromatosis
These diseases, often considered variants of endometriosis,
will not be discussed. Stromatosis does not contain
endometrial cells, while Müllerianosis is too rare to allow for
prevalence discussion. The pathophysiology of adenomyosis
is even more enigmatic than endometriosis. Several forms are
known, and prevalence data vary with the diagnostic method.

1.12.6 Discussion and Future Outlook

The epidemiology of endometriosis is an important topic
with far-reaching implications. Indeed, the conclusion that
the prevalence and especially the severity of endometriotic
disease are rising would increase our level of concern about
pollution, radiation exposure, and our changing lifestyle. A
delay in childbirth would be the first suspect, but many other
aspects show such a high temporal association that it is
difficult to rule them out. We can speculate as to whether oral
contraceptive use and years of medical treatment for pelvic
pain without a diagnosis might stimulate the development of
severe forms of endometriosis. We can also speculate that our
modern food industry, globalization, and even global warming
could be involved.
The hereditary aspect of endometriosis seems well
established, and the initial results of genome-wide scans
appear to be positive. This makes a causal relationship
with dioxin, polychlorinated biphenyls,6 and total body
irradiation understandable, since these agents act at the
level of the genome. This and the clonality of cystic and deep
endometriosis tend to support the endometriotic disease
theory, which regards typical, cystic, and deep endometriosis
as a benign tumor caused by a genomic alteration, facilitated
by genetic background and epigenetic modifications.45 The
many differences between the endometrium of women with
and without endometriosis would thus be considered the
cause, with the first hit contributing to susceptibility rather
than causing endometriosis itself. Typical, cystic, and deep
endometriotic lesions increase with age, at least in women
with pain and/or infertility, following a pattern that is similar
for all benign tumors. It is unclear why subtle lesions decrease
with age. The growth pattern of endometriotic lesions is also
similar to that of benign tumors such as fibromas of the uterus
or breast, in that a period of active growth is followed by a
cessation of growth. Indeed, most endometriotic lesions are
burned out by pathology at the time of diagnosis and are no
longer clinically progressive. Clinical data show that it is unlikely
that typical endometriotic lesions develop into cystic or deep
lesions, and vice-versa. This concept does not exclude the
possibility that some deep lesions are different, with a minority
undergoing active growth and causing problems such as
bowel perforation during pregnancy.
Excellent reviews on the epidemiology of endometriosis
conclude that the literature is not consistent and that It is
unclear whether lifestyle and environmental factors (see
review74) affect epidemiology. The accuracy of published
data is called into question, however, by numerous diagnostic
problems and by the underlying concepts that ‘glands and
stroma outside the uterus’ are pathologic by definition and that

women with subtle lesions should be considered as having
endometriosis. But we know that retrograde menstruation
occurs in almost all women and, at least in women with
pain and/or infertility, the prevalence of subtle lesions and/
or microscopic endometriosis will be close to 100 %. Most
of these subtle and microscopic lesions may disappear
spontaneously over time and reappear at other sites. There
is no evidence to date that they cause pain or infertility. This
view of subtle and microscopic endometriosis has far-ranging
implications.







The definition of what constitutes ‘endometriosis’ should
be changed.
The Sampson theory should be recognized as flawed
since implantation does not mean inevitable progression.
Women with subtle lesions should be classified as normal
and should be counseled accordingly.
Given the uncertainty about whether these lesions should
be treated, they at least should not be treated aggressively
and do not warrant a bowel resection for the sake of
completeness.
Epidemiology should take into account only typical, c
 ystic,
and deep endometriosis. This does not contradict the
observation that the volume of retrograde menstruation
could increase the risk of severe endometriotic disease
if the oxidative stress of iron in the peritoneal cavity is
considered a mutagen.

That the prevalence of severe endometriosis has been rising
in recent decades is a widely held impression by the authors
and by the great majority of deep endometriosis surgeons,
as we confirmed by asking specific questions at numerous
meetings. On the other hand, we are fully aware of referral
bias and the fact that more and more women have had
multiple prior surgeries, which could compound the difficulty
of further interventions. The major conclusion, therefore, is
not evidence-based but observational and authority-based
by surgeons who all were pioneers well versed in deep
endometriosis surgery and who witnessed the developments
that have taken place during the past 25 years.
In conclusion, subtle and microscopic endometriosis should
not be considered pathologic. The impression of surgeons that
the prevalence and severity of deep endometriosis are rising
is sufficient to raise legitimate concerns about environment,
lifestyle, and associated factors. It at least warrants a thorough
investigation.
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Progesterone and Endometriosis: From Pathogenesis to Treatment

Nicola Pluchinoa | Jean-Marie Wengerb | Andrea R. Genazzanic
1.13.1 Introduction

Investigations involving the pathophysiology of endometriosis
have revealed several well-established molecular hallmarks
of the disease: genetic predisposition and epigenetic
modifications, hormonal imbalance and inflammation.
Hormonal imbalance includes estrogen synthesis metabolism
and responsiveness, and progesterone resistance. These
hormonal alterations contribute to the ability of endometrial
cells to proliferate, migrate and to infiltrate the mesothelium,
causing inflammation, pain and infertility. Hormonal imbalance
in endometriosis also represents a target in the treatment of
the disease.7,16
Ovarian progesterone synthesis represents the master
signal for ovulation, embryo implantation, decidualization,
and menstrual shedding. However, the remodeling of the
endometrium during reproductive events is also dependent
on the influx of distinct immune cells and controlled local
inflammation, and the ability of progesterone to balance
the endocrine/immune physiology. Endometrial immune
responses reflect the balance between the proinflammatory
effect of estrogen and the immunosuppressant effect of
progesterone. Actions of estrogen (and progesterone) on the
immune response are, nevertheless, quite complex and often
contradictory depending on the cell type being examined.2,6,30
Although it is likely that numerous converging factors
determine the risk for developing endometriosis, scientists
generally accept Sampson’s theory of retrograde menstruation
as a major underlying mechanism contributing to the
development of ectopic endometrial growth. Since most
cycling women exhibit retrograde menstruation, alterations
in key biological processes must additionally be present to
allow displaced endometrial tissue to successfully attach
and survive ectopically in only a subset of women.6 In this
regard, progesterone resistance in the eutopic and ectopic
endometrium of endometriosis patients, combined with the
altered nature of immune cells and their proinflammatory
products, may collectively promote the successful
establishment of ectopic disease.5,6,30,42
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In this chapter, we provide an overview on progesterone-related
mechanisms involved in the development of endometriotic
lesions. The development phase of new molecules targeting
these pathways is also discussed.

1.13.2 Hormonal Imbalance in Endometriosis: From
an Estrogen-Dependent Disorder to a ProgesteroneResistant Disease

The actions of estrogen and progesterone processes are tightly
and reciprocally controlled through regulated expression
of steroid receptors, cofactors, chaperone proteins, and
downstream signaling components. The loss of balance
between progesterone and estrogen actions appears to be
a central theme in the pathogenesis of endometriosis and the
associated infertility.24
1.13.2.1 Estrogen Homeostasis Imbalance
Endometriosis lesions are associated with estrogen
imbalance.22 The expression patterns of steroid receptors in
endometriotic tissues and eutopic endometrium have been
compared. Electron microscopic analysis has shown that
one third of endometriotic implants are out of phase with
the menstrual cycle4, and a light microscopic study showed
that only 13 % of endometriotic implants were synchronous
with the corresponding eutopic endometrial tissue. Estrogen
receptor beta (ER beta) levels are higher and estrogen receptor
alpha (ER alpha) are lower in women with endometriosis than
in those with normal endometrium.25,45
Higher ER beta levels are caused by hypomethylation of
a CpG island at the promoter region of this gene. ER beta
excess is responsible for the estrogen-dependent response
and this expression inhibits ER alpha action.11
Endometriotic tissue showed markedly increased expression
of the aromatase enzyme and decreased expression of
17ß-hydroxysteroid dehydrogenase type 2 (17ß-HSD2).4,31 A
positive feed-back loop indicates that aromatase and COX-2,
a PGE2 synthesis enzyme, are responsible for the continuous
local synthesis of estrogen and PGE2 in endometriosis
stroma cells. Aromatase expression is induced by PGE2
in endometriotic cells, where it catalyzes the production
of estradiol, which, in turn, promotes PGE2 production
by inducing COX-2 expression. In addition, endometriotic
tissue contains 17ß-hydroxysteroid dehydrogenase type
1 (17ß-HSD1), an enzyme that converts estrone (E1) to the
more potent estradiol, whereas the tissue lacks 17ß-HSD2, an
enzyme responsible for conversion of E2 to E1. This enzymatic
imbalance raises the local estrogen activity level.31
In addition, estrogen can also act via a more rapid, nongenomic mechanism. The G protein-coupled estrogen
receptor 1 (GPER), also termed G protein-coupled receptor 30
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(GPR30), is a seven-transmembrane receptor that is thought
to be part of the rapid, non-genomic estrogen responses
that can, in contrast to the classic or genomic modes of ER
activity, occur within minutes.18
GPER expression is detectable in the cytoplasm and the
nucleus of endometrial and endometriotic cells. Epithelial
and stromal endometrial and endometriotic cells exhibited
a distinct expression pattern of GPER. Cytoplasmic GPER
expression was significantly higher in the epithelium of
all types of endometriosis (peritoneal, ovarian and deep
infiltrating endometriotic tissues) compared to normal
endometrium, suggesting the potential involvement of GPER
in the pathogenesis of endometriosis.18
1.13.2.2 Progesterone Homeostasis Imbalance
In addition to estrogen dependence, there is increasing
evidence to support a profile of progesterone resistance in the
pathophysiology of endometriosis.9 Progesterone imbalance
in endometriotic lesions may facilitate the development and
the persistence of disease, while the progesterone imbalance
in eutopic endometrium is associated with deficient blastocyst
implantation and infertility. It has recently been proposed that
the loss or reduction of progesterone action affects the ability
to down-regulate endometrial estrogen-mediated actions
leading to cellular proliferation and chronic inflammation.6,24
The progesterone receptor (PR) has two isoforms, PR-A and
PR-B, and the ratio of PR-B to PR-A is tissue-specifically regulated. Studies with PR isoform-specific gene ablation mice
have revealed that only PR-A plays a crucial role in ovarian
and uterine function, whereas PR-B, but not PR-A, is required
for mammary gland development.10,24 By modifying the ratio
of PR-A to PR-B, Tan et al. identified differential gene expression allowing them to independently assign function to both
isoforms.24,38 In addition, progesterone induces ‘non-genomic’
or ‘rapid’ actions without the interaction with DNA, and several
additional putative receptors have been evaluated. Although
non-genomic actions of progesterone have been widely described to occur in the brain, their role in disorders such as
endometriosis remains largely elusive.
Endometriotic lesions exhibit an overall reduction in PR expression relative to eutopic endometrium and the lack of PR-B due
to hypermethylation of the PR gene.3,12,44 In addition, overexpression of ER beta occupies the estrogen response element
(ERE) at the PR promoter region and blocks transcription of
PR that is normally activated by estrogen receptor (ER) alpha.
Moreover, the reduced ER alpha expression in endometriotic
lesions further reduces the PR expression. This mechanism is
thought to contribute to the resistance to selective actions of
progesterone in these cells, which is manifested by perturbations in a number of downstream progesterone target genes.21
In addition, other mechanisms have been implicated in the development of progesterone resistance in endometrium and in
endometriosis lesions. They are strictly related to mechanisms
of regulation of the genomic action of progesterone in endometrial cells. Deletion of Fkbp52, an immunophilin cochaperone for PR, results in uterine-specific P4 resistance in mice
and facilitates the development of the disease.17 Reduction
of coregulators such as hydrogen peroxide-inducible clone 5/

androgen receptor coactivator 55 (HIC-5/ARA55) is associated
with a reduced progesterone activity in the endometrium of
endometriosis patients. HIC-5 is a coregulator that potentiates
PR, but it does not alter ER activity; a deficiency in Hic-5 gene
expression appears to be closely associated with the development of endometriosis.1,24
Moreover, progesterone resistance is also enhanced
by inflammation. The signaling pathway is modified by
mechanisms of competition or interference with proinflammatory transcriptional factors, such as forkhead box
protein O1 (FOXO1) or nuclear factor-kappa B (NF-kB). In
particular, NF-kB is chronically increased in endometriosis and
directly suppresses PR activity. Thus, the inflammation process
induced by the disease may contribute to the dynamic steroid
hormone expression and hormonal imbalance demonstrated
in ectopic lesions.6,24
In conclusion, steroid perturbation and estrogen/progesterone
imbalance is critical for the entire process of endometriosis
lesion formation, including tissue-adhesive properties, activity
of matrix metalloproteinases and stimulation of angiogenesis22
maintaining the loop between abnormal steroid synthesis,
responsiveness and inflammation.33

1.13.3 Progesterone Imbalance as Target
for Endometriosis Treatment

According to the Practice Committee of the American
Society for Reproductive Medicine, ‘endometriosis should
be viewed as a chronic disease that requires a life-long
individualized management plan with the goal of maximizing
the use of medical treatment and avoiding repeated surgical
procedures’. In the last few decades several studies have
been conducted in order to introduce new drugs into clinical
practice for treating endometriosis-associated pelvic pain as a
primary treatment or in reducing the recurrence of symptoms/
disease.
Although the general principles that should guide medical
management of endometriosis are not different from those
applicable to other chronic inflammatory disorders, fertility
preservation and improvement are peculiar aspects that
characterize this reproductive, inflammatory, chronic disease
as unique.
Treatment strategies for endometriosis may be differentiated
in relation to hormonal targets involved in their main actions:



estrogen synthesis, metabolism and responsiveness,
progesterone responsiveness.30

Currently, hormonal contraceptives, progestins, danazol,
GnRH-agonists and antagonists and aromatase inhibitors
are used in clinical settings for the medical management of
endometriosis-associated pain and for secondary prevention.
In particular, progestins have the potential to reduce ovarian
estrogen synthesis by negative feedback at the hypothalamicpituitary axis and counteract the effects of estrogens on
endometriosis growth and inflammation (Table 1.5). Actual
hormonal treatments do not eradicate the disease but partly
control pain symptoms, and the effect is comparable among
different molecules. However, symptoms and endometriotic
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lesions frequently recur after discontinuation of treatment and
no positive effect on spontaneous fertility has been demonstrated. New insight into the complexity of progesterone signaling in endometriosis and the limits of current medications,
support the development of new treatments.
1.13.3.1 Drugs Acting on Progesterone Responsiveness

Mifepristone
Mifepristone is an oral active progesterone antagonist at
the receptor level, best known for its use in the induction of
medical abortions. It has a high affinity for progesterone and
glucocorticoid type II receptors. With its antiprogesterone
effect, mifepristone prevents progesterone from exerting
its action. It also has a direct inhibitory effect on human
endometrial cells and can modulate the estrogen and
progesterone receptor expression in both eutopic and ectopic
endometrium.36 Additionally, it suppresses endometrial
prostaglandin production, providing the background for
relief of endometriosis-related pain. Three small clinical trials
have been reported using three different dose schedules of
mifepristone (5 mg or 50 mg per day for 6 months or 100
mg per day for 3 months).20 There was an improvement in
symptoms in all treated patients independent of the dose,
and a 55 % mean regression of visible endometriosis after 6

months of treatment (50 mg/day) was observed.20 Mifepristone
has antiglucocorticoid properties and its long-term safety
should be studied. Recently, a mifepristone-loaded implant
made of PCL/Pluronic F68 compounds was prepared for
the long-term treatment of endometriosis. The data in this
study showed that the Cmax and AUC0–inf were proportional
to implant length and dose, and all groups reached plasma
Cmax at about the same time (approximately 7 days). There
were inhibitory effects on the growth of endometrial explants
in Wister rats in a dose-dependent manner after administration
of mifepristone-loaded implants with implant length from 1.5
to 9.0 cm for 1–3 months.26

1.13.4 Selective Progesterone Receptor Modulators
(SPRM)
As mifepristone does not differentiate between progesterone
receptor (PR) and glucocorticoid receptor (GR), a series
of experiments were conducted to develop compounds
capable of modulating either receptor selectively. The group
of SPRM with potent antiprogesterone activity and minimal
antiglucocorticoid effects includes ZK-98299 (onapristone),
ZK-230211 (lonaprisan), CDB-2914 (ulipristal), CDB-4124
(telapristone), ORG-31710, ORG-33628, J-867 (asoprisnil)
and vilaprisnil.

Name of Synthetic Progestogen

Selected Pertinent Literature

Regime of Administration

Cyproterone acetate

Vercellini P, Giorgi O de, Mosconi P, Stellato G, Vicentini S, Crosignani PG.
Cyproterone acetate versus a continuous monophasic oral contraceptive in the treatment of recurrent pelvic pain after conservative surgery
for symptomatic endometriosis. Fertil Steril 2002;77(1):52–61.40
Oger P, Alifano M, Regnard JF, Gompel A. Difficult management of recurrent catamenial pneumothorax. Gynecol Endocrinol
2006;22(12):713–5.29

12,5–50 mg/day

Gestrinone

Gestrinone Italian Study Group. Gestrinone versus a gonadotropinreleasing hormone agonist for the treatment of pelvic pain associated
with endometriosis: a multicenter, randomized, double-blind study. Fertil
Steril 1996;66(6):911–9.15

2.5 mg twice weekly

Lynestrenol

Regidor PA, Regidor M, Schmidt M, Ruwe B, Lubben G, Fortig P et al.
Prospective randomized study comparing the GnRH-agonist leuprorelin
acetate and the gestagen lynestrenol in the treatment of severe endometriosis. Gynecol Endocrinol 2001;15(3):202–9.32

10 mg/day

Medroxyprogesterone acetate

Moghissi KS, Boyce CR. Management of endometriosis with oral medroxyprogesterone acetate. Obstet Gynecol 1976;47(3):265–7.27
Crosignani PG, Luciano A, Ray A, Bergqvist A. Subcutaneous depot medroxyprogesterone acetate versus leuprolide acetate in the treatment of
endometriosis-associated pain. Hum Reprod 2006;21(1):248–56.14

30 mg/day
150 mg/3 months (depot)

Megestrol acetate

Schlaff WD, Dugoff L, Damewood MD, Rock JA. Megestrol acetate for
treatment of endometriosis. Obstet Gynecol 1990;75(4):646–8.35

40 mg/day

Norethindrone acetate

Muneyyirci-Delale O, Jalou S, Rahman M, Nacharaju V. Can we
decrease breakthrough bleeding in patients with endometriosis on
norethindrone acetate? Int J Fertil Womens Med 2003;48(1):32–6.28
Vercellini P, Pietropaolo G, Giorgi O de, Pasin R, Chiodini A, Crosignani
PG. Treatment of symptomatic rectovaginal endometriosis with an
estrogen-progestogen combination versus low-dose norethindrone
acetate. Fertil Steril 2005;84(5):1375–87.41

2,5–5 mg/day;

Levonorgestrel – IUD

Vercellini P, Aimi G, Panazza S, Giorgi O de, Pesole A, Crosignani PG.
A levonorgestrel-releasing intrauterine system for the treatment of
dysmenorrhea associated with endometriosis: a pilot study. Fertil Steril
1999;72(3):505–839

20 micrograms (μg)/day

Table 1.5 Progestins used in the management of endometriosis-associated pain.
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SPRM are novel progesterone receptor ligands defined by
tissue-dependent agonistic and/or antagonistic activity. They
have the potential to induce reversible amenorrhea through
selective inhibition of endometrial proliferation, a direct
effect on endometrial blood vessels, and the suppression
of endometrial prostaglandin production in a tissue-specific
manner without the systemic effects of estrogen deprivation,
providing a rationale for the treatment of endometriosisrelated pain.36
Asoprisnil was the first investigational SPRM to reach an
advanced stage of clinical development for the treatment
of endometriosis. Clinical phase-III trials were discontinued
on 11, February 2009. Asoprisnil can suppress both the
menstrual cycle and endometrial growth. To date, there is
only one published randomized, placebo-controlled trial of
asoprisnil (5, 10 and 25 mg/day) for 12 weeks in 130 women
with a laparoscopic diagnosis of endometriosis who exhibited
moderate or severe pelvic pain at baseline. All doses of
asoprisnil reduced nonmenstrual pelvic pain as well as
dysmenorrhea; however, the effect on bleeding pattern was
dose-dependent.13
No serious, drug-related adverse events were reported
during the treatment or follow-up period. A favorable safety
and tolerability profile of asoprisnil with no signs of estrogen
deprivation was reported.13
Promising results were also obtained with onapristone until
studies were terminated because of liver toxicity.23
Telapristone acetate is also under investigation for use in
patients with endometriosis. In 2009, Ioffe et al. evaluated
endometrial samples from 58 premenopausal women treated
with daily oral doses of 12.5, 25 or 50 mg for endometriosis or
uterine leiomyomas.19 At 3 or 6 months, 103 out of 174 biopsies
contained several histological changes: the endometrium was
generally inactive or atrophic with a superimposed formation
of cystic dilated glands and secretory changes coexisting with
mitoses and apoptotic bodies, but no hyperplasia.19 Clinical
effects on pain symptoms are still unpublished. An additional
phase II clinical trial is ongoing to evaluate the safety and
efficacy of 6 and 12 mg of telapristone acetate in patients
with confirmed endometriosis. Results are expected in June
2016.34

Ulipristal acetate reduced both volume and weight of lesions
(< 50 %), comparable with the effect of dienogest or GnRH
analogues.37 The dose of ulipristal acetate used in rats was
0.1 mg/day, which is comparable with the dose used as
emergency contraception in women (30 mg ulipristal acetate/
day), but much higher than the dose used in the treatment of
leiomyoma (0.01 mg/day in rats; 5 mg/day for 3 months in
women). Intrauterine administration of ulipristal acetate may
be a solution to this potential problem.
A phase IV pilot study on “Ulipristal Acetate for Treatment
of Endometriosis-Related Pelvic Pain” is ongoing.8 Twentyfive women with chronic, endometriosis-related pelvic pain
refractory to medical and/or surgical therapies will receive 15
mg ulipristal every other day (three times a week – Monday,
Thursday, Saturday) for three months. Results are expected
in 2018.
A recent study compared the progesterone receptor (PR)
antagonistic activity of different SPRMs, including new
SPRMs, vilaprisan and lonaprisan, in an endometriosis
model. Oral administration of different SPRMs to rats showed
full inhibition of implantation starting from 0.3 mg/kg*/
day (lonaprisan/ZK230211) up to 10 mg/kg*/day (ulipristal
acetate). Antagonistic effects on endometrial transformation
could be observed at doses from 1 mg/kg*/day (lonaprisan,
vilaprisan) up to 10 mg/kg*/day (mifepristone, ulipristal
acetate). Hormonally stimulated autologous endometrial
tissue transplanted onto the peritoneal wall and treated with
different doses of vilaprisan for 4 weeks showed a statistically
significant reduction of lesion area of approximately 75 % at 1
mg/kg*/day (p < 0.01). The authors state that all compounds
were efficacious in the tested in vivo models, with vilaprisan
and lonaprisan being the most potent SPRM representatives43
(Table 1.6).
1.13.4.1 Conclusion and Perspectives
The homeostasis imbalance in the eutopic and ectopic
endometrium of women with endometriosis is associated
(and enhanced) with chronic inflammation. Estrogen/
progesterone imbalance also represents a target for
* per kg body weight

Selective Progesterone Receptor Modulator Advantages

Current Limitations

Mifepristone

Clinical trials reported an improvement in symptoms. A mifepristone-loaded implant has been
prepared for long-term treatment.

Antiglucocorticoid properties and long-term safety
should be further studied. Number of patients
enrolled in clinical trials is limited. Only animal
studies for mifepristone-loaded implant have been
explored.

Asoprisnil

Asoprisnil reduced non-menstrual pelvic pain and
dysmenorrhea.

Number of patients enrolled is limited.

Ulipristal acetate

Ulipristal acetate reduced both volume and weight
of lesion in the animal model and shows a safety
profile in clinical studies (at lower doses).

Number of patients enrolled is limited.
Evidence only from endometriosis in-vivo studies

Telapristone acetate

Endometrial changes consistent with other SPRMs

No available data on endometriosis patients

Vilaprisan

Highly effective in in-vivo studies

No available data in clinical studies

Lonaprisan

Highly effective in in-vivo studies

No available data in clinical studies

Table 1.6 Advantages and current limits of new drugs acting on progesterone responsiveness.
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treatment. The currently first-line treatments for endometriosis
were derived from research on hormonal contraception,
while the newest generation of medical treatments act on
specific features of the disease. This represents a remarkable
innovation in endometriosis research. Often treatments
evaluated in the context of symptomatic endometriosis
are also under development for the treatment of other
endocrine-related disease like breast cancer, prostate cancer
and uterine leiomyomas. Apart from that, the development
of new compounds is aimed at overcoming the limits of
current treatments, specifically the side effects and lack of
effectiveness. However, endometriosis is a chronic disease
involving young women and additional biological targets of
estrogen and progesterone pharmacological approaches
(brain, bone and cardiovascular tissue) need to be considered
in order to improve the compliance of medical treatment in
endometriosis patients.
The use of SPRMs for the treatment of endometriosis is
promising. Ulipristal acetate shows an acceptable safety
profile when applied at a dose of 5 mg/day. However, the use
of higher doses in endometriosis for a longer time might raise
concerns about side effects and endometrial safety. Results
from the ongoing phase IV study are needed.
Although some small studies support the beneficial effects
of mifepristone on pain, its long-term use in endometriosis
patients may be limited by the associated anti-glucocorticoid
activity. Among other SPRMs, only asoprisnil and telapristone
acetate are under evaluation in endometriosis patients,
although no clinical data are actually available.
In conclusion, several new interesting molecules acting
on progesterone responsiveness are under evaluation and
probably will be available on the market in the next five years.
However, they still have some limitations that are crucial for
endometriosis and that are opposed to an ideal treatment:
The clinical effect in human studies has been demonstrated
only on pain symptoms without a clear cytoreductive
effect on lesions.
 All drugs have the potential to limit natural conception and
their effect on subsequent fertility is largely unknown.
 Comparative studies with current treatment (progestogens)
are lacking.


In addition to hormonal imbalance, the development
of endometriotic lesions is characterized by abnormal
immunologic reactions, neoangiogenesis, neuroinflammation
and epigenetic modifications. New drugs acting on the immune
system and neoangiogenesis are also under development.
The combination of different drugs acting on hormonal and
immune system/neuroinflammation will be the next step for
improving the medical management of endometriosis.
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2.1

History Taking, Office Diagnostics and Imaging

Monika Wölfler a | Tom Holland b | Ivo Meinhold-Heerlein c
2.1.1 Introduction
Endometriosis is a variable disease with numerous
manifestations and associated clinical problems and there
is no clear correlation between anatomic severity and
symptoms.35 Some women have relatively minimal disease
but severe pain symptoms and others are found incidentally
with severe anatomical disease but minimal pain. A complete
symptom history in combination with examination findings
and diagnostic imaging are essential to understanding the
impact that the disease has on the patient in order to plan a
treatment strategy.
One of the goals of a complete history is to identify patients
at risk of having endometriosis. This reduces diagnostic delay
and provides early detection and treatment of the disease.17
Another goal is to achieve an equivalent estimation of the
severity of the disease in order to plan surgery appropriately.
Yet the efficacy and accuracy of anamnesis or a detailed
analysis of pain symptoms by standardized questionnaires are
limited when it comes to predicting the location and severity
of endometriosis.1,4,8

The diagnosis of endometriosis is corroborated by additional
physical examination and imaging techniques – especially
by transvaginal ultrasound – and is ultimately proven by
laparoscopic findings and histological examination of
specimens excised.7

2.1.2 History Taking
What is the best way to take a complete history and
evaluate pain in a revealing way in patients with suspected
endometriosis? One strategy is to begin the interview with
open questioning and then follow with targeted questions.
Physician assessed symptoms however may introduce
bias and therefore standardized questionnaires such as the
Endometriosis Health Profile (EPH-30)21 which assess effects
on quality of life, when filled out in advance, can provide a
good basis for the subsequent interview. These standardized
scoring systems also provide an unbiased tool for assessing
improvement in symptoms after any given intervention and
for researching new interventions. The EPH-30 is displayed
in Fig. 2.1.

Fig. 2.1 Endometriosis Health Profile Questionaire (EPH-30).
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According to a review by Bourdel et al., the visual analogue
scale (VAS) and numerical rating scale (NRS) are the most
frequently used pain scales. They seem best suited to
endometriosis pain measurement. Moreover, using VAS or
NRS for several types of typical pain conditions related to
endometriosis (dysmenorrhea, deep dyspareunia and nonmenstrual pelvic pain) combined with a quality-of-life scale
proves a tool for evaluating treatment response and optimizing
a patient´s counseling on a continuing basis.3 Although pain
symptoms as determined by standardized questionnaires
are of limited value as to the severity of disease in general, a
differentiated analysis of the mentioned symptoms may still
be very valuable in concrete situations. For instance, there
is evidence that severe pain in patients with sonographic
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suspicion of endometrioma is associated with deep infiltrating
endometriosis (DIE). Lafay-Pillet et al. identified four variables
that are independently associated with DIE in patients with
suspected endometriomas: VAS = 5 of gastro-intestinal
symptoms or VAS = 5 for deep dyspareunia, duration of pain
> 24 months, severe secondary dysmenorrhea, and primary
or secondary infertility. A score out of these factors defined
a low-risk group where the probability of DIE was 10 % and a
high-risk group where the probability of DIE was 88 %.23 Thus,
history and evaluation of pain symptoms associated with DIE
suggest which patients may have severe disease in order to
plan further diagnostic steps and facilitate optimized planning
of the surgical strategy in this population.

2.1.3 Symptoms
Descriptions of the symptoms of endometriosis by patients
and doctors are often discordant. For instance, according to a
study by Fauconnier et al. patients often do not report a clear
distinction between pelvic pain and dysmenorrhea. Patients
tend to express a dimension of suffering and impaired quality
of life inherent to painful symptoms.9 It is important to keep this
in mind during the interview and to record symptoms in detail.
2.1.3.1 Dysmenorrhea
Secondary dysmenorrhea requiring analgesia is highly
indicative of the presence of endometriosis, adenomyosis of
the uterus, or both. Especially in a low prevalence population,
when no other symptoms but cyclical pelvic pain are reported,
the evaluation of this symptom can be very useful in detecting
endometriosis and consecutively referring the patient to
laparoscopic diagnosis and therapy at an early stage.8
Review data on adolescent girls with severe dysmenorrhea and
chronic pelvic pain revealed that two thirds of these adolescents
had laparoscopic evidence of endometriosis; one third of these
had moderate or severe endometriosis.20,32 Moreover, a case
series of adolescent endometriosis patients demonstrated
that severe secondary dysmenorrhea, menorrhagia, and
gastrointestinal symptoms during menstruation were the most
frequent symptoms indicative of endometriosis.6
According to a large cohort study, about 90 % of endometriosis
patients suffered from severe dysmenorrhea. There was no
significant difference whether peritoneum, ovaries, or both
were involved or whether DIE was diagnosed. Moreover,
no marked difference emerged between the severity of
dysmenorrhea and the site and stage of endometriosis; only
women with ovarian endometriosis had lower scores.11
Thus, dysmenorrhea is a key symptom in adenomyosis as
well as it is in the diagnosis of endometriosis.
2.1.3.2 Non-Menstrual (Chronic) Pelvic Pain
As previously mentioned, patients tend to not differentiate
between dysmenorrhea and non-menstrual pelvic pain, in
particular when they suffer from chronic pelvic pain (CPP).
Pain scores were found to be of limited efficacy in predicting
the location and severity of endometriosis. A history of
CPP of more than 24 months, however, was shown to be
associated with endometriosis (often DIE) when concurrent

symptoms were present, in particular severe dysmenorrhea,
deep dyspareunia and infertility.22,23 Where frequent or severe
non-menstrual pelvic pain and dyspareunia are reported,
no clear association has emerged in those cases between
the presence and severity of dysmenorrhea and the site of
endometriosis.31
In case of CPP without other cardinal symptoms indicative
of endometriosis, where pelvic examination and ultrasound
are normal, other causes of CPP must be considered in
the differential diagnosis, including functional pelvic pain,
irritable bowel syndrome, and interstitial cystitis/bladder pain
syndrome.34 Many chronic pain patients are also likely to have
central sensitization37 whereby the initial stimulus can trigger
increased spinal sensitivity and ongoing painful sensations
even in the absence of the original stimulus. These patients
require the input of specialists in chronic pain modification.
2.1.3.3 Dyspareunia and Sexual Dysfunction
Several studies have reported that endometriotic lesions of the
posterior cul-de-sac, uterosacral ligaments, and DIE lesions
of the rectovaginal septum, pelvic wall, and rectosigmoid
are associated with deep dyspareunia.8,31 Deep dyspareunia
is often accompanied by pathologic findings during pelvic
palpation and/or ultrasound.
Female sexual distress and sexual dysfunction are frequently
observed in endometriosis patients, correlated with pain
intensity during or after sexual intercourse. Often the results
are fewer episodes of sexual intercourse per month, greater
feelings of guilt toward the partner, and lowered feelings of
femininity.10 Moreover, in this multicenter cohort study almost
two-thirds of women agreed that the primary motivation for
sexual intercourse was to conceive, and nearly half stated that
satisfying the partner was the primary motivation for sexual
contact.
It is essential to address this topic openly during the interview
since patients might not bring up dyspareunia or sexual
dysfunction by themselves.
2.1.3.4 Reproductive History
Endometriosis affects a significant proportion of reproductiveage women. Plenty of evidence associates primary and
secondary infertility with endometriosis, but a causal
relationship has yet to be resolved. Thus, in women who wish
to conceive, and have minimal or mild endometriosis, there is
good evidence that surgical ablation or resection will improve
natural conception rates. In women with endometriomas who
wish to conceive spontaneously, excision of the endometrioma
capsule is preferable to drainage and diathermy. In women
with deep infiltrating endometriosis or severe tubal occlusive
disease there is no clear evidence that surgical excision
improves success by assisted reproductive techniques and
any surgery to the ovary can reduce the ovarian reserve. For
these patients it may be preferable to focus on the fertility
aspects first and the pain treatment once they have either
completed their family or finished with fertility treatment. The
treatment of patients with severe endometriosis and infertility
should be left in expert hands.7,34
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2.1.3.5 Gastro-Intestinal Symptoms
Digestive symptoms might be the result of cyclic inflammatory
phenomena leading to irritation of the digestive tract. They are
not necessarily the result of actual involvement of the digestive
tract by endometriosis itself, because they frequently occur
in women free of nodules in the rectum or other intestinal
sites.29 However, severe pain on defecation associated with
menstruation (cyclic dyschezia) is highly suggestive of bowel
DIE.
Based on a large case series, Roman et al. found that cyclic
defecation pain, cyclic constipation, and a longer stool
evacuation time are significantly associated with rectal
endometriosis. However, these complaints were also frequent
in women with superficial and deep endometriosis without
digestive involvement. Therefore, specific diagnostics for
the detection of rectal endometriosis are essential. In the
studied population, only one-quarter of women with rectal
endometriosis actually had rectal stenosis. These women
reported significantly more often about constipation,
defecation pain, appetite disorders, longer evacuation time,
and increased stool consistency without laxatives.30
2.1.3.6 Urinary Tract Symptoms
Dysuria associated with menstruation, and cyclic hematuria
are suggestive of endometriotic involvement of the bladder
and warrant further investigation with imaging. Excision
of bladder endometriosis is relatively straightforward for
experienced practitioners and often relieves symptoms
completely. Referral to endometriosis centres is recommended
if bladder endometriosis is suspected. DIE of the uterosacral
ligaments which can infiltrate the pelvic side wall can encircle
the ureter and cause stenosis. Progression of this stenosis
often goes unnoticed as symptoms are rare and it can lead to
hydronephrosis and loss of renal function.34
2.1.3.7 Other Symptoms
Some patients suffering from severe dysmenorrhea or CPP
might report symptoms of a vasovagal reaction like syncope,
nausea, or sometimes even vomiting. The evidence that these
symptoms are associated with the presence or severity of
endometriosis is poor.
Pain symptoms or cyclic pain in the umbilicus, inguinal canal,
perineum or scars from intraperitoneal surgery (especially
caesarean section) with or without palpable masses should
always be evaluated properly, since extragenital endometriosis
is a rare but often painful condition that can most often be
resolved by surgical excision.5

2.1.4 Structured Office Diagnostics and Imaging

According to the ESHRE as well as to the German
Endometriosis Guidelines, clinicians should perform physical
examination of all women suspected of endometriosis.7,34

Generally recommended diagnostic steps are:
Inspection and palpation of the abdomen
Physical examination of the pelvis including
Inspection and visualization of the posterior vaginal
fornix
Bimanual transvaginal palpation of the pelvis
Transrectal palpation (upon suspicion of DIE)
 Transvaginal ultrasound
 Renal ultrasound (upon suspicion of DIE or ureteral
endometriosis)



–
–
–

2.1.5 Physical Examination

Inspection, physical examination, and transvaginal ultrasound
in the pre-operative work-up are standard procedures for
most gynecologic disorders. Inspection and palpation of
the abdomen, as well as of scars from previous surgery if
present, can provide a general first impression. The patient
should be motivated to indicate the precise location of painful
sensations. During inspection of the vagina and cervix in
particular the posterior vaginal fornix should be visualized.
Vaginal examination may be inappropriate for adolescents
and/or women who have not had previous sexual intercourse.
In such cases, rectal palpation can be helpful for the diagnosis
of endometriosis.7
When there is suspicion of endometriosis, special attention
should be paid to the examination of adnexal masses,
painful induration, and/or nodules of the rectovaginal wall,
sacrouterine ligaments, pelvic wall, and the rectum during
vaginal and rectal palpation.2 However, the value of the
physical examination alone might be limited because it cannot
be reproduced and depends on the clinician’s skills. It has also
been shown to be less accurate than transvaginal ultrasound,
even when performed by very experienced surgeons15
especially for ovarian, uterosacral and rectosigmoid
endometriosis. The combination of physical examination and
transvaginal ultrasound, however, allows accurate prediction
of endometriosis affecting the ovaries, vagina, rectum,
uterosacral ligaments, rectovaginal space, and pouch of
Douglas.18 Thus, a routine combination of pelvic palpation
and transvaginal ultrasound is recommended for primary
assessment of all patients upon suspicion of endometriosis.

2.1.6 Transvaginal Ultrasound

The development of transvaginal sonography (TVS) has
significantly influenced the therapeutic approach to
endometriosis. Ovarian disease and moderate or severe
disease can be accurately predicted with the correct technique
and experience14 and this technique has been shown to
be reproducible.13 Minimal and mild disease, which can be
extremely painful, can not be diagnosed accurately as the
lesions are too small to see on ultrasound. The only features
of mild disease which can be detected are ovarian adhesions.
An accurate non-invasive diagnosis of the stage of disease is
helpful as: there is significant overlap of symptoms with other
diseases such as adenomyosis; patients may choose fertility
treatment prior to surgery; when surgery is chosen it enables
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Fig. 2.2 Ureteric jet into the bladder on colour Doppler ultrasound (a). Normal ureter before filling (b). Normal ureter after filling (c).

a complete preoperative counseling of the risks and benefits
(informed consent); the most appropriate place and surgeon
will depend on the severity of the disease; other specialties
(colorectal or urological) may be needed.15
Plenty of studies report a learning curve with TVS used
to diagnose endometriosis, in particular to diagnose DIE.
In a recent study Hudelist et al. demonstrated that TVS
is an accurate and highly reproducible method for noninvasive diagnosis of DIE when performed by well-trained
professionals .33 This group also introduced the ‘uterine sliding
sign’ as a simple but highly accurate sonographic predictor
of DIE of the rectum.16 Recently, a TVS-based endometriosis
scoring system was introduced to predict the complexity level
of laparoscopic surgery against endometriosis. The authors
suggest that this scoring system might facilitate triage of
women with suspected endometriosis to the most appropriate
required surgical expertise.24
2.1.6.1 Endometrioma and Ovarian and Pelvic Adhesions
In women with pelvic endometriosis, ultrasound examination
enables diagnosis of ovarian endometriomas with a high
degree of accuracy. A decade ago other endometriotic
lesions were considered undetectable.12,25 Now with careful
assessment ovarian and pouch of Douglas adhesions can be
accurately detected.12
It is useful to always follow the same routine when assessing
the pelvis for endometriosis. Patients should be examined in
the dorsolithotomy position and the free hand should be used
for palpation of the abdomen. Ultrasound has the advantage
of being a dynamic technique and this movement of organs,
either by gentle pressure with the ultrasound probe or from
above with the free hand will elicit free movement of organs
against one another when no adhesions exist. The absence of
this movement can be interpreted as adhesions.
First the endometrial cavity should be assessed both for
anomalies and for any pathology. Then the myometrium
should be assessed for adenomyosis (see below) and fibroids.
Next the uterovesical fold and the bladder should be assessed.
It is helpful to ask the patient to empty their bladder before the
history is taken so that there is a small amount of urine. The
bladder should be easily separated from the uterus by gentle
pressure between the bladder and uterus with the probe.
Adhesions in this area can be from scarring secondary to
caesarean section but also from endometriosis. If the bladder
wall is thickened at the point where it is stuck to the uterus
this is highly suggestive of DIE (see following chapter). Next
the ureteric orifice in the bladder can be identified as a raised

structure (urine can be seen venting from this intermittently
(Fig. 2.2a) and, running posterolateral to this), the intravesical
portion of the ureter can be followed. This can be traced out
of the bladder and into the pelvic side wall (Figs. 2.2b, c). The
distal ureter typically appears as a long tubular hypoechoic
structure with a thick hyperechoic mantle.28 The ureters
should be fairly straight and peristalsis should be seen to
freely down the length of the ureter. With severe endometriosis
affecting the ureter there may be deviation from the normal
path with bending of the ureter and ultimately stenosis leading
to hydroureter and eventually hydronephrosis. The main
advantage of routinely visualising the ureters on ultrasound
examination is detection of partial ureteric obstruction before
hydronephrosis develops. In these women early treatment
with ureteric laparoscopic ureterolysis and/or stenting helps
to prevent any loss of renal function.27
Next, the adnexae should be assessed for the presence of
adhesions and pathology. Ovarian endometriomas typically
appear as well-circumscribed, thick-walled cysts containing
homogenous low-level internal echoes (ground glass) (Fig. 2.3).
Adjacent to the ovaries, care should be taken to examine
for tubal dilatation. Ovarian mobility should be assessed
by a combination of gentle pressure with the vaginal probe
and abdominal pressure with the examiner’s free hand, as
in a bimanual examination. The ovary was deemed to be
completely free when all of its borders could be seen sliding
across the surrounding structures. Adhesion of the ovaries
present when they can not be separated from surrounding
structures. Common locations for ovarian adhesions are the

Fig. 2.3 Typical appearance of an endometrioma with ground glass
contents, the cyst located within the centre of the ovary and loss of
ovarian capsule at the point of adherence.
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The accuracy of ultrasound diagnosis is significantly affected
by the location and number of endometriotic lesions. In
particular, diagnosis of endometrioma, ovarian adhesions,
and pouch of Douglas obliteration was shown to be highly
accurate.19
Transvaginal ultrasound imaging to diagnose DIE is treated in
detail in a subsequent chapter.

Fig. 2.4 Ovarian endometrioma with adhesions to uterus.

pelvic side wall (ovarian fossa), uterosacral ligaments and the
posterolateral aspects of the uterus (Fig. 2.4).
Next the posterior compartment should be assessed. The
presence of adhesions in the pouch of Douglas was assessed
by evaluating the uterus. A combination of pressure on the
fundus with the examiner’s free hand on the abdominal wall,
alternating with pressure on the cervix with the ultrasound
probe, lets the uterus be mobilized gently. The interface of
the bowel behind and the posterior uterine serosa in front is
observed to ensure that the two structures slide easily across
one another. If these two surfaces were completely free of
one another, then adhesions were assumed to be unlikely. If
these two planes do not slide then adhesions are likely to be
present. If adhesions are present then further evaluation of the
posterior structures (such as the rectal muscularis, uterosacral
ligaments, and posterior vaginal wall) is essential as DIE is
likely to be present.12
With this standardized technique the TVS diagnosis of
endometriotic lesions is very specific. False positive results
are rare, however, negative findings are less reliable, and
women with significant symptoms may still benefit from further
investigation even when TVS findings are normal as minimal
and mild disease may still benefit from surgical treatment.

a

2.1.6.2 Adenomyosis
Adenomyosis and endometriosis frequently coexist. Both are
highly associated with the symptom of severe dysmenorrhea.
There is a significant correlation of histologic diagnosis of
adenomyosis and certain ultrasound features, which are
described as asymmetrical myometrial thickening, myometrial
cysts, linear striations, parallel shadowing, adenomyomas,
hyperechoic islands (Fig. 2.5a, b), and irregular endometrialmyometrial junction either on B-mode or 3-dimensional
imaging.26
The presence of adenomyosis significantly reduces the
likelihood of pregnancy in women trying to conceive.
According to recent review data, adenomyosis appears to
impact negatively on the IVF/ICSI outcome owing to a reduced
likelihood of clinical pregnancy and implantation. It is also
associated with an increased risk of early pregnancy loss.36
Therefore, adenomyosis screening should be encouraged
prior to medically assisted reproductive procedures and
comprehensive patient counseling is required.

2.1.7 Conclusion

In summary, this chapter has examined in detail how a
comprehensive physical examination and meticulous
transvaginal ultrasound imaging can provide highly accurate
prediction of endometriosis. It should be performed by
well-trained professionals following a complete history that
accounts for the patient’s needs and potential indications for
an operation. These are prerequisites for adequate triage and
appropriate planning of a therapeutic strategy.

b

Fig. 2.5 Typical appearance of adenomyotic uterus (a). Typical appearance of adenomyotic uterus (b).
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2.2

Preparative Steps in Laparoscopic Endometriosis Surgery

Magdalena Maria Zalewski a
2.2.1 Introduction

The success of a laparoscopic procedure in endometriosis
patients is based on a detailed anamnesis and thorough clinical
diagnostics. Once the decision for surgery has been made,
there is a set of preparative steps that should be observed in
order to facilitate the planned procedure. This also requires
that adequate consideration be given to the potential benefits
derived from the application of bowel preparation, antibiotics
and epidural anesthesia. Besides, it is widely accepted that
temperature management plays a crucial role in the avoidance
of preventable complications. A standardized and structured
approach is an imperative goal for every surgical team.

2.2.2 Informed Consent

It is utterly impossible to undertake a surgical procedure
without having obtained a signed informed consent document
from the patient or his/her legal representative. This document
is to prove that a personal conversation between the patient
and his/her surgeon was held covering the essential details
of the planned surgery, possible complications and all of the
alternative options of the surgical procedure. In the course of
this conversation, it is important to emphasize the necessity
and the urgency of the intervention. Especially in endometriosis
patients, this can be a challenge, as endometriosis is not a
life-threatening disease. Surgical treatment has “only” the
potential of fighting the symptoms of disease, such as pain, or
may help to resolve infertility issues.
It is important to make sure that the patient has understood
the steps of surgical treatment as well as the common
risks and possible complications. This involves that the
surgeon is familiar with the patient’s mindset and capable of
communicating effectively on patient level.
Care should be taken that the patient is given enough time for
consideration before signing the informed consent document.
The informed consent conversation should take place at the
latest on the day prior to the date of the scheduled surgical
procedure.
The patient’s consent must be given as a free, voluntary
and conscious decision. Therefore, the surgeon must make
sure that the patient wants to have surgery for her own best
interests and not for the sake of another person or because
she feels obliged to consent to the recommended surgery.
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It can be helpful for the patient to receive extra information
on potential adjuvant treatment options which may already
be imparted in the setting of the preoperative workup. It is
not mandatory that this be discussed during the preoperative
informed consent process, but it helps the patient to develop
a good understanding of the complete therapeutic concept.
Informed Consent – Important Topics







One-on-one discussion about the recommended therapy
and alternative options.
Making clear the necessity and the urgency of the planned
procedure.
Possible risks.
Making sure the patient understands everything (especially
with foreign patients).
Giving enough time (day before surgery at the latest).
The consent must be given as a free, voluntary decision.

Table 2.1

2.2.3 Laboratory Testing

As endometriosis patients tend to be young and otherwise
healthy subjects, in general, there is no need for special
laboratory testing in the preparatory phase prior to laparoscopic
endometriosis surgery.16 The only recommended laboratory
testing is a pregnancy test to prevent surgery in a woman at
an early state of gestation, particularly when decision-making
related to family planning has not been completed yet. Apart
from that, another useful test is the measurement of the
hemoglobin level. For patients with an existing anemia who
are candidates for an elective operative procedure foreseeably
associated with a technically demanding course, blood typing,
and possibly, cross-matching, have been shown to be useful
in avoiding long waiting periods in the event of blood loss.
Evaluation of renal function can be helpful in patients with
endometriosis and concomitant hydronephrosis.

2.2.4 Bowel Preparation

The rationale for bowel preparation in gynecologic surgery
is to improve surgical vision and facilitate bowel handling,
and – in case of iatrogenic bowel injury – to reduce the risk of
infection-related complications. Therefore, it is good clinical
practice to prepare the patient´s bowel, particularly before
surgery of the posterior pelvic compartment. However, data
available in the current literature do not show a significant
benefit related to the aforementioned aspects after oral
bowel preparation compared to a low-residue diet (liquid diet
two days before surgery).25 Based on a report published by
Kantartzis et al. (2015), it is usually hard for surgeons to tell
apart whether a patient received bowel preparation or not, and
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it has been shown that no negative impact on perioperative
outcome is entailed from the omission of this preparatory
measure.9 The results are the same, even in the case of
laparoscopic hysterectomy. Bowel preparation did not yield
any improvements in terms of intraoperative visualization,
bowel handling or ease of procedure.18,23
If the decision is made to arrange for a bowel preparation, this
can be done in different ways. There is always the option of
using enemas only, or an oral preparation. There are various
active substances that may be used for bowel preparation,
however no recommendation for the use of a special
substance can be given.
Patients subjected to oral preparation usually report on nasty
sensations and problems with the high volume intake or side
effects such as increased abdominal symptoms, nausea and
even vomiting.17 Hence, the rates of inadequate preparation
vary between 20 and 40 %. In cases where patients dislike
the taste of the fluid, regular use of menthol sugar-free sweets
during the procedure has been found to improve patient
compliance.21
Apart from intake-related shortcomings in bowel preparation,
there are also medical reasons like chronic constipation or
the use of constipating medications (e.g. opioids) that may
account for ineffectiveness of this measure. In these cases,
it is important to use a more aggressive bowel cleansing
regimen.
When an oral preparation is used, it is recommended that
the procedure be undertaken at the hospital because in
this setting, patients may be more compliant since they are
in constant attendance by the nursing staff. Furthermore,
possible consequences like dehydration or an electrolyte
imbalance which can lead to various symptoms, can be
treated.

2.2.5 Antibiotic Prophylaxis and Surgical Site Infection

The United States Centres for Disease Control and Prevention
(CDC) issued an internationally accepted definition of surgical
site infection (SSI).3 The term SSI is defined as an infection of
the skin or the subcutaneous tissue of the incision occurring
within 30 days post surgery. Antimicrobial prophylaxis can
help to avoid SSI.
The decision regarding the use of antimicrobial prophylaxis in
a surgical procedure should be based on a standardized risk
stratification scheme of objective indicators for the potential
onset of SSI. The use of a risk assessment stratification
protocol for evaluation of wounds (clean, clean-contaminated,
contaminated, dirty wounds) is the most important tool in
the decision-making process. Hysterectomy, for example, is
defined as a surgical procedure with a clean-contaminated
wound and, therefore, there is a certain risk of perioperative
infection that requires the implementation of adequate
prophylactic measures.
There is only limited data available on the use of antimicrobial
prophylaxis in gynecologic surgery. In general, SSI occurs less
frequently in laparoscopic surgery than in abdominal surgery.13

The use of antibiotic prophylaxis is generally indicated for
cancer surgery and hysterectomy.
For gynecological laparoscopy without opening of the
vagina, there does not seem to be an indication for routine
use of perioperative antibiotic prophylaxis.4,14 A comparison
analysis did not show any significant reduction in SSI rates
in those women who underwent surgery without prophylactic
administration of antibiotic medication.11
Several contributing risk factors are known to increase the risk
of SSI:1,24











Advanced patient age.
Comorbidities (especially diabetes and immuno
suppression).
Obesity.
Nicotine or drug abuse.
Preoperative infections.
Length of surgery (more than 2 hours).
Blood transfusions.
Hypothermia.
Previous radiotherapy.
Previous surgery.

If the patient eligible for surgery is identified to have risk
factors (see panel), a prophylaxis can be implemented even
in a planned laparoscopy. To date, there are no precise
recommendations on how to decide whether an antimicrobial
prophylaxis should be used.
The correct timing plays a key role in the efficiency of
antimicrobial prophylaxis. The ideal point in time for the first
application is 30 to 60 minutes before the skin incision is
made. Administration later than 60 minutes before skin incision
has been shown to significantly increase the risk of SSI. For
surgical procedures taking less than 2 hours, a single-shot
antibiotic prophylaxis is sufficient. Longer procedures require
repetitive administration. Timing of multiple administrations
depends on the half-life of the chosen antimicrobial agent.
Repetitive administration is needed after two half-life periods
of the antibiotic in use (e.g. half-life of cefuroxime: 70 minutes;
half-life of metronidazole: 7 hours). In general, there is no
need for continuing the prophylaxis after completion of the
procedure.

2.2.6 Epidural Anesthesia

It is widely accepted that laparoscopic procedures should
be performed under general anesthesia. Used in addition,
an epidural anesthesia may also be considered. Even though
studies are still needed to determine the possible benefits
and drawbacks of the added administration of epidural
anesthetics, some data have been established, elucidating
some beneficial aspects of the procedure.
The major advantage of epidural anesthesia is predicated
on the fact that it provides for improved postoperative pain
control. It is widely accepted practice that adequate pain relief
without concomitant severe complications can be achieved by
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added use of epidural anesthesia. The benefits of additional
epidural anesthesia – as compared to intravenous application
of pain medication – in major gynecological cancer surgery
include a reduced sedative and respiratory depressant
effect during the postoperative period as well as a reduced
incidence of postoperative nausea and vomiting (PONV). At
the same time, effectiveness in terms of pain relief is similar or
even better.5,7,15 Apart from that, there is evidence suggesting
an improved recovery of gastrointestinal function in patients
with postoperative epidural pain management compared to
systematic analgesia in abdominal surgery.22 Still, there is no
clear data available concerning the use of epidural anesthesia
for gynecological laparoscopic procedures in particular.
Epidural anesthesia may also be used for perioperative pain
management. The modality has been found to decrease total
dose consumption related to systemic opioid and analgetic
treatment.

2.2.7 Surgical Safety Checklist

Nowadays, it should be generally understood that a surgical
safety checklist is a valuable tool that must be used in the
operating room. The World Health Organization (WHO)
has published a checklist and an implementation manual
available to everyone via internet.26 By going through a
checklist that covers the key phases and critical details of a
surgical procedure, patient safety can be improved and the
most common and avoidable risks can be minimized. The
implementation manual gives suggestions on how to use the
checklist.
Phases of the surgical
safety checklist

Point in time intended for
implementing the safety check

Sign in

Before induction of anaesthesia

Time out

Before skin incision

Sign out

Before patient leaves operating room

Table 2.2

A brief summary can help to draw attention to the critical
waypoints of the surgical procedure:
One individual has been assigned to assume responsibility
as a coordinator for checking the boxes of the list in all
phases of the operation.
 Upon completion of the “sign in” phase, the checklist coordinator must make sure that all tasks have been completed
by the surgery team prior to induction of anesthesia. The
checklist addresses all relevant parameters and tasks such
as the patient´s identity, the planned procedure, the site
and special problems like allergies, risk of blood loss, etc.
 The “time out” phase is the last checkpoint prior to initiating the skin incision. At this moment, all team members
are called upon to engage in a clearly structured dialogue.
All team members introduce themselves by name and
role, verbally confirm the patient´s name and the planned
procedure, make themselves aware of the possible risks
like blood loss, and ensure that an antibiotic prophylaxis
has been given, if necessary.




The “sign out” phase should be completed before the
patient leaves the operating room. In this phase it is again
important to verbally confirm the procedure, to make sure
that all counts related to instruments, sponges and needles
are correct and specimens are labeled. Furthermore, the
most important management issues for the immediate
postoperative period should also be reviewed.

2.2.8 Prevention and Management of Hypothermia

The human body has different homeostatic mechanisms
that help to avoid hypothermia. During general anesthesia,
these physiological circuits are partly inactivated. Hence,
hypothermia is a general risk during surgery. It is defined as
a temperature loss of 0.5 °C in comparison to the baseline
temperature measured in the awake person prior to starting
surgery. Usually, the patient’s temperature decreases 1 °C per
hour during surgery,8 and the decline may be even more rapid
in combined general and epidural anesthesia.6
Temperature measurement can be carried out in the
esophagus, the rectum and the bladder. In surgeries of the
lower abdomen, a vesical measurement can be imprecise.
A review of 26 randomised controlled trials that was based on
a total of 2,070 patients showed a higher risk of cardiac events,
blood transfusions and wound infections in hypothermal
patients.20 In particular, the risk of wound infections after
colorectal surgery, which can be necessary in patients treated
for endometriosis, is significantly higher in those suffering from
intraoperative hypothermia.10 Apart from that, most patients
usually feel uncomfortable when experiencing coldness upon
waking up in the post anaesthesia recovery area.12
The possibilities of thermal management are multifaceted and
have to be discussed with the anesthesiological department. It
is always important to monitor and maintain body temperature
from the very beginning of the procedure because rewarming
the patient is an even more challenging task to fulfill. Possible
prophylactic methods are a prewarming procedure before
induction of anesthesia in the patient preparation area, the
use of forced-air warmers and the use of warm infusions
when patients need to get more volume than 1 L per hour. In
addition, it is crucial to cover as much of the body surface as
possible.
It could be demonstrated that the gaseous medium (dry and
cold CO2) commonly used in laparoscopy causes hypothermia.2
The peritoneum emits thermal energy to reach an equilibrium
in temperature, which, in turn, induces a decline in body
core temperature. As an alternative option, prewarmed and
humidified gas can be used in laparoscopy. A meta-analysis
of 10 randomised controlled trials with a total number of 565
patients showed a lower risk of hypothermia in those patients
subjected to laparoscopy using an insufflator with preheated
and humidified gas.19 Additionally, this modality was found
to be associated with reduced postoperative pain. In view of
these conclusive benefits, it is well-advised to implement this
auxiliary measure, especially in long surgeries.
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2.2.9 Summary

It is well known that one key requisite for successful and good
surgical outcome is adequate experience and circumspection
on the part of the surgeon. However, good preoperative
preparation of the patient and adherence to established
principles of good clinical practice is just as instrumental in
minimizing the risks and improving the quality of a surgical
procedure. This last paragraph summarizes the most
important issues that need to be considered prior to surgery.
Adherence to the preventive measures and principles
described below can help to reduce perioperative morbidity.













In order to meet the objectives of the informed consent
process, the surgeon must discuss the most important
facts and risks of the planned procedure with the patient,
making sure that an adequate level of knowledge and
comprehension has been achieved.
Laboratory testing may be of secondary importance,
except for a pregnancy test, that should be done before
undertaking a surgical procedure on the genital tract.
The necessity of preoperative bowel preparation needs to
be scrutinized carefully.
One of the most common complications associated with
operative procedures is a surgical site infection, which is
defined as an infection of the skin or the subcutaneous tissue of the incision occurring within 30 days post surgery.
A perioperative antibiotic prophylaxis can help to prevent
those infections. In most laparoscopic gynecological
surgeries, a prophylaxis does not seem to be necessary,
unless in the case of patients with additional risk factors.
Pain management can be complemented by epidural anesthesia. Benefits for the patient have been demonstrated,
particularly in terms of postoperative pain management.
The use of a surgical safety checklist should be mandatory in every operating room in order to prevent potentially
avoidable complications and flawed practice.
Perioperative hypothermia is associated with a significant
higher rate of complications. Therefore, targeted efforts
should be made to maintain normothermia by choosing
from the various prophylactic methods available today.
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Ibrahim Alkatout a
2.3.1 Introduction
Minimally invasive surgery has been the subject of a
consistent and dynamic evolution that is driven by continuous
scientific and technological advancements. The minimally
invasive approach has transformed surgery altogether18 and

the benefits that can be drawn from it – compared to those
afforded by open surgery as well as transvaginal surgical
approaches – are well known and widely accepted in our
specialty (Tables 2.4a–c).1,5,19

Vaginal approach versus abdominal approach
Disadvantages
Advantages
 Shorter hospital stay (on average 1 day, 95 % CI 0.7–1.2).
 Treatment of comorbidities is not feasible in the same session.
 Earlier return to activities of daily living (mean difference, 9.5 days, 95 %  The operation is technically more demanding because of the confined
CI 6.4–12.6).
space available for maneuvering instruments and scope.
 Lower infection rate, lower rate of postoperative fever episodes (OR
0.42, 95 % CI 0.21–0.83).
 Lower complication rate, such as hernia formation or impaired wound
healing.
 Optional use of regional anesthesia.
 Superior outcome in terms of cosmesis.
Table 2.4a Advantages / disadvantages of vaginal approach versus abdominal approach.

Laparoscopic approach versus abdominal approach
Advantages
 Lower blood loss (mean difference 45.3 ml, 95 % CI 17.9–72.7).
 Shorter hospital stay (on average 2 days, 95 % CI 1.9–2.2).
 Earlier return to activities of daily living (mean difference 13.6 days,
95 % CI 11.8–15.4).
 Lower infection rate, lower rate of postoperative fever episodes (OR
0.32, 95 % CI 0.12–0.85).
 Lower complication rate, such as hernia formation or impaired wound
healing.
 Reduced rate of adhesion formation.
 Superior outcome in terms of cosmesis.
 Enhanced and enlarged videoendoscopic view owing to freely adjustable distance from the scope tip to the operative site.
 Videoendoscopic view of the operative site available to all members of
the surgical team throughout the entire surgical procedure.
 Fine-tuned surgery due to the availability of innovative articulating
multipurpose instruments and versatile scopes.

Disadvantages
Longer operating time (mean difference 10.6 minutes, 95 % CI
7.4–13.8).
 Prolonged learning curve; level of complexity. inherent to each operative
step is higher.
 Higher rate of complications, such as ureteral lesions, bowel lesions, or
vascular lesions (OR 2.61, 95 % CI 1.22–5.60).
 Limited tactile feedback.
 Three-dimensional imaging feasible only in rare cases.
 Higher costs.


Table 2.4b Advantages / disadvantages of laparoscopic approach versus abdominal approach.
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Laparoscopic approach versus vaginal approach
Advantages
 Less blood loss (mean difference 45.3 ml, 95 % CI 17.9–72.7).
 Organs and/or structures affected by comorbities can be operated on in
the same session.
 Lower infection rate, lower rate of fever episodes (OR 0.32, 95 % CI
0.12–0.85).
 Reduced rate of adhesion formation.
 Enhanced and enlarged videoendoscopic view owing to freely adjustable distance from the scope tip to the operative site.
 Videoendoscopic view of the operative site available to all members of
the surgical team throughout the entire surgical procedure.
 Fine-tuned surgery due to the availability of innovative articulating
multipurpose instruments and versatile scopes.
 Intraoperative decision-making is less dependent on the accuracy of the
preoperative diagnostic work-up.

Disadvantages
Longer operating time (mean difference 41.5 min, 95 % CI 33.7–49.4).
Prolonged learning curve; level of complexity inherent to each operative
step is higher.
 Limited tactile feedback.
 Three-dimensional imaging feasible only in rare cases.
 Worse cosmetic outcome.
 Higher costs.



Table 2.4c Advantages / disadvantages of laparoscopic approach versus vaginal approach.

Recent decades have witnessed a wide range of technological
innovations. Major achievements have been made in
the miniaturization of instruments and have significantly
contributed to the minimal invasiveness of most surgical
approaches used in clinical practice.20 Taking into account the
outstanding improvements made in terms of image definition
and data processing / transmission rates, and considering the
successful introduction of 3D laparoscopic imaging in clinical
practice, surgeons are now enabled to perform highly delicate
operative procedures with greatest accuracy while reducing
blood loss to a minimum. A key feature of state-of-the-art
video camera systems is the possibility to take a close-up
view of areas of interest, which for instance, may be necessary
to scrutinize focal patterns of highly vascularized tissue layers.
Provided the surgeon has reached a good level of proficiency
and strictly adheres to established principles of best clinical
practice, complications such as postoperative pain, infection,
or the formation of adhesions can be reduced to a minimum.
Finally, a new generation of sealing instruments – based on
ultrasonic energy or bipolar high frequency – mainly employed
in the form of disposable items, has proven to be very useful in
coagulating and cutting tissues and vessels.
Technical advancements, especially those made in recent
decades, spurred the development of miniaturized instruments
and have largely contributed to reducing the surgical trauma
for the patient.20 The advent of high-definition digital imaging
and 3D technology in laparoscopy made it possible to perform
highly delicate surgical procedures with greatest accuracy
while reducing blood loss to a minimum.1 The optional use
of a magnified view on the screen is of particular benefit to
the surgeon in that it affords a targeted inspection of areas
of interest, e.g., strongly vascularized tissue, and allows for
enhanced differentiation between the various tissue layers.
Complications such as postoperative pain, infection, or the
formation of adhesions have been reduced to a minimum.
Adequate hemostasis is paramount to the safety of
laparoscopic procedures and provides for a clear and
unimpeded view of the operative field, enabling vital
structures such as blood vessels, ureter or bowel, to be
identified, thus preserving their integrity. There is a large
variety of laparoscopic instruments to choose from for this
purpose. These instruments can be used to carefully dissect

tissue and expose specific anatomical structures in order to
trace vessels, that may then be coagulated and transected
selectively and safely.30 In the event of intraoperative bleeding
during laparoscopy, dedicated multipurpose instruments
are used to achieve safe and efficient hemostasis and thus
prevent the need for conversion to open surgery.4 Technical
advancements have led to the availability of sophisticated
sealing instruments which – by the aid of ultrasound and / or
bipolar current – can be used to perform both coagulation
and transection. Upon their inception, these instruments
were available only as disposable items. The decision-making
on the acquisition and use of sealing instruments is a rather
complex issue, not only from an economic but also from a
medical point of view. Apart from the fact, that coagulation
can be performed more safely, another advantage derived
from the use of these versatile tools is that they eliminate the
need for repeated instrument changes.
The trend toward dedicated hysteroscopic instruments has
essentially followed two main directions which are aimed
at reducing complications on the one hand, and continued
miniaturization, on the other hand. The potential risk of the
dreaded condition of hypotonic hyperhydration (known as
‘TUR syndrome’ from endo-urology) can be largely prevented
by the use of bipolar electrosurgical systems and physiological
saline instead of electrolyte-free solutions.

2.3.2 Laparoscopy
Laparoscopic procedures are commonly performed through
one or more small incisions and require the prior creation of a
pneumoperitoneum established either through an incision-free
access (Veress needle, entry under direct viewing) or an open
access (Hasson technique). Once the pneumoperitoneum
has been created, a single or multiple ports are placed. The
laparoscope – coupled to a video camera – and the working
instruments are introduced through the various ports.
The classical method of entry is described in the following
paragraphs.
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2.3.2.1 Veress Needle Technique
The operating table is placed in a horizontal position before
introducing the Veress needle. Once the pneumoperitoneum
has been established, the table is adjusted to Trendelenburg
position. Most commonly, the Veress needle is introduced
in the umbilical region because the layers of the abdominal
wall are thinnest at this site. Prior to making the skin incision,
the course of the aorta and the site of the iliac bifurcation is
palpable in slim persons (Fig. 2.6).32
Once a test has confirmed proper function, the Veress needle
is introduced at an angle of 45° to the abdominal wall and

directed toward the uterus. In this way, the risk of iatrogenic
injury to large vessels or the intestines is minimized. While
inserting the needle, the skin of the abdominal wall is slightly
elevated (Fig. 2.7). The more obese a patient is at this site, the
steeper the angle of entry should be. In patients without a
history of prior surgery, the surgeon may need to make two
attempts before opting for an alternative entry technique or
introducing the needle at a different entry point.
When introducing the Veress needle, as a rule, two audible
‘snaps’ can be heard. The first one occurs after perforating the
muscle fascia and the second after perforating the peritoneum.

Fig. 2.6 Typical point of palpation in the
subumbilical region (a). The finger tip is
pointing to the aorta and the promontory.
Subumbilical incision (skin marking, b) and
local palpation reveal the short distance from
the skin to the spine. The anticipated insertion
points of ancillary trocars are determined by
use of transillumination (d) demarcating the
superficial epigastric artery and the superficial
circumflex iliac artery.

a

b

c

d
Fig. 2.7 Veress needle and its insertion.
Proper function of the Veress needle must be
checked in advance to make sure that the
spring-action of the safety mechanism is fully
operational, and that gas flow is between 6
and 8 mmHg (a). As a rule, two audible ‘snaps’
can be heard while passing the needle through
the abdominal wall (b). The safety mechanism
avoids damage or injury to the bowel or
vessels (c).

a

c

b
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Aspiration Test
Following insertion of the Veress needle, 5 ml of saline
solution are injected and – given proper placement of the
needle – aspiration of saline should not be feasible. In case of
incorrect insertion of the needle, a blood vessel or bowel may
be punctured, which in turn should result in aspiration of the
related body fluid in the barrel of the syringe.

Hanging Drop Test and ‘Fluid Inflow’
Once the needle has been introduced, the abdominal wall is
elevated (Fig. 2.7b), thereby causing a negative intraabdominal
pressure. When placing a drop of water on the open Luer
connector, the vacuum will cause the drop to disappear
down the shaft of the Veress needle. The needle should not
be moved after it has been introduced in the abdomen. If the
needle has been inserted incorrectly, the small intraabdominal
defect may propagate and result in a complex and hazardous
lesion (which is why any torque from the abdominal wall must
be avoided!).
2.3.2.2 Alternative Options of Laparoscopic Entry
To date, a variety of approaches have been proposed for
creating a pneumoperitoneum, which may also be achieved
directly by using a dedicated trocar. The first description of
this entry technique was provided by Artin Ternamian,28 who
designed a trocar cannula with an atraumatic outer thread that
allows to enter the abdomen under direct vision before or after
creation of the pneumoperitoneum (Fig. 2.8). As an alternative
option, the pneumoperitoneum can be established – without
prior use of a Veress needle – by insufflating CO2 gas through
the first trocar inserted directly / bluntly into the abdomen
under direct vision. Accordingly, the pneumoperitoneum can
be set up much faster with fewer instruments, while obviating
the need for going through multiple precautionary steps
(Fig. 2.9).

First, a 5-mm optical trocar may be introduced, if the size of
the trocar offers adequate vision for the anticipated procedure.
As an alternative option, a 10-mm optical trocar may be
introduced. The trocar must be introduced using the so-called
‘Z-technique’ which involves that a twisting motion is used
while deflecting the trocar sideways subcutaneously by a few
millimeters in order to achieve functional closure of the fascia
and prevent hernia formation in the postoperative period.
However, a maximum level of safety is maintained when
using a stepwise approach. Step 1 involves the introduction
of a 5-mm optical trocar and is intended to avoid iatrogenic
injury or formation of adhesions secondary to surgery. Prior
to initiating dilatation to 10 mm, insufflation of CO2 gas is
continued safely through the 5-mm trocar already in place.
Step 2 involves the insertion of a place holder that is passed
through the 5-mm trocar, followed by introduction of the 10mm trocar.25
2.3.2.3 Subcostal Insufflation Technique
(Palmer’s Point or Lee Huang Point)
None of the entry techniques applied so far is entirely devoid
of the risk of gas embolism, injury to vessels, the urinary tract,
or the bowel. However, entry through Palmer’s point provides
maximum safety, especially in cases where the presence of
umbilical pathologies is anticipated. In 1974, Raul Palmer
described an alternative entry point in the midclavicular line,
about 3 cm below the costal arch.22 In rare instances, when the
patient presents with a history of previous surgery in the left
subcostal region, the Lee Huang point, located in the midline
below the xiphoid, may be used. However, when introducing
the trocar, it should always be borne in mind that the falciform
ligament – on account of its intraabdominal location – may
directly get in the way. As a routine precaution, it is imperative
that gastric suction be performed before introducing the
Veress needle or the trocar (Fig. 2.10, see overleaf).25

Insufflation may then be started by adjusting the flow rate of
CO2 gas to 1 liter per minute, which is then increased to 3–5
liters per minute. The total volume of insufflated CO2 gas is
determined by the patient’s height and degree of relaxation.
Even after insufflation of 300 ml of CO2 gas distributed
uniformly in the intraabdominal aspect, a physiological
damping of liver percussion is noticeable. The initial target
value of intra-abdominal pressure can be set to 20–25
mmHg in order to achieve a maximum distance between the
abdominal wall and intraabdominal structures.25

Fig. 2.8 Direct trocar insertion is possible with the TERNAMIAN EndoTip
cannula (KARL STORZ Tuttlingen, Germany).

Fig. 2.9 Kii® Advanced Fixation Sleeve (Applied Medical Resources
Corp., Rancho Santa Margarita, CA, USA). Offers unsurpassed abdominal
wall fixation with minimal depth into the peritoneal cavity. The non-latex,
non-fragmenting balloon provides superior abdominal wall retention
compared to other sleeves and ensures minimum penetration of the
trocar into the operative field. The retention disk slides down to maintain
the sleeve position in the abdomen, securing the trocar in place and
virtually eliminating unintentional displacement or forward migration.
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2.3.2.4 Introduction of Working Trocars
The patient is moved to Trendelenburg position before
introducing the working trocars. All working trocars should
be placed only after intraabdominal pressure has reached
the predefined maximum level, and after it has been
ascertained that absolutely clear vision is maintained. The
inferior epigastric artery is visualized from inside the abdomen
in the lateral umbilical plica. The region lateral to this point
must be scrutinized for superficial arteries (the superficial
iliac circumflex artery and the superficial epigastric artery) by
use of diaphanoscopy. Viewed from the outside, the area of
interest is located approximately two finger breadths medial
to the anterosuperior aspect of the iliac spine (Fig. 2.11a). Once

the working trocar has been passed through the peritoneum, it
is swung around and directed toward the uterus, thus moving
away from large vessels and bowel.
The number of working trocars is variable. The same
applies to the preferred trocar positions. The selected
configuration may result in symmetrical trocar positions on
the left and right side, or in an asymmetrical arrangement,
with left and midline positions, or with left and left midabdominal positions (Figs. 2.11–2.13).3,25 For this purpose,
the surgeon may choose between a large variety of
trocars available as single-use or reusable items.

Fig. 2.10 The Lee-Huang point (a) is an
alternative entry site located at or above
the level of the umbilicus (in cases of a
large uterus). The use of this entry site is
recommended for video-assisted laparoscopy
or in cases suggestive of adhesions in the
region of Palmer’s point (c). Palmer’s point is
situated in the midclavicular line, about 3 cm
below the costal margin (d).

a

b

c

d
Fig. 2.11 Point of insertion viewed from the
outside (two finger breadths medial to the
anterior superior spine) (a).
The trocar is inserted perpendicular to the skin
surface, with penetration of all layers of the
abdominal wall. Trocar insertion site lateral to
the lateral umbilical fold (c).
Overview after insertion of the laparoscope and
3 ancillary trocars (d).

a

b

c

d
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2.3.2.5 Practical Handling of Instruments
During laparoscopic surgery, particularly in complex cases,
surgeons are often faced with circumstances that constitute
a limiting factor in the set-up of the operating field and in the
choice and handling of instruments and scope. Altogether,
this can pose a challenge even to experts, expecially in the
presence of profuse intraoperative bleeding or complications
arising from specific conditions such as extreme obesity, a
limited head-down tilt position, comorbidities, or adhesions.
Unlike in open surgery, a laparoscopic surgeon must
cope with loss of depth perception on account of the twodimensional view provided by the current generation of
standard laparoscopes. Another inherent drawback of most
standard scopes is that they usually come with a fixed angle of
vision offering only a limited intra-abdominal field of vision. As
a result, some instruments – while being withdrawn from the
operative site – may escape the surgeon’s visual control which
may entail inadvertent effects or cause iatrogenic damage to
healthy tissue, while going unnoticed. Occult bleeding or injury
to organs occurring outside the field of vision may also escape
the attention of the operating surgeon. In contrast to open
surgery procedures, most laparoscopic instruments have a
range of motion that is greatly limited. The missing degrees of
freedom (four versus seven) and the fixed fulcrum at the entry
site of the trocar on the abdominal wall account for a limited

Fig. 2.12 Laparoscopic view of secondary
trocar placement. Entry in the right lower
abdomen. The three different plicae are
visualized (a). The palpating finger marks the
area lateral to the lateral umbilical fold (b). The
sharp ancillary trocar enters the lateral aspect
of the lateral umbilical fold (c). Once the trocar
has been passed through the peritoneum, it is
directed to the uterine fundus to avoid injury to
major vessels and bowel (d).

Fig. 2.13 Laparoscopic view of secondary
trocar placement. Entry in the left lower
abdomen. The three different plicae are
visualized (b). The palpating finger marks the
area lateral to the lateral umbilical fold (b). The
sharp ancillary trocar enters the lateral aspect
of the lateral umbilical fold (c). Once the trocar
has been passed through the peritoneum, it is
directed to the uterine fundus to avoid injury to
major vessels and bowel (d).

view of the operative field and can lead to situations where
specific organ structures cannot be viewed at all because
they are hidden in a blind spot. Additional difficulties may arise
from circumstances where multiple laparoscopic instruments
are used concurrently whereby they can get in the way of each
other (‘clashing’). Another limiting factor is the fact that trocar
placement is largely determined by the patient’s individual
anatomy.
The quality of the video image of the operative field can be
impaired by stains or debris on the distal lens of the scope
which may result from contact with blood, secretion of body
fluids, or from condensation of vapor or fog precipitating on
the lens surface during coagulation. This can trigger the need
to open the trocar valves repeatedly for ventilation, which
can cause fluctuations in intraabdominal pressure and in the
temperature of CO2 gas. The spectral range of the light emitted
by the cold light source may also contribute to poor visibility in
cases of profuse hemorrhage. Another distinguishing feature
of laparoscopy is that surgeons, particularly when going
through initial stages of the learning curve, must get used to
counter-intuitive paradoxical hand movements, such as left is
right, right is left, below is above, above is below, inward is
inward, whereas, outward is outward, clockwise is clockwise,
and anticlockwise is anticlockwise.
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2.3.3 Hysteroscopy
In a hysteroscopic approach, the entry technique is limited by
the type of setting (diagnostic or operative hysteroscopy) and
dilatation of the cervical canal. This is traditionally achieved by
probing and dilating the cervical canal to Hegar number 8 for
diagnostic hysteroscopy and Hegar number 9 for operative
hysteroscopy. Preparation of the cervix with misoprostol
(400 µg administered no later than 12 hours preoperatively)
reduces the risk of injury (avulsion injury caused by forceps,
perforation, bleeding).

a

b

c

The hysteroscope is commonly composed of an outer sheath
and an inner sheath, the latter being used for insertion of the
scope. The complex design of hysteroscopes – that provides
for light / image transmission, in- and outflow of distension
medium and channels for operating instrumtents – has been
developed and perfected over many years. However, the
indication range for hysteroscopic treatment of endometriosis
is limited to rare cases such as diagnostic evaluation and/or
surgical treatment performed in the same session, including
chromopertubation.

Fig. 2.14 A timeline of major landmarks in
the history of endoscopic gynecology.
1960: Invention of the cold light source (a).
1962: WILDHIRT-MENGHINI slender scope
marking the advent of laparoscopy (b).
1965: Introduction of the HOPKINS® rod lens
system (c).
1973: The advent of endoscopy in diagnostic
and operative gynecology (d).
1980: Inception of the HAMOU® Micro Contact
Hysteroscope with just 5 mm in
diameter (e).
By courtesy of KARL STORZ Tuttlingen,
Germany.

d

e

Fig. 2.15 Light adapter socket – the socket where the fiberoptic light cord is attached to the scope.
Fiber optic light guides – glass fibers transmitting light from the adapter socket to the distal tip of the scope.
Objective lens system – a collection of lenses, apertures, and/or prisms located at the distal tip of the scope. In standard scopes, the fixed direction of
view of the objective lens ranges from 0° to 120° allowing the endoscopist to see areas that might otherwise be out of view. The schematic drawing on
the right shows 0°, 30° and 45° directions of view, commonly used in clinical practice.
Lens system – a series of rod-shaped glass lenses and optical spacers, which altogether provide for image acquisition and transmission through the
shaft of the scope.
Shaft – stainless steel tube that houses the lens system.
Ocular lens assembly – the focusing lens located near the proximal part of the scope.
Eyepiece – the ocular at the proximal part of the scope. The image may either be viewed with the naked eye, or the eyepiece can be coupled to a
camera adapter to view the image on a video screen.
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2.3.4 Endoscopic Imaging

2.3.4.1 Endoscope

Even though minimally invasive surgery is a rather modern
achievement, its origins date back more than 100 years when,
in 1901, Kelling was the first to use a rigid endoscope for
inspecting the intraabdominal organs in a dog.16 Subsequent
advancements were mainly hampered by lack of adequate
light sources. A multitude of revolutionary scientific discoveries
and technological advancements occurring virtually in parallel,
along with substantial innovations generated by the industry,
account for the great success story of minimally invasive
surgery (Fig. 2.14).24,26,27

For the most part, laparoscopes have a rigid design. They are
used for the dual purpose of illuminating the abdominal cavity
and transmitting the captured images to optical sensors of
the video camera from where the resulting output signals are
conveyed to a video screen and / or a recording device. In
special cases, the laparoscope itself can be used for blunt
operative manipulations. Conventional laparoscopes are
available with a lens system offering a fixed angle of view, most
commonly of 0°, 30° or 45° (Fig. 2.15). Among the technological
innovations that have recently emerged in the field of rigid
medical scopes are those equipped with a continuously
adjustable angle of view (e.g., ENDOCAMELEON®, KARL
STORZ Tuttlingen, Germany) (Fig. 2.16). Another area where
headway has been made recently is that of stereoscopic
laparoscopy which allows three-dimensional images to be
viewed on the video screen. The decision as to which type of
Fig. 2.16 The ENDOCAMELEON®
(KARL STORZ Tuttlingen, Germany) is a
versatile laparoscope that allows the surgeon
to adjust viewing directions from 0 to 120° as
determined by operative circumstances and
individual preferences of the surgeon. The core
component of its unique design is a swing
prism (insert image) at the distal tip of the
scope. While image orientation is maintained
as in any rigid standard scope, the direction of
view is selected by simply turning a rotating
wheel until the desired angle is indicated on
the dial.

Endometriosis – A Concise Practical Guide to Current Diagnosis and Treatment

118

laparoscope suits best for the intended operative procedure
depends on surgeon’s preferences and local availability. The
large majority of laparoscopic procedures in gynecology can
be performed with a 0° scope. In specific situations, such as
removal of the uterus in laparoscopic hysterectomy or in the
surgical treatment of DIE, where exposure and dissection of

endometriotic lesions is carried deeply into the pelvic wall,
the use of a 30°-scope is more appropriate in that it permits
a targeted inspection of specific areas of interest which
otherwise would be partly visible only or would escape the
field of vision if a 0°-scope was used (Figs. 2.17–2.22).

Fig. 2.17 Schematic illustration of uterine
dissection. Colpotomy is usually started in the
anterior part, on the palpable cap of the uterine
manipulator (a). Intrafascial hysterectomy can
be completed with the sacrouterine ligaments
in view (b).

a

b

Fig. 2.18 A patient suffering from severe
adenomyosis of the uterus with concomitant
adhesions of the bowel (a) and the bladder (b)
peritoneum. Access to the lateral aspect of the
uterus is obscured (c) making it necessary to
adopt a retroperitoneal approach (d).
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Fig. 2.19 After localization of the external iliac
artery, the ureter is usually found adherent
to the peritoneum. A major lymph node lies
in between. Access to the pararectal (b) and
paravesical (c) fossa is obtained.
The crossing point of the uterine artery and
the ureter is demarcated, and the ureter is left
in its adventitia to avoid skeletonization and
denudation (d).
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Fig. 2.20 Ligation clips may be inserted (a, b)
and the artery is closed and cut (c). The uterine
(deep) vein is seen just beneath the artery that
was cut (c). Overview of the exposed situs (d).
After closure of the arteries, blanching of the
uterus is noticeable on the right side (d).
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Fig. 2.21 In this case of laparoscopic total
hysterectomy (LTH), the distance between
vagina and bladder is increased following
exposure of the bladder peritoneum (a). The
intrauterine manipulator is firmly placed in the
abdomen and dissection of the uterus from
the vagina is performed in a stepwise manner
(b–d). The conjunction of the sacrouterine
ligaments is left in place.

Fig. 2.22 Dissection of the vagina from the
cervix has been completed (a–d). Retraction
of the uterine cervix, which is grasped
transvaginally by the manipulator forceps,
has only just begun (b). Excessive fogging
of the distal lens resulting from the use of a
monopolar hook electrode makes it necessary
to pause for a moment until vision is clear
enough to proceed with accurate exposure.
This can be done during simultaneous
retraction / manipulation under laparoscopic
vision using the 30° scope. The surgeon’s
view of the operative site may worsen abruptly
when CO2 gas leaks through the colpotomy.
As a result of poor visibility, in such instance,
application of monopolar energy is a hazardous
maneuver that must be avoided at all costs.
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Core Components of the Endoscopic Imaging Chain

2.3.4.2 Cold Light Sources, Light Guides and Video Cameras

A rigid endoscope is made of a solid metal outer tube with
integrated inner tube which houses the rod-lens system
(made of quartz glass), the latter being the core component
of endoscopic image acquisition. The proximal end of the
scope is firmly fixed to the eyepiece and can be coupled to a
video camera by use of a C-mount adapter. The intraoperative
picture captured by the scope’s lens system is transmitted
to optical sensors in the video camera where analog signals
are converted to binary data, which are routed to the camera
control unit for digital image processing. In this way, a
continuous stream of image frames is generated that can
be viewed on a video screen while at the same time being
saved on a data storage device. The major elements of a
laparoscope are shown in Figs. 2.14c and 2.15.
As mentioned above, the outer tube of the laparoscope has an
integrated inner tube containing the rod-lens system, which is
the primary component of the endoscopic imaging chain. The
resulting jacket space between outer and inner tube of the
laparoscope accomodates the bundled optical fibers through
which the light – generated by an external cold light source –
is conducted to the tip of the scope.
In view of the high level of light intesity offered by the latest
generation of cold light sources, the diameter of lenses used
in modern scopes can be reduced to a minimum without
causing a decline in the illumination level needed to safely
perform a surgical procedure. The outer diameter of rigid
scopes ranges between 3 and 12 millimeters. For obvious
reasons, the illumination levels obtained from small-calibre
(miniature) scopes are not as good as those offered by their
large-calibre counterparts.

Cold Light Sources
Adequate illumination is requisite for the safe performance
of any surgical procedure. In the large majority of modern
scopes, the light source – firstly, for the sake of space saving
and, secondly, because of the heat generated by even a
xenon lamp – is not integrated in the shaft of the scope but
accomodated in a housing placed outside the operating field.
Cold light sources with xenon lamps are commonly used in
laparoscopy, however they are quite costly and have a short
service life. Cold light sources with lamps made of lightemitting diodes (LED) have offered entirely new options and
are an interesting alternative for experimental applications
(Fig. 2.23).

Light Guides
Glass fibers that are bundled and sheathed in a cable (fiber
optic cables) (Fig. 2.24, !) are most commonly used for light
transmission in laparoscopic procedures. As an alternative
option, the use of cables filled with a liquid-crystal gel may
be considered (Fig. 2.24, @). Even though the latter provide
better luminous efficacy, they are not as deflectable and more
expensive than fiber optic cables. The rate of light transmission
into body cavities increases with the number of glass fibers,
with diameter, and the power consumption of the light source.
Fiber optic light cables are composed of several thousands of
glass fibers each of which measuring 7 to 10 µm in diameter.
As a result, a total of 3,000 to 42,000 or 75 x 45 to 240 x 180
pixels can be achieved. The specific properties of a fiber optic
light cable can have an impact on optical parameters such as
brightness and color.

@

!

@

!

Fig. 2.23 Cold light fountains XENON 300 (!) and POWER LED 175 (@)
(KARL STORZ Tuttlingen, Germany).

Fig. 2.24 Light guides based on glass fibers (!) and liquid crystal gel (@).
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Video Cameras
The core component of any high-definition (HD) video camera
is the digital image sensor, which is typically based on threechip charge-coupled device (CCD) technology – one CCD chip
for each of the primary colors (red, green and blue) generated
from the incident white light by passing through semitransparent beam splitter prisms – and offers the advantage
of improved color fidelity, enhanced image resolution and
reduced noise. Single-chip CCD sensors detect only one
color component per photodiode (also termed ‘picture
element’ or ‘pixel’ or ‘dot’) and interpolate the missing two
with a demosaicing algorithm, however, this adversely affects
the quality of the image, both in terms of color and sharpness.
Proven CCD technology ensures low noise and a high level of
light sensitivity. A three-chip CCD sensor delivers detail-rich,
sharp images with true-to-life color reproduction in all areas
of the image, whether light or dark. The optical parfocal zoom
at the camera head makes it possible to enlarge the image by
a factor of 2 while obviating the need for refocusing. Unlike
with digital pixel enlargement, the optical zoom function
offers a higher level of detail and, owing to its user-friendly,
convenient handling, the zoom can be used efficiently while
staying focused on the task at hand.
Among the various standards defined for high-definition
television (HDTV or HD), one of the most common formats
is 1920×1080 (16:9 aspect ratio, the width-to-height ratio of
the screen), progressive scanning, requiring 2.073 megapixels
per frame. This format is also known as 1080p or Full HD
(Fig. 2.25b, c). Given approximately 2 megapixels per frame,
HDTV provides about five times as many pixels as standarddefinition television (SDTV or SD). With HDTV, the entire image
is recorded in one exposure interval (progressive scanning),
which is superior to interlaced scanning, where an image
is divided into two halves, each of which being recorded
separately and then combined with the other. Delayed
capturing of half images can result in motion artefacts or
blurring, if there is movement. In endoscopy, blurring can
arise from irrigation, smoke or instrumentation. The frame
rate of 50 to 60 Hz (or frames per second) inherent to Full HD
technology, is considerably higher than the frame rate of 25 or
30 Hz commonly achieved by SD technology. The 1920x1080
progressive scanning delivers an extremely stable image, with
no flickering or interference. For medical use, this improved
image quality largely contributes to reduced eye fatigue often
experienced in long procedures.

!
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Fig. 2.25 IMAGE1 S (!) is a versatile camera platform that allows to
simultaneously integrate up to two endoscopic imaging technologies
(rigid / flexible / 3D scopes) and is compatible for use with a large variety
of camera heads (@). By courtesy of KARL STORZ Tuttlingen, Germany. (a)
TV standards through 1080p. The red-tinted insert shows 576i or 576p
resolution. The blue-tinted insert shows 720p resolution, a HDTV level of
resolution. The full-color image shows 1080p resolution. (b)
Among the various standards defined for high-definition television (HDTV),
one of the most common formats is 1920×1080, progressive scanning,
requiring about 2.07 megapixels per frame. (c)
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In open surgery as well as in activities of daily living, we are
accustomed to binocular vision which is crucial in the perception of depth and the three-dimensional nature of objects.
Getting acquainted with two-dimensional viewing conditions is
among the challenges a laparoscopic surgeon must cope with
when going through the learning curve required to develop
an adequate level of skills in minimally invasive surgery. Even
though standard laparoscopy affords only a two-dimensional
image on the video screen, the use of monocular cues related
to motion and size of objects commonly enable an experienced observer to mentally rebuild a three-dimensional image
of the operative field.7 The perception of depth, however, is
not as vivid as that obtained from a real three-dimensional
scene viewed with two eyes. The use of special viewing aids
that provide for a near-realistic three-dimensional image in
laparoscopy make it possible to visualize the operative field in
virtually the same way as in natural viewing conditions. Most
importantly, the use of such optical aids in laparoscopy allow
the surgeon to differentiate more clearly between the various
components of complex structures, including their location
and relative position in the body. In conclusion, this innovative
technology holds the prospect of a shorter learning curve,
reduced duration of surgery, and fewer complications.

Given the multitude of stereoscopic systems currently
available on the market, the following is a short description
of one of the technological solutions currently used in 3D
laparoscopic imaging. The endoscopic 3D system described
herein is based on a stereoscopic camera system, that is
connected to a bi-channeled laparoscope combining two
lens systems in one shaft. The images generated by each lens
system are transferred to separate video cameras (Figs. 2.27,
2.28). The underlying design principles for stereopsis are the
same as those found in normal individuals with binocular
vision. The development of stereoscopic imaging systems
dates back 100 years in history, although to date, they are still
far from being widely accepted in clinical practice. The primary
obstacle that needs to be overcome to generate a threedimensional image, is binocular disparity, a phenomenon that
is based on slight differences in the images constantly created
on the retina of the left / right eye. Binocular disparity allows the
human brain to mentally build a realistic estimation of depth
and distance, in other words, to produce a three-dimensional
image. Wearing anaglyph 3D glasses may be a viable option,
although this has proven inconvenient in a routine operative
setting (Fig. 2.26). Recent technological advancements have
made it possible to provide 3D images on the video screen
while obviating the need for wearing 3D glasses. The authors

Fig. 2.26 Hands-on training with the KARL STORZ 3D trainer at the Kiel
School of Gynecological Endoscopy.

Fig. 2.27 TIPCAM®1 S 3D LAP with two distal FULL HD image sensors
(KARL STORZ Tuttlingen, Germany).

2.3.4.3 3D Endoscopic Imaging
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!

Fig. 2.28 IMAGE1 S camera platform with D3-LINK and TIPCAM®1 S 3D
LAP endoscopes. The insert images show the distal end of the
TIPCAM®1 S 3D LAP with 0° (!) and 30° (@) direction of view
(KARL STORZ Tuttlingen, Germany).

@

Fig. 2.29 The ‘da Vinci Surgical System’ (Intuitive Surgical Corp.,
S unnyvale, CA, USA). The surgeon console (!) and patient-side cart (@).
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hold the opinion, that the full technological potential of stereoendoscopic imaging in laparoscopy has not been realized yet.
Since the inception of 3D visualization aids, pioneers in
the field of robotic surgery – a subspecialty of minimally
invasive surgery – have made constant efforts to integrate
this innovative technology in robotic systems. As mentioned
above, two separate lens systems are integrated in a bichanneled laparoscope and each of them is connected to
different video cameras similarly to the basic principles of
stereopsis in humans. The image is optimized digitally and
then transferred to the surgeon console. In robotic systems
such as the ‘da Vinci Surgical System’ (Intuitive Surgical, Inc.,
Sunnyvale, CA, USA), a pioneer of surgical robotics, the threedimensional image is transmitted via separate video displays,
i.e., one for each eye.13 (Fig. 2.29).

2.3.5 Basic Instrumentation and Powered Equipment
2.3.5.1 Operating Team
Most commonly, the first surgeon (!) – with the first assistant
(camera operator,#) alongside to the right – stands on the
left side of the patient while the scrub nurse (@) stands on
the patient’s right (Fig. 2.30). The scrub nurse assumes a
position next to the camera operator, and a second assistant
(if needed) can be placed between the patient’s legs. For
specific operative procedures, the first surgeon stands
between the patient’s legs and the first assistant (camera
operator) assumes a position next to the surgeon. The
anesthesiologist’s position is usually at the patient’s head.

Fig. 2.30 View of the surgical team during a training course at the
Kiel School of Gynecological Laparoscopy.
The first surgeon (!), the first assistant (camera operator,
#) and the scrub nurse (@).

2.3.5.2 Powered Instruments, Units and Videoendoscopic Equipment
All control panels of the videoendoscopic units and medical
devices are positioned such that both surgeons and the scrub
nurse assume a comfortable posture for optimal hand-eye
coordination which requires the visual axis (surgeon-tomonitor axis) to be optimally aligned with the forearminstrument motor axis (Fig. 2.30).11,14,31
Therefore, video monitors, pertinent control units and additional
devices that are instrumental in the planned procedure, are
best suspended from ceiling mounts considering that mobile
carts (Fig. 2.31) take up a lot of space and clutter the floor of
the operating room with cables and tubings.31 In most cases,
the video monitor is placed between the patient’s legs. Care
should be taken during room set-up to make sure that video
monitors are at eye level, allowing the surgeon(s) to operate
while the head and neck area is in a comfortable relaxed
position.31 The insufflation unit and cold light source are placed
beneath the video screen, with the suction-irrigation unit
below. The electrosurgical generator is positioned separately.
A member of the staff should be defined in advance to take
charge of auxiliary devices and/or instruments that are kept on
standby on a separate instrument table.

Fig. 2.31 Laparoscopic endocart (KARL STORZ Tuttlingen, Germany).
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Insufflation Device

Suction-Irrigation Device

Constant pressure control is of critical importance to
CO2 insufflation during initiation and maintenance of the
pneumoperitoneum, which is why an automated insufflation
system (Fig. 2.32) should be used throughout any laparoscopic
procedure to prevent the occurrence of undue pressure
peaks or relevant pressure drops. The use of an automated
insufflator that allows humidified CO2 gas to be heated
to body temperature before entry into the peritoneum not
only helps prevent lens fogging in cases where the rate
of gas exchange is abruptly increased, but has also been
shown to reduce subphrenic pain in the postoperative
period. The touch display of the unit (Fig. 2.32) shows the
intraabdominal pressure (actual value), gas flow per minute,
gas reserve, and the total volume of consumed CO2.
The set value of intraabdominal pressure is preadjusted
manually on the display and should measure no more than
15 mmHg for longer periods. Even though the maximum
permissible pressure value may be exceeded temporarily
at the start of the operation (while establishing the
pneumoperitoneum and introducing the working trocars),
special attention must be given to the fact that ventilation is
limited under these circumstances and the surgeon should be
alerted to the possible event of bradycardia.

Since the vast majority of operative procedures in gynecology
(hysteroscopy and laparoscopy) are not feasible without
irrigation and suction of fluid, it is of key importance in routine
clinical practice that such a device integrates both functions
in a single unit. The use of prewarmed irrigation fluid helps
prevent fogging of the scope’s distal lens and reduces the risk
of hypothermia for the patient (Figs. 2.33).

Fig. 2.32 ENDOFLATOR® 50 SCB Insufflation System
(KARL STORZ Tuttlingen, Germany).

Fig. 2.33 ENDOMAT SELECT Suction-Irrigation system
(KARL STORZ Tuttlingen, Germany).

Fig. 2.34 Electrosurgical generator unit AUTOCON III 400
(KARL STORZ Tuttlingen, Germany).

Fig. 2.35 Universal dispersive electrode for use with AUTOCON III 400
(KARL STORZ Tuttlingen, Germany). Depending on the operative site,
the dispersive electrode should be placed on the closest upper arm or
thigh, but no closer than 20 cm from the operative site and at a sufficient
distance from ECG electrodes or implants (such as bone screws, bone
plates, or endoprostheses). The dispersive electrode should be placed
on the supine patient, on the upper side of the body, not in the vicinity of
body fluids and also at a distance from the region of sterile washing.

Electrosurgical Generator
Electrosurgical generator units (ESU) are widely used in
clinical practice to generate specific surgical effects – such
as cutting, coagulation, or a combination of both – mainly
for dissecting tissue and for hemostasis. The high-frequency
electrical current is delivered by the ESU (Fig. 2.34) passing
from the active electrode through the dispersive electrode
(Fig. 2.35) (in layman terms also known as ‘ground pad’ or
‘neutral electrode’)21 and back to the ESU.

Physics of High-Frequency Surgery
Good knowledge of the physical phenomena underlying
high-frequency surgery is not only requisite to the targeted
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application of specific waveforms and modes (bipolar versus
monopolar circuitry) at a desired power output, but is equally
important in understanding the associated tissue effects and
reducing to a minimum the potential health risks that may
arise from the use of electrosurgical devices.
The use of electrical energy for surgical purposes is based
on the fact that the water content of the human body can be
utilized as a conductor. Alternating currents with a frequency
ranging between approximately 300 kHz and 3 MHz cause
only minimal neuromuscular stimulation and – provided
adequate precautions are observed – inadvertent harm to the
patient can be well prevented.6 The flow of electrons through
tissue during a defined period of time (electrical current) is
associated with specific effects:
Electrolytic Effect. If a direct current (DC) is applied,
the cations tend to migrate toward the direction of the
negative electrode while the anions orient to the positive
electrode as unidirectional current flow is established.
This phenomenon is termed Electrolytic or Galvanic Effect
and is used for medical purposes only in iontophoresis
(transdermal electromotive administration of a charged
substance / medication), whereas in electrosurgery this
unwanted effect can jeopardize the structural integrity of
cells and tissue.17
 Faradic Effect. Provided an alternating current (AC) is
applied, anions and cations oscillate within the cellular
cytoplasm in synchrony with the changing polarity of the
output applied. If the frequency of AC is relatively low (20–
30 kHz), the impact of the high-frequency energy will incite
depolarization of muscles and nerves and induce action
potentials that trigger muscle fasciculation and related pain,
a phenomenon known as the Faradic effect.21 However,
nerve and muscle membranes are not sensitive enough
to respond to the very short duration ‘pulses’ when using
electromagnetic energy derived from the spectral range of
high frequency (300 kHz – 3 MHz).


Thermal Effect. When applying AC at a frequency above
300 kHz – unlike the depolarization process occurring with
the use of DC – the cations and anions rapidly oscillate
within the cellular cytoplasm leading to a conversion of
electromagnetic energy to mechanical (kinetic) energy. As
a result of this rapid motion and, especially in the instance
of large protein molecules, frictional forces account for the
conversion of kinetic energy to thermal energy. The impact
of thermal energy on the tissue depends on various factors,
e.g., power output, waveform of the output, impedance of
the target tissue, surface area of the electrode interfacing
with the tissue, and the proximity of the electrode to the
target tissue (contact or noncontact).21
The targeted release of thermal energy is the intended primary
effect in high-frequency surgery, which is a mainstay of
surgical modalities commonly used in operative laparoscopy.


Impact of Alternating Current on Cells
No relevant cell damage occurs until 40 °C. Depending on
the duration of exposure, reversible damage of tissue occurs
between 40 °C and 49 °C. Irreversible cell damage occurs at
temperatures above 49 °C. Such damage is caused by the
coagulation of cell proteins. Initially, the cell matrix remains
intact, although some solitary cells may have perished
already. Such damage can be compensated, depending on
the regeneration potential of the tissue. Temperatures above
60 °C cause desiccation due to the evaporation of intracellular
and extracellular water. In the presence of water particles, the
tissue temperature remains below the boiling point of 100 °C.
The progressive loss of cellular water (desiccation) causes the
temperature to rise further, and in turn leads to carbonization
often associated with a black and/or brown appearance,
which is why it is sometimes referred to as ‘black coagulation’
(Fig. 2.36).

Fig. 2.36 The impact of electrical current on
the cell depends on power output, electrode
size / shape, waveform, peak voltage and
speed of electrode.
Note: For the sake of simplification, in the
diagrammatic representation the above factors
(see ‘Thermal Effect’) are reduced to ‘energy
transfer’ versus ‘high energy transfer’.
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High-frequency surgery commonly involves the application
of an alternating current ranging from 300 kHz to 1 MHz.
The thermal energy released while employing this surgical
modality is the intended primary effect.

Electrocoagulation
A coagulation effect occurs when tissue is heated rather
slowly to more than 60 °C. Several changes occur during this
‘boiling’ process, such as denaturation of protein, evaporation
of intracellular and extracellular water, and volumetric
shrinkage of tissue. Depending on the specific waveform of
the current (‘cut’, ‘coag’ or ‘blend’) and the application mode, a
distinction is made in high-frequency surgery between contact
coagulation, forced coagulation, desiccation (coagulation
through a needle electrode), spray coagulation (fulguration),
argon plasma coagulation (APC), bipolar coagulation, and
bipolar vessel sealing.

Electrotomy
A cutting effect is achieved by rapid heating of tissue to
more than 90–100 °C. Ensuingly, a liquid-to-gas conversion
is induced leading to the creation of a ‘steam envelope’ (of
steam, ions, and organic matter),21 ultimately tearing the cell
walls and acting as an insulator. From approximately 200 V
onward, the cutting current arcs between the electrode and
tissue, causing the (repeated) transmission of sparks. A
very high current density is present at the base points. The
environment (air, fluid) is of no relevance to the formation of this
electric arc. If a high-voltage modulated (intermittent) output
is used, this will cause additional coagulation of the wound
margins. Depending on the spark intensity (peak voltage),
a distinction is made between ‘smooth’ and ‘scabbed’
incision. Other heat-induced effects which are of secondary
relevance to the clinical use of high-frequency surgery include
carbonization (from about 200 °C onward) and fulguration (at
several hundred degrees centigrade) (Fig. 2.36).

a

Monopolar Electrosurgery
When using monopolar electrical current, the patient’s body
is included in the electrical circuit (Fig. 2.37a), a circumstance
that involves the potential risk of current diversion.21 The
active electrode is designed to focus the current / power on
the surgical target, thereby generating the desired tissue
effect. The passive (or dispersive) electrode is positioned on
the patient in a location remote from the surgical site and is
relatively large in surface area, which serves to defocus or
disperse the current while preventing injury to healthy tissue.21
The high-frequency current used for resection is of lowvoltage, continuous output in the form of a sine wave. This
causes an almost instantaneous rise in tissue temperature,
followed by cell vaporization and greater permeability of
tissue.21 The socalled ‘coagulation’ waveform is an interrupted,
dampened, and relatively high-voltage waveform. Typically,
the current is ‘on’ only 6 % of the time interval, referred to
as a 6 % duty cycle.21 The intermittent output from the 6 %
duty cycle waveform causes a brief and superficial elevation
of tissue temperature, sufficient to cause focal coagulation,
desiccation, and, in many instances, carbonization.21
Defects in the insulation of instruments or trocars may facilitate
capacitative coupling of electricity and lead to undetected
tissue damage. Likewise, coagulation in the proximity of a thin
tissue bridge may cause thermal defects following passage of
the current through such a structure. The resulting heat may
cause iatrogenic damage at a considerable distance from the
surgical target area.
Care must be taken that the dispersive electrode be placed at
a site where the anticipated pathway of the current between
the active and the dispersive electrode is as short as possible
and ‘runs’ longitudinally or diagonally through the body
because muscles in the direction of the fibrils possess greater
conductivity. The dispersive electrode must be in full contact
with the skin and its proper function requires that the current

b

Fig. 2.37 Schematic representation of monopolar (a) and bipolar (b) high-frequency surgery systems.
As a matter of fact, all electrosurgery is ‘bipolar’ for it is necessary to have two electrodes. What differs, is the location and purpose of the second
electrode.21 Monopolar instruments are used in monopolar systems (a). One of the two electrodes in such systems is designed to concentrate the
current/power to achieve a surgical effect (the so-called ‘active’ electrode), while the second electrode is placed remotely on the patient to disperse the
current thereby preventing the elevation of tissue temperature. Monopolar systems include the entire patient in the circuit, a circumstance that carries
the potential risk of current diversion.21
Bipolar systems include both electrodes in one hand instrument (b).21 In most (but not all) instances, both electrodes are of small enough surface area
to operate as ‘active’ electrodes thereby creating a surgical effect. In some instances, the electrode on the instrument serves as a dispersive electrode.
The only part of the patient involved in the circuit is that adjacent to the electrodes, a circumstance that makes current diversion a virtual impossibility.
Note that the same ESU can usually support both systems.21
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is spread over a large surface area in order to prevent injury to
healthy tissue. Nowadays, the standard configuration of any
dispersive electrode (Fig. 2.35) comes with integrated contact
quality monitoring, also termed ‘split pad’ design, which
incorporates an interrogation circuit that actively monitors
the impedance at the patient / electrode interface and – in
the event of high impedance – automatically deactivates the
ESU.8 For safety reasons, however, the use of bipolar highfrequency surgery is widely recommended (Fig. 2.37b).

The use of monopolar and bipolar electrosurgical systems has
become widely accepted both in laparoscopy and hysteroscopy.
The application of monopolar current in hysteroscopy permits
precise exposure, however, at the expense of a higher risk of
electrolyte imbalance due to the imperative use of electrolyte-free
solutions.

2.3.6 Special Instrumentation
2.3.6.1 Hysteroscopy

Bipolar Electrosurgery
Both bipolar and monopolar electrosurgical systems have in
common that they are designed to generate alternating current
which is converted first to kinetic energy, then to thermal energy.
However, in bipolar electrosurgical systems, the active and the
dispersive electrode are as close to each other as possible
and possess the same mass. Accordingly, only the surgical
target site interposed between the pair of jaws / electrodes –
and not the entire patient as with the bipolar technique – is
included in the electrical circuit. A bipolar instrument with a
pair of jaws is designed such that the wires from / to the ESU
– each connecting to one of the jaws / blades – are insulated
from each other. Activation of the electrical current induces a
rise in tissue temperature and ensuingly results in coagulation.
In most bipolar instruments, both electrodes (jaws) are of small
enough surface area to serve as ‘active’ electrodes, obviating
the need for a dedicated dispersive electrode (Fig. 2.37b).
The application of excessive thermal energy is fraught with the
risk of iatrogenic damage to vulnerable structures and organs
in the immediate vicinity of the activated electrode (bowel,
bladder, ureter, blood vessels).

The diagnostic hysteroscope is equipped with a separate
small working channel for introducing instruments such as
microscissors or forceps commonly used for dissection and
minor operative maneuvers, e.g., biopsy sampling. Similarly
to their counterparts from the field of urology, gynecological
resectoscopes are most commonly available with a dual-sheath
design (inner / outer sheath) that provides for continuous-flow
irrigation and suction. The operative sheath of a resectoscope
is designed for use with electrosurgical instruments, such as a
cutting loop, a hook-shaped or barrel-shaped electrode, etc.
These instruments may be used either with bipolar or monopolar
current and allow tissue to be resected and coagulated in a
precise manner (Figs. 2.38–2.42). Advancements in hysteroscopy –
both in terms of instrument design and surgical technique – have
made it possible to use small-calibre scopes and instruments
(office or mini-hysteroscopy) that offer the advantage of a virtually
atraumatic access to the intrauterine cavity while obviating the
need for prior dilatation or anesthesia.

Fig. 2.38 The CAMPO Compact Hysteroscope
(TROPHYscope®) with tenaculum forceps
inserted in the working channel.

Fig. 2.39 Operative hysteroscopes with
working inserts.

Fig. 2.41 Hysteroscopic removal of slices of
tissue (‘chips’) from the uterine wall.

Fig. 2.42 The CAMPO Compact Hysteroscope
(TROPHYscope®) with diagnostic sheath and
outer continuous-flow operative sheath.

Fig. 2.40 Bipolar resectoscopes
(22 and 26 Charr.)
(KARL STORZ Tuttlingen, Germany).
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2.3.6.2 Laparoscopy
This subsection provides up-to-date information about a
few innovative developments in the field of laparoscopy and
gives a concise historical review, ranging from concept to
inception and implementation in the past decades, followed
by an outlook of future directions. In an attempt to overcome
the inherent limitations imposed by two-dimensional
visualization, the constant refinement of 3D laparoscopes
has largely contributed to an increase in clinical acceptance
and has made laparoscopic procedures safer and easier to
learn. Two-dimensional viewing still remains one of the major
shortcomings of standard laparoscopic procedures when
compared to open surgery. Now, that this major issue has been
resolved, yet another obstacle that needs to be overcome by
innovative solutions, is the handicap of limited degrees of
freedom. While open surgery permits 7 degrees of freedom
for the surgeon’s hands, endoscopic instruments provide only
4 degress of freedom. With the aid of a robotic system, the
surgeon is offered 7 degrees of freedom, improved intuitive
manual control and better hand-eye-coordination as compared
to standard laparoscopy. None of the conventional attempts
(such as those made by Terumo Medical Corporation) have
attained widespread acceptance so far. Therefore, the author
holds the opinion that the development of a new generation
of instruments offering improved dexterity and an extended
range of motion will be even more important in the future.
2.3.6.3 Single-Port Laparoscopy
To date, the use of single-port devices still lacks widespread
acceptance among experts in the field of laparoscopic surgery. Its main advantages stem from handling both scope
and working instruments through a single multichannel port
– commonly placed through a subumbilical incision – and are
mainly related to the creation of a single scar, improved cosmesis and less postoperative pain from the port site.9,12 There
is a large variety of single-port devices available on the market
(Figs. 2.43, 2.44). Even though the latest generation of the SPORT (single portal access system; KARL STORZ Tuttlingen,

Fig. 2.43 GelPOINT Advanced Access Platform
(Applied Medical Resources Corp., USA).

Germany; Fig. 2.44) offers the major advantage of adapting the
length of incision to the specific needs of the case, the use of
an open entry (Hasson) technique and meticulous incisional
closure at the end of surgery is still imperative in any single-port
procedure. It is noteworthy that triangulation – a tenet of standard laparoscopy, defined by the multiple ports by which both
instruments and scope / camera are maneuvered – is considerably reduced when using a single-port access. This is mainly
due to the fulcrum points for instrumentation being closely
adjacent to each other. Dexterous handling of instruments
and scope without inadvertent ‘clashing’ is a challenging task
that requires beginners to go through a distinct learning curve
until an adequate level of proficiency is attained. Even though
angulated instruments and precurved shafts are available to
compensate for the shortcomings described above, the long
learning curve along with the need for specialized precurved
instruments seems to constitute a major deterrent to a more
widespread use of the single-port technique. The latest generation of single-port systems allow the incision size to be
preadjusted to the needs of the procedure and offer a certain
degree of triangulation which facilitates a more intuitive and
dexterous handling of instruments. Another aspect worthy of
mention is the cost-benefit ratio. A large proportion of singleport systems currently available on the market are disposable
items. Good examples of this type of medical products are
systems like GelPOINT Advanced Access Platform (Applied
Medical Resources Corp., USA) (Fig. 2.43), Octoport (DalimSurgNET Co. Ltd., Korea), SILS™ Port (Medtronic, USA) and
QuadPort+ (Olympus Corp., Japan). A good alternative option
for the use of disposable items is a set of reusable products
manufactured and marketed by KARL STORZ Tuttlingen, Germany (CUSCHIERI ENDOCONE Single Portal Surgery Access
System and the new LEROY S-PORT). The cost-effective reusable LEROY S-PORT enables the surgeon to use very small
incisions of less than 12 mm and offers maximum movability
for instruments (measuring from 3 mm–15 mm) and scope,
which are inserted through finger-shaped highly deflectable
channels made of semi-rigid rubber material (Fig. 2.44).

Fig. 2.44 The new LEROY S-PORT (KARL STORZ Tuttlingen, Germany)
is a highly versatile single-port device that offers an increased range of
motion for handling up to three instruments and one scope through highly
deflectable channels. In terms of reprocessing and maintenance, the
modular design of the S-PORT offers all of the benefits typically provided
by a reusable item. Yet another advantage is that the size of the incision
can be chosen as determined by individual preferences and the specific
requirements of the anticipated procedure.
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2.3.6.4 Standard Laparoscopy
In the mid-1990s, KARL STORZ Tuttlingen, Germany,
introduced its first generation of dismantling instruments
(Fig. 2.45). A unique feature of these instruments is the
simplicity of their modular design – which can be completely
dissasembled into handle, outer sheath and working insert
– and allows them to be cleaned and reprocessed using
automated autoclave sterilization (Fig. 2.46). This helps reduce
OR costs per case and simplifies inventory management,
eliminating the need to store large quantities of disposable

items. Working inserts are easily and swiftly replaced at the
click of a button, e.g., if the need arises to resharpen the
jaws / blades. Highly accurate operative instruments are of vital
importance in any surgical procedure, and this is even more
true for surgeries with a higher level of complexity. In view
of the current trends in minimally invasive surgery (MIS), the
question remains as to whether miniaturization of scopes and
instruments (Fig. 2.52), required to perform mini-laparoscopic
procedures, will gain widespread acceptance in the future.

Fig. 2.45 Historical photograph (1992) of the
first generation of TAKE-APART® laparoscopic
hand instruments for laparoscopy
(KARL STORZ Tuttlingen, Germany).

Fig. 2.46 KOH Macro Needle Holder (KARL STORZ
Tuttlingen, Germany). Close-up view of the
single-action jaws (curved left, !) and right,
@). Gross aspect of the same instrument with
ergonomic pistol-shaped (#) and axial ($)
handle. The lower part of the image shows all
components of the disassembled instruments.

Fig. 2.47 Suction-irrigation tubes connected
to a straight (!) and pistol-shaped (@) handle
(KARL STORZ Tuttlingen, Germany).

Fig. 2.48 GORDTS-CAMPO Suction-irrigation
tube (KARL STORZ Tuttlingen, Germany).

Fig. 2.49 Various types of CLICKLINE scissors
(KARL STORZ Tuttlingen, Germany).

Fig. 2.50 Set of CLICKLINE instruments
(KARL STORZ Tuttlingen, Germany).

Fig. 2.51 ROBI® KELLY Dissecting and Grasping
Forceps, CLERMONT-FERRAND model
(KARL STORZ Tuttlingen, Germany).

Fig. 2.52 Minilaparoscopy set (KARL STORZ
Tuttlingen, Germany).
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a
Fig. 2.53 The anatomical illustration shows the relationship of the
uterine vessels to the ureter in the pelvic wall, as compared with its
location close to the uterus. The tortuous course of the ascending branch
of the uterine artery is clearly appreciated. The uterus, bladder and
rectum are embedded in a ligament-based pelvic floor.

b

Fig. 2.54 Ureteral anatomy provides crucial information (a, b). The upper
part of the ureter is supplied chiefly by the renal artery, ovarian artery,
and aorta (a). The lower part is supplied by the iliac vessels and uterine
artery (a). Blunt dissection causes minor bleeding at the respective levels.
Histologic cross-section of the ureter demonstrates the location of the
vessels in the adventitia (b). Because of this arrangement, electrosurgery
or any manipulation that destroys the adventitia may eventually result in
secondary fistulation and/or leakage.

Fig. 2.55 Preliminary inspection of the uterus and the surrounding
organs. The lower pelvis as well as the ligaments, vessels and the ureter
can be well-appreciated in relation to the uterus. In slim patients, the
crossing point of the ureter and the common iliac artery is clearly visible.
The infundibulopelvic ligament is identified and mobilized towards the
lateral wall in order to improve exposure of the surgical site.

When faced with complex anatomical circumstances and
target structures that are difficult to access (Figs. 2.53, 2.54),
visualization is greatly facilitated by the use of a state-of-theart scope coupled to an HD camera with integrated zoom
function. This allows the operative gynecologist to take a
closer look on areas of interest by magnifying the video image
(Fig. 2.55) which can be constantly followed by other members
of the surgical team, thereby improving intraoperative
collaboration as compared to open or conventional vaginal
surgery.

Many operations can be performed very precisely with
minimal bleeding while sparing healthy tissue to the
maximum extent feasible, as in the illustrative case of a
patient undergoing myoma enucleation with reconstruction
of the uterine wall (Figs. 2.56–2.62).
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Fig. 2.56 Laparoscopic myoma enucleation.
Operative site of a fundal/anterior wall fibroid
(a). Prophylactic administration of 1:100
vasopressin solution (terlipressin acetate)
diluted in separate vials. The injection – given
between the superficial healthy tissue of the
myometrium and the capsule / fibroid surface
(b) – is intended to separate the pseudocapsule
from the fibroid and to reduce bleeding. Bipolar
superficial coagulation of the longitudinal
incision line and opening of the uterine wall with
a monopolar hook or needle electrode as far as
the fibroid surface (c). The fibroid is grasped and
enucleation is initiated (d). The pseudocapsule
remains within the uterine wall and is pushed
off bluntly.

Fig. 2.57 Laparoscopic myoma enucleation.
Traction is applied on the fibroid with a
tenaculum to bluntly delineate and expose the
leading edge of the pseudocapsule (a). Focal
bipolar coagulation of vessels in the basalis
layer (b). Continuous enucleation of the fibroid
under traction and targeted coagulation of
capsule fibers containing vessels (c). Close-up
view of the remaining capsule fibers which are
coagulated and cut (d).

Fig. 2.58 Laparoscopic myoma enucleation.
Final aspect of the coagulation of capsular
vessels (a). Fibroid with invaginated midsection
after complete enucleation (b). Minimal
coagulation of bleeding vessels under suction
and irrigation (c). Approximation of wound
edges with a straight or round sharp needle
using delayed absorbable monofilament suture
(d).
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Fig. 2.59 Laparoscopic myoma enucleation.
Laparoscopic myoma enucleation. Advantages
of a circular needle stitch (a):
1) The wound margin is elevated safely and
completely when raised with a MANHES
forceps;
2) Deeper myometrial layers can be grasped
more easily with a circular needle.
Needle exit and simplified re-grasping with the
assistant needle holder (b). Final stitch to invert
the knot (c). Retrieval of the needle, completion
of the extracorporeal knot, and preparation for
sliding down the extracorporeal knot with a
knot pusher (d).

Fig. 2.60 The extracorporeal ‘von Leffern’
knot. The suture is withdrawn and the needle
removed, followed by a half hitch (a). The knot
is pressed down by the tip of the left finger
while reaching over with the right hand (b).
The short end is grasped from below and lead
through in a retrograde fashion, exiting before
the half hitch (c). The knot is slid down to the
operative site. Maintaining traction on the
straight strand of the suture, the knot is tied
down (d).

Fig. 2.61 Laparoscopic myoma enucleation.
The second single suture is placed as deeply as
possible in the uterine wound (a). The needle
exits on the left wound margin (immediately
adjacent to the MANHES forceps) (b). Once the
stitch has been completed, the ‘von Leffern
knot’ is tied extracorporeally (c). The needle
holder elevates the strand to avoid tearing
of the uterine wall while applying traction
on the monofilament suture (PDS) (c). The
extracorporeal knot is slid down with a plastic
knot pusher and buried in the depth of the
wound, thus minimizing the residual outer part
of the suture (d).
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Camerawork is an important integral part of any surgical
procedure and requires the assistant to handle both the
scope (which offers a direction of view suited for the specific
purpose) and the video camera. This typically requires that a
suitable zoom factor be chosen while maintaing an adequate
distance from the anatomical target site. Even in complex
situations (e.g., in the presence of bulky organs, adhesions,
endometriosis, obesity) a high level of safety is maintained

Fig. 2.62 Laparoscopic myoma enucleation.
An intracorporeal safety knot is placed on the
one that has already been tied extracorporeally
(a). Morcellation of the fibroid using a ROTOCUT
morcellator (KARL STORZ Tuttlingen, Germany)
with a skinning technique (b). Final aspect of
the operative site showing the extracorporeal
sutures approximating the uterine wound edges
(c). Application of Hyalobarrier® gel (Nordic
Pharma GmbH, Switzerland) for adhesion
prevention (d).

Fig. 2.63 Separation of the anterior and
posterior leaf of the broad ligament (a–c) in
relation to the ureter and the pelvic vessels (d).
The broad ligament is coagulated and
dissected as close to the uterus as possible
without compromising integrity of the
uterine artery. While performing this surgical
maneuver, the ascending branch of the uterine
artery is readily identified and spared. Care
should be taken to make sure that the tip of
the scissors’ curved blades (c) is directed
strictly away from the uterine wall.

if the selected instruments are well-suited for the intended
purpose. Once the surgeon-in-training has gone through the
initial stages of the learning curve, the primary steps – which
often are tedious and time-consuming – can be performed
more rapidly with the appropriate instruments, as shown in
the illustrative case of a patient with a large myomatous uterus
treated by total laparoscopic hysterectomy (Figs. 2.63–2.69).
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Fig. 2.64 The bladder peritoneum is opened
from the right side (a–c). The starting point
of the incision on the bladder peritoneum can
be easily identified. The incision line should
neither be above this zone nor reach too far
into the caudal aspect. As CO2 gas flows into
the created space, the site of the bladder pillar
is revealed. The bundle of uterine vessels (d) is
freed by coagulating and dissecting above and
below it. The ureter is at a safe distance lateral
to the area of exposure.

Fig. 2.65 Bipolar coagulation and dissection
of uterine vessels. In order to prevent
retrograde bleeding from the uterine artery as
a consequence of dissection, its pper segment
must be included in the area of coagulation
(b). The uterus assumes a whitish-grey
appearance (blanching) (c). A deeper cut
can be avoided by using hook scissors (d).
Dissection of the uterine artery is carried out
in two steps enabling the surgeon to proceed
with coagulation of the tissue lying just behind
the artery and thus avoid cumbersome venous
bleeding (d).

Fig. 2.66 Selectively, the uterine corpus is cut
from the cervix (a). The cervical stump remains
in situ after a shallow cone has been created
by use of a monopolar loop, cutting gently
through the tissue while traction is applied (b).
Peritoneal closure is an optional step, but when
choosing to adopt this measure, a cervicopexy
may then be performed in the same session for
prolapse prevention (d).2
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Fig. 2.67 Laparoscopic Total Hysterectomy.
Right corner suture coalescing the anterior
and posterior vaginal wall, the posterior
peritoneum and the right sacrouterine
ligament. The bladder is identified and spared.
A sharp forceps is needed to permit a secure
grip on the vaginal epithelium. If the suture
incorporates the vaginal wall while excluding
the epithelium, there is a high susceptibility to
postoperative granuloma formation.

Fig. 2.68 Laparoscopic Total Hysterectomy.
Right corner suture (continued from Fig. 2.68).
The right sacrouterine ligament is grasped.
The vessel stumps are lateralized and excluded
from the suture bites. Vessels are mechanically
compressed when this type of suture is used.
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Fig. 2.69 Laparoscopic Total Hysterectomy.
The right corner suture is tied intracorporeally
and the tail is cut.
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2.3.6.5 Vessel Sealing
Vessels with a diameter of more than 2 mm are not amenable
to being treated by conventional electrocoagulation. Reliable
hemostasis with a permanent seal is accomplished only by
use of bipolar vessel sealing or ligation. The vascular pedicle
or tissue bundle to be sealed is grasped by the jaws of a
special instrument that allows predefined coaptive pressure
to be applied while bipolar energy is delivered. The specialized
bipolar electrosurgery unit provides for constant monitoring
of various parameters that contribute to the thermal impact
on the tissue by automated control of energy output and
preselected waveform (‘continuous’ versus ‘pulsed’) which
is locally regulated using continuous impedance feedback.
In this way, the approximated tissue walls are uniformly
compressed and merged, ultimately producing a permanent
fusion zone. The use of such sealing instruments commonly
obviates the need for prior skeletonization of vessels. It is
typically sufficient to grasp and compress the tissue bundle
along with the vessels therein, and activate the sealing cycle.
While it is technically possible to achieve bipolar sealing in
vessels up to 10 mm in diameter, the method has been
clinically validated and approved for vessels with a diameter
of up to 7 mm.23 Due caution must be exercised during and
immediately after activation of the device to make sure that
the instrument tip is at a safe distance from vulnerable nearby
structures. Care should also be taken to prevent iatrogenic
coagulation from occurring as a result of inadvertent tissue
contact or when moving the instrument sideways. The latest
generation of these innovative instruments combines bipolar
and ultrasonic energy. Sealing can be achieved by using
bipolar energy alone, or by simultaneous sealing and cutting
through a combination of bipolar and ultrasonic energy.
Bipolar energy is applied laterally, while ultrasonic energy is
applied centrally.15 The blade of the ultrasonic scalpel has
been shown to reach higher peak temperatures than those
produced by an insulated bipolar instrument.10 In more than
90 % of cases, the mean burst pressure is higher than 400
mmHg (up to 900 mmHg) and thus usually much higher than
the clinically observed blood pressure values of about 130
mmHg.23,29
Histological studies revealed that standard (monopolar / bipolar)
coagulation applied for hemostasis is associated with
shrinkage of the vascular wall and the formation of a
coagulum which occludes the vessel. Conversely, tissue
fusion and vessel sealing by use of bipolar and/or ultrasonic
energy is caused by denaturation of collagen and fusion of
opposing layers, whereupon the elastic internal membrane,
whose fibers become denatured at a temperature beyond
100 °C, is largely preserved. The lateral margin of the wellcircumscribed and homogeneous coagulation zone is
demarcated by a transition zone of 1–2 mm where thermal
damage occurs. On immunohistochemistry, this zone is

approximately two-fold larger in width and is followed by a
zone of sterile, inflammation-related resorption, particularly
noticeable in the surrounding connective tissue, but without
any (not even transient) signs of voids or incomplete sealing.
When comparing the hemostatic properties of conventional
ligature, suturing and clip application with those offered by
bipolar vascular sealing, the latter has the main advantage
of fast exposure, rapid and safe vessel closure, absence of
foreign material in the surgical site, and lower costs. This is
reflected in shorter operating times, decreased blood loss and
reduced stress for the patient, which is why the use of such
instruments has already become widely accepted in both
open surgery and vaginal surgery (Fig. 2.70).
Some surgical situations call for a specific course of action
involving some degree of physical effort and exposing the
instrument to a higher level of wear and fatigue than normally
incurred. The use of innovative instruments that are well-suited
to cope with these tasks is very helpful in such a scenario
(Figs. 2.71–2.73). The specific properties and design features
of all materials and components used in the manufacturing
process of vessel sealing instruments must fulfill the demands
of routine and non-routine clinical applications. Manufacturing
of the handle as well as the sophisticated instrument tip
require the highest level of workmanship and engineering
expertise. Bipolar vessel sealers must meet a wide range of
criteria. Apart from core features such as superior dissection
characteristics, surgeons attach great value to ergonomic
handling and ease of control. The design must provide for a
minimal risk of collateral thermal impact on nearby organs and
should obviate the need for repeated instrument changes, the
latter being considerably helpful in reducing the duration of
surgery. An integrated blade mechanism that permits precise
cutting through manual control adds to the versatility of the
device.
Depending upon which mode of electrical energy transfer,
waveform / duty cycle, power density and current frequency
is applied, either a Faradic (stimulating nerves and muscles)
or thermal effect is produced. In a nutshell, the major action
mechanism involves conversion of electromagnetic energy to
mechanical energy, which then is converted to thermal energy
by frictional forces. Alternating currents with a frequency of at
least 200 kHz are used in electrosurgery, and the thermal effect
is predominant. Apart from the various electrical parameters
mentioned above, the impact on the tissue is further
determined by exposure time and the specific impedance of
tissue which, simply put, drops with increasing water content
and / or rising degree of perfusion. The potential for stray
currents to non-target tissue – resulting from insulation failure,
capacitive coupling, and direct coupling, thereby posing the
risk of iatrogenic thermal injury – is another important issue to
be considered in a clinical setting (e.g., during irrigation, while
employing monopolar rather than bipolar current).
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Fig. 2.70 The ERGO 310D is a 5-mm single-use vessel-sealing
instrument for permanent ligature of large-diameter vascular pedicles
and tissues (BOWA-electronic GmbH & Co. KG, Gomaringen, Germany).

a

b

Fig. 2.71 MetraLOOP monopolar electrode for supracervical
hysterectomy (BOWA-electronic GmbH & Co. KG, Gomaringen, Germany).

c

Fig. 2.72 The surface of the intact serosa and myometrium is coagulated and cut with a bipolar vessel sealing instrument (ERGO 310D, BOWAelectronic GmbH & Co. KG, Gomaringen, Germany) which offers the advantage of reduced lateral thermal spread and excellent coagulation properties
as compared to standard bipolar systems (a). The integrated (mechanical) surgical blade allows the surgeon to coagulate and cut the target tissue (a).
Commonly, the non-dominant hand (in this case, the left) is used to place traction on the myoma while using the other hand to manipulate, coagulate
and cut the capsule (b). Such action is associated with high loads on the working element (in this case, controlled with the dominant hand) which
bipolar instruments usually are not designed to bear (c). When faced with the need to perform traction-and-leverage maneuvers in the management of
a bulky myoma, inexpensive disposable sealing instruments tend better to withstand the strain of such peak loads without the risk of breakage.
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Fig. 2.73 The MetraLOOP (BOWA-electronic
GmbH & Co. KG, Gomaringen, Germany) is
advanced to the operative site where the
tip section of the cutting loop (broken line)
is visible (a). Available in two sizes, the
MetraLOOP enables the surgeon to perform
laparoscopic supracervical hysterectomy (LSH)
even in cases of a large uterus (b).
The cutting line is above the cervix and medial
to the vessel stumps (c). The tube of the outer
shaft is made of glass-fiber reinforced plastic
allowing even a large uterus to be mobilized
upward while preventing monopolar current
from getting into contact with the bowel or
pelvic sidewalls (d).
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2.3.7 Auxiliary Instruments and Application Range
2.3.7.1 Ultrasonic Scalpel and Bipolar Tissue Sealing Device
Johnson & Johnson (New Brunswick, NJ, USA) is among
the forerunners in the development and manufacture of
ultrasonic tissue sealing devices. The Harmonic Scalpel ACE
(Ethicon Endo-Surgery Inc., Cincinnati, OH, USA) is based
on advanced ultrasonic technology that allows for controlled
hemostasis and cutting, making it a versatile tool in various
medical fields (Fig. 2.74).
Unlike the Harmonic Scalpel ACE (Fig. 2.74), which now is
available with a particularly slender tip making it very suitable
for use in more delicate operative steps, the EnSeal® G2
Articulating Tissue Sealer (Ethicon Endo-Surgery Inc.) (Fig. 2.75)
combines mechanical pressure with the application of bipolar
energy. Moreover, it is equipped with a deflectable tip section
that enables a perpendicular approach to vessels, offering
improved access to tissue in deep or tight spaces, as well as
in single-port surgery.

2.3.7.2 TachoSil® Hemostatic Patch
In today’s clinical practice, the adjunctive use of auxiliary
medical substances such as hemostatic agents has become
widely accepted, particularly in the field of laparoscopy,
considering that prolonged active compression is not feasible
by wearing an elastic postsurgical belt in the abdominal
area. The use of auxiliary substances is strongly linked with
patient safety. Any surgeon should be fully aware of the
potential hazards arising from the use of electrical energy
and must make sure that adequate safety precautions and
due restraint is exercised in the proximity of vulnerable
structures and organs (close to the ureter or bowel). When
faced with the need for rapid and reliable bleeding control
and tissue sealing in such areas, surgeons frequently resort
to the adjunctive use of surgical patches such as TachoSil®
(Takeda Pharmaceutical Company Ltd., Osaka, Japan)
(Fig. 2.76). Hemostatic patches developed specifically for
use in laparoscopic procedures are introduced and applied
easily while providing additional protection and safety for
the patient (Figs. 2.77–2.78).
2.3.7.3 Barrier Substances
In gynecological operations performed for benign
indications, a major cause for operative therapy is the
presence of adhesions or the need for managing sequelae
of prior surgery. In order to minimize the risk of adhesion
formation, the surgeon can choose from a variety of barrier
substances, available either in the form of fluid formulations,
such as liquids or gels (e.g., hyaluronic acid) (Fig. 2.79), or in
the form of powder.

Fig. 2.74 Harmonic Scalpel ACE (Johnson & Johnson/Ethicon).
Shown on the insert image is the isolated upper jaw and the vibrating
lower jaw where heat is generated.

Fig. 2.75 EnSeal Articulating Tissue Sealer with deflectable tip section
(Johnson & Johnson/Ethicon).

139

2.3 Surgical Instruments, Powered Devices and Videoendoscopic Equipment

b

c

a
Fig. 2.76 Schematic diagram showing the components of the TachoSil® hemostatic patch (Takeda Pharmaceutical Company Ltd., Osaka, Japan) (a).
The active layer of the classical TachoSil® patch, noticeable by its distinct yellow appearance, is oriented upwards (!) while in the adjacent patch
(@), the carrier component is on top (b). Scanning electron microscopy appearance (c) of a TachoSil® patch demonstrating the coating of the human
plasma components (fibrinogen / thrombin) which are anchored to the honeycomb-like indentations of the collagen carrier. The deposition of fibrin clots
resulting from the active components of the sealant matrix causes hemostasis and conglutination of the TachoSil® patch to the wound surface.
Fig. 2.77 Intraoperative view taken during
laparoscopic application of TachoSil® patch (a)
on the pelvic wall. A moistened gauze pad (b)
is used to lightly press the patch onto the area
of minor bleeding until the tissue surface is
fully saturated.

a

b
Fig. 2.78 Following removal of the
endometrium, TachoSil® is applied to the
ovary. Hemostasis is achieved while avoiding
the risk of thermal injury to follicles, the latter
being potentially associated with the use of
electrosurgery.

a

b
Fig. 2.79 Hyalobarrier®
(Nordic Pharma GmbH, Switzerland) (a) is a
hyaluronic acid-based gel for open intrauterine
and laparoscopic application for the prevention
of adhesion formation. Intraoperative use of
Hyalobarrier® after myoma enucleation (b).

a

b
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2.4

Diagnostic Imaging of Endometriosis

Simone Schrading a
2.4.1 Introduction

Below, we shall discuss the utilization and accuracy of MRI
for the detection and staging of ovarian endometriomas
and deep infiltrating endometriosis. We will then explore the
characteristic MRI features of various typical and atypical
forms of endometriosis.

The current definitive method for diagnosing and staging
endometriosis and evaluating the recurrence of disease after
treatment is laparoscopy. Imaging techniques have improved
significantly in the last decade, however, and have contributed
greatly to the preoperative workup of endometriosis. Current
nonsurgical diagnostic options are transvaginal sonography,
barium enema, contrast-enhanced computed tomography
(CT), and magnetic resonance imaging (MRI). Because of
its low cost and wide availability, transvaginal sonography
is the initial imaging study used to diagnose endometriosis.
But with the advent of high-contrast, high-resolution MRI
techniques using high-field systems, MRI has become an
accurate modality in the diagnosis of endometriosis. MRI is
extremely helpful in evaluating endometriomas. It can detect
deep infiltrating endometriosis of the pelvis, even in patients
with inconclusive ultrasound findings.30,57

2.4.2.1 MRI Technique
MRI of the pelvis to detect endometriosis employs high-field
MRI scanners with field strengths of 1.5 and 3 Tesla. Multielement surface coils are used. The patient is scanned in the
supine or prone position. Antiperistaltic medication is usually
administered to suppress bowel motility and minimize motionrelated artifacts.

Conventional tests such as barium enema, intravenous
urography, and contrast-enhanced CT usually give equivocal
results in diagnosing endometriosis. Their use is limited in
current practice due to radiation exposure concerns. Thus,
conventional imaging and CT are not recommend for the
detection and staging of endometriosis.50

The imaging protocol should include a combination of T1- and
T2-weighted sequences (Table 2.5). High spatial resolution and
high-contrast sequences are essential to ensure that even
small lesions are detected (Fig. 2.80). Intravenous contrast
administration (gadolinium) and diffusion-weighted imaging
(DWI) have not shown any advantage over plain MRI with

2.4.2 Role of MRI in the Detection and Staging
of Endometriosis

Sequence

T2-TSE

T2-TSE

T2-TSE

T1-TSE
precontrast
with fat suppression

DWI

T1-TSE
pre- and post
contrast

Orientation

axial

sagittal

coronal

axial

axial

axial

TE (ms)

120

120

120

8

62

1.96

TR (ms)

4922

4914

4914

542

2578

5.5

FOV (mm)

300

300

300

300

210

262

Acquisition matrix 656

656

656

512

144

256

Voxel size
(mm³)

0.45 x
0.45 x 3.0

0.45 x
0.45 x 3.0

0.45 x
0.45 x 3.0

0.58 x
0.58 x 3.0

1.35 x
1.36 x 3.0

1.02 x
1.02 x 6.0

b values

n.a.

n.a.

n.a.

n.a.

0, 800, 1000, 1400

n.a.

Contrast agent

n.a.

n.a.

n.a.

n.a.

n.a.

0.1 mmol/kg body
weight gadobutrol

Acquisition time
(min:sec)

04:20

05:04

04:34

04:26

04:05

08:35

Table 2.5 MRI protocol for endometriosis.
Key to acronyms: Echo time (TE); repetition time (TR); turbo spin echo (TSE); diffusion-weighted magnetic resonance imaging (DWI); field of view (FOW);
not available (n.a.).
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high-contrast, high-resolution T2-weighted and unenhanced
T1-weighted sequences in the detection of endometriosis.37,51
Intravenous contrast medium and DWI are recommended
when malignancy is suspected, however.
The signal intensity of endometriosis lesions on MRI depends
on their content of proteins and blood breakdown products.
Acute hemorrhage gives a hypointense (dark) signal on T1and T2-weighted images. By contrast, lesions containing
degraded blood products like methemoglobin, proteins, and
iron are hyperintense (bright) on T1-weighted images and
hypointense on T2-weighted images.

Because fatty tissue also has high T1-weighted signal
intensity, T1-weighted images are routinely acquired using
fat-suppressed sequences. There are two reasons for this.4,45
First, the loss of signal intensity within a T1-hyperintense
adnexal mass in fat-suppressed sequences allows the mass
to be characterized as a mature cystic teratoma. Second,
elimination of the high signal intensity of fat enhances contrast
with non-fat-containing T1-hyperintense structures. This in
turn enables the sensitive detection of smaller, hyperintense
endometrial lesions in T1-weighted images. Accordingly,
precontrast fat-suppressed T1-weighted images are the most
important sequences for diagnosing endometriosis. They
should always be part of the MRI protocol (Fig. 2.80a).

a

b

c

d

e

f

g

h

Fig. 2.80 Axial T1-weighted turbo spin echo (TSE) sequence with fat saturation (a). Axial T2-weighted TSE sequence (b). Coronal T2-weighted
TSE sequence (c). Sagittal T2-weighted TSE sequence (d). Axial diffusion-weighted sequence (e). Axial T1-weighted TSE sequence before contrast
administration (f). Axial T1-weighted TSE sequence after contrast administration (g) and subtraction image (h).
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2.4.2.2 MR Imaging of Ovarian Endometriosis (Endometriomas)
Endometriomas are frequently diagnosed with transvaginal
ultrasound. MRI is performed to exclude malignancy whenever
sonographic features of ovarian masses are indeterminate.69
Due to cyclic bleeding, endometriomas contain blood
products of varying age. The typical diagnostic MRI
appearance of endometriomas is an ovarian lesion with high
signal intensity in both T1- and T2-weighted sequences that
persists in subsequent fat-suppressed T1-weighted images42
(Fig. 2.80). Fat suppression is mandatory as it helps differentiate
endometriomas from cystic teratomas. Teratomas, because
they contain fat, show a partial loss of signal intensity in fatsuppressed sequences.43

subtle layering to a complete signal void (black). This specific
feature helps to differentiate endometriomas from functional
hemorrhagic cysts, as the latter do not exhibit shading.
Instead they are mostly unilocular and resolve on follow-up
imaging.

Clinical Case 1
MRI Protocol for Endometriosis. Typical endometrioma of
the left ovary in a 38-year-old woman. The endometrioma
shows typical high signal intensity in T1-weighted images
(Fig. 2.80a, f–h) and subtle shading in T2-weighted images
(Fig. 2.80b, d). The lesion does not show restricted diffusion
(Fig. 2.80e) or suspicious contrast enhancement (Figs. 2.80f–h).

Through the use of typical diagnostic criteria such as
T1-hyperintense cysts with T2 shading or multiple T1hyperintense cysts regardless of T2 signal intensity, MRI has
been shown to provide sensitivity and specificity levels of
90 % and 98 %, respectively, for the definitive diagnoses of
endometriomas.32,52

Another MRI feature of endometriomas is the presence of
cystic masses with high signal intensity on T1-weighted
images and loss of signal intensity on T2-weighted images.
This phenomenon, called “shading”, is due to a high
concentration of protein and iron from recurrent hemorrhage
within the endometrioma21,36 (Fig. 2.81a–f). It can range from

Clinical Case 2
Endometrioma (“Shading”). Typical endometrioma of
the left ovary in a 41-year-old woman. The endometrioma
shows typical shading on T2-weighted images (yellow arrow,
Fig. 2.81a–c), no restricted diffusion (Fig. 2.81e) and no suspicious
enhancement (Fig. 2.81f). A mucinous cystadenoma of the
left ovary has high signal intensity on T1- and T2-weighted
images (white arrow).

When atypical features of endometriomas are present, the
primary purpose of MRI is to exclude malignancy. Typical
signs of malignancy are solid components and localized wall
thickening within the cyst. Because intense enhancement of
the solid components in postcontrast T1-weighted sequences
is strongly suggestive of malignancy, the use of intravenous
contrast medium is mandatory.

a

b

c

d

e

f

Fig. 2.81 Coronal T2-weighted TSE sequence (a). Axial T2-weighted TSE sequence (b). Axial T1-weighted TSE sequence with fat saturation (c).
Axial diffusion-weighted sequence (d). Axial T1-weighted gradient echo sequence before contrast administration (e). Axial T1-weighted gradient
echo sequence after contrast administration (f).
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2.4.2.3 MR Imaging of Deep Infiltrating Endometriosis
From 15 % to 30 % of endometriosis patients may have deep
infiltrating endometriosis.55,66 The most common regions
involved by deep infiltrating endometriosis are, in descending
order of frequency, the uterosacral ligaments, rectosigmoid
colon, and the vagina or bladder.18,55,65
Deep infiltrating endometriosis is a challenging diagnosis
because symptoms are often nonspecific and vaginal
examination does not disclose abnormalities in many affected
patients.14,16 Several studies of deep infiltrating endometriosis
document a significant improvement of symptoms after
laparoscopic eradication of all visible implants.28,40 Precise
preoperative imaging of the location and extent of lesions is
essential, therefore, in order to direct treatment planning and
aid selection of the most suitable procedure.
The main indication for MRI is for detecting and staging the
various manifestations of deep infiltrating endometriosis.
Sonography provides relatively low sensitivity for the same
purpose, and it is often difficult for clinical and laparoscopic
examination to identify subperitoneal lesions.1,10
Solid lesions of deep infiltrating endometriosis show uniform
low signal intensity on T2-weighted images and low to
intermediate signal intensity on T1-weighted images, with
interspersed punctate areas of high signal intensity29 (Fig. 2.82).
The high-signal areas are foci of hemorrhage surrounded
by solid fibrous tissue. These findings can mimic metastatic
lesions arising from intraperitoneal malignancies such as
ovarian carcinoma. The two entities can be differentiated by
the low T2-weighted signal intensity of endometriotic lesions,
which are often associated with endometrial cysts.

Clinical Case 3
Deep infiltrating endometriosis in a 40-year-old woman.
Manifestation of deep infiltrating endometriosis in the cul-desac (yellow arrow) with typical low signal in the T2-weighted
image (Fig. 2.82a) and hyperintense foci in the fat-saturated
T1-weighted image (Fig. 2.82b). Ureteral compression was
excluded by MR urography (Fig. 2.82c).

a

b

Endometriosis lesions located in the cul-de-sac, posterior
vaginal fornix, and uterosacral ligaments may contain a large
proportion of glandular material with little fibrotic reaction.
This produces moderately high signal intensity in T2-weighted
images. Frequently the signal intensity may be insufficient
to reveal deep endometriosis in the uterosacral ligaments,
especially if punctate hemorrhagic foci are absent in the lesion.
In such cases the diagnosis is often based on thickening of the
ligaments. Bilateral or asymmetric thickening of the ligaments
to more than 9 mm, especially when nodular thickening is
present, is considered diagnostic for endometriosis of the
uterosacral ligaments on MRI.
MRI is reported to have a sensitivity of 76–86 % and a
specificity greater than 90 % for the diagnosis of uterosacral
ligament endometriosis.1,6,7,29 MRI was more accurate than
either endovaginal or endorectal ultrasound according to one
study.1
Lesions in the cul-de-sac are typically isointense to
myometrium on T2-weighted images. Approximation of the
anterior rectal wall may be due to adhesion between the culde-sac nodule and the rectal serosa. Or it may be due to direct
extension with invasion of the muscle at the rectosigmoid
junction (Fig. 2.84). MRI has a reported sensitivity of 83 % in
diagnosing deep endometriosis of the cul-de-sac.6,7
Endometriosis of the vagina is usually diagnosed on physical
examination.23 The sensitivity of ultrasound is reported to be
as low as 29 %.23 The difficulty arises from the configuration
of endovaginal probes with the receiver oriented toward the
vaginal fornix. Vaginal lesions are problematic not only in terms
of diagnosis but also in choosing the appropriate surgical
option. An imaging modality that can accurately display the
location, extent, and infiltration of vaginal lesions is of key
importance, therefore. MRI has been described as achieving
a sensitivity of 80 % and a specificity of 93 %.9,22,23 The MRI
features of vaginal endometriosis are similar to those found
at other sites: low signal intensity on T2-weighted images
and variable signal intensity at T1-weighted images. Most
patients with vaginal involvement also show obliteration of the
cul-de-sac. MRI has therefore become the ideal complement
to ultrasound and physical examination for evaluating the
upward and posterior extension of endometriosis lesions.

c

Fig. 2.82 Axial T2-weighted TSE sequence (a). Axial T1-weighted TSE sequence with fat saturation (b). MR urography (c).
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a

b

d

e

c

Fig. 2.83 Coronal T2-weighted TSE sequence (a). Axial T2-weighted TSE sequence (b). Sagittal T2-weighted TSE sequence (c).
Axial T1-weighted TSE sequence with fat saturation (d). Coronal T2-weighted TSE sequence (e).

2.4.2.4 MR Imaging of Urinary Tract Endometriosis
Bladder lesions develop in approximately 6 % of patients with
endometriosis.2,23,31,44 The lesions of bladder endometriosis
are predominantly located anterior to the vesicouterine pouch.
The lesions appear on T2-weighted MRI as isointense, often
heterogeneous areas of bladder wall thickening with irregular
margins and frequent T1-hyperintense spots.33,56 Contrastenhanced MRI can depict small endometriotic lesions within
the bladder wall because lesions show greater enhancement
than the unaffected portion of the detrusor. Sensitivity,
specificity, and accuracy of MRI in diagnosing bladder
endometriosis have been reported at 88 %, 99 %, and 98 %,
respectively.33
An important surgical question concerns possible involvement
of the distal ureter requiring ureteral reimplantation at the
time of operation. Direct invasion of the muscularis and
lamina propria by local extension from other sites of deep
endometriosis, such as the uterosacral ligaments of the
ureter, can cause dilatation and obstruction. But ureteral
obstruction is more often due to extrinsic compression by
large endometriomas than by direct ureteral invasion (Fig. 2.83).

Clinical Case 4
Deep infiltrating endometriosis with ureteral compression
in a 39-year-old woman. Deep infiltrating endometriosis of the
cul-de-sac (yellow arrow) shows typical low signal intensity

on T2-weighted images (Fig. 2.83a–c). Focal hyperintense
lesions are seen in the fat-saturated T1-weighted image
(Fig. 2.83d). Associated compression and dilatation of the left
ureter (Fig. 2.83e) is clearly demonstrated by MRI (dotted white
arrows).
The clinical and imaging context of other sites of pelvic
endometriosis help to suggest ureteral involvement. Direct
ureteral endometriosis is detectable in T2-weighted sequences.
The most frequent presentation of ureteral endometriosis is a
hypointense nodule associated with hyperintense foci close to
the ureter in both T2- and T1-weighted sequences. Infiltration
of the ureter may be suspected when the fat plane between
the nodule and ureter is no longer visible in T2-weighted
sequences.
Ureterohydronephrosis is easily detected by MR urography
using 2D T2-weighted sequences or delayed contrastenhanced 3D sequences with higher spatial resolution
(Fig. 2.82c). With its ability to define all portions of the urinary
tract and explore all pelvic sites of endometriosis in the same
examination, MRI provides an ideal all-in-one approach for
patients with suspected urinary tract endometriosis.
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2.4.2.5 MR Imaging of Bowel Endometriosis
Intestinal endometriosis occurs in 4 % to 37 % of patients
with deep infiltrating endometriosis. The rectosigmoid colon
is affected in 85 % of cases, followed by the distal ileum,
appendix, and cecum.48 The lesions invade the serosa,
subserosa, and muscularis propria, which respond with
hypertrophy and fibrosis.
Various imaging techniques have been proposed to diagnose
intestinal involvement by endometriosis.
Transabdominal, transrectal, and transvaginal sonographic
approaches have been described. A comparative study of
transrectal and transvaginal sonography in patients with
clinical suspicion of posterior endometriosis yielded equivalent
results, with a sensitivity of 84 % and a specificity of 99 %.8
Several studies have shown that MRI provides a sensitivity
of 84–93 % and specificity of 99 % in patients with intestinal
involvement by endometriosis.15,46,53,62,67
Diagnostic criteria for rectal invasion by endometriosis at
MRI include colorectal wall thickening with anterior triangular
distortion of the rectum or asymmetric thickening of the lower
surface of the sigmoid wall (Fig. 2.84). However, bowel thickening
alone may be due to peristaltic contraction and should not
be interpreted as an endometriotic lesion. A few studies
have shown improved discrimination of the endometriotic
lesion from the normal rectal wall after intravenous contrast
injection.62

a

b

Clinical Case 5
Deep infiltrating endometriosis with bowel involvement
in a 41-year-old woman (yellow arrows). Images show rectal
infiltration by endometriosis with associated thickening of the
rectal wall (white arrow, Fig. 2.84c).
Reported comparisons of MRI with rectal endoscopic sonography indicate a similar sensitivity for both modalities.15,46,62
But since isolated, focal bowel lesions are reportedly found
in fewer than 21 % of woman with intestinal involvement, the
ideal imaging study should at least be able to cover the entire
pelvis so that all associated lesions are diagnosed. MRI appears to be the modality of choice for detecting all possible
sites of endometriosis extension, and therefore it appears to
be superior to transrectal sonography in clinical practice.
One difficulty is that neither pelvic MRI nor sonography can
detect lesions located outside the field of view. Lesions of the
sigmoid, right-sided bowel, and especially the ileum are often
missed by sonography and standard pelvic MRI.
Endometriotic lesions of the small bowel are most commonly
identified in the last 10 cm of ileum. Radiographic findings
from enteroclysis, small-bowel follow-through or doublecontrast barium enema are usually nonspecific and demonstrate an extrinsic mass effect or tethering.34,54 The diagnosis
of terminal ileal endometriosis has been described using a
combination of CT and colon enteroclysis.12 This technique is

c

Fig. 2.84 Axial T2-weighted TSE sequence (a). Axial T1-weighted TSE sequence with fat saturation (b). Sagittal T2-weighted TSE sequence (c).

a

b

c

Fig. 2.85 Axial T2-weighted TSE sequence (a). Axial T1-weighted TSE sequence with fat saturation (b). Magnified view of the lesion (c).
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invasive, however, and requires ionizing radiation, which is a
serious disadvantage particularly in young patients.
A promising technique for diagnosing small-bowel
endometrial lesions is MR enterography. This study employs
anterograde (oral) contrast administration to opacify the
bowel. The entire abdomen including all intestinal structures
are imaged. MR enterography is widely used to explore small
bowel and ileocecal diseases, especially in patients with
chronic inflammatory bowel disease.3,35 Initial experience with
MR enterography in patients with small bowel endometriosis
indicated a 100 % positive predictive value in the diagnosis
of endometrial bowel lesions located above the rectosigmoid
junction.49
2.4.2.6 MR Imaging of Endometrioses at Other Sites
Ectopic endometrial glands and stroma can develop at
sites of previous gynecologic surgery, e.g., at scars from
a prior caesarian section or laparoscopy, or they may
develop spontaneously within the abdominal wall at the recti
abdomini.5,20,25 With MRI, sites of abdominal wall involvement
are easily identified in T1-weighted fat-suppressed images
as hyperintense spots within the abdominal wall (Fig. 2.85).
Nodules may be hidden in T2-weighted images because they
are isointense to muscle.

a

b

c

d

Clinical Case 6
Endometriosis of the rectus abdominis in a 39-year-old
woman. Endometriosis of the right rectus abdominis (arrow)
shows moderately high signal intensity on T2-weighted
images (Fig. 2.85a) and focal hyperintensity on T1-weighted
images (Figs. 2.85b, c).
Other sub- or retroperitoneal sites of involvement by
endometriosis have been described including the ischiorectal
fossa, sciatic nerve (Fig. 2.86), round ligament, and lymph
nodes.27,61,64 Other rare lesion sites are the inguinal canal
(Fig. 2.87) and vulva. All of these lesions show imaging features
identical to those seen in deep infiltrating endometriosis.
Sites of involvement on the surface of the liver or within the
chest are very rare and are usually diagnosed by CT.24,26

Clinical Case 7
Endometriosis in contact with the left sciatic nerve of a
33-year-old woman with left leg pain. Endometriosis in the left
ischiocural fossa has caused compression of the left sciatic
nerve (arrow). The endometriosis lesion shows typical high
signal intensity on T2-weighted (Figs. 2.86a, b) and T1-weighted
images (Figs. 2.86c, d).

Fig. 2.86 Axial T2-weighted TSE sequence (a). Coronal T2-weighted TSE sequence (b). Axial T1-weighted TSE sequence with fat saturation (c).
Magnified view (d) of the lesion highlighted in (c).
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Clinical Case 8
Endometriosis invading the inguinal canal in a 37-year-old
woman (arrow, Fig. 2.87a).
2.4.2.7 MR Imaging of Malignant Transformation in Endometriosis
Malignant transformation in endometriomas is a rare
complication, with an incidence of approximately 2.5 %.63
Malignant transformation is relatively common in younger
patients, however, and so its exclusion by imaging is of key
importance.
The diagnosis or exclusion of malignancy in endometriosis
patients is a major indication for performing MRI. Malignant
tumors in gonadal and extragonadal locations show a wide
range of different histologies. Clear cell and endometrioid
ovarian cancer are the most common tumor entities. Diagnostic
features on MRI that support suspicion of malignancy include
loss of T2 shading in malignant endometriomas. This is caused
by the dilution of hemorrhagic fluid due to tumor secretions
and enhancing mural nodules within a cystic mass.11,38,60
DWI with quantitative assessment of apparent diffusion
coefficient (ADC) values is widely used in pelvic MRI
protocols.13,41,47,68 The presence of restricted diffusion and
low ADC values within an adnexal lesion has a low positive
predictive value and specificity for a diagnosis of malignancy.
The low accuracy of DWI is due to the fact that malignant
tumors are not the only entities that show restricted diffusion.
Benign hemorrhagic ovarian cysts, endometriomas, solid
endometrial implants, and benign mature cystic teratomas
do so as well.19 On a diffusion-weighted image obtained with
a low b value (a type of T2-weighted fat-suppressed image),
an endometrioma exhibits low signal intensity that resembles
T2 shading. Thus, endometriomas have lower signal intensity
on images obtained with higher b values than do adnexal
masses, whose T2 signal intensity is higher. Because the
ADC value is based on the slope of the signal intensity loss
between acquisitions at low b values versus those at higher b
values, endometriomas often have low ADC values.

a

b

2.4.3 Future Directions of
Magnetic Resonance Imaging
2.4.3.1 Susceptibility-Weighted Imaging
Susceptibility-weighted imaging (SWI) is a new MRI technique.
Because it maximizes sensitivity to susceptibility effects, it
offers extremely high sensitivity for detecting blood products.
Thus, SWI has the potential to aid the diagnosis of deep
infiltrating endometriosis by depicting different phases of
hemorrhage. Recent studies evaluating how SWI performs in
patients with endometriosis have shown that SWI is a sensitive
and specific MRI technique for detecting very small, deeply
infiltrating endometriosis lesions not visualized in conventional
sequences. SWI may improve future MRI characterization in
patients with endometriosis.17,58,59
2.4.3.2 Imaging Fusion Techniques
MRI and transvaginal sonography provide complementary
information in the detection and staging of endometriosis.
Fusion imaging (also known as real-time virtual sonography)
is a new technique that uses MRI and ultrasound imaging
information with magnetic navigation and computer software
for the synchronized display of real-time ultrasound and
multiplanar reconstructed MR images.39,70 The few studies
investigating the performance and clinical utility of these
new techniques have demonstrated improved visualization
of the main anatomical sites affected by deep infiltrating
endometriosis. These fusion techniques thus have the
potential to improve the performance of ultrasound and MRI.
They may help to guide surgery in patients with endometriosis.

2.4.4 Conclusion

Endometriosis of the pelvis presents a large distribution of
lesion sites and imaging features. The goal of pretherapeutic
imaging is to precisely evaluate the extent of disease, thereby
enabling the complete surgical treatment of all symptomatic
endometriotic deep lesions in one procedure. Even though
MRI is capable of detecting all sites of endometriosis,
ultrasound continues to be the initial imaging study of choice
because it is immediately available and accessible. But in
patients with chronic dysmenorrhea, dyspareunia, clinical
suspicion of deep endometriosis, or inconclusive sonographic

c

Fig. 2.87 Axial T2-weighted TSE sequence (a). Sagittal T2-weighted TSE sequence with fat saturation (b). Axial T1-weighted TSE sequence (c).
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findings, MRI is able to display endometriotic lesions due to
its very high tissue contrast. MRI identifies endometriosis at
all sites with high diagnostic accuracy, particularly in the culde-sac, uterosacral ligaments, upper vagina, or bowel. This
makes MRI the optimum imaging modality for diagnosing
endometriosis and accurately defining its extent. MRI aids
in achieving the best possible preoperative workup and
surgical management, and it should be offered to patients
with equivocal ultrasound findings at specialized centers with
a multidisciplinary approach.
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2.5.1 Introduction

It has been estimated that 15 to 30 % of patients with
endometriosis suffer from deep infiltrating endometriosis
(DIE).21 The severity of symptoms in patients with DIE is
directly proportional to the depth of the lesions. Common
sites of occurrence for DIE include the uterosacral ligaments,
posterior vaginal wall, and anterior rectal wall.21 Unlike
superficial endometriosis, which is best explained by the
retrograde menstruation and implantation theory, the leading
theory for the pathogenesis of DIE lesions is the transformation
of pluripotent peritoneal mesothelium, referred to as the
coelomic metaplasia theory.21
The first-line modality for the definitive diagnosis of DIE is
direct endoscopic visualization of the lesion, with a biopsy
taken in the same session by laparoscopy or laparotomy15
The diagnosis of DIE poses a challenge for any gynecologist.
Various imaging modalities such as magnetic resonance
imaging (MRI), transvaginal sonography (TVS), transrectal
sonography (TRS), and 3D ultrasound are currently available
for this purpose. Several studies have been conducted to
analyze the sensitivity and specificity of these modalities in
the diagnosis of DIE.10,12,18,19
Taking accessibility into consideration, TVS is usually the first
imaging study requested in females with symptoms of DIE.
When performed by an expert sonographer, this method
provides a high sensitivity for the diagnosis of rectal and
retrocervical DIE (98.1 % and 95.1 %, respectively).18 TRS may

perhaps be an acceptable alternative to TVS, as its sensitivity
and specificity are comparable to MRI at certain anatomic
locations. Also, virginity is not considered a limitation for TRS as
it would be for TVS. The role of rectal endoscopic sonography
(RES) has also been described in the literature. The most widely
used RES devices are available in two different designs: the
radial array and curved linear array. Radial echoendoscopes
provide a 360° image in a plane perpendicular to the long axis
of the insertion tube of the endoscope, whereas linear devices
produce sector-shaped images in a plane parallel to the long
axis of the insertion tube.9,20
Finally, MRI is a noninvasive but more costly modality for
the preoperative assessment of DIE that provides more
accurate data about the extent, location, and penetration
of the lesions. The sensitivity of MRI for the diagnosis of
rectal and retrocervical DIE is reported at 83.3 % and 76 %,
respectively.18
The surgical resection of DIE is facilitated by preoperative
assessments to define the location, depth, and extent of
endometriotic lesions. However, selecting the preferred
imaging modality for diagnosis and preoperative assessment
continues to be a challenge. Our study was an attempt to
determine the sensitivity and specificity of the three different
imaging modalities (TVS, MRI, and TRS) and to compare their
accuracy in DIE patients who were referred to the tertiary
gynecologic surgery centers where we practice.
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2.5.2.1 Patients
Based on presenting clinical symptoms suggestive of DIE
(chronic pelvic pain, dyspareunia and dysmenorrhea) and
physical examination findings, patients who were primarily
referred to private clinics and hospitals (affiliated with the
Shiraz University of Medical Sciences, Iran) were selected to
enter the study.2,3 Subsequently, patients were scheduled for
diagnostic laparoscopy to exclude the presence of DIE. Prior
to diagnostic laparoscopy, all subjects enrolled in the study
underwent imaging procedures including TVS, TRS, and
MRI. Those patients with a clinically confirmed diagnosis of
DIE were managed by surgical treatment provided promptly
during the course of the laparoscopic procedure. Kelsey and
Fleiss sample size formulae* (with continuity correction) were
employed for sample size calculation.

* Statistical methods used to calculate sample size in unmatched
case-control studies
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Patients from all age groups were included. Exclusion criteria
were as follows:








Claustrophobia that prevented the patient from entering
the MRI scanner.
Renal failure or any other contraindication to the use of
gadolinium contrast medium.
Confirmed diagnosis of any type of malignancy.
Medical history of metallic implants or prostheses in the
body that would contraindicate MRI.
Structural anomalies of the reproductive system.
Existing pregnancy.
Refusal of informed consent or lack of patient compliance
with TVS or TRS.

Patients were briefed about their enrollment in the research
project, after which they furnished written informed consent.
All aspects of the study were in compliance with ethical
guidelines and were approved by an institutional review board.
2.5.2.2 Transvaginal Sonography
TVS was performed by a qualified gynecologist blinded to the
clinical findings in the subjects examined. A 7.5-MHz probe
(Ultrasonix ultrasound system, British Columbia, Canada) was
used, and the examination was performed on nonmenstrual
days of the cycle. Patients were asked to have semifull
bladders and bowel preps to ensure better visualization
of the pelvic organs by TVS and TRS. Interpretations were
done in real time, and sonograms were documented in each
patient’s file. The examination protocol included visualization
of the peritoneum and structures in the anterior and posterior
compartments, as well as the uterus and ovaries. Nodular,
hypoechoic solid lesions with or without cystic components
located at various sites in the pelvic cavity were considered
highly suggestive of DIE. Abnormal, hyperechoic thickening of
the peritoneum was also considered a sign of DIE.
2.5.2.3 Transrectal Sonography
TRS was scheduled on the same day as TVS. The
examination was performed by the same gynecologist using
a 7.5-MHz probe (Ultrasonix OP machine, British Columbia,
Canada) following bowel preparation. To ensure an adequate
bowel prep, each patient was instructed to consume a soft
diet on the day before their ultrasound, taking 2 spoonfuls
of milk of magnesia (MOM) orally after lunch and inserting
two 10-mg bisacodyl suppositories (Temad Co. Tehran, Iran)
at 6 p.m. and 12 midnight on the day before the procedure.
Patients were asked to skip breakfast and insert 2 more
bisacodyl suppositories at 6 a.m. on the morning of the
procedure. The procedure was performed on an empty
bladder, without sedation, and with the use of lubricant gel.
Image interpretation was done in real time, and sonograms
were documented in each patient’s file for future reference.
The examination protocol was similar to that of TVS, and the
same diagnostic criteria were applied.

2.5.2.4 Magnetic Resonance Imaging
MRI was performed in each patient after a 4-hour fast with
a semifull bladder, before and after the intravenous injection
of gadolinium contrast medium at a dose of 0.01 mmol/kg.
Each patient was scanned through the body and pelvis in a
1.5 Tesla system (Avanto Magnetom, Siemens, Erlangen,
Germany) without an endovaginal coil. For better delineation
of the rectal and vaginal walls, 60 cc of lubricant gel was
inserted into the vaginal cuff, and one vial of hyoscine was
administered by intramuscular injection. To capture details of
anatomy and pathology, the protocol included axial, coronal,
and sagittal T1- and T2-weighted sequences. Axial and
sagittal fat-saturated T1-weighted images were also acquired
before and after i.v. contrast administration. The bladder wall
and rectovaginal septum were evaluated in sagittal and axial
T2-weighted sections. The uterosacral ligaments and rectal
wall were mostly evaluated in coronal and axial T2-weighted
images. Endometriomas were characterized by high signal
intensity in T1-weighted images and low signal intensity in
T2-weighted images. DIE, on the other hand, showed low
signal intensity or a signal void in T2-weighted images. Wall
thickening was considered suggestive of involvement. All MRI
evaluations were reported by a board-certified radiologist with
MRI fellowship, blinded to the patients’ history and physical
examination.
2.5.2.5 Laparoscopy
Following a complete bowel preparation and induction of
general anesthesia, operative laparoscopy was performed
by the same gynecologist using laparoscopic instruments.
The surgeon was blinded to the imaging results obtained
prior to laparoscopy. Uterine manipulation was avoided,
and the only measuring device used during the procedure
was a hysterometer. The pelvis was systematically assessed
in all laparoscopies, following the standard protocol at our
center.4,5 The pelvic cavity was explored and endometriosis
was classified based on the revised American Society for
Reproductive Medicine (rASRM) classification.6 The pararectal,
paravesical, and rectovaginal spaces were dissected as
required, depending on lesion location. All adhesions were
released by sharp dissection, and all DIE-suspicious lesions
were resected to restore normal anatomic relations as much as
possible. The excised tissues were submitted for pathology.
Meticulous hemostasis was achieved with bipolar cautery,
and sutures were placed as needed. In patients with rectal
lesions, the pararectal and rectovaginal spaces were dissected
and inspected for suspicious areas. The suspicious lesions
were excised by disk resection or segmental resection, and
the bowel was reanastomosed as required. Ureterolysis and
excision with reanastomosis were performed in patients with
extrinsic and intrinsic ureteral lesions, respectively. In patients
who had bladder lesions, either shaving or partial cystectomy
was performed based on the depth of the lesions. A colorectal
surgeon and urologist were standing by in the event that major
colorectal or urinary system lesions were encountered.13
2.5.2.6 Histopathologic Evaluation
A diagnosis of endometriosis was confirmed for all surgical
samples based on an evaluation of both the glandular and
stromal tissues.
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2.5.2.7 Statistical Analysis
The definitive diagnosis of DIE as well as the size and location
of pathology were determined based on the laparoscopic
findings. Preoperative imaging findings were then compared
with the benchmark surgical observations, and each modality
was assessed for its sensitivity, specificity, negative and
positive predictive values, miss rate, accuracy, and positive
and negative likelihood ratios. The Cohen kappa coefficient
was used to determine agreement between the alternative
methods. The kappa coefficient value ranges from 0 to 1 (0
≤ ҡ ≤ 1), and the closer it is to 1, the more agreement there is
regarding a particular diagnosis. The statistical values were
obtained for each imaging technique and different sites of DIE
involvement using the following terminology, abbreviations,
and formulas:
Sensitivity

true positive (TP) / TP+ false
negative (FN)

Specificity

true negative (TN) / TN+ false
positive (FP)

Precision or positive predictive value TP / TP + FP
Negative predictive value

TN / TN + FN

Miss rate

FN / FN + TP

Total positive and total negative

P+N

Accuracy

(TP + TN) / (P + N)

Likelihood ratio positive (LR+)

sensitivity / (1 − specificity)

Likelihood ratio negative (LR-)

(1 − sensitivity) / specificity

2.5.3 Results

Between March of 2010 and December of 2014, more
than 500 patients underwent laparoscopic surgery for
endometriosis in our setting. Of this number, 317 cases (nonvirgins only) were enrolled in the study through a consecutive
sampling method. Virgin subjects were excluded because
they were not acceptable candidates for TVS examination.
The mean age of the enrolled patients was 31 ± 5.4 years.
Operative laparoscopy confirmed the diagnosis of DIE in
252 of the 317 enrolled subjects, although the remaining 65
patients who were negative for DIE by laparoscopy may have
had an endometrioma or superficial endometriosis. The 252
confirmed patients had a total of 350 lesions.
All the patients had stage 3 or stage 4 endometriosis. As
mentioned earlier, 350 DIE lesions were identified in these 317
patients during laparoscopy; 151 of the lesions were located in
the uterosacral ligament (43.1 %), making it the most frequent
site of involvement. Next in frequency were the ovarian fossa (n
= 59, 16.9 %), rectal wall (n = 52, 14.9 %), rectovaginal septum
(n = 44, 12.6 %), retrocervical area (n  =  38, 10.9 %), bladder

(n  =  4, 1.1 %), and ureter (n  =  2, 0.57 %). Of the 252 patients
with laparoscopically confirmed DIE, 152 had 1 lesion, 73 had
2 lesions, 16 had 3 lesions, and 2 had 4 lesions.
Of the 310 DIE lesions detected by TVS, 254 were confirmed
as endometriosis at laparoscopy. Similarly, 270/339 and
238/289 DIE lesions that were reported on TRS and MRI,
respectively, were declared positive at laparoscopy.
2.5.3.1 Comparison of TVS, TRS, and MRI for the Visualization of DIE,
Categorized by Sites of Predilection
For the most prevalent site of DIE involvement, the uterosacral
ligaments, our data analysis showed that TRS, TVS, and MRI
had respective sensitivities of 82.8 %, 70.9 %, and 63.6 %.
The miss rates for TRS, TVS, and MRI stood at 0.17, 0.29, and
0.36 respectively. On the other hand, specificity had a reverse
trend that favored MRI (93.9 % vs. 92.8 % for TVS and 89.8 %
for TRS).
For lesions located in the rectovaginal septum, the sensitivity
and accuracy values were comparable for TVS, TRS, and
MRI. These values were 86.4 % and 93.7 % for TVS, 84 % and
92.4 % for TRS, and 72.7 % and 92.1 % for MRI. Similarly, the
specificity of MRI was comparable to TVS and TRS (95.2 %
vs. 94.9 % and 93.8 % respectively).
For DIE lesions in the ovarian fossa, MRI had a comparable
sensitivity to that of TRS and TVS (66.1 % vs. 64.4 % and
62.7 %, respectively). Specificity and accuracy were also
similar in MRI (98.1 % and 92.1 %), TVS (95.7 % and 89.6 %),
and TRS (93.4 % and 88 %).
As for the lesions in the rectal walls, TVS, TRS, and MRI were
found to have comparable sensitivity and specificity (88.5 %
and 98.9 % in TVS, 86.5 % and 97.7 % in TRS, and 76.9 %
and 96.6 % in MRI).
MRI proved to be superior to TRS and TVS in its sensitivity,
specificity, and accuracy for the diagnosis of retrocervical
DIE lesions.
The three modalities were found to be equivalent in the
diagnosis of bladder and ureteral DIE, however. The sensitivity,
specificity, and accuracy values were similar for all three tests.
In Tables 2.6–2.8, the results documented for TVS, TRS, MRI,
and laparoscopy in the diagnosis of DIE are summarized and
compared for lesion sites in the uterosacral ligaments and
ovarian fossa (Table 2.6), the retrocervical area and rectovaginal
septum (Table 2.7), and the rectal wall, bladder, and ureter
(Table 2.8).
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Uterosacral
ligaments
TVS

Laparoscopic
findings

+
–
Total
TRS
+
–
Total
MRI
+
–
Total
Ovarian fossa
TVS
+
–
Total
TRS
+
–
Total
MRI
+
–
Total

Total Sensitivity Specificity
(%)
(%)

PPV
(%)

NPV
(%)

+
107
44
151
125
56
37
96
55
151

–
12
154
166
17
149
166
10
156
166

119
198
317
142
175
317
106
211
317

37
22
59
38
21
59
39
20
59

11
247
258
17
241
258
5
253
258

48
269
317
55
262
317
44
273
317

Accuracy Miss rate LR +
(%)
(%)
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LR–

Kappa

P value

70.86

92.77

89.9

77.78 82.33

0.29

9.8

0.31

0.64

< 0.001

82.76

89.76

88.03 85.14 86.44

0.17

8.08

0.19

0.73

< 0.001

63.58

93.98

90.57 73.93 97.50

0.36

10.55

0.39

0.58

< 0.001

62.71

95.74

77.08 91.82 89.59

0.37

14.71

0.39

0.63

< 0.001

64.41

93.41

69.09 91.98 88.01

0.36

9.77

0.38

0.59

< 0.001

66.1

98.06

88.64 92.67 92.11

0.34

34.11

0.35

0.71

< 0.001

Table 2.6 Comparison of the results for TVS, TRS, MRI, and laparoscopy in the diagnosis of DIE in the uterosacral ligaments and ovarian fossa.
Key to acronyms: transvaginal sonography (TVS); transrectal sonography (TRS); magnetic resonance imaging (MRI), true positive (TP), true negative (TN);
false positive (FP); false negative (FN); likelihood ratio positive (LR+); likelihood ratio negative (LR–).

Retrocervical

Laparoscopic
findings
+
TVS
+
20
–
18
Total 38
TRS
+
19
–
19
Total 38
MRI
+
25
–
13
Total 38
Rectovaginal septum
TVS
+
38
–
6
Total 44
TRS
+
37
–
7
Total 44
MRI
+
32
–
12
Total 44

Total Sensitivity Specificity
(%)
(%)

PPV
(%)

–
15
264
279
11
268
279
10
269
279

35
282
317
30
287
317
35
282
317

52.83

94.62

57.14 93.62 89.59

0.47

50

96.06

63.33 93.38 90.54

65.79

96.42

14
259
273
17
256
273
13
260
273

52
265
317
54
263
317
45
272
317

86.36

NPV
(%)

Accuracy Miss rate LR +
(%)
(%)

LR–

Kappa

P value

9.79

0.5

0.49

< 0.001

0.5

12.68

0.52

0.51

< 0.001

71.43 95.39 92.74

0.34

18.36

0.35

0.64

< 0.001

94.87

73.08 97.74 93.69

0.14

16.84

0.14

0.75

< 0.001

84.09

93.77

68.52 97.34 92.43

0.16

13.5

0.17

0.71

< 0.001

72.73

95.24

71.11 95.59 92.11

0.27

15.27

0.29

0.67

< 0.001

Table 2.7 Comparison of the results for TVS, TRS, MRI, and laparoscopy in the diagnosis of DIE in the retrocervical area and rectovaginal septum.
Key to acronyms: transvaginal sonography (TVS); transrectal sonography (TRS); magnetic resonance imaging (MRI), true positive (TP), true negative (TN);
false positive (FP); false negative (FN); likelihood ratio positive (LR+); likelihood ratio negative (LR–).

156

Endometriosis – A Concise Practical Guide to Current Diagnosis and Treatment

Rectal wall Laparoscopic
findings
+
TVS
+
46
–
6
Total 52
TRS
+
45
–
7
Total 52
MRI
+
40
–
12
Total 52
Bladder
TVS
+
4
–
0
Total
4
TRS
+
4
–
0
Total
4
MRI
+
4
–
0
Total
4

Total Sensitivity Specificity
(%)
(%)

PPV
(%)

NPV
(%)

Accuracy Miss rate LR +
(%)
(%)

LR–

Kappa

P value

–
3
262
265
6
259
265
9
256
265

49
268
317
51
266
317
49
268
317

88.46

98.87

93.88 97.76 97.16

0.12

78.14

0.12

0.89

< 0.001

86.54

97.74

88.24 97.37 95.9

0.13

38.22

0.14

0.85

< 0.001

76.92

96.60

81.63 95.52 93.38

0.23

22.65

0.24

0.75

< 0.001

1
312
313
1
312
313
1
312
313

5
312
317
5
312
317
5
312
317

100

99.68

80

100

99.68

0

313

0.38

0.89

< 0.001

100

99.68

80

100

99.68

0

313

0

0.89

< 0.001

100

99.68

80

100

99.68

0

313

0

0.89

< 0.001

100

100

100

100

100

0

–

0

1

< 0.001

100

100

100

100

100

0

–

0

1

< 0.001

100

100

100

100

100

0

–

0

1

< 0.001

Ureter
TVS

TRS

MRI

+

2

0

2

–

0

315

315

Total

2

315

317

+

2

0

2

–

0

315

315

Total

2

315

317

+

2

0

2

–

0

315

315

Total

2

315

317

Table 2.8 Comparison of the results for TVS, TRS, MRI, and laparoscopy in the diagnosis of DIE in the rectal wall, bladder, and ureter.
Key to acronyms: transvaginal sonography (TVS); transrectal sonography (TRS); magnetic resonance imaging (MRI), true positive (TP), true negative (TN);
false positive (FP); false negative (FN); likelihood ratio positive (LR+); likelihood ratio negative (LR–).

2.5.3.2 Comparison of TVS, TRS, and MRI for the Visualization of DIE
Lesions as a Whole
Regardless of lesion location, the sensitivity of TRS in the
diagnosis of DIE lesions was comparable to that of TVS and
MRI (81.1 % vs. 80.1 % and 77.9 % respectively). MRI, TVS,
and TRS had respective specificities of 97.1 %, 96.6 %, and
95.8 %. The accuracy of TRS was similar to that of TVS and
MRI (93.3 % vs. 93.1 % and 92.8 %, respectively).

Fig. 2.88 presents some snapshots from the sonographic and
MR imaging of DIE in the rectal wall (a–d) and ureter (e–h).
Figs. 2.89–2.92 illustrate the visual and imaging appearances
of DIE at different anatomic sites using various techniques.
Table 2.9 compares the results of TVS vs. TRS, TVS vs. MRI,
and TRS vs. MRI in the diagnosis of DIE at various sites.
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a

b

c

d

e

f

g

h

Fig. 2.88 Transvaginal sonography (TVS) suggesting DIE of the rectovaginal septum =. TVS, TRS, renal ultrasound, and MR images consistent with
involvement of the rectal wall (b–d) and ureter (e–h) by DIE.

Fig. 2.89 Macroscopic view of extracted
specimens. Involvement of rectal wall by DIE
(mucosal layer is intact) (a, b).

a

b

Fig. 2.90 DIE of the rectum extending to the
left pelvis as far as the periosteal layer (a–c).
Reanastomosis of the rectum with a circular
stapler (d).

a

b

c

d
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Fig. 2.91 Involvement of the rectal
wall and posterior cul-de-sac
(coronal T2-weighted MRI, a).
Endometriotic involvement of the anterior
rectal wall and posterior cul-de-sac
(sagittal MRI, b).
Endometriotic involvement of the anterior
rectal wall without DIE of cul-de-sac
(sagittal MRI, c).
Endometriotic involvement of the retrocervical
area and anterior rectal wall (sagittal MRI, d).

a

b

c

d
Fig. 2.92 TVS image; DIE of the rectal wall (a).
TVS image; DIE of the anterior rectal wall (b).
TRS image; DIE of the anterior rectal wall (c).
TRS image; hydroureter, catheterized (d).

a

b

c

d
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TVS
Sensitivity

Specificity

TRS

P value CI

Uterosacral ligaments

70.86 82.78 0.001

Ovarian fossa

62.71 64.41 1

Retrocervical

52.63 50

Rectovaginal septum

86.36 84.09 1

Rectal wall

88.46 86.54 1

Bladder
Ureter
Uterosacral ligaments

100 100 1
100 100 1
92.77 89.76 0.063

Ovarian fossa

95.74 93.41 0.109

Retrocervical area

94.62 96.06 0.344

Rectovaginal septum

94.87 93.77 0.508

Rectal wall

98.87 97.74 0.375

Bladder
Ureter

99.68 99.68 1
100 100 1

1

TVS

MRI

P value

–0.04 to
0.16
–0.13 to
0.16
–0.09 to
0.11
–0.11 to
0.14
–0.012 to
0.019
–
–
–0.001 to
0.03

70.86 63.58 0.229

–0.004 to
0.03
–0.01 to
0.03
–0.01 to
0.02
–0.008 to
0.01
–
–

95.74 98.06 0.109

62.71 66.1

0.84

52.63 65.79 0.40
86.36 72.73 0.21
88.46 76.92 0.109
100 100 1
100 100 1
92.77 93.98 0.81

94.62 96.42 0.405
94.87 95.24 1
98.87 96.6

0.07

99.68 99.68 1
100 100 1

MRI
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CI

TRS

–0.41 to
0.18
–0.14 to
0.20
–0.13 to
0.36
–0.06 to
0.28
–0.02 to
0.18
–
–
–0.04 to
0.06

82.78 63.58 <0.001 –0.1 to 0.25

–0.04 to
0.03
–0.001 to
0.04
–0.032 to
0.039
–0.001 to
0.02
–
–

93.41 98.6

64.41 66.1
50

P value CI

1

65.79 0.26

84.09 72.73 0.33
86.54 76.92 0.22
100 100 1
100 100 1
89.76 93.98 0.118

–0.15 to
0.18
–0.09 to
0.36
–0.09 to
0.27
–0.04 to
0.18
–
–
–0.009 to
0.07

0.0005 –0.02 to
0.04
96.06 96.42 1
–0.02 to
0.03
93.77 95.24 0.541 –0.02 to
0.04
97.74 96.6 0.508 –0.01 to
0.02
99.68 99.68 1
–
100 100 1
–

Table 2.9 Comparison of the results of TVS vs. TRS, TVS vs. MRI, and TRS vs. MRI for the diagnosis of DIE at various anatomic sites.
Key to acronyms: transvaginal sonography (TVS); transrectal sonography (TRS); magnetic resonance imaging (MRI); confidence interval (CI).

2.5.4 Discussion
The present results have added new insights for selecting
the most appropriate imaging modalities for diagnosis
and preoperative planning in patients with suspected DIE.
Earlier studies assessed the performance capabilities of
each modality, but we believe that our study has numerous
advantages over previous research. These advantages include
a large sample population, which enabled us to compare
the results of TVS, TRS, and MRI and classify the results
according to lesion location. In our view, these advantages
should encourage gynecologists to revisit previous data.
Once a diagnosis of DIE is suspected in a woman of
childbearing age, it should then be asked, “Which imaging
modality is most appropriate for confirming the diagnosis of
DIE?” At our tertiary center, three main options are currently
available and are routinely employed for identifying these
lesions prior to surgery: TVS, TRS, and pelvic MRI. Our
findings documented the comparable sensitivities of these
three modalities for the preoperative diagnosis of DIE. TVS
was found to be a useful test in the diagnosis of rectal wall
DIE. MRI yielded more favorable results for certain sites such
as the ovarian fossa and retrocervical area. This may relate
to the limited accessibility of these regions to ultrasound. On
the other hand, TVS, TRS and MRI were found to yield similar
results for bladder and ureteral involvement by DIE.
The performance of each diagnostic modality was compared
against the results of operative laparoscopy, for DIE as a

whole, and for different sites of involvement. For lesions in
the uterosacral ligament, which is the most common site
comprising 43 % of all lesions, TRS demonstrated better
sensitivity than TVS and MRI, with a lower miss rate. TRS
was superior for lesions involving the uterosacral ligament.
Our findings are consistent with an earlier report19 on the
performance of MRI in detecting DIE lesions within the
uterosacral ligaments (sensitivity of 63.5 %, specificity of
93.9 %, PPV 90.5 and NPV 73.9 %, miss rate of 0.36, accuracy
of 79.5 %, LR+ of 10.55 and LR- of 0.39). Our results also
agree with the sensitivity and likelihood ratios found in another
study on the ability of MRI to detect DIE of the uterosacral
ligaments.9
With regard to retrocervical lesions, Abrao et al. found that
TVS had better sensitivity, specificity, NPV, PPV, and accuracy
than MRI.1 By contrast, our study found that MRI performed
better than TVS (sensitivity of 65.8 % vs. 52.6 %, specificity
of 96.4 vs. 94.6 %, PPV of 71.4 vs. 57.1 %, NPV of 95.4 vs.
93.6 %, miss rate of 0.34 vs. 0.47, and accuracy of 92.7 vs.
89.6 %, respectively). Such a disparity in results may be due at
least in part to a notable difference in sample size.
For DIE lesions within the rectovaginal septum, unlike a
previous study which found MRI to be superior to TVS,9 we
found that TVS had a higher sensitivity, accuracy, likelihood
ratio, and a lower miss rate than MRI in the detection of DIE
(sensitivity of 86.4 % and 72.7 %, PPV of 73 % and 71.1 %,
NPV of 97.7 % and 95.6 %, miss rates of 0.14 and 0.27,
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accuracy of 93.7 % and 92.1 % , LR+ of 16.8 and 15.27, LRof 0.14 and 0.29, respectively). On the other hand, MRI was
found to have higher specificity than TVS (95.2 % vs. 94.9 %).
In a recent investigation of an ultrasound mapping system
for the surgical management of DIE, TVS was found to have
a sensitivity of 73.9 %, specificity of 86.2 %, PPV of 80.9 %,
and NPV of 80.7 % for DIE lesions.16 Our results for rectal
DIE were similar to those of Bazot et al.,9 indicating that TVS
achieved better sensitivity and specificity than MRI (88.46 %
and 98.87 % for TVS vs. 76.92 % and 96.6 % for MRI).
Regarding bladder DIE, our study suggested similar results
for all three modalities. Fedele et al. reported that TVS
was superior to MRI and transabdominal sonography in
determining lesion location, but these authors had a small
study population and their investigation dates back to the time
when the use of these modalities for the diagnosis of DIE were
in their prime.16,17 Meanwhile, our findings were in agreement
with other reports8,9,11 identifying TVS as an accurate method
for the diagnosis of DIE in the bladder. An earlier study by
Grasso et al.19 found that MRI had a sensitivity of 83.3 %,
specificity of 100 %, PPV of 100 %, and NPV of 92.5 % in
the detection of bladder DIE, while our study indicated a
higher sensitivity (100 %) and lower precision (PPV) of 80 %
for this application. According to Balleyguier et al., MRI yields
more accurate results than TVS in detecting DIE lesions of
the bladder, especially for posterior DIE with deep extension
and for small lesions missed by TVS.7 Our study supported
the findings of a recent investigation reporting a sensitivity
of 100 %, specificity of 96.8 %, PPV of 72.7 %, and NPV of
100 % for TVS.16
The 100 % sensitivity of TVS, TRS, and MRI for the detection
of ureteral DIE observed in our study did not agree with the
results of Chamie and Grasso (MRI sensitivity of 66.6 % and
50 %, respectively).14,19
Bazot et al. suggested using TVS as a first-line screening
study and saving MRI for symptomatic women with normal
TVS findings, and ultimately using TRS for individuals with
discrepant results on TVS and MRI.9 Interestingly, our results
indicate that TRS has comparable sensitivity to TVS and MRI in
the diagnosis of DIE lesions based on its overall performance
(sensitivities of 81.1 %, 80.1 %, and 77.9 %, respectively).
Because TRS is less costly than MRI but provides comparable
sensitivity, it may be considered a modality of choice for the
diagnosis of DIE prior to MRI. Moreover, since the use of
TVS is contraindicated for virgin subjects in our practice, we
propose TRS as a reasonable alternative for diagnosing DIE
when a transvaginal approach is not available or acceptable.

2.5.5 Conclusion

Although TVS is among the preferred imaging modalities for
the preoperative assessment of DIE lesions, we conclude
that TRS, when performed by an experienced gynecologist,
can provide similar sensitivity and acceptable specificity in
the diagnosis of DIE. Given the comparable performance
of TVS and TRS in diagnosing DIE and their availability and
affordability compared with MRI, they are both viewed as

reasonable diagnostic options. Moreover, TRS is suggested
as the method of choice for virgin individuals in whom
TVS would be unacceptable. MRI should be considered
as a complementary modality in patients with suspected
involvement of the ovarian fossa and ureter by DIE.
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2.6

 ltrasound Imaging in the Diagnosis of Deep Infiltrating
U
Endometriosis (DIE) and Adenomyosis

Caterina Exacoustos a
2.6.1 Introduction
Endometriosis usually appears in three different forms: ovarian
endometriosis (endometrioma), peritoneal endometriosis and
adhesions and deep endometriosis. Pelvic endometriosis,
especially in severe stages, is strongly associated with
adenomyosis, a condition which plays an important role in
that it accounts for dysmenorrhea, menorrhagia and infertility
in women diagnosed with endometriosis.
The ovaries are the prevalent predilection area for
endometriotic lesions, typically presenting as ovarian
cysts. Deep infiltrating endometriosis (DIE) is defined as
an endometriotic lesion infiltrating the peritoneum and
penetrating into the retroperitoneal space or the wall of the
pelvic organs to a depth of at least 5 mm57 and affects between
4 % and 37 % of patients with endometriosis. These different
forms of presentation tend to appear in various imaging
patterns that pose specific problems related to diagnostic
imaging. Several scoring systems have been used to stage
the extension of endometriosis also in relationship to different
locations inside the pelvis. The most common classification
system used to evaluate the disease is the revised scheme
of the American Society of Reproductive Medicine (rASRM)
which followed the American Fertility Society (AFS) scheme.5
The rASRM classification scheme – as is the case with others
– does not consider adenomyosis as part of the disease,
which nonetheless continues to exist after surgical treatment
of extra-uterine lesions, and still manifests with persistence of
symptoms related to pelvic endometriosis.
The ENZIAN-classification90 is based upon the anatomical
distribution of the extraperitoneal lesions and is subdivided
into four grades of disease depending on the size45 and extent
of disease. It is regarded as a supplement to the rASRM
scheme and the classification is very precise regarding
localization and severity of lesions. Moreover, it correlates to
some extent with the symptoms,44 but there is still controversy
on whether the ENZIAN system or other classifications
systems should be implemented in clinical routine.3 Additional
classification schemes, with minor modifications, have also
been proposed.19,56 However, a uniform classification system
is needed, that is based on the findings obtained through
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various imaging modalities for the purpose of systematic
mapping of DIE according to location and extent of disease.
The main diagnostic problems related to endometriosis are
as follows:
Difficulty in detecting the disease, especially in the absence
of endometriotic cysts or in case of minimal lesions.
 Evaluation of extension of disease, which is further
complicated by the absence of an established reference
for classification.


History and symptoms of the patients, pelvic examination
together with the experience of the medical sonographer or
radiologist, are major contributing factors in an attempt to
further improve diagnostic accuracy of pelvic endometriosis.
In patients diagnosed with endometriosis, it is important to
find out whether there is co-existent adenomyosis contributing
to their pain and/or abnormal uterine bleeding symptoms. In
patients undergoing surgery for endometriosis, prevalence of
adenomyosis diagnosed by ultrasound, is reported to be 22 %.
It has also been observed that DIE is strongly associated with
adenomyosis.23,61,70
The correct diagnosis of pelvic endometriosis is instrumental in
defining the best treatment strategy which is why non-invasive
methods are required to establish an accurate diagnosis with
regard to localization and extent of endometriotic lesions. Most
commonly, two imaging modalities are used to identify and
determine endometriotic lesions: Transvaginal sonography
(TVS) and magnetic resonance imaging (MRI).
Transvaginal sonography (TVS) has been proposed as the
first-line imaging technique because it allows extensive
exploration of the pelvis, it is well-tolerated by patients and
widely available in practice.
Magnetic resonance imaging (MRI) is employed as a secondline modality in the examination of the female pelvis. The role
of MRI in the evaluation of endometriosis, especially in the
case of DIE, has been widely demonstrated. MRI is performed
in selected patients as determined by the outcome of TVS and
the severity of symptoms. Other diagnostic procedures like
rectal sonography, barium enema or computed tomographyurography play complementary roles in the identification of
endometriosis, depending on the site of disease, and may
be used selectively for the decision-making on which surgical
approach should be adopted. Transabdominal ultrasound
does not provide for an adequately accurate detection
of endometriosis, which is mainly due to bowel gas and
adhesions hampering the chances to sufficiently evaluate
pelvic organs. This particularly applies to DIE lesions of mainly
retroperitoneal infiltration pattern, or to bowel lesions which
are difficult to identify with transabdominal ultrasound.58
A detailed non-invasive examination of the pelvis evaluating
the extension of endometriotic lesions can be very helpful in the
decision-making with regard to both a safe and individualized,
custom-made surgical or medical strategy planning.57
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2.6.2 Ultrasound Diagnosis of Pelvic Endometriosis

Ovarian endometriomas are frequently associated with
other endometriotic lesions20 such as adhesions and deeply
infiltrating endometriosis, which are difficult to diagnose.
Underestimation of extensive adhesions in patients with
endometriomas prior to surgery is considered one of the
main factors contributing to incomplete surgical removal,20
which often gives rise to the need for reoperation. Endoscopic
surgery has permitted laparoscopic treatment of ovarian
cysts, which in the past required laparotomy.72 Laparoscopic
management of ovarian endometriosis is the technique
of first choice, however adhesions and DIE lesions still
constitute the major limitation in adequate surgical treatment
of endometriosis.72 For obvious reasons, the impact of this
limitation differs according to surgeon’s experience and
skills. Therefore, the author highly suggests that preoperative
patient selection should be managed according to pelvic
extension of the disease. Women diagnosed with severe
disease and extensive adhesions should be referred to
centres of excellence to ensure complete surgical excision,
which can only be provided by adequately trained and
educated personnel with a high level of laparoscopic surgical
proficiency and experience.27
2.6.2.1 Adhesions
Endometriosis is often accompanied by the presence of
pelvic adhesions. Ultrasound diagnosis of pelvic adhesions in
patients with concomitant ovarian or peritoneal endometriosis
actually poses a diagnostic challenge. This deadlock
situation becomes particularly evident in cases with no
clinically detectable ovarian endometriomas and coexistent
endometriosis causing adhesions and small nodules in
pelvic organs, which are very difficult – if not impossible – to
recognize by ultrasound. It has been reported that peritoneal
disease and adhesions are more common than ovarian
disease.79 Therefore, in patients suffering from infertility or
chronic pelvic pain, it is important, – also in the absence of
ovarian endometriomas – to look for sonographic signs of
adhesions. Only a few studies have attempted to assess
the diagnostic potential of transvaginal sonography in the
detection and grading of pelvic adhesions in women with
pelvic endometriosis.32,36,46,73
Under normal circumstances, uterus and ovaries are mobile
and are not adherent to the surrounding tissues. On palpation
with a probe and /or abdominal palpation with the hand,
natural movements of these organs are viewed on ultrasound
(‘sliding sign’). Upon palpation with an ultrasound probe
and /or abdominal palpation with the hand, absence of the
‘sliding sign’ allows to suspect that ovaries and/or uterus
are adherent to adjacent structures (broad ligament, pouch
of Douglas, bladder, rectum, and parietal peritoneum).
Occasionally, in the presence of pelvic fluid, filmy septa or
strands of tissue (adhesions) can be seen between the ovary,
the endometrioma and uterus or the peritoneum of the pouch
of Douglas.32,36,46,73 Endometriomas are usally fixed posteriorly
to the uterus, in the pouch of Douglas. Particularly in the case
of bilateral endometrioma, this condition can cause both
ovaries to become attached posteriorly to the uterus, and
adherent to the contralateral ovary (‘kissing ovaries’) (Fig. 2.93).
The inability to mobilise the ovary on palpation (fixed ovary)

and an increased distance between the ovary and the probe,
which persists even after cessation of abdominal palpation,39
are highly suggestive of ovarian adhesions to the lateral pelvic
side wall.
Recently, preoperative diagnosis of partial or complete
obliteration of the pouch of Douglas (POD) has been
described.49,50,54,82 The POD is examined using real-time
ultrasound imaging to determine the presence or absence
of POD obliteration with regard to the ‘sliding sign’. In order
to assess the ‘sliding sign’, gentle pressure is placed against
the cervix with the transvaginal probe to establish whether the
anterior rectum glides freely across the posterior aspect of the
cervix (posterior cervical region) and posterior vaginal wall.
In studies, that assessed the diagnostic accuracy of
transvaginal sonography in the detection of pelvic adhesions,
severity of adhesions was classified as either minimal, moderate
or severe in accordance with the rASRM classification.5 In
terms of sensitivity and specificity, the diagnostic accuracy of
TVS in predicting stage 3 and 4 endometriosis including pelvic
adhesions, compared to laparoscopy, was reported to be
86 % and 82 %, respectively, for stage 3 and 76 % and 91 %,
respectively, for stage 4 disease.32 Guerriero et al.36 obtained
a sensitivity and specificity of 89 % and 90 %, respectively, for
fixation of the ovaries to the uterus. The real-time preoperative
dynamic transvaginal ultrasound examination of POD
obliteration, using the ‘sliding sign’ technique, seems to be
useful in identifying women who are at increased risk for bowel
endometriosis. Hudelist et al.49 reported that a negative ‘sliding
sign’ on transvaginal sonography predicted DIE of rectum with
a sensitivity of 85 %, specificity of 96 % and an accuracy of
93.1 %. Reid et al.82 demonstrated a sensitivity and specificity
of 83.3 % and 97.1 %, respectively, for prediction of POD
obliteration.49,82 The inter- and intra-observer agreement and
diagnostic accuracy of the TVS ‘sliding sign’ in the prediction
of POD obliteration has been found to be acceptable, ranging
from substantial to almost perfect agreement for observers
who specialise in gynaecological ultrasound.65,81,82

Fig. 2.93 Ultrasound image of bilateral endometriomas with both ovaries
adherent to each other (‘kissing ovaries’) and posteriorly, to the uterus.
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2.6.2.2 Hydrosalpinx
In the presence of pelvic endometriosis, the salpinges
frequently can be involved by disease, which commonly
manifests with adhesions altering the normal tubal course and
occluding the tube, or with foci of DIE affecting the tubal walls.
As a consequence, hydrosalpinx can be observed near the
endometriotic lesion. In case of salpingeal endometriosis, a
typical aspect of dilated Fallopian tube with wall thickening and
incomplete septa is visible with a dense fluid content similar
to that of endometrioma (hematosalpinx).89 In case of tubal
occlusion due to adhesion or DIE involving the distal tubal
portion and the fimbrial extremities, hydrosalpinx is seen with
the typical ‘beads-on-a-string’ sign, defined as hyperechoic
mural nodules measuring about 2–3 mm and seen on the
cross-section of the fluid-filled distended tube.89 Considering
that the presence of hydrosalpinx in infertile patients is an
indication for surgical tubal removal,52 the author emphasizes
the need for a meticulous assessment of the tubal state in
cases of endometrioma or DIE.
Endometriosis affecting ovary and tube, can result in a tuboovarian complex in which the ovaries and tubes are indeed
identified and recognized on ultrasound, however the ovaries
cannot be separated by pushing the tube with the vaginal
probe.31 It rarely occurs, that the normal architecture of one or
both adnexa and tubes is not detectable, with formation of a
conglomerate of endometric cysts in which neither the ovary
nor the tubes can be separately identified by ultrasound.89
2.6.2.3 Deep Infiltrating Endometriosis
Patients with suspected endometriotic disease should
undergo a detailed systematic examination of the pelvis to
evaluate the anatomy of the uterus and the adnexa, both in the
sagittal and horizontal plane, using gentle probe movements
to assess the presence of adhesions. A careful evaluation of
all the painful sites is performed by applying gentle pressure
with the probe (‘tenderness-guided’ ultrasonography).37 The
TVS examination is based on a detailed evaluation of organ
and tissues dividing the pelvis in anterior and posterior
compartments according to the DIE classification of Chapron
and others.19,90
Taking into account that a slightly filled bladder has been
shown to facilitate evaluation of the bladder walls for
detection and delineation of endometriotic nodules, patients
should be asked not to empty their bladder completely before
the ultrasound examination. The transducer is positioned
in the vaginal introitus and slowly withdrawn through the
vagina to allow visualization of the urethra and the rectum.
Subsequently, the transducer is positioned in the anterior
vaginal fornix to visualize the bladder, uterus and cervix, and
finally in the posterior vaginal fornix, which allows to evaluate
the posterior pelvic compartment. Some authors advocate
the use of bowel preparation to eliminate fecal residue and
gas in the rectosigmoid,16,91 however, this is not mandatory. In
a recent meta-analysis, the use of TVS, either with or without
bowel preparation, was found to be an accurate predictor of
rectosigmoid DIE.48 TVS is a highly accurate and reproducible
method for non-invasive diagnosis of DIE when performed by
well-trained staff.40,41

If the need arises, endometriotic nodules of the rectum may
also be evaluated via the transrectal route using the same
transvaginal convex probe. This offers the advantage of
improved visualization of the vagina, recto-vaginal septum
and inferior rectal walls. During transrectal examination, a fluid
contrast medium can be inserted in the vagina to enhance
delineation of the rectovaginal septum (sonovaginography).21
It has been reported that adding water contrast in the rectum
during transvaginal ultrasonography (RWC-TVS) improves
the diagnosis of rectal infiltration in women with rectovaginal
endometriosis.67,91 The method is based on the injection of
saline solution through a catheter into the rectal lumen under
ultrasonographic control.
Three dimensional (3D) transvaginal sonography has been
also proposed for evaluation of posterior locations of DIE
without intestinal involvement in order to improve the
diagnostic accuracy of 2D ultrasonography.42 One research
team reported introital 3D ultrasonography to be an effective
and reproducible method for detecting and delineating
endometriosis in the RVS.43,74 However, there are only few
studies available, which demonstrate that 3D ultrasound is
superior to 2D ultrasound in the detection or characterization
of DIE.
Transabdominal ultrasound does not allow for an adequately
accurate detection of DIE, which is mainly due to bowel gases
diminishing the chances to sufficiently evaluate abdominal
retroperitoneal or small bowel lesions. Only endometriotic
nodules of the abdominal wall can be easily evaluated by
using a high-frequency transabdominal probe.
In the presence of DIE, it is essential to undertake a systematic
evaluation in order to elicit details of anatomical localization,
size and number of DIE nodules, depth of infiltration of the
nodules and the degree to which the bowel lumen appears
to be stenosed. All these aspects are of vital importance in
the planning of surgical procedures, accurate counseling of
patients and proper selection of the members of the surgical
team.
With the aid of transvaginal ultasound, an accurate
assessment should cover the vagina, particularly the areas
of the posterior and lateral vaginal fornices, the retrocervical
area with torus uterinus and uterosacral ligaments, and the
rectovaginal septum. In the presence of endometriotic lesions
on the uterosacral ligaments and homolateral parametria,
special attention should be paid to evaluation of the ureter in
the paracervical tract. In order to assess rectal wall infiltration,
if suspected, transrectal evaluation, using a TVS probe, may
be performed. Particular care should be given to the patient’s
pain sensations in order to carefully evaluate all sites of specific
tenderness noticeable during application of gentle pressure
with the probe (‘tenderness-guided’ ultrasonography).37
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2.6.3 Ultrasonographic Mapping for Pelvic DIE
2.6.3.1 DIE of Anterior Compartment (Bladder)
Bladder: Patients are invited not to empty the bladder
completely before the TVS scan. A slightly filled bladder
facilitates evaluation of the structural pattern of the walls and
the detection of endometriotic nodules.29 Nodules appear as
hypoechoic linear or circular lesions with or without cystic
areas and regular/irregular margins of the bladder wall,
bulging into the lumen, involving the serosa, muscularis (most
common) or (sub)mucosa of the bladder.8,34,37,47,86
For assessment of DIE of the bladder, the condition is classified
according to the area of the bladder wall involved by disease:
The trigonal zone or vesical base.
The vesical dome (lying superior to the trigone, at an intraabdominal location).
 The anterior retro-peritoneal bladder.


On TVS, the trigone appears as bright thickening of the
bladder wall, noticeable within 3 cm of the urethral opening,
laterally delimited by the two ureteral orifices (Figs. 2.94, 2.95).
Most frequently, bladder endometriosis is located in the vesical
dome on the posterior bladder wall close to the vesico-uterine
pouch. The dimensions of the nodule should be recorded as
well as the distance between the nodule and the ureters and
the trigone.
Evaluation of bladder adhesions of the vescico-uterine
pouch must include the presence / absence of the ‘sliding
sign’ between uterus and bladder. Bladder endometriosis is
considered only in cases where the disease has infiltrated
the bladder wall, but not in the presence of adhesions or
superficial peritoneal implants on the bladder serosa.



Fig. 2.94a,b Schematic drawing of the
bladder showing the three bladder zones:
trigone (green), vesical dome (yellow)
and retro-peritoneal bladder (blue) (a).
Transvaginal ultrasound scan of the bladder
showing the three bladder zones: urethra (u),
trigone (green), vesical dome (yellow) and
retroperitoneal bladder (blue) (b).
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Fig. 2.95a–d Ultrasound image of an
endometriotic bladder nodule. The slightly
filled bladder allows to visualize the irregular
margins of the hyperechoic lesion bulging into
the lumen of the bladder, infiltrating the wall
of the bladder dome. The nodule is attached to
the uterine anterior wall (a). The same bladder
lesion is evaluated by power Doppler showing
only few vessels inside the lesion (b). The
distance from the trigone (T) can be evaluated
(c). The 3D evaluation shows an irregular
surface without infiltration of the mucosa (d).
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2.6.3.2 DIE of the Lateral Compartment
Parametria: In case of endometriotic lesions involving the
uterosacral ligament, special attention must be paid to the
parametrium and to the pelvic portion of the ureter, particularly
in the paracervical area. The parametria are examined lateral
to the uterine cervix, at first on the sagittal plane, with the
probe moving from a lateral site, where the parametrium is
attached to the cervix, to the bifurcation of uterine vessels,
to the lateral pelvic wall and then, on transverse plane,
scanning from the uterine isthmus to the external cervical os.
Parametrial involvement is seen as an infiltrating hypoechoic
irregular tissue, which can be medially distinguished from
the cervical vascular plexuses with the aid of color or power
Doppler.
Ureter: Endometriosis of the ureter usually arises by extension
from pelvic foci and ovarian endometriosis.34 The prevalence
of ureteral endometriosis ranges from 0.01 % to 1 % of all
patients affected by the disease and most often involves
the distal segment of the ureter.64 There are two types of
endometriotic involvement of ureters:
Extrinsic involvement accounts for 75–80 % of cases and
is defined as the presence of endometrial tissue in the
outer adventitia of the ureter, which manifests as a nodule
encasing the ureter by extension from pelvic foci;
 Intrinsic involvement accounts for 20–25 % of cases and
is defined as the presence of endometrial tissue in the
mucosal and/or muscular layer of the ureter. Ultrasound
imaging signs are nodular lesions or a mass seen along the
course of the ureter, dilatation of the pelvic ureteral tract or
ureteropelvic hydronephrosis superior to the suspected
lesion.


Extrinsic ureteral compression is treated by ureterolysis
whereas segmental resection and re-anastomosis is indicated
in cases of intrinsic localization of the disease. Therefore, an
accurate evaluation of the urinary tract, often complemented
by computed tomography or MRI urography, is needed
in those cases where TVS raises the suspicion of ureteral
involvement.

a

Pelvic ureteral dilation is readily detectable on transvaginal
ultrasound as a tubular anechoic pattern with or without
movements in the parametrial tissue, very similar to those of a
blood vessel, but with negative color / power Doppler signs. In
cases of extrinsic compression without stenosis of the ureter,
it can be difficult to establish a diagnosis merely on the basis of
TVS. The distal portion of the ureter can be identified adjacent
to the bladder trigone, and followed laterally to the cervix, to
the pelvic brim and to the level where it crosses the common
iliac vessels76 (Fig. 2.96). An extrinsic compression, also without
ureteral dilatation, can be suspected in those cases where a
DIE lesion is located close to the ureter.
In all women with DIE, a transabdominal ultrasound scan of
the kidney to search for ureteral stenosis is required, taking
into account that the prevalence of endometriotic lesions in
the urinary tract may be underestimated and women with DIE
involving the ureter may be asymptomatic.15,55,80
2.6.3.3 DIE of the Posterior Compartment
Vagina: DIE of the vagina is seen as a nodular thickening
of the vaginal wall that does not become thinner with probe
compression. The nodule may be hypoechoic, homogeneous
or inhomogeneous with or without cystic areas and there
may also be some signs of vascularization on power Doppler,
more than those of a nodule viewed at another site. More
frequently, lesions are localized in the posterior vaginal fornix
and, owing to the compression caused by the probe, they can
be misdiagnosed. The injection of saline solution in the vagina
(sonovaginography) has proven to facilitate visualization of
these lesions.12 Improved detection of DIE of the posterior
vagina may also be achieved by increasing the amount of
ultrasonographic gel inside the probe’s cover, resulting in
enhanced visualization of vaginal walls as well as posterior and
anterior fornix.38 The low accuracy of transvaginal sonography
in detecting vaginal endometriosis reported in published
studies,50,88 allows to conclude that a digital gynaecological
examination should rather be performed than transvaginal
sonography (Figs. 2.97, 2.98).

b

Fig. 2.96a, b Ultrasound image of a normal ureter seen by transvaginal ultrasound (yellow dots).
Intramural part (a). Pelvic segment (b).
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Recto-vaginal septum (RVS): The rectovaginal space is the
anatomical layer between the posterior vagina and anterior
rectum.30 The roof of this layer is formed by the peritoneum
of the pouch of Douglas whereas the inferior boundary is at
the level of the perineum. On ultrasound, in case of DIE of the
RVS, lesions manifest with hypoechoic instead of hyperechoic
appearance of this layer. Considering that the RVS is very thin,
a solitary DIE nodule at this anatomical site is of very rare
occurrence, whereas DIE of the vagina and lower tract of the
rectum is seen more frequently. Occasionally, sonographic
identification of the peritoneum of the pouch of Douglas can
be difficult, which is particularly true in case of adhesions
and coexistent DIE. As a result, the exact site of DIE between
rectum and vagina may not always be determined. Various
sonographic landmarks have been proposed to improve
identification of the upper roof of the RVS (below the inferior
boundary of the posterior cervical lip in mid-sagittal plane
or below a plane that passes through the USL). Indeed, for
the purpose of preoperative mapping of DIE, it may simply
suffice to note that the lesion is located below the peritoneum
between vagina and rectum. In general, DIE of the RVS has
been described as endometriotic lesions that mainly invade
the RVS with potential extension to the rectum and/or to the
posterior vaginal fornix.
Uterosacral ligaments (USL): Normal USLs are usually not
visible on ultrasound. Deeply infiltrating lesions of the USL
can be seen in the longitudinal view of the uterus at the site
of insertion on the postero-lateral cervical wall, appearing as
a nodule with regular or stellate margins or in the form of a
hypoechoic linear thickening. On transverse cervical section,
these hypoechoic nodules can be visualized in the posterolateral part of the cervix, disrupting the hyperchoic appearance
of the external cervical fascia. Deeply infiltrating lesions of the
USL are visualized best by placing the transvaginal probe in
the posterior vaginal fornix in the midline in sagittal plane and
then sweeping the probe infero-laterally to the cervix (Fig. 2.99).

Fig. 2.97 Transvaginal ultrasound appearance of an isolated nodule of
DIE in the rectal vaginal septum and posterior vaginal fornix. Note the
signs of fluid in the pouch of Douglas, not infiltrated by DIE.

Fig. 2.98 Transvaginal ultrasound appearance of an isolated DIE nodule
of the vaginal wall in the posterior fornix. Note the signs of fluid in the
pouch of Douglas, not infiltrated by DIE.

Lesions of the USLs can be localized or can be part of
a larger nodule extending into the vagina or into other
surrounding structures. The thickness of a ‘thickened’ USL
can be measured at the insertion of the ligament on the cervix
provided that the ligament can be clearly distinguished from
adjacent structures. In some cases, a deeply infiltrating lesion
involving the USL is located at the torus uterinum. If this is the
case, it is seen as a central thickening of the retrocervical area
between both USLs.8,29,30
Fig. 2.99 Transvaginal ultrasound appearance of a nodule of DIE of the
uterosacral ligament.
Note the hypoechoic tissue beyond the cervix at the level of the internal
cervical os.
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Rectum and recto-sigmoid junction: The rectum and
the recto-sigmoid segment is a predilection area of bowel
involvement accounting for 70–88 % of cases of bowel
endometriosis, followed by the sigmoid colon, rectum,
ileum, appendix and cecum. Endometrial glands and stroma
are found to invade the bowel growing from the serosa into
the muscularis propria and become surrounded by smooth
muscle hyperplasia and fibrosis, which can produce mural
thickening and stenosis, but rarely involves the submucosa or
mucosa.57 Deep nodes appear as hypoechoic lesions, linear
or nodular retroperitoneal thickening with irregular borders,
and with sparse vessels at power Doppler evaluation,1,8,29,30,77
on which nodules appear as irregular hypoechoic mass
penetrating into the intestinal wall and distorting its normal
structure (Fig. 2.100).
At transvaginal sonography, the normal rectal wall layers are
seen: the rectal serosa and smooth muscle layer appear as a
thin, hypoechoic line covered by the rectal submucosa and
mucosa which is visualized as a hyperechoic rim covering the
rectal smooth muscle layer.51 With respect to the posterior
uterine wall, intestinal nodules located below the peritoneum
of the pouch of Douglas (or at the level of the insertion of
the USLs on the cervix, in case the POD is obliterated) are
defined as low rectal lesions, while the ones above this level

are termed upper rectal or recto-sigmoid junction lesions. The
virtual plane of reference runs beneath the peritoneum of the
pouch of Douglas and reaches laterally to the parametria and
medially to the recto-vaginal septum4 (Fig. 2.101). The diameter
(longitudinal, transversal and antero-posterior) of each lesion
should be noted, even if its irregular margin may not allow for
an adequately accurate measurement.
The most inferior site of the nodule should be determined on
the bowel wall, because surgical removal of low rectal lesions
by shaving or segmental resection can be more difficult,
and apart from that, is associated with a high complication
rate.57 The distance from the anus can be assessed by
transrectal sonography, positioning the tip of the probe on the
endometriotic lesion and evaluating the distance from the anal
opening on the outside of the body to the tip of the probe.
Sonographic evaluation should also include the number of
lesions detected on the bowel. Multifocal lesions are defined
as deep lesions located within a circumference of 2 cm
from the main lesions, or as multiple endometriotic lesions
involving the same area. Multicentric involvement is defined
as a satellite deep nodule visible at more than 2 cm from the
main lesions or as endometriotic lesions infiltrating several
digestive segments2,9,18 (Fig. 2.102).

Fig. 2.100a–d Ultrasound appearance of
four different nodules of deep infiltrating
endometriosis of the rectum. Note the
hypoechoic tissue infiltrating the muscular
layer of the bowel, exhibiting irregular margins
and bizarre forms.

a

b

c

d
Fig. 2.101 a, b Transvaginal ultrasound
appearance of DIE nodule in the cranial rectum
(recto-sigmoid) (a) and in the lower rectum (b).
The nodule is located above the level where
the uterosacral ligaments are inserted on the
cervix and appears to be in the upper rectum
or recto-sigmoid (a). The nodule is located
below the peritoneum of the pouch of Douglas,
exhibiting signs of fluid accumulation (b).

a

b
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2.6.4 Adenomyosis

Fig. 2.102 Transvaginal ultrasound appearance of DIE nodule of the
recto-sigmoid. Note the multifocal lesions.

Transvaginal sonography was shown to have a low accuracy
in diagnosing infiltration of the mucosal layer.57 Likewise,
transrectal ultrasound – which is a valuable tool for detecting
rectal endometriosis, considering that infiltration of the
muscularis layer can be predicted accurately – is less accurate
in assessing involvement of the submucosal/mucosal
layer.77,85 Therefore, transvaginal and transrectal sonography
is not helpful in the decision-making on segmental or discoid
resection of the lesion. Accordingly, this question should be
dealt with as determined by the patient’s symptoms, while
also taking into account the diameter of infiltrated tissue
and the degree of lumen stenosis. It has been reported that
adding water contrast in the rectum during transvaginal
ultrasonography (RWC-TVS) improves the diagnosis of rectal
infiltration in women with rectovaginal endometriosis.67,91
RWC-TVS has been shown to reveal more accurately than
TVS alone, the presence of rectovaginal nodules infiltrating the
rectal muscularis propria.91 The use of RWC-TVS is indicated
when transvaginal sonography cannot reliably exclude the
presence of rectal infiltration. In case of suspected bowel
stenosis, based on symptoms and on TVS findings, a barium
enema may be useful to determine the need for segmental
resection.
Pouch of Douglas (POD) obliteration: This type of
obliteration is assessed using the ‘sliding sign’ by applying
gentle pressure with the transvaginal probe to the cervix in
order to evaluate whether the anterior rectum is gliding freely
across the posterior aspect of the cervix, or by placing the left
hand over the patient’s lower anterior abdominal wall, balloting
the uterus between the palpating hand and the transvaginal
probe to check on whether the recto-sigmoid is gliding freely
over the posterior aspect of the upper uterus / fundus.81,82

Adenomyosis is a common gynecologic disease
characterized by migration of endometrial glands and stroma
from the basal layer of endometrium into the myometrium,
and is associated with smooth muscle hyperplasia, which
on ultrasound presents with ill-defined lesions noticeable
within the myometrium. Adenomyosis can be regarded as a
disease of the junctional zone (JZ), where the endometrialmyometrial barrier is disrupted, allowing endometrial tissue
to infiltrate the myometrium.62 Migration of endometrial tissue
into the JZ is accompanied by hyperplasia and hypertrophy of
myocytes surrounding heterotopic endometrial tissue. There
is considerable individual variation in the degree of myometrial
invasion and the proportion to which endometrial glandular
structures, endometrial stroma and hypertrophic muscle
elements are found within and around adenomyotic foci.92
Adenomyosis may be localized or present at multiple sites
within the uterine wall, or can involve most of the myometrium
and is often dispersed within the myometrium rather than
forming a confined lesion (‘diffuse adenomyosis’). On the other
hand, the unilocular form of adenomyosis, noticeable in one
part of the myometrium only, is called ‘focal adenomyosis’.
Adenomyoma can be defined as focal adenomyosis with
additional compensatory hypertrophy of the surrounding
myometrium. In rare instances, the condition may also present
as a large cyst (‘adenomyotic cyst’ or ‘cystic adenomyoma’).
Detection methods for adenomyosis remain a diagnostic
challenge. TVS, along with MRI has been shown to
demonstrate high levels of accuracy in the preoperative
diagnosis of adenomyosis.24 Several studies have provided
evidence that sensitivity and specificity of 2D (two dimensional)
TVS in diagnosing adenomyosis are comparable to MRI
and / or histology, ranging from 75 %–88 % and 67 %–93 %
respectively.6,17,25,26,83 Conversely, in comparison to MRI,
transvaginal ultrasound is tolerated well by patients, it is
repeatable and inexpensive, and has the advantage of wide
availability.
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2.6.4.1 2D Transvaginal Sonographic Features of Adenomyosis
Continual advancements have been made in improving the
resolution of transvaginal ultrasound, which allows for a more
detailed assessment of uterine architecture. As a result, this
has facilitated the visualization of specific ultrasound features
of myometrial adenomyosis, which in the past were not
detectable when using older equipment.
According to several studies,6,13,24,53,83,84,92 the 2D-TVS
features described below were found to be associated with
adenomyosis (Table 2.10):














Globally enlarged uterus: the fundus of the uterus appears
enlarged (Fig. 2.103).
Asymmetrically enlarged uterus (e.g., anterior wall thicker
than posterior wall or vice versa) unrelated to leiomyoma
(Figs. 2.103, 2.104).
Round cystic area within the myometrium (Figs. 2.105,
2.106).
Inhomogeneous, irregular myometrial echotexture in an
ill-defined myometrial area with decreased or increased
echogenicity; hyperechoic islands, subendometrial lines
and buds (Fig. 2.107).
Myometrial hypoechoic linear striations seen as a
radiating pattern of thin acoustic shadows not arising from
echogenic foci or leiomyoma (fan-shaped shadowing).
Indistinct, fuzzy endometrial-myometrial junction (illdefined endometrial stripe).
Presence of diffuse minimal vascularity seen as a
diffuse spread of small vessels which do not present the
normal course of arcuate and radial arteries inside the
myometrium.
‘Question mark’ sign22 can be detected when the uterine
corpus is retroflexed, while the uterine fundus faces the
posterior pelvic compartment and the cervix is directed
frontally towards the urinary bladder (Fig. 2.108).

Summary of Ultrasound Features Associated with Histological Diagnosis of Different Types of Adenomyosis
2D US Features Diffuse Adenomyosis
Focal Adenomyosis
Adenomyoma
Serosal contour Often globally enlarged uterus
Often regular
Lobulated or regular
of the uterus
Definition of
May be well-defined
Ill-defined
Ill-defined or well-defined in case of cystic
lesions
lesion
Myometrial anterior-posterior asymmetry
Often symmetric
Asymmetrical in presence of wellSymmetry of
defined lesion
uterine walls
Outline
Ill-defined
Ill-defined
Ill-defined
Shape
Ill-defined
Ill-defined, oval appearance in case of cystic Round, oval, lobulated
lesions
Contour
Ill-defined
Irregular or ill-defined
Irregular or ill-defined
Rim may be present, hypo- or hyperRim
No rim
No rim,
Hyperechoic appearance in case of cystic
echoic
lesions
Shadowing
No edge shadows;
No edge shadows;
Edge shadows may be present;
Fan-shaped shadowing;
Rarely fan-shaped shadowing, or linear
Internal often fan-shaped shadowing
Linear hypoechoic striation
hypoechoic striation
Focal, often solitary presence of intra
Focal, lobulated presence in hyper-,
Echogenicity
Heterogenous, diffuse presence of intra
myometrial small areas of :
iso-, hypoechoic intramyometrial
myometrial diffuse areas of:
lobulated areas of:
 mixed echogenicity,
 mixed echogenicity,
 cyst,
 cyst,
 cyst ,
 hyperechoic islands,
 hyperechoic islands,
 hyperechoic islands
 subendometrial echogenic lines or buds
 subendometrial echogenic lines or buds
Vascularity
Translesional flow;
Diffuse minimal sporadic vessels
Translesional flow;
Diffuse, minimal or few vessels
Diffuse vessels,
Rarely circumferential flow
Endometrial rim Irregular or ill-defined;
Often regular or indented by subendometrial Often regular or distorted by the
Distorted or indented
focal lesion
lobulated lesion
Table 2.10 Summary of ultrasound features associated with histological diagnosis of different types of adenomyosis.
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Fig. 2.103a, b Ultrasound images of an uterus with adenomyosis. Gray scale image showing a globally enlarged uterus unrelated to leiomyoma,
with irregular myometrial echotexture, with hyperechoic irregular myometrial areas, and small anechoic areas. Note the ill-defined endometrial stripe
(a). The power Doppler image shows diffusely spread vessels without a circular flow along a capsule, typical for leiomyoma (b).

Fig. 2.104 Ultrasound image of an uterus with adenomyosis showing
asymmetrical thickening. The posterior uterine wall is thicker than the
anterior part and shows inhomogeneous, irregular myometrial echotexture
due to hyperechoic and small cystic anechoic areas.

Fig. 2.105 Ultrasound image of uterus with focal adenomyosis.
Note the round cystic anechoic areas in the myometrium and hypoechoic
linear striation.

b

a

c

d

Fig. 2.106a, b Ultrasound images of uterus with focal cystic adenomyosis of the anterior wall (a–d).
2D gray scale image showing a cystic anechoic area in the myometrium of the anterior wall (a).
3D multiplanar view of the same patient (b–d). Transverse and coronal sections of the uterus are shown on (b) and (c), a longitudinal section is shown
on (d). The thickened junctional zone appears as a hypoechoic zone surrounding the endometrium. The junctional zone appears irregular, thicker than
normal and infiltrated by adenomyosis at the fundus.
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Fig. 2.107 Ultrasound image of uterus. Note the hyperechoic buds in the
myometrium below the endometrium.

a

Fig. 2.108 Ultrasound image of uterus with adenomyosis exhibiting the
typical ‘question mark’ sign.

b

Fig. 2.109a, b Ultrasound images of a retroverted uterus with posterior cystic adenomyoma. Gray scale image (a) showing inhomogeneous,
irregular myometrial echotexture with cystic areas. Power Doppler image (b) showing more circular vessels in the hypertrophic myometrium
surrounding the cystic areas.

Myometrial involvement of adenomyosis typically manifests
with the following major phenotypes (Table 2.10):
A tentative diagnosis of focal or localized adenomyosis
can be made in the presence of solitary findings detected
only in one part of the myometrium, or at single / multiple
sites within the uterine wall forming a circumscribed lesion
that assumes less than 50 % of the total uterine volume
(Fig. 2.105).
 Diffuse adenomyosis should be suspected if most part of
the myometrium, i.e., at least 50 % or more of the volume
of the entire corpus is involved (Figs. 2.103, 2.104).
 An adenomyoma is typically characterized by a focal
area of increased density of endometrial glands and / or
endometrial stroma located within the myometrium with
additional compensatory hypertrophy of the surrounding
myometrium (Fig. 2.109).


It is often difficult to draw a clear distinction between
adenomyoma and focal adenomyosis (Table 2.10). Compared
to both localized and diffuse adenomyosis, adenomyomas
are relatively uncommon.6,14,33,83 A rare cystic form of
adenomyoma may be seen in the younger age group.14

Power Doppler can be used to distinguish myometrial cysts
from blood vessels and to tell apart leiomyomas from focal
adenomyosis (Fig. 2.103). Uterine leiomyomas manifest with
a circular flow noticeable along the myoma capsule, while
localized adenomyosis and adenomyomas are characterized
by diffusely spread vessels inside the lesions (Fig. 2.109). In the
diagnosis of diffuse adenomyosis, Reinhold and colleagues83
reported that 2D ultrasound has a sensitivity of 80–86 %,
specificity of 50–96 %, and overall accuracy of 68–86 %.
However, 2D ultrasound can yield equivocal results in the case
of focal adenomyosis, with or without concomitant fibroids.6,24
In a meta-analysis comprising 14 trials and 1.985 participants,
Meredith et al. reported the sensitivity and specificity of
ultrasound in the diagnosis of adenomyosis to be as high as
82.5 and 84.6 %, respectively.66
Most commonly, definitive diagnosis of adenomyosis is
made by histological examination of an uterus specimen
obtained through hysterectomy. The majority of past studies
investigating the diagnostic accuracy of 2D-TVS in the
identification of adenomyosis, are based on patient cohorts
of women who underwent hysterectomy.10,24,66 The cohorts
were mainly composed of women with severe symptoms,
who were more likely to have adenomyosis than the general
population, which is why it can be suggested that prevalence
of adenomyosis in these studies was overestimated.
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Summary of Features of the Junctional Zone (JZ) in the Presence of Adenomyosis
Features of the JZ

Adenomyosis

JZ Thickness



Thickened
– Maximum JZ thickness (JZ max) > 6 – 8 in mm;
– Ratio of JZ (JZ max / total myometrial wall thickness) ≥ 50 %;
– Difference (JZmax) – (JZmin) = JZdif. ≥ 4 mm

JZ Regularity




Irregular or ill-defined;
Distorted

JZ Boundary




Interrupted;
Infiltration of the JZ by hyperechoic endometrial tissue

Table 2.11 Summary of features of the junctional zone (JZ) – detected on 3D-TVS – and correlated with a diagnosis of adenomyosis.

Furthermore, 2D transvaginal sonographic findings are more
likely to be detected in advanced stages of the disease, and
most of the studies investigating the validity of TVS in the
diagnosis of adenomyosis, are based on at least one or three
of the ultrasound features described above.23,28,61,68–70,78 The
presence of only one of the typical TVS features of adenomyosis
may actually give rise to some concern, especially in young
women. The presence of ultrasound features suggestive of
adenomyosis has been reported in 20–22 % of young women,
who did not undergo hysterectomy. However, the number of
features included in the diagnosis, the mean age of patient
cohorts included in the study, and the presence / absence of
symptoms and pelvic endometriosis are often variable, which
is why the incidence of adenomyosis cannot be compared.

2.6.4.2 3D Transvaginal Sonographic Features of Adenomyosis
Even though the junctional zone (JZ) can be visualized on 2D
ultrasound, acquisition of a 3D-volume offers the advantage
of a more complete assessment in the sagittal, transverse
and coronal plane, which is demonstrated in a standardized
multi-planar view.28,71,92 3D transvaginal sonographic signs of
adenomyosis are used to evaluate the junctional zone on the
acquired uterine volume in order to specifically investigate the
coronal view. On coronal view, the junctional zone appears as
hypoechoic zone around the endometrium. Using a volume
contrast imaging (VCI) modality with 2–4 mm slices, the JZ
is more clearly noticeable using all planes of the multiplanar
view, including the longitudinal and transverse uterine section
where the anterior and posterior JZ can be evaluated.28,70,92

A correlation between ultrasound findings suggestive of
adenomyosis and symptoms like menometrorrhagia or
dysmenorrhea, infertility and multiparity has been shown
in the literature.7,68,68,70,87,93 Taking into account the number
of various morphological features detected in an individual
woman, it has been proposed that these may be used as an
indirect measure for the severity of disease.68–70

The JZ may be regular, irregular, interrupted, not visible, and
not amenable to evaluation or it may manifest with more than
one feature (e.g., irregular and interrupted). Any irregularity in
the JZ should be noted (e.g., cystic areas, hyperechoic dots,
hyperechoic buds and lines) for each location of the uterus
(anterior, posterior, lateral left, lateral right, fundus)28,70,92
(Table 2.11) (Fig. 2.110).

Adenomyosis, also seems to be associated with
endometriosis.23,59,61,62,70 The special value that accrues from
a confirmed diagnosis of adenomyosis, lies in the opportunity
to evaluate how many of these women are likely to have
adenomyosis contributing to their pain symptoms as well as
to any other form of pelvic endometriosis. A strong association
was found between adenomyosis diagnosed by transvaginal
ultrasound and concomitant presence of endometriosis, with
an incidence of adenomyosis ranging between 48–50 % in
patients affected by DIE.23,61
2D transvaginal sonography has reached a high level of
accuracy and many authors have reported a high level of
conformity between sonographic diagnosis of adenomyosis
and histological findings. A recent review24 concluded that TVS
should be the primary tool in the diagnosis of adenomyosis,
with MRI being used when TVS is inconclusive or in cases of
large fibroids.

Fig. 2.110 Coronal section of an uterus obtained using three-
dimensional ultrasound. Note the diffusely thickened junctional zone.
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In an attempt to prevent a biased or subjective morphological
evaluation of the junctional zone – as in terms of ‘irregularity’
and ‘infiltration’ – the use of objective parameters for the
measurement of JZ thickness, which is commonly used
by radiologists on MRI, has also been proposed for the
assessment of the 3D-TVS appearance of the junctional
zone.28,30,63 The JZ and the total myometrial wall thickness
can be measured perpendicular to the endometrium on the
same section through the uterus. The maximum thickness of
the junctional zone (JZmax) is measured at the area where the
JZ appears to be at its thickest (Fig. 2.110), and the minimum
thickness JZmin is measured where it appears to be at its
thinnest, after evaluation of the total three-dimensional volume
of the uterus. The magnitude of a JZ irregularity is expressed
as the difference between the maximal and minimal JZ
thickness: (JZmax) – (JZmin) = JZdif. The extent of JZ irregularity
is defined as the subjective estimation of the percentage
of the JZ that shows an irregular appearance (< 50 % or >
50 %).28,63,92 Detailed morphological measurement of the JZ
is currently relevant only in the context of research protocols.
Interruption of the JZ may be caused by focal infiltration of the
JZ by endometrial tissue, but contractions and changes within
the JZ may also give rise to apparent JZ irregularities or may
have an effect on JZ thickness. The extent of interruption is
recorded as a subjective estimation of the percentage of the
JZ that is affected (< 50 % or > 50 %)92 (Figs. 2.106, 2.111).

a

c

e

When comparing transvaginal sonographic features
with outcomes of histology of the uterus specimen after
hysterectomy, it was shown that junctional zone thickness –
(JZmax = 6–8mm and [JZmax] – [JZmin] = 4 mm) – demonstrated
a more significant correlation with adenomyosis than that of
other 2D-TVS features.28,63 Apart from that, the subjective
evaluation of ‘infiltration’ and ‘interruption’ caused by
endometrial tissue in the junctional zone, is an accurate tool
for the diagnosis of adenomyosis.28,63,71
Thickening and interrupted appearance of the junctional
zone are a typical feature that is strongly associated with
uterine adenomyosis.28,63,71,92 The junctional zone, if altered, is
correlated to adenomyosis, and seems to be involved in the
pathogenetic process that leads to the development of pelvic
endometriosis.11,59,60,62
With the use of 3-D ultrasound, adenomyosis, junctional zone
hyperplasia and adenomyotic cysts can now be detected in
younger patients during their reproductive years.35 The use
of 3-D vaginal ultrasound for the diagnosis of junctional zone
abnormality or adenomyotic pathology has been extensively
described by Exacoustos et al. 28,30,63 and can now be
implemented in patients seeking fertility treatment. As there is
a distinct trend for women to put off giving birth to a child until
some later time in their reproductive years, we can expect an
increasing incidence of adenomyotic pathology in patients
with fertility problems.93

b

d

Fig. 2.111a–e Ultrasound image of the uterus with adenomyosis (a–e).
The 2D-gray scale longitudinal section (a) shows asymmetrical thickening
of the uterine wall, a diffuse inhomogeneous, irregular myometrial
echotexture, and the presence of small hyperechoic areas and linear
striation. The power Doppler image (b) shows diffusely spread vessels
without a circular flow along a capsule, typical for leiomyoma. Shown is
the 3D multiplanar view (c–e) of the same case. On coronal section (e),
the junctional zone is irregular, ill-defined and completely infiltrated by
adenomyosis.
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2.6.5 Conclusions
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diagnosis and management of the disease. Careful evaluation
of findings obtained through clinical and diagnostic imaging
modalities offers the opportunity

1. Abrao MS, Goncalves MO, Dias JA JR, Podgaec S,
Chamie LP, Blasbalg R. Comparison between clinical
examination, transvaginal sonography and magnetic resonance
imaging for the diagnosis of deep endometriosis.
Hum Reprod 2007;22(12):3092–7. doi:10.1093/humrep/dem187.

to choose the best medical or surgical approach,
to decide whether there is need to draw on the knowledge
and skills of additional surgical specialists other than
a gynaecologic surgeon (e.g. colorectal surgeon or
urologist),
 to establish a sophisticated management plan tailored to
the patient’s individual condition, and
 to properly inform patients on the extent of disease and
the therapeutic options currently available.



The reported diagnostic accuracy of the sonographic detection
of DIE varies between different studies, which may be due to
variation in the examination technique, quality of ultrasound
equipment and experience of operators. The prevalence of
disease is also variable in different studies, which may bias
the findings.
These days, 2D TVS has reached a high level of accuracy and
a clear clinicopathological correlation between sonographic
diagnosis of adenomyosis and histological findings has been
demonstrated. In this context, it is suggested that the number
of various morphological features observed in an individual
be used as an indirect measure of the severity of disease. 3D
ultrasound evaluation of the junctional zone and its alterations
seems to be of paramount importance, especially in patients
with suspected pelvic endometriosis and adenomyosis.
The correlation of more than two 2D-3D ultrasound features
of adenomyosis with symptoms (menometrorrhagia
dysmenorrhea, dyspareunia, abnormal uterine bleeding),
multiparity and endometriosis has been demonstrated. Further
studies need to be conducted in young and asymptomatic or
infertile patients diagnosed with only a few 2D/3D ultrasound
features suggestive of adenomyosis.

2. Abrao MS, Petraglia F, Falcone T, Keckstein J, Osuga Y,
Chapron C. Deep endometriosis infiltrating the recto-sigmoid:
critical factors to consider before management. Hum Reprod
Update 2015;21(3):329–39. doi:10.1093/humupd/dmv003.
3. Adamson GD. Endometriosis classification: an update.
Curr Opin Obstet Gynecol 2011;23(4):213–20.
doi:10.1097/GCO.0b013e328348a3ba.
4. Alabiso G, Alio L, Arena S, Di Prun AB, Bergamini V,
Berlanda N et al. How to Manage Bowel Endometriosis: The
ETIC Approach. J Minim Invasive Gynecol 2015;22(4):517–29.
doi:10.1016/j.jmig.2015.01.021.
5. American Fertility Society. Revised American Fertility
Society classification of endometriosis: 1985.
Fertil Steril 1985;43(3):351–2.
6.	Bazot M, Cortez A, Darai E, Rouger J, Chopier J,
Antoine JM et al. Ultrasonography compared with magnetic
resonance imaging for the diagnosis of adenomyosis: correlation
with histopathology. Hum Reprod 2001;16(11):2427–33.
7.	Bazot M, Darai E, Rouger J, Detchev R, Cortez A,
Uzan S. Limitations of transvaginal sonography for the diagnosis
of adenomyosis, with histopathological correlation.
Ultrasound Obstet Gynecol 2002;20(6):605–11.
doi:10.1046/j.1469-0705.2002.00852.x.
8.	Bazot M, Thomassin I, Hourani R, Cortez A, Darai E.
Diagnostic accuracy of transvaginal sonography for deep pelvic
endometriosis. Ultrasound Obstet Gynecol 2004;24(2):180–5.
doi:10.1002/uog.1108.
9.	Belghiti J, Thomassin-Naggara I, Zacharopoulou C,
Zilberman S, Jarboui L, Bazot M et al. Contribution of
Computed Tomography Enema and Magnetic Resonance
Imaging to Diagnose Multifocal and Multicentric Bowel Lesions in
Patients With Colorectal Endometriosis. J Minim Invasive Gynecol
2015;22(5):776–84. doi:10.1016/j.jmig.2015.02.019.
10.	Benagiano G, Brosens I. History of adenomyosis.
Best Pract Res Clin Obstet Gynaecol 2006;20(4):449–63.
doi:10.1016/j.bpobgyn.2006.01.007.
11.	Benagiano G, Habiba M, Brosens I. The pathophysiology
of uterine adenomyosis: an update. Fertil Steril 2012;98(3):572–9.
doi:10.1016/j.fertnstert.2012.06.044.
12.	Bignardi T, Condous G. Sonorectovaginography: a new
sonographic technique for imaging of the posterior compartment of
the pelvis. J Ultrasound Med 2008;27(10):1479–83.

Despite the high level of sensitivity and specificity of TVS
in the prediction of DIE and adenomyosis, TVS-based
diagnostic assessment of these conditions is a challenging
task and requires a great deal of expertise. When carried out
by experienced sonographers, the use of TVS for detection of
DIE and adenomyosis is a highly valuable option.8,29,40,41,47,48

13.	Bromley B, Shipp TD, Benacerraf B. Adenomyosis:
sonographic findings and diagnostic accuracy.
J Ultrasound Med 2000;19(8):529-34; quiz 535-6.

In the time waiting for a new classification and staging
scheme for endometriosis that considers all manifestations of
the disease in terms of site and pelvic extension, an accurate
mapping system for use in diagnostic imaging procedures
should be used to evaluate each endometriotic lesion
according to anatomical localization. In the end, this should
be aimed at improving the management, medical or surgical
treatment and counselling of patients.

15. Carmignani L, Vercellini P, Spinelli M, Fontana E,
Frontino G, Fedele L. Pelvic endometriosis and
hydroureteronephrosis. Fertil Steril 2010;93(6):1741–4.
doi:10.1016/j.fertnstert.2008.12.038.

14.	Brosens I, Gordts S, Habiba M, Benagiano G. Uterine
Cystic Adenomyosis: A Disease of Younger Women. J Pediatr
Adolesc Gynecol 2015;28(6):420–6.
doi:10.1016/j.jpag.2014.05.008.

16. Chamie LP, Pereira RM, Zanatta A, Serafini PC.
Transvaginal US after bowel preparation for deeply infiltrating
endometriosis: protocol, imaging appearances, and laparoscopic
correlation. Radiographics 2010;30(5):1235–49.
doi:10.1148/rg.305095221.

175

176

Endometriosis – A Concise Practical Guide to Current Diagnosis and Treatment

17. Champaneria R, Abedin P, Daniels J, Balogun M,
Khan KS. Ultrasound scan and magnetic resonance imaging for
the diagnosis of adenomyosis: systematic review comparing test
accuracy. Acta Obstet Gynecol Scand 2010;89(11):1374–84.
doi:10.3109/00016349.2010.512061.
18. Chapron C, Chopin N, Borghese B, Foulot H,
Dousset B, Vacher-Lavenu MC et al. Deeply infiltrating
endometriosis: pathogenetic implications of the anatomical
distribution. Hum Reprod 2006;21(7):1839–45.
doi:10.1093/humrep/del079.
19. Chapron C, Fauconnier A, Vieira M, Barakat H,
Dousset B, Pansini V et al. Anatomical distribution of deeply
infiltrating endometriosis: surgical implications and proposition for
a classification. Hum Reprod 2003;18(1):157–61.
20. Chapron C, Pietin-Vialle C, Borghese B, Davy C,
Foulot H, Chopin N. Associated ovarian endometrioma is a
marker for greater severity of deeply infiltrating endometriosis.
Fertil Steril 2009;92(2):453–7. doi:10.1016/j.fertnstert.2008.06.003.
21. Dessole S, Farina M, Rubattu G, Cosmi E, Ambrosini G,
Nardelli GB. Sonovaginography is a new technique for
assessing rectovaginal endometriosis. Fertil Steril 2003;79(4):
1023–7.
22. Di Donato N, Bertoldo V, Montanari G, Zannoni L,
Caprara G, Seracchioli R. Question mark form of uterus:
a simple sonographic sign associated with the presence of
adenomyosis. Ultrasound Obstet Gynecol 2015;46(1):126–7.
doi:10.1002/uog.14750.

31. Exacoustos C, Mirk P, Speca S, Testa AC. Chapter 3,
Gynecology,. In: Lutz H, Buscarini E, Mirk M, editors. Manual
of Diagnostic Ultrasound: World Health Organization; 2013. p.
133–74. (ISBN No. 9789241548540).
32. Exacoustos C, Zupi E, Carusotti C, Rinaldo D,
Marconi D, Lanzi G et al. Staging of pelvic endometriosis: role
of sonographic appearance in determining extension of disease
and modulating surgical approach.
J Am Assoc Gynecol Laparosc 2003;10(3):378–82.
33. Fedele L, Bianchi S, Dorta M, Zanotti F, Brioschi D,
Carinelli S. Transvaginal ultrasonography in the differential
diagnosis of adenomyoma versus leiomyoma.
Am J Obstet Gynecol 1992;167(3):603–6.
34. Fedele L, Bianchi S, Raffaelli R, Portuese A.
Pre-operative assessment of bladder endometriosis.
Hum Reprod 1997;12(11):2519–22.
35. Gordts S, Campo R, Brosens I. Hysteroscopic diagnosis
and excision of myometrial cystic adenomyosis. Gynecol Surg
2014;11(4):273–8. doi:10.1007/s10397-014-0861-5.
36. Guerriero S, Ajossa S, Garau N, Alcazar JL, Mais V,
Melis GB. Diagnosis of pelvic adhesions in patients with
endometrioma: the role of transvaginal ultrasonography.
Fertil Steril 2010;94(2):742–6. doi:10.1016/j.fertnstert.2009.03.035.
37. Guerriero S, Ajossa S, Gerada M, D’Aquila M, Piras B,
Melis GB. “Tenderness-guided” transvaginal ultrasonography:
a new method for the detection of deep endometriosis in
patients with chronic pelvic pain. Fertil Steril 2007;88(5):1293–7.
doi:10.1016/j.fertnstert.2006.12.060.

23. Di Donato N, Montanari G, Benfenati A, Leonardi D,
Bertoldo V, Monti G et al. Prevalence of adenomyosis in
women undergoing surgery for endometriosis.
Eur J Obstet Gynecol Reprod Biol 2014;181:289–93.
doi:10.1016/j.ejogrb.2014.08.016.

38. Guerriero S, Ajossa S, Gerada M, Virgilio B, Angioni S,
Melis GB. Diagnostic value of transvaginal ‘tendernessguided’ ultrasonography for the prediction of location of deep
endometriosis. Hum Reprod 2008;23(11):2452–7.
doi:10.1093/humrep/den293.

24. Dueholm M. Transvaginal ultrasound for diagnosis of
adenomyosis: a review. Best Pract Res Clin Obstet Gynaecol
2006;20(4):569–82. doi:10.1016/j.bpobgyn.2006.01.005.

39. Guerriero S, Ajossa S, Lai MP, Mais V, Am Paoletti,
Melis GB. Transvaginal ultrasonography in the diagnosis of pelvic
adhesions. Hum Reprod 1997;12(12):2649–53.

25. Dueholm M, Lundorf E. Transvaginal ultrasound or MRI
for diagnosis of adenomyosis. Curr Opin Obstet Gynecol
2007;19(6):505–12. doi:10.1097/GCO.0b013e3282f1bf00.

40. Guerriero S, Ajossa S, Minguez JA, Jurado M, Mais V,
Melis GB et al. Accuracy of transvaginal ultrasound for diagnosis
of deep endometriosis in uterosacral ligaments, rectovaginal
septum, vagina and bladder: systematic review and meta-analysis.
Ultrasound Obstet Gynecol 2015;46(5):534–45.
doi:10.1002/uog.15667.

26. Dueholm M, Lundorf E, Hansen ES, Sorensen JS,
Ledertoug S, Olesen F. Magnetic resonance imaging and
transvaginal ultrasonography for the diagnosis of adenomyosis.
Fertil Steril 2001;76(3):588–94.
27. Dunselman GA, Vermeulen N, Becker C,
Calhaz-Jorge C, D‘Hooghe T, Bie B de et al. ESHRE
guideline: management of women with endometriosis. http://
humrep.oxfordjournals.org/content/29/3/400.full.pdf+html.
Hum Reprod 2014;29(3):400–12. doi:10.1093/humrep/det457.
28. Exacoustos C, Brienza L, Di Giovanni A, Szabolcs B,
Romanini ME, Zupi E et al. Adenomyosis: three-dimensional
sonographic findings of the junctional zone and correlation
with histology. Ultrasound Obstet Gynecol 2011;37(4):471–9.
doi:10.1002/uog.8900.

41. Guerriero S, Ajossa S, Orozco R, Perniciano M,
Jurado M, Melis GB et al. Accuracy of transvaginal ultrasound
for diagnosis of deep endometriosis in the rectosigmoid:
systematic review and meta-analysis. Ultrasound Obstet Gynecol
2016;47(3):281–9. doi:10.1002/uog.15662.
42. Guerriero S, Alcazar JL, Ajossa S, Pilloni M, Melis GB.
Three-dimensional sonographic characteristics of deep
endometriosis. J Ultrasound Med 2009;28(8):1061–6.
43. Guerriero S, Saba L, Ajossa S, Peddes C, Angiolucci M,
Perniciano M et al. Three-dimensional ultrasonography in the
diagnosis of deep endometriosis. Hum Reprod 2014;29(6):
1189–98. doi:10.1093/humrep/deu054.

29. Exacoustos C, Malzoni M, Di Giovanni A, Lazzeri L,
Tosti C, Petraglia F et al. Ultrasound mapping system for the
surgical management of deep infiltrating endometriosis. Fertil Steril
2014;102(1):143-150.e2. doi:10.1016/j.fertnstert.2014.03.043.

44. Haas D, Oppelt P, Shebl O, Shamiyeh A, Schimetta W,
Mayer R. Enzian classification: does it correlate with clinical
symptoms and the rASRM score? Acta Obstet Gynecol Scand
2013;92(5):562–6. doi:10.1111/aogs.12118.

30. Exacoustos C, Manganaro L, Zupi E. Imaging for the
evaluation of endometriosis and adenomyosis.
Best Pract Res Clin Obstet Gynaecol 2014;28(5):655–81.
doi:10.1016/j.bpobgyn.2014.04.010.

45. Haas D, Shebl O, Shamiyeh A, Oppelt P. The rASRM score
and the Enzian classification for endometriosis: their strengths
and weaknesses. Acta Obstet Gynecol Scand 2013;92(1):3–7.
doi:10.1111/aogs.12026.

2.6 Ultrasound Imaging in the Diagnosis of Deep Infiltrating Endometriosis (DIE) and Adenomyosis

46. Holland TK, Yazbek J, Cutner A, Saridogan E, Hoo WL,
Jurkovic D. Value of transvaginal ultrasound in assessing
severity of pelvic endometriosis. Ultrasound Obstet Gynecol
2010;36(2):241–8. doi:10.1002/uog.7689.
47. Hudelist G, Ballard K, English J, Wright J, Banerjee S,
Mastoroudes H et al. Transvaginal sonography vs. clinical
examination in the preoperative diagnosis of deep infiltrating
endometriosis. Ultrasound Obstet Gynecol 2011;37(4):480–7.
doi:10.1002/uog.8935.
48. Hudelist G, English J, Thomas AE, Tinelli A, Singer CF,
Keckstein J. Diagnostic accuracy of transvaginal ultrasound for
non-invasive diagnosis of bowel endometriosis: systematic review
and meta-analysis. Ultrasound Obstet Gynecol 2011;37(3):257–63.
doi:10.1002/uog.8858.
49. Hudelist G, Fritzer N, Staettner S, Tammaa A, Tinelli A,
Sparic R et al. Uterine sliding sign: a simple sonographic predictor
for presence of deep infiltrating endometriosis of the rectum.
Ultrasound Obstet Gynecol 2013;41(6):692–5.
doi:10.1002/uog.12431.
50. Hudelist G, Oberwinkler KH, Singer CF, Tuttlies F,
Rauter G, Ritter O et al. Combination of transvaginal
sonography and clinical examination for preoperative diagnosis
of pelvic endometriosis. Hum Reprod 2009;24(5):1018–24.
doi:10.1093/humrep/dep013.
51. Hudelist G, Tuttlies F, Rauter G, Pucher S, Keckstein J.
Can transvaginal sonography predict infiltration depth in patients
with deep infiltrating endometriosis of the rectum? Hum Reprod
2009;24(5):1012–7. doi:10.1093/humrep/dep014.
52. Johnson N, van Voorst S, Sowter MC, Strandell A,
Mol BW. Surgical treatment for tubal disease in women due
to undergo in vitro fertilisation. Cochrane Database Syst Rev
2010(1):CD002125. doi:10.1002/14651858.CD002125.pub3.
53. Kepkep K, Tuncay YA, Goynumer G, Tutal E. Transvaginal
sonography in the diagnosis of adenomyosis: which findings are
most accurate? Ultrasound Obstet Gynecol 2007;30(3):341–5.
doi:10.1002/uog.3985.

61. Lazzeri L, Di Giovanni A, Exacoustos C, Tosti C,
Pinzauti S, Malzoni M et al. Preoperative and Postoperative
Clinical and Transvaginal Ultrasound Findings of Adenomyosis
in Patients With Deep Infiltrating Endometriosis. Reprod Sci
2014;21(8):1027–33. doi:10.1177/1933719114522520.
62. Leyendecker G, Wildt L, Mall G. The pathophysiology of
endometriosis and adenomyosis: tissue injury and repair.
Arch Gynecol Obstet 2009;280(4):529–38.
doi:10.1007/s00404-009-1191-0.
63. Luciano DE, Exacoustos C, Albrecht L, LaMonica R,
Proffer A, Zupi E et al. Three-dimensional ultrasound in
diagnosis of adenomyosis: histologic correlation with ultrasound
targeted biopsies of the uterus. J Minim Invasive Gynecol
2013;20(6):803–10. doi:10.1016/j.jmig.2013.05.002.
64. Maccagnano C, Pellucchi F, Rocchini L, Ghezzi M,
Scattoni V, Montorsi F et al. Ureteral endometriosis: proposal
for a diagnostic and therapeutic algorithm with a review of the
literature. Urol Int 2013;91(1):1–9. doi:10.1159/000345140.
65. Menakaya U, Condous G. The retroverted uterus:
Refining the description of the real time dynamic ‘sliding sign’.
Australasian Journal of Ultrasound in Medicine 2013;16(3):97.
doi:10.1002/j.2205-0140.2013.tb00105.x.
66. Meredith SM, Sanchez-Ramos L, Kaunitz AM. Diagnostic
accuracy of transvaginal sonography for the diagnosis of
adenomyosis: systematic review and metaanalysis. Am J Obstet
Gynecol 2009;201(1):107.e1-6. doi:10.1016/j.ajog.2009.03.021.
67. Morotti M, Ferrero S, Bogliolo S, Venturini PL,
Remorgida V, Valenzano MM. Transvaginal ultrasonography
with water-contrast in the rectum in the diagnosis of bowel
endometriosis. Minerva Ginecol 2010;62(3):179–85.
68. Naftalin J, Hoo W, Nunes N, Holland T, Mavrelos D,
Jurkovic D. The association between ultrasound features of
adenomyosis and severity of menstrual pain. Ultrasound Obstet
Gynecol 2015:n/a-n/a. doi:10.1002/uog.15798.

54. Khong SY, Bignardi T, Luscombe G, Lam A. Is pouch of
Douglas obliteration a marker of bowel endometriosis? J Minim
Invasive Gynecol 2011;18(3):333–7. doi:10.1016/j.jmig.2011.01.011.

69. Naftalin J, Hoo W, Pateman K, Mavrelos D, Foo X,
Jurkovic D. Is adenomyosis associated with menorrhagia?
Hum Reprod 2014;29(3):473–9. doi:10.1093/humrep/det451.

55. Knabben L, Imboden S, Fellmann B, Nirgianakis K,
Kuhn A, Mueller MD. Urinary tract endometriosis in patients
with deep infiltrating endometriosis: prevalence, symptoms,
management, and proposal for a new clinical classification. Fertil
Steril 2015;103(1):147–52. doi:10.1016/j.fertnstert.2014.09.028.

70. Naftalin J, Hoo W, Pateman K, Mavrelos D, Holland T,
Jurkovic D. How common is adenomyosis? A prospective study
of prevalence using transvaginal ultrasound in a gynaecology clinic.
Hum Reprod 2012;27(12):3432–9. doi:10.1093/humrep/des332.

56. Koninckx PR, Martin DC. Deep endometriosis: a consequence
of infiltration or retraction or possibly adenomyosis externa? Fertil
Steril 1992;58(5):924–8.
57. Koninckx PR, Ussia A, Adamyan L, Wattiez A, Donnez J.
Deep endometriosis: definition, diagnosis, and treatment. Fertil
Steril 2012;98(3):564–71. doi:10.1016/j.fertnstert.2012.07.1061.
58. Kralik R, Trnovsky P, Kopacova M. Transabdominal
ultrasonography of the small bowel. Gastroenterol Res Pract
2013;2013:896704. doi:10.1155/2013/896704.
59. Kunz G, Beil D, Huppert P, Noe M, Kissler S,
Leyendecker G. Adenomyosis in endometriosis – prevalence
and impact on fertility. Evidence from magnetic resonance imaging.
Hum Reprod 2005;20(8):2309–16. doi:10.1093/humrep/dei021.
60. Larsen SB, Lundorf E, Forman A, Dueholm M.
Adenomyosis and junctional zone changes in patients with
endometriosis. Eur J Obstet Gynecol Reprod Biol 2011;157(2):
206–11. doi:10.1016/j.ejogrb.2011.03.003.

71. Naftalin J, Jurkovic D. The endometrial-myometrial junction:
a fresh look at a busy crossing. Ultrasound Obstet Gynecol
2009;34(1):1–11. doi:10.1002/uog.6432.
72. Nezhat CR, Nezhat FR, Nezhat CH, Admon D. Treatment
of ovarian endometriosis. In: Nezhat CR, Berger GS, Nezhat
F, Buttram V, Nezhat CH, editors. Endometriosis: Advanced
Management and Surgical Techniques. New York, NY:
Springer New York; 1995. p. 95–106. (ISBN No. 1461384044).
73. Okaro E, Condous G, Khalid A, Timmerman D, Ameye L,
Huffel SV et al. The use of ultrasound-based ‘soft markers’
for the prediction of pelvic pathology in women with chronic
pelvic pain – can we reduce the need for laparoscopy? BJOG
2006;113(3):251–6. doi:10.1111/j.1471-0528.2006.00849.x.
74. Pascual MA, Guerriero S, Hereter L, Barri-Soldevila P,
Ajossa S, Graupera B et al. Diagnosis of endometriosis
of the rectovaginal septum using introital three-dimensional
ultrasonography. Fertil Steril 2010;94(7):2761–5.
doi:10.1016/j.fertnstert.2010.02.050.

177

178

Endometriosis – A Concise Practical Guide to Current Diagnosis and Treatment

75. Pateman K, Holland TK, Knez J, Derdelis G, Cutner A,
Saridogan E et al. Should a detailed ultrasound examination of
the complete urinary tract be routinely performed in women with
suspected pelvic endometriosis? Hum Reprod 2015;30(12):2802–7.
doi:10.1093/humrep/dev246.
76. Pateman K, Mavrelos D, Hoo WL, Holland T, Naftalin J,
Jurkovic D. Visualization of ureters on standard gynecological
transvaginal scan: a feasibility study. Ultrasound Obstet Gynecol
2013;41(6):696–701. doi:10.1002/uog.12468.
77. Piketty M, Chopin N, Dousset B,
Millischer-Bellaische AE, Roseau G, Leconte M
et al. Preoperative work-up for patients with deeply infiltrating
endometriosis: transvaginal ultrasonography must definitely be
the first-line imaging examination. Hum Reprod 2009;24(3):602–7.
doi:10.1093/humrep/den405.
78. Pinzauti S, Lazzeri L, Tosti C, Centini G, Orlandini C,
Luisi S et al. Transvaginal sonographic features of diffuse
adenomyosis in 18-30-year-old nulligravid women without
endometriosis: association with symptoms. Ultrasound Obstet
Gynecol 2015;46(6):730–6. doi:10.1002/uog.14834.

84. Reinhold C, Tafazoli F, Wang L. Imaging features of
adenomyosis. Hum Reprod Update 1998;4(4):337–49.
85. Rossi L, Palazzo L, Yazbeck C, Walker F, Chis C, Luton D
et al. Can rectal endoscopic sonography be used to predict
infiltration depth in patients with deep infiltrating endometriosis
of the rectum? Ultrasound Obstet Gynecol 2014;43(3):322–7.
doi:10.1002/uog.12535.
86. Savelli L, Manuzzi L, Pollastri P, Mabrouk M,
Seracchioli R, Venturoli S. Diagnostic accuracy and
potential limitations of transvaginal sonography for bladder
endometriosis. Ultrasound Obstet Gynecol 2009;34(5):595–600.
doi:10.1002/uog.7356.
87. Shrestha A. Risk factors for adenomyosis. J Nepal Health Res
Counc 2012;10(22):229–33.
88. Sokol AI, Shveiky D. Clinical Anatomy of the Vulva, Vagina,
Lower Pelvis, and Perineum. GLOWM 2009.
doi:10.3843/GLOWM.10000.

79. Redwine DB. Ovarian endometriosis: a marker for more extensive
pelvic and intestinal disease. Fertil Steril 1999;72(2):310–5.

89. Timor-Tritsch IE, Lerner JP, Monteagudo A, Murphy KE,
Heller DS. Transvaginal sonographic markers of tubal
inflammatory disease. Ultrasound Obstet Gynecol 1998;12(1):
56–66. doi:10.1046/j.1469-0705.1998.12010056.x.

80. Reid S, Condous G. Should ureteric assessment be included in
the transvaginal ultrasound assessment for women with suspected
endometriosis? Australasian Journal of Ultrasound in Medicine
2015;18(1):2. doi:10.1002/j.2205-0140.2015.tb00021.x.

90. Tuttlies F, Keckstein J, Ulrich U, Possover M,
Schweppe KW, Wustlich M et al. ENZIAN-score, a
classification of deep infiltrating endometriosis. Zentralbl Gynakol
2005;127(5):275–81. doi:10.1055/s-2005-836904.

81. Reid S, Lu C, Casikar I, Mein B, Magotti R, Ludlow J
et al. The prediction of pouch of Douglas obliteration using offline
analysis of the transvaginal ultrasound ‘sliding sign’ technique:
inter- and intra-observer reproducibility.
Hum Reprod 2013;28(5):1237–46. doi:10.1093/humrep/det044.

91. Valenzano MM, Remorgida V, Abbamonte LH,
Nicoletti A, Ragni N, Ferrero S. Does transvaginal
ultrasonography combined with water-contrast in the rectum aid in
the diagnosis of rectovaginal endometriosis infiltrating the bowel?
Hum Reprod 2008;23(5):1069–75. doi:10.1093/humrep/den057.

82. Reid S, Lu C, Casikar I, Reid G, Abbott J, Cario G
et al. Prediction of pouch of Douglas obliteration in women
with suspected endometriosis using a new real-time dynamic
transvaginal ultrasound technique: the sliding sign. Ultrasound
Obstet Gynecol 2013;41(6):685–91. doi:10.1002/uog.12305.

92.	van den Bosch T, Dueholm M, Leone FP, Valentin L,
Rasmussen CK, Votino A et al. Terms, definitions and
measurements to describe sonographic features of myometrium
and uterine masses: a consensus opinion from the Morphological
Uterus Sonographic Assessment (MUSA) group. Ultrasound Obstet
Gynecol 2015;46(3):284–98. doi:10.1002/uog.14806.

83. Reinhold C, Tafazoli F, Mehio A, Wang L, Atri M,
Siegelman ES et al. Uterine adenomyosis: endovaginal US
and MR imaging features with histopathologic correlation.
Radiographics 1999;19 Spec No:S147-60.
doi:10.1148/radiographics.19.suppl_1.g99oc13s147.

93. Vercellini P, Consonni D, Dridi D, Bracco B,
Frattaruolo MP, Somigliana E. Uterine adenomyosis and in
vitro fertilization outcome: a systematic review and meta-analysis.
Hum Reprod 2014;29(5):964–77. doi:10.1093/humrep/deu041.

3

Surgical Techniques for
Different Manifestations
of Endometriosis

3.1

Peritoneal Endometriosis .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 180

3.2

General Remarks on Ovarian Endometriosis .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 184

3.3

Ovarian Endometriosis and Endometriomas .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 187

3.4

Deep Infiltrating Endometriosis (DIE).  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 200

3.5

Uterine Adenomyosis. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 221

3.6

Extragenital Endometriosis.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 257

3.7

L aparoscopic Diagnosis and Treatment of Superficial Pelvic
Endometriosis .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 263

3.8

Robotic Laparoscopic Surgery for Endometriosis.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 268

3.9

 obotic-Assisted Laparoscopic Surgery for Deeply Infiltrating
R
Endometriosis .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 275

3.10	Robotic Assistance in Endometriosis Surgery – Is this Technology a
Game Changer?.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 286

180

3.1

Peritoneal Endometriosis

Maurice K. Chung a
3.1.1 Introduction

Endometriosis is one of the more prevalent gynecologic
diagnoses among women with chronic pelvic pain, affecting
more than half of those patients who receive a diagnosis
for their chronic pelvic pain.4,6,8,11,13,14,18 Symptoms include
dyspareunia, cyclic perimenstrual low abdominal pelvic pain,
symptom flares after sexual intimacy, and irritable voiding in
the case of urinary tract involvement.9 A definitive diagnosis of
endometriosis requires visual confirmation of the lesion during
laparoscopy, and histological confirmation of the presence of
both ectopic endometrial glands and stroma.9

3.1.2 Appearances and Morphology

There are three types of endometriotic lesions: peritoneal,
ovarian and rectovaginal. Morphologic and morphometric
data show similarities between eutopic endometrium and red
peritoneal lesions, suggesting that these lesions are the first
stage of early implantation of endometrial glands and stroma.
After partial shedding, the red lesions re-grow constantly.
The shedding induces an inflammatory reaction, provoking
scarification, and the lesions become black. The subsequent
fibrosis leads to areas of white opacification that are inactive.16
In this chapter, we will focus on only peritoneal lesions.
Diagnosis of endometriosis lesion is established on the basis
of a biopsy specimen sampled during laparoscopy.
The biopsied specimen needs to confirm the presence of
hemosiderin-laden macrophages and endometrial glands
(Fig. 3.1).
The appearances of endometriosis lesions can be divided into
classical pigmented lesions and non-classical lesions.
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a
Fig. 3.1

a

b

Fig. 3.2a, b

c

b

Fig. 3.3a–c “Powder burn”-like black lesions.

3.1.2.1 Classical Lesions
Classical pigmented lesions include red lesions, shown in the
following pictures, and also “powder burn”-like black lesions
(Figs. 3.2, 3.3).
3.1.2.2 Non-Classical Lesions
In Fig. 3.4, there is an invagination of yellow patchy endo
metriosis lesion in the pseudopocket, along with some red
and clear lesions.

a
Fig. 3.4

Fig. 3.6 shows fibrotic endometriosis lesions.
Figs. 3.7a, b show black and red endometriosis and fibrotic
endometriosis.

b

Fig. 3.5

a
Fig. 3.6

Figs. 3.5a, b show clear blister lesions of endometriosis.

Fig. 3.7a, b

b
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3.1.3 Surgical Techniques
In general, there are two methods in surgically treating
peritoneal endometriosis. It is done by surgical excision or
ablation of the endometriosis implants. Surgical procedures
are usually carried out by using some form of energy,
such as monopolar or bipolar electrocauterization. Some

techniques involve the use of laser technology, such as YAG,
KTP or CO2 laser to vaporize or excise endometriosis lesions
whereas some other approaches are simply based on a cold
scissor technique to excise the lesions. There are pros and
cons for every technique. Of course, risks and complications
are related to the different forms of energy used.

Figures 3.8a, b show left and right uterine sacral endometriosis.

a

b

Fig. 3.8a, b

a

b

Fig. 3.9a,b Condition after CO2 laser excision of endometriotic lesion:
peritonectomy (a). Intercede® mesh was placed on the raw surface after
endometriotic lesion (same patient as Fig. 3.9a) was excised to decrease
adhesion formation (b).

Fig. 3.10 Still image captured after
laser excisional surgery of endometriosis in the cul-de-sac.

Figures 3.11a, b show the use of a monopolar instrument to
ablate and excise the endometriosis.

a

b

Fig. 3.11a, b Use of a monopolar instrument to ablate and excise the
endometriotic lesion.

Fig. 3.12 Introperative view during
robotic excision of the endometriosis
lesion in the right uterine sacral
ligament.

Fig. 3.13 CO2 laser excision for
fenestration and ablation of the
peritoneal endometriosis.

Fig. 3.14 Endometriotic lesion is
excised by scissors.
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3.1.4 Discussion

Endometriosis has been regarded as one of the most common
causes of chronic pelvic pain which affects an estimated 5
million U.S. women.1 Definitive diagnosis of endometriosis
requires laparoscopic evaluation. Even though several new
advances have been made in the treatment of this disease, the
recurrent rate remains as high as 50 %.7 To exacerbate the issue,
endometriosis is considered a progressive disease in more
than 60 % of patients.12 This often leads to many reoperations,
including laparoscopies and even hysterectomies. Treatment
of endometriosis-related chronic pelvic pain remains
challenging to the clinicians and the results have not been
satisfactory. Diagnosing endometriosis sometimes can be
difficult and also surgeon-dependent. At least 80 % of chronic
pelvic pain is associated with endometriosis.6,10,11,14,18 On the
other hand, support for laparoscopic diagnosis comes from
data demonstrating that endometriosis can be found in 60 % of
asymptomatic patients,15 and that progressive disease exists
in close to 60 % of patients overall.12 Treating endometriosis
is likewise challenging and similarly highly dependent on the
surgeon. Surgeons are urged to obtain confirmed biopsy and
it will often remain unclear whether the implants or adhesions
found at surgery are the specific causes of the patients’ pain.
Therefore, even in the presence of endometriosis, suspicion of
other chronic pelvic pain etiologies is warranted, particular in
patients who do not respond adequately to treatment.
Although laparoscopic excisional surgery offers better
success rate in treating endometriosis,17,19 it also requires
a higher level of operating skills. It is unfortunate that many
patients are found to receive inadequate surgical treatment
which often leads to persistent and recurrent disease. All these
variables make the disease difficult to manage. Many patients
have gone through numerous laparoscopies, and even after
hysterectomy, a lot of them still suffer from chronic pelvic pain.
Gynecologists are not primarily instructed in treating chronic
pelvic pain patients. Many more recent studies suggest that
chronic pelvic pain can have multiple pain generators such
as interstitial cystitis, pudendal neuralgia and pelvic tension
myofascial syndrome, among others. Therefore, even in the
presence of endometriosis, surgeons are nonetheless advised
to find out the co-existing pain generator.2,3,5
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3.2

General Remarks on Ovarian Endometriosis

Thiers Soares Raymundo a
3.2.1 Introduction

Endometrioma is defined as the formation of a cyst with ectopic
endometriotic lining within the ovary. The origin of ovarian
endometrioma is unknown; however, most authors believe
that they result initially from a deposit of endometrium passed
through the Fallopian tube,8,15,16 causing adherence of the
ovary to the pelvic peritoneum and progressive invagination of
the ovarian cortex and metaplasia of the coelomic epithelium
of the ovary.13 Endometriomas are the third most common
manifestation of endometriosis after Douglas peritoneum and
uterosacral ligament endometriosis, and represent 35 % of
benign ovarian cysts requiring surgery. They are associated
with advanced stage of endometriosis and increased
morbidity.3
In many cases, operative laparoscopy – in contrast to
laparotomy – is used as the current gold standard surgical
approach in the treatment of endometriomas since it offers
the potential of reduced postoperative pain, less analgesic
requirement, shorter duration of hospital stay, and lower
incidence of de novo adhesion formation.14 There are
two main risks associated with the surgical treatment of
endometriomas:1
The risk of excessive surgery (removal or destruction of
normal ovarian cortex together with the endometrioma).2
 The risk of incomplete surgery (with subsequent early
recurrence of endometriomas).13


Depending on the anticipated risk, one of two techniques
is currently used, with both advantages and disadvantages:
either cystectomy involving removal of the endometrioma wall
or ablative surgery that entails opening the endometrioma
and destroying the internal cyst wall by laser vaporization or
bipolar coagulation.
Surgery of the ovarian endometrioma should in the first place
address preservation of ovarian function by removal of the
endometriotic pathology, which in most cases may affect the
outside of the ovary, but progressively directly or indirectly
affects the cortical layer.7

Many authors have described several alternative laparoscopic
techniques that may be used to treat the ovary compromised
by the endometrioma. We will describe the initial steps in
common of the procedures and then the specific features of
each one:
Surgery starts with inspection of pelvic and peritoneal
organs, peritoneal washings, staging of endometriosis, and
adhesiolysis to fully release the adhesive ovaries from the
surrounding structures. Ureterolysis may be necessary in
some cases to release the ovary from its fossa due to dense
adhesions.

3.2.2 Ovarian Cystectomy

Once the ovary is mobilized, the cortex is grasped with forceps, and is incised using laser, scissors, monopolar needle
hook or harmonic scalpel. The incision must be made on the
antimesenteric surface, as far as possible from the ovarian hilus
to avoid unnecessary bleeding. The incision is extended and
hydrodissection can be used to separate the cyst wall from
the ovarian stroma. If the cyst is opened and spillage occurs,
peritoneal irrigation must be performed to remove the chocolate-colored fluid although it cannot cause peritoneal implantations. The cyst is then decompressed by suction drainage and
washed, and its wall is exposed and inspected to confirm the
diagnosis of an endometrioma. The wall of the endometrioma
is then excised or ‘stripped away’ from the underlying cortex
using a combination of scissors (or monopolar hook or harmonic scalpel) and 5-mm grasping forceps. During the removal of the endometrioma, we apply a slight traction using
the grasper to facilitate identification of the plane between the
cyst wall and the ovarian stroma and then dissect this space,
reducing the force required to remove the endometrioma capsule, thereby minimizing trauma to the ovarian tissue. The bed
of the cyst needs to be carefully inspected to detect possible
bleeding zones and hemostasis can be achieved with application of a 30-W current using bipolar forceps on the cyst bed.
The endometrioma is removed through a 10-mm trocar or by
using an endobag. Depending on the size of the remaining
ovary, suture closure may be required.

3.2.3 Ablation
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If the ovarian cyst remains unruptured despite the surgical
manipulations required during adhesiolysis, it is punctured
to drain and aspirate the cyst’s chocolate-like content. We
also can excise a 3- to 4-mm portion of the top of the cyst.
Further extension of the incision into the antimesenteric edge
facilitates meticulous inspection of the inner wall of the cyst for
exclusion of possible suspicious areas followed by destruction
of the cyst using either cutting or coagulating current, or using
a form of laser energy. Vaporization continues until no further
pigment can be seen. The depth of vaporization is shallow, as
only the glandular epithelium and subjacent stroma need to be
vaporized.
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3.2.4 Mixed Techniques

Several surgeons have used mixed techniques to treat
endometrioma. Some use laparoscopy, GnRH agonists and a
second-look laparoscopy. It is called two-stage or even threestage technique (if we consider GnRH-agonist therapy as a
stage), which was first described by Donnez et al.5 Others use
combined excisional and ablative techniques.
3.2.4.1 Two-Stage / Three-Stage Approach
The first laparoscopic procedure comprises only drainage
of the cyst content, irrigation, and inspection of its inner
wall. Finally, given the presence of suspicious or atypical
lesions, a biopsy from the cyst’s wall is sent for routine
histologic examination or for frozen section analysis in order
to confirm the diagnosis of endometriosis. Subsequently,
GnRH agonists are administered for 3 months to reduce the
cyst diameter, the stromal vascularization, and the rate of
glandular mitotic activity of endometriosis. Three months after
the first laparoscopic procedure, second-look laparoscopy is
performed to vaporize the internal wall by using a CO2 laser.
The endometrioma is opened, and the interior wall of the cyst
is vaporized with the CO2 laser. After 12 weeks of GnRHagonist therapy, the thickness of the endometrial cyst will be
dramatically reduced, and the epithelial lining will be atrophic
and white. Vaporization with the CO2 laser allows very quick
and easy vaporization of the internal wall, with minimal
thermal damage to the normal ovarian cortex. The other areas
of superficial active endometriosis involving the other ovary
or the pelvic peritoneum are also treated. Reapproximation
of the edges of the ovarian tissue can be achieved by a low
power density CO2 laser applied in defocused mode.
3.2.4.2 Excisional and Ablative Technique
This procedure starts according to the cystectomy technique
(described above). The difference is the approach to the hilus.
When we reach the hilus, where the ovarian tissue is more
functional and the cleavage plane is less discernible, resection
of the dissected tissue (partial cystectomy) is performed. The
stripping technique allows removal of 80 % to 90 % of the
cyst. Upon completion of the first step of the procedure (partial
cystectomy), the CO2 laser is used to vaporize the remaining
10 % to 20 % of the endometrioma close to the hilus. Care
must be taken to vaporize the entire residual cyst wall to avoid
recurrence.

3.2.5 Discussion

Surgery plays a fundamental role in the treatment of
endometriomas. Despite concerns about the effects of this
surgery on the ovarian reserve, the benefits in terms of pain
relief and spontaneous pregnancy rates favor this approach.9
Brosens et al. (2014)7 suggested that the pathology of small
endometriomas depends not on the size but largely on
the inflammatory disease resulting in smooth muscle cell
metaplasia, fibrosis of the ovarian cortex and loss of follicles.
For this reason, the ectopic endometrial tissue should be
eliminated, the sooner the better and irrespective of the
size of the cyst. A prospective randomized trial – analysing
the outcomes of laparotomic versus laparoscopic ovarian
cystectomy for management of endometrioma – has shown
that the laparoscopic approach offers clear benefits to the
patient in terms of reduced analgesic requirement, earlier
discharge and a shorter post-operative recovery.10 Several
alternative laparoscopic techniques have been described
for the treatment of ovarian endometriomata: cyst wall
laser vaporization preceded or not by the use of GnRH6,17
drainage and coagulation, and stripping.4 As far as the ideal
surgical technique is concerned, there is a great lack of wellconducted comparative studies. More studies are needed to
compare excisional, laser ablation, and combined techniques
and to evaluate the utility of GnRH agonists and a two-stage
surgical approach.9 Donnez et al. (2010)5 reported on a study
using the combined stripping-coagulation technique to
avoid coagulation of bleeding, which commonly occurs after
stripping of the pseudocapsule. The authors found out that
it allows preservation of normal ovarian volume, as well as a
normal AFC (antral follicular count) due to the preservation
of the vascular blood supply to the ovary. They had a high
pregnancy rate (40 % at 8 months), and low recurrence rate
(< 2 %). Two randomized controlled trials showed that excisional
surgery for endometrioma provides a more favorable outcome
than drainage and ablation using bipolar coagulation, with
regard to the recurrence of the endometrioma, recurrence
of symptoms and subsequent spontaneous pregnancy in
women who were previously infertile.1,2 According to Muzii
et al. (2005),11 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, ovarian tissue removed along the endometrioma
wall contained primordial, primary, and secondary follicles
in 69 % of cases. In cases of recurrent endometriomas or
decreased ovarian reserve, the risks of repeated surgery
should be taken into account. It is clear that considerable
surgical expertise is required to decrease the risk of iatrogenic
ovarian damage and avoid incomplete surgery. The level of
expertise in endometriosis surgery inversely correlates with
the amount of ovarian tissue inadvertently removed together
with the endometrioma wall.12
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3.3

Ovarian Endometriosis and Endometriomas

Ivo Meinhold-Heerlein a | Liselotte Mettler b
3.3.1 Introduction
Ovarian endometriomas are a common manifestation of
endometriosis that are found in 17–44 % of endometriosis
patients.3 They may reach up to 15 cm in size, and up to 50 %
are bilateral.49
While endometriosis patients may also have simple or
functional cysts filled with hematoma, endometriosis cysts
are characterized and classified by a distinct histopathologic
pattern. This includes a broad range of stromal tissue,
endometrioid cells, and collagenous fibers. Diagnosis
requires the detection of pigmented macrophages, which are
pseudoxanthoma cells containing lipofuscin and hemofuscin.
The inner surface of the cyst presents a cuboidal or columnar
epithelial layer; older cysts often show collagenous fibers only.
Like the endometrial tissue, the epithelial layers of the cyst
may undergo metaplastic changes.49 In fact, the new WHO
classification of ovarian, tubal, and primary peritoneal cancers
distinguishes among endometriosis cysts, endometrioid
cystadenomas, and endometrioid cystadenofibromas, placing
endometriomas within the context of some types of ovarian
cancer.27,33 This connection is based on the fact that ovarian
cancer, especially of the endometrioid and clear-cell type,
may be associated with an ‘atypical ovarian endometriosis’
characterized by specific mutations (e.g., ARID 1a mutations)
that may coexist in ovarian endometriosis and ovarian cancer
in the same patient.49 On the whole, endometriosis patients
have a 50 % greater risk of developing ovarian cancer.55
Apart from the latter findings, the origin and pathogenesis
of endometriomas are not yet fully understood. Three main
theories have been advanced. Hughesdon suggested that
an invagination of the ovarian cortex results in a pseudocyst
that collects menstrual debris from endometrial implants.19
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Brosens et al. shared the invagination theory but believed that
active implants must be located at the site of invagination.9
Donnez et al. suggested that the coelomic epithelial layer
of the ovarian surface undergoes a metaplastic change.14,38
Finally, Nezhat et al. believed that endometrial implants within
functional ovarian cysts may form endometriomas.37
Since endometriomas respond poorly to systemic therapy,
surgical excision is still the most widely accepted treatment
option. The indications for treatment may include pain, infertility,
or sonographic evidence of a malignancy or premalignant
lesion such as a borderline tumor. If further research confirms
an association between atypical endometriosis and ovarian
cancer, it may eventually provide an oncologic indication for
surgical removal (see reviews22,49).

3.3.2 Indications for Surgery
The surgical removal of endometriomas in symptomatic
patients is one of the standard therapeutic procedures
for ovarian endometriosis recommended in national
and international guidelines, such as those reported by
Dunselman et al.15 The most frequent indications for surgery
are cyst-related symptoms, especially pain. Despite a lack of
extensive data from prospective randomized trials, there is
clear evidence that surgical removal or even ablation of an
endometriosis cyst leads to pain reduction.10,18 In addition,
it has been shown that complete removal of endometriosis,
including ovarian endometriosis, may lead to an increased
fertility rate for up to 12 months after surgery. On the other
hand, a recent Cochrane analysis comparing aspiration, cyst
enucleation, and expectant management did not show a
significant difference in pregnancy rates when these different
strategies were followed by assisted reproductive technology
(ART).7
Although the sensitivity and specificity of (transvaginal)
ultrasound and tumor-marker analysis are both insufficient
to classify an ovarian tumor as benign, premalignant, or
even malignant, there are still morphologic criteria that can
support the decision for surgical removal in order to achieve
histopathologic certainty and avoid missing a malignancy.
Finally, ovarian endometriosis and other forms of deep
infiltrating endometriosis are associated with a 50 % increase
in the risk for developing ovarian cancer. Thus, it may become
important to reduce cancer risk by removing the endometriosis
at a later time.17,28,40,45,46
There is always a potential for recurrence, however, even after
a complete second-line cyst enucleation. The recurrence risk
increases over time, rising to as much as 37 % by 5 years after
surgery.24
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3.3.3 Controversies in Surgical Removal

3.3.4 Strategy

There are compelling arguments for and against the surgical
removal of endometriomas. The removal of an endometrioma,
while reducing pain, may also compromise the integrity
of primordial and antral follicles. Studies have shown that
primordial follicles are lost and the density of cells is decreased
in proximity to an endometrioma.30,47,48 Some authors blame
this on an increased oxidative stress outside the cyst and the
presence of free iron inside the cyst.31,47,48 Additionally, a focal
inflammation may incite fibrosis in the cortex-specific stroma.
The coexisting oxidative stress and inflammation may lead to
the increased recruitment and atresia of follicles.25 Ovulation
may be impaired6 and the response to stimulation reduced.
Interestingly, Barri et al. reported a 12 % pregnancy rate after
spontaneous conception with endometrioma in situ, compared
with a 54 % pregnancy rate after surgical removal.5 It is clear
that the risk of adnexal torsion, cyst growth and rupture, and
malignant progression tend to favor surgical removal.41

In counseling a patient about surgery, it is essential to consider
the motivation for surgery. We recommend a differentiated
approach:

Another important issue is ‘relapsed endometriosis.’ From a
surgical standpoint, neither the stripping technique nor the
ablative technique (opening and coagulating an endometriosis
cyst without removing it) leads to a significantly different
recurrence rate. In a study by Muzii et al. comparing the
two techniques in 51 patients with bilateral endometriomas,
the recurrence rate was 6 % after stripping and 2 % after
coagulation. Thus, even if available data conflict in different
studies, it may be preferable to perform an ablation in patients
who desire future pregnancy.10,36 But in infertile women with
a recurrence of ovarian endometrioma, secondary surgery
appears to impair the ovarian reserve and worsen reproductive
performance. The pregnancy outcome in these cases may be
better after direct ART, as shown by Park et al.39
Two parameters can pose major obstacles for endometriosis
patients trying to conceive: the ‘ovarian reserve’ and the quality of the germ cells. While the germ cells tend to undergo a
more rapid ageing process than in women without endometriosis, the ovarian reserve is decreased even further due to
the endometrioma-related effects noted above. The ovarian
reserve can be measured (indirectly) in terms of the antral
follicle count or the level of anti-Müllerian hormone (AMH).
These different aspects – a decreased ovarian reserve in
endometriosis patients in general, further impairment due to
endometrioma formation, and damage from a surgical procedure such as stripping or coagulation – must be taken into
account when counseling a patient about surgery for ovarian
endometriosis.51
Despite conflicting data in the literature, many studies have
demonstrated that surgical excision can decrease the ovarian
reserve. This may result from the removal of healthy ovarian
tissue, damage due to coagulation, or local inflammation after
surgery. Indeed, it has been shown that endometrioma removal is more likely to remove ovarian tissue than the removal
of another benign cyst such as a dermoid or functional cyst.42
This is particularly true in reoperations. Hormonal stimulation
of an ovary appears to be more difficult after surgery. However,
neither the pregnancy rate with IVF alone nor the sequence of
surgery and IVF leads to a statistically significant difference.22

For pain or other endometriosis-related symptoms:
surgical removal of the cyst (by stripping or coagulation).
 For infertility: surgical removal before or after fertility treatment. We recommend surgery for patients with a unilateral endometrioma and no prior surgical treatment. For
patients with recurrent endometrioma, we recommend
direct fertility treatment without surgery.
 For patients with an ovarian cancer risk (atypical endo
metriosis): surgical removal of the cyst.


3.3.5 Technique
Trocar placement and surgical site: Two working trocars are
usually sufficient for the enucleation of an ovarian cyst. A third
working trocar may be helpful in more challenging situations
such as the presence of dense adhesions, obesity, or intestinal involvement. Additionally, it may be helpful to antevert
the uterus using a uterine manipulator. The pattern of trocar
placement depends on the surgeon’s preference. We place
the two standard working trocars in the lower abdomen lateral
to the inferior epigastric artery (e.g., lateral umbilical ligament).
For the third working trocar, we prefer a paraumbilical site in
the midclavicular line. Another option is to place the trocar in
the midline cranial to the symphysis.
Salpingoovariolysis: Endometriosis causes dense adhesions to form between the ovary and its surroundings. Thus
the ovary may be adherent to the pelvic sidewall, uterus,
bowel, and even the contralateral ovary depending on size
and bilaterality. In removing any cyst, it is important to free
the ovary completely without damaging either the ovary or
adjacent structures. If the bowel is adherent, gentle traction
should be placed on the bowel to expose the plane of dissection between the bowel and ovary. The adhesions should
be cut with scissors rather than an energy device to prevent
thermal injury to the tissues. In the case of a ‘frozen pelvis,’ it
may be helpful to open the retroperitoneal space at the level
of the sacral promontory so that the ureter can be identified.
Then the ureter is followed and the bowel, ureter, and ovary
are separated from one another. The next step may be to
detach the ovary from the uterus. This may require applying
traction to the ovary with a grasper. The adhesion can then
be identified and divided with scissors or an energy device
(i.e., using monopolar or bipolar current or ultrasound). The
last step is to free the ovary from the pelvic sidewall. The ovary
is held anteriorly with a grasper, which may be held by the
surgeon or by an assistant. The suction-irrigation device can
then be used for blunt dissection, carefully freeing the ovary
from the endometriosis-affected peritoneal tissue of the pelvic
sidewall. The suction-irrigation tube is swiped between the
ovary and pelvic wall in a parallel direction, rather than perpendicular.
Frequently the cyst will rupture at this stage, and the chocolate
cyst can be confirmed. The fluid is evacuated and dissection
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It is important at this stage to identify the proper plane of
dissection. This may be difficult because endometriomas
adhere to the ovarian tissue. This is especially true for lesions

with a fibroblastic rather than fibrocystic histology. All
dissection should proceed very slowly and carefully so that
normal ovarian tissue is damaged as little as possible. If
the layers cannot be separated at one site, another should
be tried. Always start the dissection at the easiest site,
leaving the more difficult part for the end. The graspers
should always be placed close to each other; otherwise
if the surgeon ends up pulling a long piece of tissue, the
normal tissue may tear, or the cyst itself may tear, and this
will make the dissection more difficult. Coagulation should
be used sparingly so that germ cells are prevented from
thermal damage. Most bleeders will stop by themselves;
only heavier bleeders should be selectively cauterized.
If the endometrioma measures 5 cm or less, the ovary
will shrink after cyst enucleation and there is no need for
reapproximating sutures. If the defect approaches the
ovarian ligament, an (intracorporeal) suture may be used,
taking care to avoid stitching the vessels (Figs. 3.15–3.21).

a

b

is continued in the same fashion until the ovary is completely
freed. Any bleeding sites can be carefully coagulated with
bipolar current. In most cases the anatomic structures of the
ovarian ligament, infundibulopelvic ligament, fallopian tube,
ovary, and pelvic wall can be identified. Do not coagulate the
pelvic wall before identifying the ureter! This is because the
ureter is always close to the surgery site and is vulnerable to
thermal injury.
Cyst enucleation: Most endometriomas will rupture during
ovariolysis. If that occurs, the rupture site on the ovary can
serve as the starting point for cyst enucleation. The opening
should be enlarged along the ovarian axis or equatorially so
that the ovary is divided into two equal parts.

Fig. 3.15a, b Adhesiolysis. Gentle traction on the mesosigmoid exposes an avascular plane, which is cut with scissors (a).
The adhesion is divided until the sigmoid colon is completely freed (b).

a

b

c

d

Fig. 3.16a–d Ovariolysis. The uterus is anteverted, exposing adhesions between the ovary and pelvic wall (a). The ovary is freed by blunt dissection
between the ovary and uterus (b). Indentation of the ovary exposes flimsy adhesions between the ovary and uterus close to the ovarian ligament (c, d).
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Fig. 3.16e–h The ovary and uterus are gently forced apart, using a bipolar Kelly grasper without current (e). The cyst will often rupture during
dissection, and a chocolate-like fluid is seen (f). The fluid is evacuated (g). Blunt dissection with the suction-irrigation tube is performed parallel
to the cleavage line between the ovary and adjacent tissue of the pelvic wall (h).

a

b

c

d

Fig. 3.17a–d Cyst enucleation (stripping). The ovary is pulled anterolaterally. The rupture site is exposed and enlarged with scissors (a).
Normal ovary and cyst are identified and grasped separately (b–d).
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Fig. 3.17e–j The line (plane) between the ovary and cyst is visualized, and gentle traction is applied in perpendicular fashion to gradually separate the
cyst from normal ovarian tissue. There should be little or no bleeding when this is done in the correct plane. The two graspers should be placed fairly
close together for stripping the cyst (e). Even if the dissection is performed very carefully, normal tissue (e.g., a small functional cyst) is removed with
the endometrioma. After the endometriosis cyst has been removed, bleeding vessels are sparingly coagulated (g–j).

Fig. 3.18 Ovariopexy. An ovariopexy helps to expose the ovarian fossa.
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Fig. 3.19a–c Ureterolysis. Gentle traction is placed on the sigmoid
colon. The Kelly grasper is used for blunt dissection, identifying and
exposing the ureter (a, b). Scissors are used to cut avascular fibers of
connective tissue (c).

a

b

c

d

Fig. 3.20a–d Deperitonealization of the ovarian fossa. While traction is placed on the peritoneum, the endometriosis-affected peritoneal tissue is
excised with a scissors (a). The Kelly grasper may help to force apart healthy and affected peritoneal tissue (b). The peritoneum is excised with scissors
close the uterus (c). Final view after deperitonealization of the ovarian fossa (d).
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a
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Fig. 3.21a, b Final view at the conclusion of surgery. The ovariopexy remains in place for two days. The drain is removed as output diminishes.

Ovariopexy: In almost all cases of ovarian endometriosis, the
ovary is involved by peritoneal endometriosis of the pelvic
wall. This makes it necessary to remove the peritoneal and
deep infiltrating endometriosis involving adjacent tissues, i.e.,
the peritoneal tissue of the ovarian fossa and the uterosacral
ligament. A temporary ovariopexy is helpful in exposing the
field for this part of the procedure. There are many ways to
fix the ovary temporarily. We prefer an extracorporeal suture
on a straight needle introduced into the abdominal cavity
under vision at a site lateral to the lower working portal.
The needle is then passed through the ovary and returned
through the abdominal wall. The suture is tied outside the
abdomen. The ovary may be kept in that position for up to
1–2 days postoperatively to prevent immediate postoperative
adhesions between the ovary and the pelvic wall or bowel.
Alternatively, an assistant can lift the ovary with a grasper to
expose the field for deperitonealization and ureterolysis.
Deperitonealization of the ovarian fossa and ureterolysis:
The peritoneum adjacent to the ureter is often involved by
endometriosis. Since deep infiltrating endometriosis can lead
to hydroureter and hydronephrosis, and because complete
excision is the best way to prevent recurrence and yields
the highest pregnancy rates, deperitonealization of the
ovarian fossa and, if necessary, of the uterosacral ligament
is recommended. To spare the ureter, the ureter should be
identified and ureterolysis performed, carefully preserving the
vessels and nerve fibers accompanying the ureter.
The ureter should be visualized where it crosses the iliac
vessels, approximately at the level of the sacral promontory.
The retroperitoneal space is then opened parallel to the
ureter. This can be accomplished by blunt dissection with
a Kelly grasper. Look for unaffected peritoneum to start the

dissection. The ureter is traced distally until the uterine artery
is seen crossing the ureter medially to reach the uterus. It
may even be necessary to dissect the ureter as far as the
parametrial tissue. The peritoneum is stripped to ensure the
removal of all endometriosis-affected tissue.
The following tips may be helpful in freeing the ureter safely:









Dissect parallel to the ureter.
Place no traction on the ureter.
Use bipolar current carefully and sparingly.
Thin the peritoneum.
Keep the ureter in the ‘web’ of the cardinal ligament.
Expect endometriosis where the uterine artery crosses the
ureter.
Use double J stents if necessary.
Be aware that if you operate endometriosis as radically as
you would a cancer, you can expect the same side effects.

Adhesion prophylaxis: Surgeons may use any
preferred barrier method to prevent adhesions, such as
oxidized regenerated cellulose (Interceed®), expanded
polytetrafluoroethylene (Gore-Tex®), or sodium hyaluronate
with carboxymethylcellulose (Seprafilm®). There is no clear
evidence, however, that any barrier method can prevent
adhesion formation or lead to improved pregnancy rates.2
Drain: Since coagulation is used sparingly on the ovary, the
cyst bed may still ooze at the end of surgery. A drain should
be inserted and remain in place until its output is less than
100 mL/24 h.
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3.3.6 Statistical Analysis of Endometrioma Surgery
3.3.6.1 Material and Methods
From 1995 to 2004, we retrospectively analyzed 3057 patient
medical records and surgical reports at the Department
of Obstetrics and Gynecology of Kiel University Hospital in
Kiel, Germany. Based on these records and reports, we
histologically verified 550 cases of ovarian endometriotic
cysts that underwent conservative excision via laparoscopy
or laparotomy. Data on general patient characteristics,
endometrioma symptoms, and diagnostic and surgical
findings were collected from clinical records and reviewed
(Fig. 3.22). Patient characteristics are summarized in Table 3.1.
Letters were sent to the patients asking them to fill in and
return a questionnaire. With a final return rate of 52.5 %, there
were 289 patients in the follow-up study. The questionnaire
asked about the possible postoperative occurrence of
another endometriosis cyst, timing of occurrence, possible
malignancy, as well as reoperation rate, type of operation,
and recurrent pain symptoms (pain lasting > 1 week,
dysmenorrhea, and dyspareunia). Patients were surveyed
about their preoperative and postoperative fertility, whether
they had had a planned spontaneous pregnancy with or
without complications and, in infertile patients, whether
artificial insemination had been successful. The recurrence
of ovarian endometrioma was defined as a positive response
to the presence of an endometriosis cyst as reported by the
patient on the questionnaire. The average follow-up period
was 12.9 years, with a range from 7.0 years to 16.9 years
between surgery and follow-up.
Data for analysis were recorded using Microsoft Access
software (Redmond, Washington). Statistical analysis was
performed using Microsoft Excel and SPSS software (IBM
Corporation, Armonk, New York). Patient identification
numbers were assigned to ensure confidentiality. The
percentage data are based primarily on total case numbers;
but in the absence of information, the corrected probability
is given. The chi-squared test was used in the analysis of
categorical values. The statistical significance level was set at
5 % (P < 0.05). The recurrence-free interval probabilities were
estimated using the Kaplan-Meier method. The log-rank test
(Mantel-Cox) was used to compare the survival times of two
groups. Postmenopausal women were not considered in the
postoperative analysis of dysmenorrhea.32

3.3.6.2 Results
At the time of surgery, the mean age of all endometrioma
patients was 37.2 (± 9.0) years. Their mean age at followup was 50.5 (± 9.3) years (Table 3.1). Younger preoperative
age, nulliparity, and prior laparoscopic surgery for ovarian
endometrioma positively predicted the presence of pain and
dysmenorrhea. Larger cyst size (> 8 cm) was also associated
with occurrence of pain, while primary or secondary sterility
was associated with a higher rate of dysmenorrhea.
Factors associated with recurrence of dysmenorrhea were
younger age (P < 0.01), nulliparity (P < 0.05), and larger
cyst size (P < 0.05). Prior laparoscopic surgery for ovarian
endometrioma (P < 0.05) was the only significant risk factor
relating to the recurrence of pain (Table 3.2).
One hundred ninety-seven patients were initially diagnosed
with endometriomas at the time of surgery. Forty-seven of
these patients (23.9 %) had a recurrent ovarian endometrioma
in the follow-up period. 68.1 % of the same subset of patients
(32 of 47) had undergone a reoperation in the follow-up
period (Table 3.1). Of those 32 patients, 17 (53.1 %) required 1
reoperation, 9 patients (28.1 %) required 2 reoperations, and
6 patients (18.8 %) required 3 or more reoperations due to
new endometriosis cysts. The probability of a recurrence-free
interval was 76.1 % for all primarily diagnosed endometriomas
over our study period.
Patients with preoperative pain showed a significantly higher
recurrence rate (log-rank test P = 0.013). The Kaplan-Meier
graph shows that patients without preoperative pain had a
significantly higher recurrence-free interval of 84.7 % when
compared with patients who had a history of preoperative
pain. The latter group were only 69.4 % recurrence-free by
the end of the follow-up period (Fig. 3.23). Another statistically
significant risk factor for endometrioma recurrence was
preoperative dysmenorrhea (log-rank test P = 0.013). The
Kaplan-Meier curve (Fig. 3.24) shows that women without
preoperative dysmenorrhea have a recurrence-free interval
of 81.4 % compared with a recurrence-free interval of only
66.2 % in women with preoperative dysmenorrhea.

Fig. 3.22 Transvaginal sonogram of a 6-cm (diameter) endometrioma of the left ovary and
corresponding laparoscopic image.

195

3.3 Ovarian Endometriosis and Endometriomas

Patient Characteristics (n = 550)
(Factors)
Age (years)
BMI (kg/m²)
< 19
19–24
25–30
> 30
Sterility
primary
secondary
Parity ≥ 1
Abortion or miscarriage ≥ 1
Pain
Dysmenorrhea
Recurrence of previous endometrioma
Previous laparoscopic surgery of endometrioma
Presence of uterine myoma
CA-125 b (U/ml) increased (> 35 U/ml)
Cyst size (cm) 2–4
5–8
>8
preoperative
Cyst rupture
intraoperative
Follow-up Patient Characteristics (n = 289)

Cases
n (%)
37.2 ± 9.0a
43 (7.8)
344 (62.5)
123 (22.4)
40 (7.3)
261 (47.5)
52 (9.5)
194 (35.3)
72 (13.1)
338 (61.5)
214 (38.9)
153 (27.8)
226 (41.1)
105 (19.1)
147 (47.6)
316 (57.5)
209 (38.0)
25 (4.5)
23 (4.2)
281 (51.1)
Cases
n (%)
50,5 ± 9,3 b
162 (56.1)
96 (33.2)
93 (34.8)
47 (23.9)
32 (68.1)
111 (38.4)
60 (54.1)

Age (years)
Postoperative medical treatment
Postoperative pain
Postoperative dysmenorrhea b
Recurrence of first diagnosed ovarian endometrioma b
Re-operation rate of first diagnosed ovarian endometrioma b
Postoperative pregnancy desire
Postoperative pregnancy b

Table 3.1 Patient characteristics.
a Mean ± SD
b The sum does not add up to the total because of missing values or because of a new subtotal.
Body Mass Index (BMI).

Analysis of Factors Related to the Occurrence / Recurrence of Pain and Dysmenorrhea32
Factors

Preoperative

Postoperative

Pain

Preoperative

Postoperative

Dysmenorrhea

P-value
(n = 550)

P-value
(n = 289)

P-value
(n= 550)

P-value
(n =267)

Younger age (years)

< 0.01

NS

< 0.01

< 0.01

BMI (kg/m²)

NS

NS

NS

NS

Sterility

NS

NS

< 0.01

NS

Nulliparity

< 0.05

NS

< 0.05

< 0.05

Abortion/miscarriage

NS

NS

NS

NS

Previous laparoscopy of endometrioma

< 0.01

< 0.05

< 0.05

NS

Larger cyst size (> 8 cm)

< 0.05

NS

NS

< 0.05

Cyst rupture

NS

NS

NS

NS

Table 3.2 Analysis of factors related to the occurrence and recurrence of pain and dysmenorrhea.32
Key to acronyms: not significant (NS). Body Mass Index (BMI).
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Other risk factors that were not significant, but showed an
association with a higher recurrence rate were larger cyst size
(> 8 cm: recurrence rate of 33.3 % [5 of 15] versus 16.3 %
[15 of 92] for cyst size 5–8 cm and 16.8 % [24 of 143] for cyst
size < 5 cm), younger age at surgery (< 25 years: 6.4 % [3 of 47]
in the recurrence cohort versus 2.8 % [8 of 289] in the followup cohort), and preoperative cyst rupture (recurrence rate of
28.6 % [2 of 7] versus 20.5 %).
As for the efficacy of endometrioma surgery, laparoscopy
yielded the best results in terms of freedom from symptoms in
the postoperative period: 49.0 % of the patients were symptomfree after laparoscopic surgery, compared with only 33.3 %
after laparotomy. Only 43.7 % of patients were asymptomatic
following conversion from laparoscopy to laparotomy.
Postoperative medical treatment was given in 56.1 % of the
cases (162 of 289). Additional postoperative hormone therapy
(gonadotropin-releasing hormone agonist, oral contraceptive,
medroxyprogesterone acetate, or danazol) led to a higher
recurrence of endometrioma, with a recurrence-free interval
rate of only 70.5 % versus 82.6 % in patients who did not
receive hormonal therapy (log-rank test P = 0.050) (Fig. 3.25).
The recurrence rates in both groups increased steadily with
time from diagnostic surgery. When combined surgical and
hormonal treatment was compared with surgical treatment
alone, the following differences were found: postoperative
pain in 36.4 % versus 29.1 %, dysmenorrhea in 37.8 % versus
26.0 %, and dyspareunia in 19.1 % versus 18.1 %.

Fig. 3.23 Probability of recurrence-free interval within the follow-up
period in patients with and without preoperative pain.
Courtesy of Maul et al. (2014).32

Fig. 3.24 Probability of recurrence-free interval within the follow-up
period in patients with and without preoperative dysmenorrhea.
Courtesy of Maul et al. (2014).32

One hundred eleven of 289 patients expressed a desire
to become pregnant in the postoperative period (38.4 %).
Combined surgical and hormonal treatment was given to 61 of
111 patients (55.0 %), whereas surgery alone was performed
in 50 of 111 patients (45.0 %). Among these patients, the
postoperative spontaneous pregnancy rate was 54.1 % (60 of
111). Of the 60 patients who conceived, 46 of 111 (41.4 %)
had received surgery plus medical treatment, and 14 of 111
(12.6 %) had had surgery alone. A statistically significant
difference (P < 0.001) was noted between combined surgical
and hormonal therapy and surgery alone.
3.3.6.3 Discussion
Our retrospective cohort study investigated risk factors, the
efficacy of endometrioma surgery comparing laparoscopy
versus laparotomy, and the effect of additional medical
treatment on the recurrence of endometrioma and on
pregnancy rates.
Preoperative risk factors found to have significant predictive
value for pain and dysmenorrhea were younger age at surgery,
prior laparoscopic surgery for ovarian endometrioma, and
nulliparity. Pain complaints appeared to be significantly
associated with larger cyst size (> 8 cm), while primary or
secondary sterility was associated with a higher rate of
dysmenorrhea. As for recurrent symptoms, younger age,
nulliparity, and larger cyst diameter significantly influenced
the recurrence of dysmenorrhea, while only prior laparoscopic
surgery for ovarian endometrioma was found to be a significant
risk factor for the recurrence of pain as reported by Bussacca
et al. and Porpora et al.11,32,43
In agreement with Vercellini et al., a lower incidence
of dysmenorrhea in older patients is attributable to
postmenopausal changes.54 Other studies have suggested
that adhesions have causal importance in pain associated with
endometriosis, whereas no significant correlation has been
found between cyst diameter and pain symptoms.16,21 Like
earlier studies that described pregnancy as a protective factor
against pain associated with endometriosis, more recent
studies have also identified nulliparity as having predictive
value for pain symptoms.26,43
Many studies have analyzed the recurrence rate of
endometriomas after laparoscopic surgery and found a

Fig. 3.25 Probability of recurrence-free interval within the follow-up
period in patients with and without postoperative hormone treatment.
Courtesy of Maul et al. (2014).32
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recurrence rate between 11.0 % and 30.4 % after 2 or more
years of observation.26,54 As recurrence is among the most
significant challenges of endometriosis, reoperation is often
considered the best treatment option at present, although
the extent and duration of benefits from second-line surgery
remain unclear.53 In the present follow-up, a reoperation
rate of 68.1 % was noted in 32 of 47 patients with recurrent
endometrioma who had ovarian endometriomas initially
diagnosed at surgery. These observations agree with those of
Cheong et al. but not with the lower reoperation rates reported
by other authors.1,13,53
A history of preoperative pain or preoperative dysmenorrhea
was shown to be a significant factor associated with higher
recurrence rates, which agrees with a study by Renner et
al.44 Our study found significantly lower recurrence-free
intervals for those preoperative complaints. In the present
study larger cyst size, as also reported by Kikuchi et al. and
Koga et al., younger age at surgery, and preoperative cyst
rupture appeared to increase the risk for recurrence of ovarian
endometrioma.23,26
Laparoscopy yielded the best results regarding the efficacy
of endometrioma surgery. Efficacy was assessed in terms of
uneventful postoperative course and pain reduction. In fact,
because of its good tolerance, low morbidity, and low total
cost of treatment, laparoscopy with sampling for histologic
analysis has become the gold standard for the evaluation of
endometriosis patients with persistent complaints.35,43
The impact of postoperative hormone therapy on ovarian
endometriosis is not yet fully understood. To determine the
effect of additional postoperative medical treatment in the
present follow-up, patients on hormonal therapy (56.1 %) were
compared with patients not receiving hormones (43.9 %).
Our findings were consistent with previous observations
that patients do not significantly benefit from additional
postoperative hormone therapy (gonadotropin-releasing
hormone agonist, oral contraceptive, medroxyprogesterone
acetate, or danazol) in terms of reduced risk of disease and
pain recurrence.8,43,50,52,53 We observed even lower probabilities
for a recurrence-free interval based on an average follow-up
of 12.9 years in patients receiving hormone therapy versus
those who received surgical treatment only. A retrospective
study found that previous medical treatment of endometriosis
was a significant risk factor (P = .009) for higher recurrence.26
Yap et al. found a significant improvement in recurrence rates
after postoperative hormone therapy, noting also that there
were no recorded beneficial effects on pain and pregnancy
rates relative to surgery alone.56
Among the 111 patients who wished to conceive, the
postoperative spontaneous pregnancy rate was 54.1 %,
which corresponds to fertility rates reported by Vercellini et
al. and Jones and Sutton.20,54 As the present study analyzes
only the outcomes of total endometrioma excision, we were
unable to draw comparisons with other surgical techniques
such as fenestration or ablation.3,18 The present study
indicates that additional medical treatment positively impacts
the postoperative spontaneous pregnancy rate, which is
in line with previous observations.4,34 This contrasts with

other studies, however, which did not observe a hormonal
impact on fertility rates after surgery.12,29 Further studies are
needed to determine the most effective treatment for ovarian
endometrioma.
One limitation of this study is that its study model, a
retrospective cohort study, does not provide the same level
of evidence or validity as a prospective randomized controlled
study. The definition of ‘recurrence’ varies in the literature.
Some studies define recurrence as a typical morphologic
change depicted in a vaginal sonogram, while others define
it as a recurring or worsening subjective perception of pain.
Although the general definition of ‘recurrent endometriosis’
remains to be determined, our definition represents a limitation
because it is based on a questionnaire.
Biases in this study include differences in surgeons’
experience, the low return rate of questionnaires, and
developments in the field of hormonal therapy over the period
of data collection and observation. (For example, danazol,
despite its interesting immunosuppressive effects, has been
superseded by drugs with fewer side effects, such as GnRH
analogues and progestin-only pills.)
Among the strengths of the study are the long follow-up
period, large sample size, and the fact that all patients
underwent surgery at the same hospital.
Our study identifies risk factors for recurrent ovarian
endometrioma in our patient population as preoperative pain,
preoperative dysmenorrhea, and larger cyst size.
The present study also indicates that patients with ovarian
endometriomas who wish to conceive seem to benefit
from additional postoperative medical therapy. For patients
who do not desire future pregnancy, the need for additional
postoperative medical therapy should be carefully assessed
based on individual patient preferences.

3.3.7 Summary
Endometriosis cysts of the ovary occur in up to 44 % of all
endometriosis patients. Half of those patients suffer from
bilateral endometriomas. Surgical treatments, which usually
involve enucleating (stripping) or coagulating the cyst, have
become the first-line option because it has been shown that
the complete removal of endometriosis is most effective in
alleviating symptoms and improving pregnancy rates. Apart
from endometriosis-related symptoms, endometriosis cysts
may impair fertility. The removal of endometriosis cysts is a
controversial issue, however, as other studies have shown that
any kind of manipulation may worsen the outcome of fertility
treatment by decreasing the ovarian reserve. Translational
research has revealed that endometriosis is associated
with endometrioid, clear-cell, and low-grade serous ovarian
cancer. However, ovarian endometriosis is frequently removed
to resolve symptoms related to the disease and to improve
the fertility potential of the patient. This chapter provides an
introduction to the controversial debate and explores the
indications and techniques of surgical treatment.
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Deep Infiltrating Endometriosis (DIE)

Ingo von Leffern a
3.4.1 Introduction

When speaking about deep infiltrating endometriosis (DIE)
this means that more than one tissue has been infiltrated
by disease, e.g., peritoneum and deeper retroperitoneal
structures such as the muscularis or mucosa of the bowel,
fatty tissue of the retroperitoneum, umbilicus, nerves, ureter,
bladder, sacrouterine ligament, rectovaginal space and
vagina, diaphragm or pericardium.
Deep infiltrating endometriosis of the peritoneum is defined
as endometriosis penetrating more than 5 mm beneath the
peritoneal surface.22
The decision-making as to the approach and modality of
surgical treatment, is subject to the location of endometriotic
lesions.
Respect the properties of different tissues!
Every anatomical space has its own problems and its own
advantages and each organ has that too!
In this subsection, the author explains and illustrates how to
deal with the various tissues, spaces and organs.
3.4.1.1 Basic Considerations
Considering that surgical treatment of DIE can pose some
technical challenges and can be fraught with a multitude of
potential complications,21,39 the first question to be addressed
is:
Why do we opt for a surgical approach and what is the
goal to be achieved?
The criteria to be applied when defining the major therapeutic
objective, are based on quality of life, severity, duration and
frequency of symptoms, the patient’s individual needs and the
anticipated risk of severe complications.
Quality of life, among others, should include sexual function
and its level of satisfaction.
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In a comparative study conducted by U. van den Broeck et al.39
it was shown, that at 6 months after surgery, the bowel resection
group versus the no-bowel-resection group was found to have
lower mean levels of the Beck Depression Inventory (BDI) (P,
0.05), a lower incidence of ‘pain during sexual intercourse’ and
‘orgasm problems’ (P, 0.05), and a lower proportion of patients
with severe orgasm problems (P, 0.05), measured with the
Short Sexual Functioning Scale (SSFS).
These data have demonstrated that radical but fertilitysparing surgery for the treatment of endometriosis – with or
without bowel resection – results in comparable and good
psychological outcomes concerning depression levels,
relationship, satisfaction and sexual function.
A good quality of life also means to be free from pain. Radical
resection of endometriosis can be an effective treatment for
pelvic pain.14
Nevertheless, sometimes less is more, or in other words,
less is even better!41
There are two options available for the surgical treatment of
bowel or bladder endometriosis: a conservative approach
(nodule excision with bowel or bladder shaving and
preservation of the organ(s) involved) and a radical approach
(segmental bowel resection or partial cystectomy).40
It is well-known that the surgical treatment options proposed
and discussed in the current literature are subject to constant
change. More aggressive approaches have been abandoned
in favor of less invasive tissue-sparing surgical procedures. In
recent years, the so-called shaving technique has increasingly
gained in acceptance and is now frequently used in those
cases where resection was proposed as first-line option for
treating endometriosis involving the bowel and/or bladder. It
has now become more common for surgeons to even consider
medical treatment as an alternative option suited to achieve
an effective resolution of the symptoms associated with the
disease.40
Endometriosis, especially in its more severe form, needs to
be treated by highly skilled surgeons capable of coping with
the challenges of difficult procedures in an accurate manner.
Surgery must be performed by surgeons who are dedicated
to endometriosis. It is mandatory, that complete treatment be
achieved while respecting anatomical integrity and reducing
the risk of iatrogenic fertility impairment.
Unlike most other operative procedures, the surgical treatment
of DIE should be based on a collaborative multidisciplinary
approach. In this way, patients are offered the optimal
treatment that should be provided by a team of highly skilled
experts.
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a

b

Fig. 3.26a,b Situs after primary surgery (a). Situs at second-look surgery (b).

In patients who wish to have children, a well-adapted
treatment strategy should be chosen. In order to preserve
integrity of the reproductive organs, in these cases, surgery
has to be accomplished in a more conservative and extremely
cautious way, that is based on a staged approach in order to
prevent postoperative adhesion formation.
In these special cases, we perform a second-look laparoscopy
6 to 8 weeks after primary surgery and carry out adhesiolysis,
chromopertubation and prophylaxis for prevention of recurrent
adhesions.
Fig. 3.26a, b show the operative situs after primary and
secondary surgery in a woman who became pregnant within
about 6 months after second-look surgery.
It must be kept in mind that DIE is a benign disease! There is
no scientific evidence that 100 % surgical removal of disease
should be considered the major goal to be achieved in any
case.
Is there a need for complete resection?
Moreover, it is virtually impossible to identify and remove
every single endometriosis cell.
In a large number of cases lymph nodes are found to harbor
endometriotic lesions.26 To the best of my knowledge these
lesions do not cause any disorders or pain which is why the
author advises against attempting a systematic removal.
It is still unclear whether nodules of deep infiltrating
endometriosis that do not cause pain should in fact be
excised. Another clinical question yet to be answered is
whether remnants of endometriosis are a possible cause of
relapse.
Conversely, however, it is indisputable that almost complete
removal should be attempted to the extent feasible if the
patient presents with symptomatic endometriosis. Infertility
can be one of these symptoms.

Lacking clear data, the author recommends eradication of
visible endometriotic lesions, however care should be taken
in the area of the intestine. The rate of severe complications
has lead us to exercise due restraint at this site during radical
surgery. Occasionally, the need may arise that endometriosis
lesions are shaved off the bowel leaving behind a layer of
fibrosis that encloses the nodules.
Taking into account that evidence of recurrent disease is most
frequently found in the posterior fornix of the vagina23 and
considering that the vaginal cuff commonly heals well, it is
important to ensure a complete resection in this region.

3.4.2 Surgical Approaches and Instruments
A minimally invasive, laparoscopic approach should be
selected, whenever possible
In the hands of experts, use of the laparoscopic route is
less invasive and enables a targeted and accurate surgical
treatment of deep infiltrating endometriosis.
Do not hesitate to use an open access, if laparoscopy is
not feasible or if the intraoperative situation suggests that
conversion to laparotomy seems to be a better option.
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Fig. 3.27a–h The needle is passed through the abdominal wall (a). The needle is grasped from inside the abdomen (b). The needle is placed at the
ovary (c). The needle is passed through the ovary (d). The needle is passed through the abdomen from inside (e). Pulling out the thread (f). Both ends
of the suture are held by a Kocher clamp (g). Final aspect following completion of suspension of the uterus and left ovary (h).
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3.4.2.1 Uteropexy and Ovariopexy
In order to facilitate laparoscopic access to rectum, pouch of
Douglas or to the rectovaginal space, an uterine manipulator
(e.g. Valtchev adapter) can be of great help.
From the author’s perspective, the use of a temporary ventral
uteropexy15 with a thick, monofilament suture has also proven
helpful. The thread is passed through the abdominal wall with
a long, straight needle, then guided through the uterine fundus
and again withdrawn through the abdominal wall, where the
threads are held with a Kocher clamp.
The temporary uteropexy allows a very effective elevation of
the uterus without the need for fixing cervix or vagina. This
option offers the advantage that no further assistance is
needed as is the case with a uterine manipulator.
The same method can also be used for temporary suspension
of ovaries for keeping them out of the surgical site. This
measure is used by some surgeons for adhesion prevention
and involves that the stitches are left in situ for 48–72 hours
after surgery. So far, there is no authoritative evidence
supporting the efficiency of this method in preventing the
formation of adhesions. Derived from anecdotal experience
of a few surgeons only non-representative samples of cases
have been reported so far. Fig. 3.27a–h shows the technique of
ventro-lateral ovariopexy.
3.4.2.2 Instruments
The vast number of different laparoscopic instruments for the
surgical treatment of deep infiltrating endometriosis makes it
impossible to mention all of them in this chapter.
In the following, the author focuses on the monopolar hook /
monopolar needle electrode (Fig. 3.28), an instrument, that has
always been the subject of controversy among physicians. It
is loved by some surgeons and totally rejected by others.
The advantage of this instrument lies in the fact, that it allows
the surgeon to concurrently cut and coagulate, to cut without
coagulation – provided the energy device is adjusted to pure
cutting mode, and to cut and coagulate very precisely and
millimeter by millimeter – provided an interrupted cutting
current is used with very short intervals.
In high-frequency electrosurgery, a cutting current is used
to cut through tissue almost without necrosis and without
inducing collateral coagulation, offering similar features as
those made advantage of in laser surgery.

However, a few disadvantages of monopolar electrodes
should also be mentioned. First of all, monopolar current may
spread well beyond the target site into tissue. The direction, in
which it spreads, cannot be controlled by the surgeon and is
subject to the varying electric conductivity of different tissues.
The use of monopolar current also carries the risk of
stimulating distant nerves which may result in spontaneous
muscle jerks or twitches of the body. This is particularly risky
while operating close to large blood vessels.
Caveat: Monopolar current must not be used in close
proximity to any nerves since this can result in iatrogenic
damage!
Provided these rules are adhered to, the instrument is ideally
suited for both atraumatic and straightforward dissection,
creating a cleavage plane that conforms with the targeted
physiologic layer of tissue. Furthermore, it is very inexpensive.

3.4.3 DIE and Fertility

Endometriosis affects about 10 to 15 % of women of childbearing age and 20 % of these patients even suffer from DIE.
Subfertility is a well-known and common problem in
patients with endometriosis. Unfortunately, the underlying
etiopathological mechanisms of the disease are not yet
completely understood.
In endometriosis patients, the management of infertility
encompasses surgery, medical treatment and the use of
assisted reproduction techniques. In terms of infertility, the use
of minimally invasive techniques have been shown to provide
better results than those yielded by open surgery approaches.
Based on the current literature, the use of laparoscopic
resection techniques has demonstrated a benefit in the
treatment of both minimal and moderate endometriosis.
In cases of severe endometriosis, the data currently available
are inadequate. Considering that an extensive surgical
intervention is fraught with significant risks, it would not be
reasonable to undertake this option in cases where the major
objective of treatment is geared toward improving the patient’s
fertility status.4

Another advantage of the monopolar hook/needle is that you
can cut without exerting pressure on the tissue. In order to cut
and coagulate, the electrode only has to be in near contact
with the target tissue. When using “spray coagulation mode”,
no contact between the instrument tip and the tissue to be
treated, is needed at all.
The mass of the electrode is so minimal, that it cools
immediately in fractions of a second. Iatrogenic burns to
adjacent tissue, upon inadvertent contact after shut-down of
the current, do not occur.

Fig. 3.28 Monopolar hook with a ceramic tip.
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On the other hand, a literature review by Cohen et al.10
demonstrated that surgery alone offers a high spontaneous
pregnancy rate in cases of DIE without bowel involvement.

If both sacrouterine ligaments are affected by disease, it is
sometimes prudent to leave some endometriotic lesions
behind and refrain from radical resection on one side!36

For those women with bowel involvement, the low
spontaneous and relatively high overall pregnancy rate
suggests that a benefit can be achieved by a combination of
surgery and medically-assisted reproduction (MAR).

The vesical plexus is part of the sacral plexus and composed of
very delicate nerves that can be difficult to locate. Sometimes,
it may be necessary to first trace the larger portions of the
pelvic plexus, the sacral roots (Figs. 3.29, 3.30a), and then follow
them caudally to spot the thin branches of the vesical plexus.
In order to identify the sacral roots, dissection is initiated
medial to the ureter and lateral to the sacrouterine ligament
(Fig. 3.30b).

Stepniewska et al.38 observed three groups of patients for
about 4 years after surgery and analyzed the monthly fecundity
rate (MFR) of each group.
Those patients who underwent surgery for endometriosis with
colorectal segmental resection showed a MFR of 2.3 %. In
those patients with evidence of bowel endometriosis subjected
to endometriosis removal, but without bowel resection, a MFR
of only 0,84 % was revealed. Finally, in the group of patients
with DIE, but without any bowel involvement, the MFR was
3.95 %. The differences were significant.
Concordant with the results and conclusions of Cohen et al.10,
it was established, that in order to improve fertility, the affected
bowel should better be removed. In a nutshell, DIE of the bowel
seems to be associated with a decrease in fertility, which can
be partly compensated by adequate surgical treatment.

In the broad ligament, it should be possible to visualize small
nerve fibers (Fig. 3.30c) in the pars nervosa inferior to the pars
vascularis, which is superior to the deep uterine vein.
Accordingly, the deep uterine vein constitutes the boundary
between pars vascularis and pars nervosa of the broad uterine
ligament.

3.4.5 DIE Involving Nerves

Occasionally, nerves are affected by endometriosis which
may lead to muscular dysfunction if motor nerves are involved.
Given the involvement of sensory nerves, pain symptoms or
sensory discomfort may result from irritation of those nerves.

3.4.4 DIE of Sacrouterine Ligament

The sacrouterine ligament is among the anatomical regions
most frequently involved by DIE. From this location,
endometriosis spreads into the broad ligament, to rectovaginal
space, to the pararectal space and to the area surrounding the
ureter.
Radical resection of the sacrouterine ligament is complicated
by close proximity of the ureter, bowel and the nerves of the
pelvic plexus.
Integrity of these nerves, in particular, has to be preserved.
Iatrogenic injury may result in urinary dysfunction and
cannot be repaired.8 Atony of the bladder and problems with
defecation may result from radical resection of both ligaments.
Refractory neurogenic bladder atony may entail the need for
permanent self-catheterization.
This serious complication can severely impair the patient’s
quality of life to a degree exceeding that of endometriosis itself.
Bladder dysfunction and neurogenic atony may occur even
years after primary surgery.34 In the immediate postoperative
phase, these symptoms may sometimes remain occult leading
to delayed notification of the doctor in charge of follow-up care.
Integrity of the tissue surrounding the ureter has to be
preserved meticulously to prevent injury to the network of
nerves forming the pelvic plexus! If possible, leave behind part
of the sacrouterine ligament and some fatty tissue beside the
rectum.
Fig. 3.29 Schematic representation of the pelvic plexus and hypogastric
plexus.
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Fig. 3.30a–c Sacral roots (a). Anatomical landmarks (b). Sacral nerves of inferior hypogastric plexus (c).

Cyclical sciatica from intraneural endometriosis of sciatic
nerve has been reported9 as well as cases of DIE affecting a
multitude of various other nerves.
The literature provides some anecdotal evidence of perineural
spread of endometriosis to the lumbosacral plexus along the
autonomic nerves and then distally to the sciatic nerve and
proximally to the spinal nerves.
Endometriosis may also affect femoral nerves3 as well as the
nerves of the pelvic side wall such as the obturator nerve
(Fig. 3.31).
Shown on (Fig. 3.31) is the obturator nerve after dissection of
DIE reaching from the peritoneum to the iliac bone. Intrinsic
endometriosis of the ureter was noticeable as well as infiltration
of the periosteal layer of the iliac bone, but without affecting
the nerve.
As shown in (Fig. 3.31), endometriosis-associated compression
of the obturator nerve was treated by neurolysis carried out
by creating a cleavage plane that conforms with the targeted
physiologic tissue layers.
Deep retroperitoneal nerves can be involved without any
prominent signs of DIE visible on the peritoneum. As shown in
Fig. 3.32a, there is only a small fibrous retraction noticeable on
the peritoneum of the ovarian fossa. The patient suffered from
severe cyclic ischialgia. Based on MRI scans, endometriotic
involvement was demonstrated in the area surrounding
the superior gluteal nerve and the sciatic nerve. Once the

a

Fig. 3.31 Right obturator nerve with signs of compression.

peritoneum was opened, a scarred string-shaped lesion
(Fig. 3.32b) was revealed to adhere to the obturator foramen
and the iliac bone, especially in the area of the greater sciatic
notch. The obturator nerve was not involved.

b

Fig. 3.32a,b At the site of endometriotic lesions (pointers), the peritoneal wall exhibits signs of retraction (a). Note the presence of a scarred,
string-shaped endometriotic lesion (b).
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modality (e.g. ultrasound scissors). Dissection should either
be performed bluntly or with cold scissors. Occasionally, the
use of aqua-jet dissection is feasible.

3.4.6 DIE of the Ureter

Endometriotic involvement of the ureter is often associated
with DIE of the peritoneum. The peritoneal portion in front of
the ureter is a predilection area for endometriosis of the pelvic
sidewall.

c

Anecdotal evidence suggests a predilection of endo
metriosis to develop on the ureter!
Endometriosis of the ureter may simply be superficial, but may
also be more invasive in nature and totally enclose the ureter.
As disease progresses, endometriosis can invade deeply into
the ureter. This condition is described as ‘intrinsic ureteral
endometriosis’.
Secondary to an ‘entrapped’ ureter or if the latter is affected by
intrinsic disease, this may result in hydronephrosis, a sequela
that constitutes an absolute indication for immediate surgery.

d

The aim of surgery is to free the ureter from constrictive tissue
and to excise endometriosis radically in order to prevent
recurrence of disease, especially in this region.
Utmost care must be taken during ureterolysis, particularly
when coming close to the ureter’s blood supply. Whenever
possible, integrity of the adventitial layer of the ureter should
be preserved, while making sure to keep adequate distance
from concomitant nerves.
Shown on (Fig. 3.33a, b) is an ureter affected by intrinsic
endometriosis and exhibiting an abrupt change in calibre.
Most noticeable is a pronounced dilatation proximally to a
segment with severe stenosis.

e
Fig. 3.32c–e Endometriosis compressing the sciatic nerve (c).
Sciatic foramen completely infiltrated by endometriosis (d).
View of the sciatic foramen freed from disease (e).

As shown in Fig. 3.32c, the sciatic nerve was encased and
constricted by DIE. Once the nerve was partially skeletonized
by excision of endometriotic lesions (Fig. 3.32d), marked
entrapment of the sciatic nerve became apparent. Upon
removal of the endometriotic lesions with cold scissors, the
sciatic foramen was wide open and decompression of the
nerve was confirmed (Fig. 3.32e). At follow-up, the patient
reported to be free of cyclic sciatica symptoms.
While performing neurolysis, never use electrosurgery
(neither monopolar nor bipolar) or any kind of heat-emitting

The affected ureter even appears to be deflected despite the
fact that a stent had been implanted prior to the operation.
The stenotic segment and the part of intrinsic endometriosis
had to be removed completely.
Stenting with a double-J-stent is imperative in cases of
hydronephrosis or stenosis of the ureter. Some surgeons opt
for stenting in all cases where ureterolysis is anticipated. The
author does not choose this option!
Mostly, the ureter is identified and dissected with ease while
obviating the need for stent placement. The use of a stent
is often associated with pain and bleeding. Hence, this may
result in a dead end situation in which it remains unclear where
pain and bleeding have arisen from.
3.4.6.1 Partial Resection of the Ureter
In a first step, about 3–4 cm of the ureter are excised and
then ureteroureterostomy25 with an end-to-end anastomosis
is performed. It is important, that the anastomosis is free
of tension! In order to achieve good results, the removed
segment should not be too close to the bladder, since blood
supply in this region is insufficient.
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Fig. 3.33a–g Right ureter with an abrupt change in caliber (a).
Ureter with intrinsic endometriosis (b). The stenosis is cut free (c).
Proximal transection of the ureter (d). Removal of the ureteral segment
on the indwelling stent (e). Single knot suture (f). Final aspect of the
completed suture (g).

g

If end-to-end anastomosis is not feasible because of problems
related to the length of the removed part or due to immobility
of the ureter, it is recommended to switch to reimplantation of
the ureter to the bladder, e.g., by ways of psoas hitch.

In the event of segmental resection, the surgical maneuver is
initiated by transection of the ureter at distal (Fig. 3.33c) and
proximal sites (Fig. 3.33d) using cold scissors to prevent the risk
of necrosis.

Given a lack of experience in urogynecology, it is highly
recommended in these cases to call in the assistance of an
urologist.

Next, the middle part, that needs to be resected is removed
(Fig. 3.33e). Make sure that both ends of the ureter are free of
scarred tissue, without any signs of endometriosis and with
good vascular supply.
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Fig. 3.34a–d Both ends of the ureter are spatulated (a). The corner sutures are placed (b) and completed by knot tying (c). Running suture (d).

In the next step, the distal and proximal ends of the ureter are
spatulated using longitudinal incisions that should measure
about 7 – 10 mm in length and be offset by 180 degrees
(Fig. 3.34a). Spatulating is necessary to prevent the risk of
ureter constriction as a result of the shrinking scar.
Subsequently, the corner sutures are placed (Fig. 3.33f and
Figs. 3.34b, c).
Use of a thin resorbable suture (e.g. USP 5-0) is recommended.
Next, anastomosis of the ureter is completed. One may either
use the corner sutures to perform a running suture or make a
single knot suture (Fig. 3.33g and Figs. 3.34d).
The short tail of the corner suture is grasped to mobilize the
ureter in any direction needed, which affords a good view of
the entire circumference of the ureter.

3.4.7 DIE of the Bladder

Most commonly, endometriosis of the urinary bladder may
well be identified by ultrasound imaging (Fig. 3.35a). In view of
its inherent dynamic properties, the vaginal utrasound probe
can be used to move the bladder wall, the uterus or even
the endometriotic nodule to differentiate smooth and mobile
layers from dense and adherent tissue.
Sometimes, an additional MRI exam has shown to be useful in
order to yield additional information (Fig. 3.36).
This can be particularly helpful in cases where sonographic
density of endometriosis lesions, bladder wall and uterus is
similar.
Deep infiltration of the bladder commonly results in bladder
pain synchronous with the menstrual cycle and sometimes
presenting with micro or macro hematuria.

A soft drain may be inserted in case of urine leakage and
should be left in place for 1–2 days.

Occasionally, the presence of DIE is recognized during a
cystoscopy, but not in all cases.

The bladder catheter should be left in place for 3 days and
the stent should be removed in about 2–4 weeks. A single
antibiotic injection is recommended.

Often, deep infiltrating endometriotic implants are located
at the peritoneal fold between uterus and bladder (Fig. 3.35b).
Therefore, in most cases, the lesions may encroach on the
ventral and cranial wall of the bladder. Depending on the
extent of endometriotic growth, the immediate vicinity of the
ureteral orifices or the ureters themselves can be involved.

3.4.6.2 Risks and Complications
Urinoma.
Urinary infection.
 Recurrence of ureteral stricture.


In order to maintain integrity of the ureter and their ostia,
both ureters should be stented before surgery facilitating
identification of the ostia.



a

b

Fig. 3.35a,b Sonographic image of endometriosis of the bladder wall (a).
Sonographic appearance of endometriosis between uterus and bladder (b).

Fig. 3.36 Transverse MRI scan showing an
endometriosis nodule.
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Prior to initiating resection, it has proven helpful to fill the
bladder with 200–300 ml of water which allows for enhanced
visualization of margins between the endometriotic lesion and
the healthy bladder wall. One may either incise the bladder
with a monopolar hook / needle or ultrasound scissors. Do not
use undue coagulation and beware of producing wide zones
of necrosis. Minor bleedings from the detrusor muscle are
acceptable.
Wounds from bladder repair commonly heal very well provided
the operating surgeon adheres to the principles of atraumatic
dissection, tension-free approximation of wound margins and
proper suture techniques.
Fig. 3.37 View into a bladder with three stented ureters. One is on the
left side, two on the right.

It is vital to make sure that adequate information be obtained
on possible abnormalities of the urinary tract.
The prevalence of these abnormalities is about 1:150. Cysto
scopy and stenting of ureters can uncover the presence of
unknown ureteral duplication. Shown on Fig. 3.37 is an opened
bladder with an urethral catheter, and one stent on the right
and two stents on the left.
The third stent, and along with it, the proximal right ureter was
very close to the removed lesion. The stent helped to identify
the intramural part of the ureter.
Parts of the bladder wall may easily be resected laparo
scopically.

Occasionally, the lesion can be difficult to identify when
obscured by a healthy peritoneum (Fig. 3.38a). In this case, it
has proven helpful to trace the site of the lesion by referring to
ultrasound or MRI images taken in advance.
After opening the peritoneum, the margins of the lesion need
to be circumscribed in order to prevent excessive removal
of healthy bladder tissue (Fig. 3.38b). The lesion should be
completely removed, but meticulous care is required at the
trigone and ureteric orifices. For this purpose, a full-thickness
fenestration is made in the bladder wall at a secure position
(Fig. 3.38c), followed by aspiration of saline and insertion of the
laparoscope into the bladder (Fig. 3.38d).
While resecting along the circumference of the lesion, constant
care must be paid not to transgress the predefined margins.
Undue removal of healthy tissue must be avoided in order
to prevent build-up of tension to the suture line placed later
on in the procedure and potentially resulting in a decrease of
bladder capacity.

a

b

c

d

Fig. 3.38a–d DIE, barely noticeable (a). Dissection of the endometriotic nodule (b). The opening is made at a secure position (c). Localizing the trigone (d).
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After resection, the cystostomy is closed with a USP 3-0
resorbable, braided suture. In order to spare the first knot, it
can be helpful to tie a small marker knot at the end of the
thread (Fig. 3.38e).
Occasionally, it may be helpful to mobilize the bladder prior
to suture closure of the cystostomy in order to achieve a
tension-free tissue approximation. This can be accomplished
by creating a wide peritoneal opening at the ventral fold and
by freeing the bladder from the pubic bone.
The continuous suture is initiated from the right side of
the cystostomy once the position of the trigone has been
confirmed. A two-layer suture is applied for cystostomy
closure. At first, the mucosa is closed. Care should be taken
to include nearly equal portions of tissue in each bite which
are spaced at similar intervals from each other.18 The assistant
is instructed to align the thread and keep the suture line under
moderate tension while placing the running stitches (Fig. 3.38f).
The second-layer suture – of the same material as the first
one – is used to reinforce and bury the first suture. Suturing is
again started at the right edge, slightly lateral to the primary
suture line forming the first layer. Grasp the full thickness of the
muscle layer of the detrusor and avoid passing the stitches
through the stitch channels made previously. Make sure that
the first suture is covered completely in order to ensure leak
tightness of wound closure.
Patency of the suture line is assessed by filling the bladder
with 200 – 300 ml of saline. The use of Methylene blue is not
needed for this purpose.
The peritoneum can be left open allowing blood and coagula
to drain off. If the wound does not reveal any signs of

f

Fig. 3.38e–g The needle tip is passed through the loop of the marker
knot (e). Running suture passed through mucosa and detrusor muscle (f).
Suture of peritoneum (g).

hemorrhage, the peritoneum can be closed with a running
suture (Fig. 3.38g).
A Foley catheter is inserted and left in place for 7 days
allowing any signs of secondary bleeding to be detected.
This precautionary measure obviates the need for vesical
tamponade andhelps to prevent the occurrence of suture
dehiscence.
The stents are removed 3–4 weeks later in the same session
of the follow-up cystoscopy scheduled for monitoring the
wound healing process.
3.4.7.1 Risks and Complications







Urinary tract infection.
Bleeding.
Wound infection.
Urinoma.
Vesical tamponade.
Voiding dysfunction.

3.4.8 DIE of the Bowel

DIE of the bowel can be asymptomatic or associated with
dyschezia.
Particularly in cases where the colon is directly infested with
endometriosis, e.g., in case of retro-cervical involvement,
symptoms of dyschezia can be severe. Secondarily, the
condition may trigger symptoms of dyspareunia which can be
correlated (or not) with the site of endometriotic lesions (with
or without loss of libido).
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Current Data on the Success and Improvement of Symptoms After Interdisciplinary Therapy of Deep Infiltrating Endometriosis
Reference
Numbers Procedure
Postoperative pain
SignifiInfertility Pregnancy SignifiPreoperative pain
(segmental
cance
rate
rate
cance
resection of
bowel)
Meuleman 30 203
yes (76)
72 (95 %)
2 (3 %)
p < 0.05
72 (95 %) 48 (63 %) p>0.05

Dousset 13
Jelenc 19

no (127)

104 (82 %)

6 (5 %)

117 (92 %) 27 (21 %)

100

yes (100)

100 (100 %)

6 (6 %)

p < 0.05

70 (70 %)

n.a.

n.a.

52

yes (48)

dysmenorrhea 48 (92 %) 15 (29 %) asymptomatic p < 0.05

15 (29 %)

9 (17 %)

p < 0.05

no (4)

pelvic pain 30 (58 %)

25 (27 %)

dysmenorrhea 57 (72 %) 42 (46 %) asymptomatic n.a.

30 (33 %)

13 (14 %)

n.a.

14 (30 %)

n.a.

n.a.

36 (70 %) improvement
1 (1 %) no improvement

Koh 20

92

pelvic pain 12 (15 %)

33 (36 %) improvement
3 (3 %) no improvement

Mabrouk 24

47

yes (47)

dysmenorrhea score 8

dysmenorrhea score 0

p < 0.05

dysmenorrhea score 2

pelvic pain score 0

p < 0.05

26 (13 %)

p < 0.05

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

128
(16.5 %)

p < 0.05

Nezhat  31

193

yes 3 (1.6 %)
no 141 (73 %)

dysmenorrhea 101
(52 %)
pelvic pain 159 (82 %)

Ercoli  16
(robotic)

22

yes (12)

dysmenorrhea score 10

dysmenorrhea score 1

p < 0.05

no (10)

dyspareunia score 9

dyspareunia score 0

p < 0.05

Ruffo  37

900

yes (900)

900 (100 %)

dysmenorrhea 114
(16 %)
pelvic pain 64 (8 %)

p < 0.05
p < 0.05

Tab. 3.3 Current data on the success and improvement of symptoms after interdisciplinary therapy of deep infiltrating endometriosis.
Key to acronyms: not available (n.a.); probability (p).

Severe endometriosis of the bowel can cause constipation,
flatulence and constriction of intestinal lumen which can
eventually lead to intestinal obstruction.
Patients afflicted with DIE of the bowel commonly suffer from
chronic pelvic pain which can be cyclic or non-cyclic in nature.
Cyclic bleeding from the rectum is yet another symptom.
Surgical treatment of colorectal endometriosis is difficult
and challenging. Complication rate is relatively high. The
requirements to be met by the surgeon are on a high level,
and in most cases, an interdisciplinary setting is necessary.
al.29

A literature review by Meuleman et
that was based on
49 studies and a total of 3,894 patients revealed that 71 %
received bowel resection anastomosis, 10 % received discoid
excision and only 18 % were treated with superficial surgical
removal (shaving). Based on these findings it was shown, that
most patients with DIE of the bowel were treated by extended
surgery which is fraught with significant inherent risks.
In a clinical, prospective cohort study based on 203 patients
followed-up for 24 months after surgery,30 136 of them had a
confirmed diagnosis of severe endometriosis. Patients were
observed for quality of life, dysmenorrhea, chronic pelvic pain,
deep dyspareunia, fertility outcome and complications. The

rAFS score was higher in the bowel resection group than in
the non-resection group. The complication rate in the bowel
resection group was 11 %. In both groups, quality of life and
pain scores improved significantly and remained stable for 24
months. The overall pregnancy rate during 24 months was
51 %. The cumulative reintervention rate was 10 % in the
3-year follow-up interval and recurrence rate was 8 % in the
same time.
Accordingly, it can be concluded, that complication rate
increases with rising radicality of bowel surgery.
Nevertheless, the outcome regarding quality of life, chronic
pain and sexual life is significantly improved by surgery2,27,28
(Table 3.3).
As mentioned above, it can be stated that DIE involving the
bowel should better be removed in order to improve fertility.
In conclusion, DIE of the bowel seems to cause a decrease in
fertility rates, which may partly be compensated by adequate
surgery1,10 (Table 3.3).
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3.4.8.1 How to Practically Deal with DIE of the Bowel?
First of all, make sure to determine the major problems and
cardinal symptoms of the patient. In the absence of major
problems, there is no indication for extended surgery! If the
level of distress associated with endometriosis is low, it would
be unreasonable to opt for a surgical procedure and its inherent
risks.

anticipated difficulties associated with a staged approach, i.e.,
if definite treatment of endometriotic nodules of the bowel is
postponed until secondary surgery. In the author’s opinion, the
presence of a deep rectum nodule with concomitant DIE of the
rectovaginal space should prompt the surgeon to remove the
nodule because the latter will be a starting point for recurrent
rectovaginal DIE.

Nonetheless, it remains to be clarified how to deal with bowel
endometriosis in the general context of extended endometriosis
surgery. When faced with complete surgical removal of
endometriosis by ways of extended surgery, the question
arises whether it is a good idea to leave a lesion at the bowel
behind, especially in the absence of specific bowel-related
symptoms. In cases of endometriosis-associated infertility,
it seems to be an advantage to remove all endometriotic
nodules,5,10 especially in the case of bowel involvement.

Given sole involvement of the higher rectum or sigmoid colon,
the nodules can be left behind in order to adopt a wait-andsee strategy.

If infertility is not the problem and given the absence of
specific bowel symptoms, the decision-making poses some
challenges and should be guided by an assessment of the

In cases where the preoperative workup does not allow
to accurately elicit the anatomical structures infiltrated by
endometriosis, a conflict needs to be managed that can only
be resolved through good communication and a joint decisionmaking with the patient prior to surgery. Occasionally, the
anatomical location of disease even remains unclear.
If the patient is suffering from dyschezia or symptoms of
bowel constriction, resection is indicated.
Subject to the level of experience, the surgeon can choose
among a multitude of different operative techniques.
Commonly, a visceral surgeon should be called in24 to play a
key role in the decision-making as to which surgical procedure
should be chosen.

a

b

Shaving Technique
Given the fact that deep infiltrating endometriosis is mostly
limited to the serous membrane of the bowel, lesions may be
removed by using a shaving technique (Fig. 3.39a). Following
mobilization, the nodule is elevated and then removed sharply
from the bowel wall by use of cold scissors.12 In the author’s
experience, use of electrosurgery has proven helpful with a
monopolar hook applied in intermittent cutting mode only
and without coagulation while making sure that the tissue
subjected to treatment is kept under adequate tension. Use
of a CO2 laser was also shown to be a viable modality that
may be employed in that procedure. Proceeding in a stepby-step manner, it is possibleto recognize the muscular tissue
layer of the bowel that must not be penetrated. If you are
uncertain about the actual plane of shaving, leave a thin layer
of endometriosis behind. The resected tissue often includes
a thin layer of external bowel muscle. The defect should be
closed by continuous suture or single stitches (e.g. USP
3-0). Take care, not to constrict the bowel with this suture.
Sometimes it is better only to cover the defect with loosely
adapted para-rectal fat, if the lesion is at the rectum.
Full-Thickness Discoid Dissection
Nodules up to 2 cm may be removed by use of a rectal circular
stapler, e.g., 33 or 34 mm in size, with preinstalled anvil.

c
Fig. 3.39a–c Superficial infiltration of the bowel (a). Deep infiltration of
the muscle layer (b). Deep infiltration of 2 cm or more (c).

Before introducing the stapler, a purse-string suture is placed
around the lesion in order to lower the lesion under the surface
of the bowel. Therefore, it is advisable to first reduce the lesion
by shaving. Following transanal insertion of the stapler, the
anvil is advanced proximal to the lesion. The nodule is pulled
into the stapler while slowly closing the device resulting in a
full-thickness discoid excision of the lesion.
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Instead of using a purse-string suture, a suture can be placed
on either sides of the lesion. In this manner, traction can be
applied on the threads causing the intestinal ventral wall to be
invaginated into the stapler. The result will be the same.

3.4.8.2 Segmental Resection of the Recto-Sigmoid
Invasion of more than 50 % of the bowel circumference,
multiple nodules, or nodules larger than 2 cm are indications
for a segmental bowel resection (Fig. 3.39c, Fig. 3.40a,b).2

Full-thickness discoid resection can also be performed with
a classical technique by cutting out the lesion and making
a hand-sewn full-layer suture. In addition, some surgeons
carry out an omentoplasty to protect the pelvic sutures. In the
author’s clinical practice, this is not performed on a routine
basis.

If resection of an intestinal segment is necessary, the decision-
making on whether to perform nerve-sparing resection of the
anterior rectum at a lower or higher level is determined by the
site of the nodule. Innervation to and from the rectum should
be spared (Fig. 3.40c) in order to prevent the occurrence of
dysfunctional defecation and micturition.

The boundaries of discoid excision are determined by the size
of the lesion (e.g. up to 2 cm), depth of infiltration, and location
(Fig. 3.39b). Especially in cases where the lesion takes up more
than 40 % of the bowel circumference, dissection is prone to
difficulties.

Following mobilization of the sigmoid colon and rectum, the
associated blood supply is coagulated and the bowel segment
affected by disease is dissected. Resection is performed with
a linear endo-stapler (Fig. 3.40c). The longer the distance to the
internal sphincter the better the outcome in terms of function
and healing. Therefore, it is recommended to leave behind as
much as possible of healthy rectum!

Risks and Complications
The extent of resection is limited in this technique which is why
the resulting free margins can be very narrow. Accordingly,
microscopic endometriotic lesions may still be found on the
margins in a number of patients treated by full-thickness
discoid dissection. The following complications may occur:

Once extended mobilization of the descending colon is
accomplished, the sigmoid is passed through the abdominal
wall through a small incision. At first, the bowel segment to be
resected needs to be identified and a purse-string suture is
placed proximal to the preselected segment.

Anastomotic leakage.
Rectovaginal fistula.
 Perirectal abscess.

The anvil of the circular endostapler is fixed in place and
the exteriorized bowel is pushed back into the abdomen.
Following deployment of the stapler, the spike is locked onto
the anvil and the anastomosis is accomplished by closing and
firing the stapler (Figs. 3.40d–g).

a

b

c

d




Fig. 3.40a–d Anatomical landmarks (a). Opening the recto-vaginal space (b). Positioning of the linear endostapler (c). Staple line of the linear Endo GIA™ (d).
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Fig. 3.40e–h Perforating the rectum with the stapler spike (e). The proximal and distal components of the stapler are locked onto each other (f).
Operative site after completion of anastomosis (g). Assessment for patency of the anastomosis (h).

Upon completion of anastomosis, patency should be
confirmed either by using air or stained saline. Apart from that,
a tension-free anastomosis must be ensured and, if necessary,
improved by further mobilization of the colon (Fig. 3.40h).

Risks and Complications
Severe postoperative complications occur in 3–10 % of
cases. They include, among others,
– urinary retention due to denervation of the bladder,
rectovaginal fistula (0,7 %), anastomotic leakage (1.5 %)
and abscess (0.3 %).
 Some studies report anastomosis-related complications,
such as
– leakage, pelvic abscess, and rectovaginal fistula.
– The incidence varies from 1 % to 6 % and a mean rate of
4.7 %.10
– A protective ileostomy is rarely necessary, but should
always be discussed with the patient.


3.4.9 DIE of the Recto-Vaginal Space and Vagina

Recto-vaginal endometriosis may extend from top of the
posterior vaginal wall to the anterior rectal wall and laterally to
the uterosacral ligaments.
Surgical treatment of DIE of the rectovaginal space is among
the most challenging gynecologic operative procedures.
This form of endometriosis has been found to become firmly
adherent to the nerves that control function of bladder, bowel
and sexuality. The area of infiltration is located nearest to the
bowel, commonly involves the vagina and may even encroach
on the uterine cervix. If the cervix is affected by invasive endo
metriosis, a complete surgical removal of 100 % is not feasible
without removing the cervix or uterus. Particularly with regard
to fertility potential, pregnancy and sexual function, this seems
to be a conflict of mutually incompatible goals.
Laparoscopic resection is the treatment of choice for DIE
involving the rectovaginal septum, and several authors
have reported good clinical outcomes with improvements in
symptoms of dysmenorrhea, dyspareunia, and chronic pelvic
pain.2,27,29,30
Nevertheless, damage to pelvic nerves can have a
detrimental effect on the patient’s quality of life.
In order to achieve clear resection margins, a combined
access should be adopted given involvement of the vaginal
wall. Small nodules are sometimes palpable or visible more
readily via transvaginal access. Accordingly, it can be helpful
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to mark the nodules preoperatively with knots (Fig. 3.41),
placed during laparoscopic inspection at the beginning of the
procedure.

While most implants are superficial and cause no discomfort,
others can be deeply infiltrating.

Shown in Fig. 3.41 are the resection lines, that are defined to
delineate the boundaries for complete surgical removal of DIE.

Deep infiltrating endometriosis of the diaphragm can be
associated with chest pain, upper quadrant pain and chronic
shoulder tip pain.17

In cases where the vagina has been opened, the author
recommends that wound closure be accomplished by placing
a continuous suture with a monofilament absorbable thread
(USP 0) which has proven to result in the lowest rate of suture
line dehiscence.

DIE may be found on and in the diaphragm. The main
contributors to the phrenic nerve are the cervical nerves C3,
C4 and C5. Considering the common innervation of C5, the
presence of shoulder tip pain in young women without clinical
findings is a valuable clue to differential diagnosis.

There are no specific data available about suture line
 ehiscence, suture technique and postoperative management.
d
Based on the author’s experience, adequate wound healing
can pose a problem, which is why all patients subjected to
this type of operative procedure at the author’s clinical center
are counselled to abstain from sexual intercourse for 8 weeks
after surgery. Apart from that, this precaution is aimed at
preventing rupture of bowel or vagina, and therefore, women
who become pregnant soon after surgery, are advised to
preauthorize consent to caesarian delivery.

However, there are also two peripheral innervating sources.
The intercostal nerves (T5-T11) and the subcostal nerve which
is located at T12.

3.4.9.1 Risks and Complications
Complications such as anastomotic leakage or rectovaginal
fistula, can occur after bowel resection and anastomosis.
There are reports in the literature on bowel resection and
full-thickness discoid excision20, with incidence rates for
anastomotic leakage, abscess formation, and rectovaginal
fistula of 0.7 %, 0.3 %, and 0.7 %, respectively.
From this, the author draws the conclusion that bowel
resection is capable of yielding good operative outcomes with
an acceptable major complication rate.

3.4.10 DIE of the Diaphragm and/or Pericardium

The presence of extra-pelvic endometrial deposits (diaphragm,
umbilicus) is a rare finding.

This makes us understand the most common symptoms of
diaphragmatic endometriosis which can manifest as dyspnea,
epigastric pain, pain in the chest (pleuritic), shoulder pain, and
right or left upper abdomen pain. All of the symptoms may or
may not be cyclic.
Diaphragmatic involvement sometimes causes recurrent
catamenial pneumothorax as well.
There are some case reports about chronic right shoulder
tip pain arising from diaphragmatic DIE.11,32 The diagnosis
of extra pelvic endometriosis is often missed, due to lack of
knowledge about the mere existence of this disorder.
Malignant transformation of endometriosis is a rare event.
There are very few case reports about transformation of
endometriosis of the abdominal wall to either a clear cell
carcinoma7 or a papillary serous carcinoma.33 On account of
its rare occurrence, malignant transformation of abdominal
wall endometriosis has not been elucidated.
3.4.10.1 Surgical Therapy
Redwine35 reports about a small study of eight patients with
DIE of the right posterior diaphragm, which is not always
visible from the umbilical port site. In all cases, laparoscopic
detection of endometriotic lesions was feasible when using a
port situated beneath the right costal margin.
In view of the posterior site of infiltration, obscured by the
liver, and the presence of full-thickness invasion, laparoscopic
treatment was not feasible in all eight patients.
Full-thickness resection of the diaphragm resulted in complete
eradication of symptoms in seven of eight patients, and good
symptomatic amelioration in one patient.
The good news about diaphragmatic endometriosis is that
after sound surgical treatment, studies have shown that the
condition is far less likely to recur than other forms of DIE.32

Fig. 3.41 DIE of the rectovaginal space.

It seems to make no difference which technique of removal
is used. Irrespective of whether vaporization, ablation, hydro
dissection, excision with cold scissors or ultrasonic scissors
was used, all of these modalities have proven to be similarly
efficient.
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Based on the experience that has been gained at the author’s
clinical center, a monopolar hook can be used without
problems at the pars membranacea of the diaphragm (nonmuscular part). Using monopolar current at the muscular part
triggers jerky movements of the diaphragm which can lead to
pleural rupture.
The occurrence of pleural rupture during laparoscopy is not
a critical event because CO2 gas will be resorbed rapidly
because it is readily soluble in blood. A small defect can be
closed by placing an absorbable running suture.
3.4.10.2 Pericardium
Unlike capnopleura, the occurrence of a capnopericardium
may result in severe complications!
Case reports are extremely rare. One of them was published
by Banks-Venegoni et al.6 reporting on a cardiac arrest arising
from a tension capnopericardium that occurred during peroral
endoscopic full-thickness myotomy.
In the following, a case report is presented on the occurrence
of a capnopericardium encountered at the author’s clinical
center. Finally, a smart approach will be described explaining
how to manage such a special complication successfully
during laparoscopy.
A young patient about 30 years of age, presented one year
after spontaneous delivery with severe pain in the right
shoulder. A review of the patient’s history revealed various
orthopedic diagnoses as well as a multitude of various failed
attempts of treatment including arthroscopy. Unfortunately,
her gynecologist was not alerted to the presence of a clue,
namely the finding that pain symptoms were synchronous
with the patient’s menstrual cycle.
A laparoscopic examination was scheduled to look for any
findings suggestive of endometriosis.
At laparoscopy, a few superficial endometriotic lesions were
detected in the pelvis, along with multiple nodules seen on
both sides of the diaphragm. On the left side, two of them
appeared to be of deeply infiltrating type and invaded the
posterior diaphragm, next to the liver and adjacent to the
falciform ligament (Fig. 3.42a).

a

Behind the diaphragm, the pulsating movements of the
heart could be seen. Endometriosis was found to infiltrate
the diaphragm in the area of the pars membranacea. The
first nodule was resected by using ultrasonic scissors and
intermittent application of a monopolar hook (Fig. 3.42b).
During removal of the nodule, some small endometriotic
cysts were opened (Fig. 3.42c). Nearly full-thickness resection
was accomplished and the serous layer of the pericardium
was locally exposed (Fig. 3.42d). In order to stabilize the thin
pericardial membrane, the defect was closed with an U-stitch
suture (Fig. 3.42e) and a sliding knot tied extra-corporeally.
For extra-corporeal knotting the author commonly uses a selflocking slip knot named “von Leffern Knot”. A monofilament
absorbable suture material is applied without undue tensile
force allowing the thread to be passed through smoothly and
without sawing into the tissue. The knot is tied down with a
closed knot-pusher (Figs. 3.42f, g).
Once the first defect had been repaired and closed, the
second lesion was excised, again with the aid of ultrasonic
scissors. The nodule was also located in the membranous part
of the pericardium. In this case, endometriosis had infiltrated
all tissue layers including the parietal serous pericardium,
which prompted us to create an opening giving access to the
pericardial space.
It was just then when a capnopericardium occurred and the
anesthesiologist was alerted to the presence of a significant
decrease in blood pressure and a tachycardia accompanied
by a low QRS complex voltage.
In order to give the anesthesiologist enough time to stabilize
the patient, intra-abdominal CO2 pressure was instantly
decreased. All instruments as well as the laparoscope were
removed, while making sure that all trocar valves were in an
opened state. The patient was stable within a few minutes.
Subsequently, laparoscopy was continued and the lesion
was removed completely by resecting all layers of the visceral
pericardium. The defect had a size of approximately 1.5 cm in
diameter (Fig. 3.42h). From the site of the defect the pulsating
movements of the heart could be seen. The epicardium,
forming the visceral serous layer of the pericardium, was
inspected closely.

b

Fig. 3.42a,b Endometriosis of the diaphragm (a). Dissection of endometriotic nodule (b).
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Fig. 3.42c–j Opening of a cystic nodule (c). The pulsating movements of the heart are noticeable (d). Placing an U-stitch suture (e). The slipknot is
tied down with a knot pusher (f). Closure of the lesion (g). Pericardial defect and view into the pericardial space (h). The suction tube is inserted into
the pericardial space after completion of extra-corporeal knot tying (i). The defect is closed while aspirating the remaining CO2 gas from the pericardial
space (j).
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In order to provide for a sustained, long-lasting remission of
disease, a purse-string suture was placed around the defect
and tied down with an extra-corporeal slip knot. Next, a
suction tube was inserted into the pericardial space to aspirate
the remaining CO2 gas (Fig. 3.42i).
While retracting the suction tube, the knot was pushed down
resulting in closure of the defect (Fig. 3.42j). Again, monofilament
suture material (USP 0) was used for extra-corporeal knot
tying. For this purpose, the thread must measure at least 90
cm in length.
The patient’s ECG instantly recovered to normal as well as
blood pressure, pulse rate and all other vital parameters.
The patient was discharged from hospital on day 3 postsurgery, and reported to feel fine all the time. At the followup examination 10 weeks later, she presented with normal
menstruation, remission of dysmenorrhea, and above all,
absence of shoulder pain!
3.4.10.3 How to Deal with DIE of the Diaphragm
At first, it needs to be established whether the lesion belongs
to the pleural or pericardial diaphragm. The latter can be
identified by the pulsating movements of the heart. Apart from
that, one should be cognizant of where to find the pericardium.
Shown on Fig. 3.43 is the pericardium (area between the red
interrupted lines) that is situated in close proximity to the
falciform ligament and, in the posterior half of the diaphragm,
next to the liver. A small pericardial portion is located above
the level of the right liver close to the falciform ligament.

Provided you are clear about the position of the lesion, do not
try to open the pericardial space, if there is lack of evidence
that this is truly necessary. A lot of endometriotic nodules can
be removed by sparing the serous layer.
Considering that you can never be sure about what happens
next, it is mandatory to keep in close communication with the
anesthesiologist and to make clear what you are planning to
do next and what might be the consequences.
Suturing in the angle between liver, falciform ligament and
diaphragm is not an easy matter. If you do not have adequate
skills in laparoscopic suturing techniques, it is safer to convert
to an open surgery access.35

3.4.11 Summary

Deep infiltrating endometrioses does not respect the borders
of tissue layers.
Therefore, the principles of good surgical practice are similar
to those applied in cancer surgery, however surgery for DIE
can be even more difficult.
Unlike many other diseases, where there is a clear indication
for radical surgery, surgeons who opt for surgical treatment
of DIE are faced with the need for drawing into account all
aspects that are linked to the patient’s quality of life.
Radical surgery for deep infiltrating endometriosis has the
potential of increasing quality of life and pregnancy rates,
but the procedure can also be associated with a multitude
of adverse side effects. In the light of this, it is paramount to
speak openly to the patient prior to obtaining an informed
consent.
All surgeons are required to have an adequate level of experience
and skills not only with regard to operative techniques but
also in terms of anatomic and functional knowledge. Surgical
treatment of DIE often is an interdisciplinary project.
As mentioned before, every layer, every space, each tissue and
each organ has its own specific problems and characteristics.
Surgeons should know this and respect the varying properties
of tissues when affected by deep infiltrating endometriosis at
various anatomical locations.

3.4.12 Acknowledgment
I thank my beloved wife Barbara von Leffern for preparing the
anatomical drawings according to my ideas!

Fig. 3.43 Frontal section demonstrating the topographic relationships
between pericardium and adjacent organs.
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3.5

Uterine Adenomyosis

Ibrahim Alkatout a
3.5.1 Introduction

Endometriosis, the second most common benign genital
disease in women after uterine myoma, has been defined
as the presence of endometrial glands and stroma outside
the epithelial lining of the uterine cavity. Possible signs and
symptoms include chronic pelvic pain, dysmenorrhea, deep
dyspareunia, cyclical bowel or bladder symptoms (such as
dyschezia, bloating, constipation, rectal bleeding, diarrhea,
and hematuria), subfertility, abnormal menstrual bleeding,
chronic fatigue, and low back pain. The nonspecific symptoms
are determined by the highly complex nature and location of
pathology as well as the patient’s individual response to the
disease. All classifications proposed to date are limited in
terms of their predictive value.41
A definitive diagnosis of endometriosis is established in
approximately 50 % of teenagers and 32 % of women of

reproductive age undergoing surgical treatment for chronic
pelvic pain or dysmenorrhea. The percentage of women
treated for endometriosis-associated infertility ranges from
9 % to 50 %. The exact prevalence of endometriosis in the
overall female population is unknown because the associated
symptoms are variable and nonspecific.31,52

Because the pathogenesis of endometriosis is unclear, causal
treatment is not yet feasible. Current treatment options
include expectant management, analgesia, hormone therapy,
surgical intervention, and a combination of medical treatment
and surgery. Since it has been shown that the growth of
endometriosis is promoted by estrogen, the condition is
amenable to various medical therapies.28,35
Uterine adenomyosis is distinguished from endometriosis
in that the former is marked by the presence of endometrial
glands and stroma within the myometrium. The spread of
endometrial tissue induces hypertrophy and hyperplasia of
the surrounding tissue leading to an enlarged uterus, that
may have a soft or rigid consistency. Adenomyosis can be
positively identified by the use of various imaging modalities.
Nevertheless, focal adenomyosis may easily be mistaken for
a leiomyoma (Figs. 3.44–3.48).

The delay between the onset of nonspecific symptoms and
the definitive diagnosis of endometriosis is approximately 7
years. An initial diagnosis is most commonly made in women
20–40 years of age. In cases of secondary infertility, the
incidence rises in proportion to the time elapsed since the
last pregnancy: less than 5 years: 7 %; 5–10 years: 19 %; and
more than 10 years: 26 %.20

a

b

Fig. 3.44 Diagrammatic representation of adenomyosis in an enlarged
uterus (a). Endometrial glands are dispersed within the myometrium.
Sagittal section of an anatomic specimen (b). The uterine wall is much
thicker posteriorly than anteriorly, with endometrial glands distributed
diffusely within the wall of the myometrium.
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Fig. 3.45 Sagittal section of a pathology specimen (a). Magnification of
panel (a) shows small islands of endometriosis infiltrating deeply into the
myometrium (b).
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Fig. 3.46 Laparoscopic view in a patient
with severe dysmenorrhea (a). The uterus
is enlarged and soft (a–c). The anterior
wall is fixed to the bladder peritoneum by
multiple adhesions. After the completion of
adhesiolysis (d), it appears that adenomyosis
has penetrated the uterine wall and invaded
the neighboring bladder.

a

b

c

d
Fig. 3.47 Transmyometrial myoma (a)
causing uterine enlargement. Treatment by
laparoscopic enucleation of the myoma and
reconstruction of the uterine wall (b–d).
The uterine myometrium still appears dense
and hypervascular. Clinically, adenomyosis
may have a soft or tense, rigid consistency.

a

b

c

d
Fig. 3.48 Same patient as in Fig. 3.47 after
chromopertubation. Blue dye injection defines
the intramural vessels, which appear greatly
increased. This also is a macroscopic feature
of uterine adenomyosis.
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3.5.2 Epidemiology and Pathology

The estimated prevalence of adenomyosis in the general
female population is approximately 20 %. Data published

to date are widely divergent, however (from 5 % to 70 %). In
the majority of cases, a definitive diagnosis is established
by histopathology workup of the hysterectomy specimen. In
terms of epidemiology, our understanding of adenomyosis is
limited by the fact that it tends to coexist with endometriosis
and/or uterine fibroids. In some reviews, the histopathology
findings in hysterectomy specimens are suggestive of
adenomyosis, independent of symptoms, and independent of
the reason for performing surgery. In other studies, women
with adenomyosis were compared statistically with those
suffering from endometriosis and were found to have higher
parity, earlier menarche, and shorter menstrual cycles. On the
other hand, there is no proof that women of higher parity are
at increased risk for developing adenomyosis.57 Another study
found out that women with adenomyosis are more likely to
suffer from dysmenorrhea, pelvic pain and depression, and
their medical history shows a higher number of prior surgical
procedures.55
Uterine adenomyosis is an estrogen-dependent disease.
The endometrial-myometrial interface, also named uterine
junctional zone, is very likely involved in the disease as an
anatomical and functional entity.22

The pathogenesis of adenomyosis is similar to that of
endometriosis. Three theories of pathogenesis have been
proposed:
Adenomyosis de novo is induced by metaplastic
transformation of embryologic pluripotent Müllerian
remnants.
 Adenomyosis develops by invagination of the basal
endometrium into the myometrium through an altered or
absent junctional zone.
 Adenomyosis is a consequence of tissue injury and repair,
stimulated by hypersecretion of estrogen.22


Adenomyosis may show a diffuse distribution pattern within the
myometrium or may present as a focal nodule or adenomyoma.
The pathology specimen may contain chocolate-colored
areas that represent islands of endometriosis. Adenomyomas
are difficult to distinguish from leiomyomas by clinical
examination. They lack a distinct cleavage plane and cannot
be excised as easily as fibroids. Closure of the uterine wall
is made difficult by the fragile and unstable myometrium,
and therefore suturing can be technically challenging.
Adenomyosis is frequently accompanied by endometriosis
(Figs. 3.49–3.50).

Fig. 3.49 Patient with severe endometriosis
and multiple signs of external genital
endometriosis (a, b). Ultrasound suggested
the presence of fibroid disease.

a

b

a

b

c

d

Fig. 3.50 Same patient as in Fig 3.48.
Asymmetry of the uterus suggests
endometriosis of the left fallopian tube
and a central space-occupying lesion (a).
The central intramural lesion suspected
of being a fibroid, is incised (b).
Chocolate-like fluid oozes from the surgical
opening in the adenomyoma (c).
The middle layers of the endometrial wall
are visible in the magnified view (d).
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because most women diagnosed with adenomyosis have
coexisting leiomyomas, endometriosis, and endometrial
polyps.

a

b

Fig. 3.51 Low-magnification view of an endometrial tissue fragment
obtained by ablation. The surrounding myometrial tissue is in the early
secretory phase (a).
Islets of endometrial glands are embedded in myometrial stroma and do
not communicate with the uterine cavity (b). Note, that there are clear
signs of endometrial involvement in the endocrine cycle. (Courtesy of
Professor Martin Anlauf, Institute of Pathology and Cytology, Limburg,
Germany).

On microscopic examination, multiple islands of endometriosis
are dispersed within the myometrium without being clearly
connected to the endometrium. Usually a zone of myometrial
hypertrophy and hyperplasia surrounds the adenomatous
tissue. The spread of endometrial tissue occurs in response
to fluctuations of estrogen and progesterone levels during the
menstrual cycle (Fig. 3.51).

3.5.3 Clinical Manifestations and Diagnosis

The principal symptoms of uterine adenomyosis are severe
dysmenorrhea (25 %) and heavy menstrual bleeding (60 %).
Chronic pelvic pain may also be present, as in endometriosis.
Many of these symptoms may be absent before 40 or 50
years of age. One third of women tend to be asymptomatic.
The impact of adenomyosis on infertility is still controversial

a

b

b








Asymmetrical myometrial thickening noticeable between
the anterior and posterior uterine wall (most extensive in
the posterior wall).
Intramyometrial cysts.
Linear striations extending from the endometrium.
Loss of a clear endomyometrial junction.
Greater myometrial heterogeneity.16,45

Dysmenorrhea is a major clue from the medical history
that suggests adenomyosis. The specific etiology of
dysmenorrhea must be established. Possible causes of
secondary dysmenorrhea are listed in Table 3.5.

a

Fig. 3.52 The anterior wall has irregular contours and a heterogeneous
appearance at ultrasound (a). The wall is thickened, and the affected
area is poorly circumscribed. Note that focal adenomyosis can e asily
be m
 istaken for a myoma. MRI confirms the clinical diagnosis of
adenomyosis (b). The T2-weighted image shows irregular vascularity
,which is an important differentiating feature from myoma
(Courtesy of Dr. Werner Dürr, Nürtingen, Germany).

a

Histologic examination of a hysterectomy specimen is the
key to establishing a definitive diagnosis of adenomyosis
and instituting causal treatment. The preoperative diagnostic
workup is based on the patient’s medical history (menorrhagia,
dysmenorrhea,
dyspareunia),
bimanual
examination,
transvaginal ultrasound, and MRI (especially T2-weighted
scans). In a meta-analysis of 23 articles, the sensitivity and
specificity of MRI in detecting adenomyosis were found to be
77 % and 89 %, respectively, as compared with 72 % and 81 %
for ultrasound (Figs. 3.52–3.54).8 Visible signs of adenomyosis
include the following features:

b

Fig. 3.53 Ultrasound scans in a different patient show cystic structures
surrounded by an echogenic endometrium-like rim (a). Color Doppler
shows very pronounced and diffuse neovasculaturity in the cystic area
consistent with the incipient progression of adenomyosis (b).
Striated shadows are suggestive of an old inactive process,
while cystic lesions are a more recent manifestation of adenomyosis
(Courtesy of Dr. Werner Dürr, Nürtingen, Germany).

c

Fig. 3.54 Ultrasound in this patient reveals focal, somewhat homogeneous intramural areas (a). The
area of adenomyosis shows a pronounced, irregular vascular pattern that contrasts with the more
regular pattern of preexisting vessels, demonstrable only by 3D and power Doppler ultrasound (b, c).
(Courtesy of Dr. Werner Dürr, Nürtingen, Germany).
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Differential Diagnosis of Adenomyosis
Differential diagnosis
 Pregnancy
 Polyps
 Submucosal myoma
 Endometrial hyperplasia
 Synechiae
 Adenocarcinoma
 Infection (endometritis)

be due to a dysfunctional junction zone. Adenomyosis has
also been identified as a risk factor contributing to failure of
in vitro fertilization (IVF) and intracytoplasmic sperm injection
(ICSI). Lower rates of clinical pregnancy and implantation
as well as higher rates of early pregnancy loss have been
reported. The ‘long protocol’ of downregulation appears to
have a protective effect (Figs. 3.55a, b, adapted from Vercellini
et al., 2014).12,62

Table 3.4 Differential diagnosis of uterine adenomyosis.

Causes of Secondary Dysmenorrhea
Gynecologic causes
 Endometriosis
 Adenomyosis
 Fibroids
 Ovarian cysts
 Intrauterine or pelvic adhesions
 Chronic pelvic inflammatory disease
 Obstructive endometrial polyps
 Congenital obstructive Müllerian
anomalies
 Cervical stenosis
 Use of a contraceptive intrauterine
device
 Pelvic congestion syndrome
Nongynecologic causes
 Inflammatory bowel disease
 Irritable bowel syndrome
 Ureteropelvic junction obstruction
 Psychogenic disorders
Table 3.5 Causes of secondary dysmenorrhea.

3.5.4 Adenomyosis and Infertility

General endometriosis is associated with infertility, which
is amenable to treatment by medical therapy, surgery, or a
combination of both. Surgical treatment has been shown to
improve the chances for natural conception.
It has been postulated that adenomyosis compromises fertility
by impairing sperm transport and causing hyperpersistaltic
or dysperistaltic uterotubal transport. The eutopic and
heterotopic endometrium of adenomyosis patients may
undergo biochemical and functional alterations, leading to poor
receptivity. The high spontaneous abortion rate is believed to

a

3.5.4.1 Treatment Options
The causal treatment of adenomyosis has proven to be a
challenge. Conservative medical therapy is identical to that
used for endometriosis. Many patients have coexisting uterine
adenomyosis and endometriosis.4
The general management strategy for endometriosis consists
of a combined approach that includes concurrent treatment
for uterine adenomyosis.
Because pathogenesis of endometriosis is not yet fully
understood, there is no curative treatment other than
hysterectomy. Current treatment options are as follows:
Expectant management
Analgesia
 Hormonal medical therapy
 Surgery
 Combination of medical treatment and surgery.



Available therapeutic procedures can be divided into three
groups: medical, surgical, and combined. The finding that the
growth of endometriosis is estrogen-responsive has led to
a variety of medical therapies.28,35,43 The first well-structured
treatment regimen was introduced by Mettler and Semm. It
involves diagnostic laparoscopy, removal of all detectable
foci of endometriosis to the extent feasible, 3 to 6 months of
endocrine therapy, and subsequent second-look laparoscopy
with resection of residual foci, removal of adhesions, and
reconstruction of organs. In patients with an explicit desire to
preserve fertility, the gynecologist is advised to use assisted
reproductive technology (ART).47

b

Fig. 3.55a,b Forest plot showing individual and combined effect size estimates and 95 % confidence intervals (CI) in studies analysing the likelihood
of clinical pregnancy in infertile women with or without adenomyosis undergoing IVF/ICSI. Horizontal lines indicate 95 % CI, boxes indicate studyspecific weight, the diamond represents the combined effect size, and the dashed line indicates the overall estimate (a). Forest plot showing individual
and combined effect size estimates and 95 % confidence intervals (CI) in studies analyzing the risk of miscarriage in clinical pregnancies achieved after
IVF/ICSI in women with or without adenomyosis. Horizontal lines indicate 95 % CI, boxes indicate study-specific weight, the diamond represents the
combined effect size, and the dashed line indicates the overall estimate (b).
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Medical treatment: In the past, the mainstay strategy
consisted of inducing a state of pseudopregnancy, the
administration of progestins and, more recently, the use
of danazol and GnRH analogs.28 This approach was
long considered the gold standard, but has now been
supplemented by add-back therapy with a synthetic progestin
(Dienogest).67 A serum estradiol level of approximately 60 pg/
mL is needed to prevent side effects from the GnRH agonist
such as bone demineralization, vasomotor symptoms and
mood swings.19,28,64,67 Levonogestrel-releasing IUDs may
be effective in reducing menorrhagia and dysmenorrhea,
although there is evidence that symptoms recur within 6
months after this type of medical treatment is withdrawn.51
Targeted treatment: Research has focused on inhibiting the
interaction of various mediating substances that maintain
the disease through inflammatory processes, vascularization
and cell proliferation. Specific aromatase inhibitors (such as
letrozole, anastrozole or exemestane) or selective COX-2
inhibitors (such as celecoxib or rofecoxib) are of major interest
and have been investigated in clinical trials.5,21,38 We still lack
conclusive evidence that one medical treatment is superior to
any other in resolving clinical symptoms of endometriosis or
infertility.
Surgical treatment: Considering that endometriosis – often
indistinguishable from adenomyosis before surgery – runs a
progressive course and can ultimately compromise or disrupt
integrity of reproductive organs, surgical treatment has a
major role in the management of the disease. Laparoscopy is
the sole means by which a clinical diagnosis can be made to
confirm or exclude endometriosis with or without associated
adenomyosis. Endometriosis has a variable phenotype
and may present as elevated flame-like patches, whitish
opacifications, yellowish-brown discolorations, translucent
blebs, or reddish spots of irregular shape.17,31 In advanced
stages, pain and sterility are caused predominantly by organ
damage, fibrosis and adhesions, thus providing a clear
indication for surgical treatment. Early laparoscopy can be
helpful in the timely detection of disease and offers the benefit
of delaying symptom progression. The value of a combined
approach – consisting of laparoscopic assessment, biopsy
sampling and/or resection – is underscored by the fact
that visual evaluation alone is a potential source of error.
However, the laparoscopic or hysteroscopic extraction
of endometrial / myometrial ‘chips’ has been abandoned
because the potential benefit from this method does not
justify the associated tissue trauma.54,65 Among the potential
risk factors and disadvantages inherent in laparoscopy are
damage to adjacent organs, and postoperative complications
such as adhesion formation or infection. Similar caveats apply
to hysteroscopy, which is fraught with the risks of iatrogenic
perforation, intraabdominal seeding of endometrial tissue
(implantation hypothesis), scar formation, and secondary
adhesions.9,14,16,36,43 Symptom relief can be achieved in most
patients after successful ablation / resection of endometriosis
and adhesiolysis, but a recurrence rate as high as 40 % has
been documented after 10-year follow-up.1,26,30,36
Combined treatment: This strategy involves a combination of
diagnostic laparoscopy, the removal of all visible endometriotic

foci to the extent feasible, 3 to 6 months of endocrine therapy,
and subsequent second-look laparoscopy with the resection
of residual foci, adhesiolysis and organ reconstruction. In
patients suffering from endometriosis and / or adenomyosis of
the uterus, who wish to conceive, the gynecologist employs
subsequent
downregulation with GnRH-agonists and 
stimulation over a long-time period in conjunction with in-vitro
fertilization.6,18,26,30,56,66
3.5.4.2 Surgical Treatment of Uterine Adenomyosis
The primary advantage of endoscopic treatment for uterine
adenomyosis is that it allows intraabdominal 
comorbidity
such as endometriosis, severe adenomyosis of adjacent
organs (sacrouterine ligaments, cardinal ligament, bladder
and / or bowel), and adhesions to be managed in the same
session. Even though uterus-preserving surgical strategies
are still a matter of lively debate and considering that the
outcomes are not consistently promising, the only conclusive
treatment option currently available for adenomyosis is total
hysterectomy. Since the disease is confined to the uterus, the
ovaries can be preserved.

Organ-Preserving Surgical Management of Uterine Adenomyosis
The inherent drawback of organ-preserving surgery for severe
adenomyosis is lack of a clear demarcation line between
normal and affected tissue. The myometrial wound defect that
requires surgical repair is vulnerable and fragile in consistency,
which is why the resulting tensile strength of the reconstructed
uterine wall is low. Many techniques have been devised for
this purpose. The triple-flap technique of Osada has received
greatest attention.42 Compared with medical therapy, surgical
treatment has been reported to provide symptom relief while
also having a positive effect on reproductive capacity.60
Figs. 3.56, 3.57 were obtained during the diagnostic workup of
a patient with focal adenomyosis before and during surgical
treatment which resulted in a successful childbirth one year
after surgery.

a

b

c

Fig. 3.56 Vaginal ultrasound scans (a, b) and sagittal MRI (c) of focal
adenomyosis, located in the posterior uterine wall. Note the diffuse
vascularization pattern revealed by the color Doppler scan (b).
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Fig. 3.57 Intraoperative views taken
during organ-preserving enucleation of
focal adenomyosis (a–d). The uterus is
reconstructed in multiple layers (e).
The specimen has a stony consistency
with a pitted or porous texture (f).

a

b

c

d

e

f

Definitive Surgical Management of Uterine
Adenomyosis
Hysterectomy is among the most commonly performed
surgical procedures in gynecology. Based on guidelines
issued by international gynecologic societies, the transvaginal
approach is the most widely accepted technique used for
this purpose. In the past two decades, however, the use of
endoscopic surgical techniquess has grown in importance
and become the first-line standard of care, preferred
over traditional abdominal and vaginal hysterectomy. In
hysterectomies performed for benign disease, the proportion
of abdominal approaches has been declining. The rate of
vaginal hysterectomies is variable, whereas the number of
laparoscopic and robot-assisted laparoscopic procedures is
on the rise.32 This trend has become apparent on a global
scale.48 The inherent drawback of vaginal hysterectomy –
compared with abdominal hysterectomy – is the fact that a
complete removal of lesions is virtually impossible. The use of
endoscopic techniques, including conventional laparoscopic
and robot-assisted approaches, offers the benefit of a more
complete and accurate resection of disease.
At present, the indications most frequently reported for
hysterectomy are uterine leiomyomas, adenomyosis, diffuse
endometriosis, uterine prolapse, and refractory idiopathic
bleeding. These conditions constitute up to 60 % or more of the
indications for hysterectomy.33 In the past decade, alternative
treatment options such as uterine artery embolization and
high-intensity focused ultrasound treatment have been
developed in Germany53 and other countries.13 Conservative
surgical management and the introduction of ulipristal acetate
for preoperative treatment of myoma have contributed to a
reduced number of hysterectomies. Hysterectomy rates are
determined not only by indications, but also by age group,
family planning, and the centers at which patients are
treated. The range of indications and clinical protocols for
implementation of hysterectomy in general have been updated.
In current practice, the decision as to whether hysterectomy is
the best treatment option in any given case, should be guided
by the patient’s desire to preserve future fertility potential.15,25
Hysterectomy is also performed for malignant diseases
of the internal genital organs (endometrium, cervix, ovary,
fallopian tubes). Endoscopic surgery is performed only for the

treatment of endometrial and cervical cancer. The indications
for hysterectomy are listed in Table 3.6.







Uterine leiomyomas.
Endometriosis and adenomyosis of the uterus.
Pelvic organ prolapse.
Pelvic pain or infection (other than endometriosis): pelvic
inflammatory disease, adhesions.
Abnormal uterine bleeding of known and unknown origin.
Malignant and premalignant disease.

Table 3.6 Current indications for hysterectomy.

Once the recommendation for hysterectomy has been decided
upon, the physician and patient must determine whether the
procedure will be conducted using an abdominal, vaginal,
laparoscopic or robot-assisted approach.3,9,28 Each of these
options has its advantages and disadvantages, which should
be weighed against one another during individual patient
counseling (Fig. 3.58). The level of experience that a surgeon
has gained with the particular technique and the economic
resources of the hospital are additional factors that may need
to be considered.39

Fig. 3.58 The physician should communicate an attitude of empathy and
respect during preoperative counseling. Efforts should be geared towards
enhancing patient compliance with the anticipated treatment plan.
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In many patients, conservative medical therapy or conservative
surgical treatment would be tantamount to undertreatment
and could result in an eventual need for reoperation.60 Subtotal
hysterectomy, the least invasive form of hysterectomy, is a
compromise that meets the requirements of patients, doctors,
and society. However, once the patient has been appropriately
counseled and informed about the drawbacks associated
with a retained cervix, it is imperative that informed consent
be obtained and properly documented prior to surgery.
Laparoscopic total hysterectomy (LTH) is the only treatment
option that provides complete protection from recurrence of
fibroids, eventual cervical cancer or sarcoma, spillage of cells
during tissue incision or morcellation, uncontrolled menstrual
bleeding, and other problems that may stem from the uterus.
The persistence or recurrence of adenomyosis-related
symptoms after subtotal hysterectomy is still a subject of
debate.

Total Versus Subtotal (Supracervical) Hysterectomy
Regardless of which surgical technique (subtotal or total
hysterectomy) is employed, endoscopic surgery is considered
the first-line treatment option currently available. Some
women wish to retain a cervical stump, assuming that its
removal may adversely affect sexual satisfaction. Removal
of the cervix is believed to cause excessive neurologic and
anatomic disruption, thereby increasing the likelihood of
operative and postoperative morbidity, vaginal shortening,
subsequent vault prolapse, abnormal cuff granulations, and
fallopian tube prolapse. These issues were addressed in a
systematic review of three randomized trials on total versus
subtotal hysterectomy for benign gynecologic conditions.34
No difference was found in the rates of incontinence,
constipation or measures of sexual function (sexual
satisfaction, dyspareunia).
 The duration of surgery and average blood loss during
surgery were significantly lower for subtotal hysterectomy
than total hysterectomy, but there was no difference in the
need for transfusion.
 Febrile morbidity was less likely and ongoing cyclical
vaginal bleeding one year after surgery more likely after
subtotal hysterectomy.
 The rates of other complications, recovery from surgery
and readmission rates did not differ.


In the short-term follow up, randomized trials have shown that
preservation or removal of the cervix does not affect the rate
of subsequent pelvic organ prolapse.
The anatomical and functional advantage of retaining a
cervical stump lies in the fact that the cardinal and uterosacral
ligaments are preserved.
The advantages of supracervical hysterectomy include shorter
operating times compared with total abdominal hysterectomy,
and a shorter hospital stay, provided a laparoscopic approach
is used. Furthermore, women who undergo subtotal
hysterectomy are able to tolerate physical stresses earlier
because there is no risk of vaginal cuff dehiscence.58

Some authors have reported a shorter recovery period after
subtotal hysterectomy, but randomized trials do not support
this statement. In a prospective cohort study, supracervical
hysterectomy was associated with greater improvement in
short-term quality of life scores as compared with those of total
hysterectomy, but no differences were found in postoperative
pain or resumption of activities of daily living.24 There may
also be fewer urinary tract injuries because dissection is not
carried as close to the cervix or as deep into the pelvis as in
a total hysterectomy. To date, however, there have been no
clinical trials designed to validate this observation.
Other differences include posthysterectomy body image and
general health status. Women who had undergone subtotal
versus total hysterectomy reported a significantly better
body image and health-related quality of life. Both groups
experienced greater sexual satisfaction.45
The only absolute contraindication to subtotal hysterectomy
is a malignant or premalignant condition of the uterine corpus
or cervix.
Extensive endometriosis is a relative contraindication because
the patient may experience persistent dyspareunia when the
cervix is retained.
To this day, the repercussions of adenomyosis have been
underestimated. The uterus is morcellated in the abdomen
and, unless the morcellated uterus is collected in a bag prior
to extraction, adenomyosis may spread due to intraabdominal
seeding. Patients may also experience persistent pain
in the lower midabdomen. Laparoscopic supracervical
hysterectomy (LSH) is a technique that disregards possible
involvement of the cervix or the retrocervical / precervical
space. Very often, the sacrouterine ligaments or the lateral
cardinal ligaments leading to the ovarian fossa are also
affected by disease. In these cases, adenomyosis may have
penterated the uterine wall and spread to adjacent organs, or
possibly, the presence of concomitant endometriosis should
be suspected. To eliminate the potential causes of symptoms
as a whole, it would be advisable to remove all visible
endometriosis-associated pathology. LTH, when performed
correctly, is associated with very few secondary risks or side
effects. Therefore, in cases of uterine adenomyosis, therefore,
we recommend the LTH procedure after first explaining the
situation to the patient in detail. Arguments in favor of LTH
include a lower risk of urinary incontinence, prolapse, and
cervical stump problems. However, subtotal hysterectomy is
technically easier in most cases and appears to be associated
with fewer intraoperative and postoperative complications.
There is still a lack of conclusive data regarding the benefits
to be derived from concurrent removal of the cervix. Very
rarely, the cervix is involved by disease. This, for instance,
also holds true for the risk of cervical intraepithelial neoplasia
(CIN) or cervical cancer developing from the cervical stump.
On the other hand, fibroids seldom occur in the cervix or deep
infiltrating endometriosis can be symptomatic in the cervical
region.11,23,46
Elective supracervical hysterectomy should be preceded
by cervical cytology (PAP smear) to confirm the absence of
cervical intraepithelial neoplasia (CIN). Patients with a medical
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history of supracervical hysterectomy should be screened
for cervical cancer based on standardized guidelines as
determined by age and risk status. In women with abnormal
uterine bleeding (especially metrorrhagia), endometrial cancer
or any type of sarcoma should be excluded before proceeding
with supracervical hysterectomy.
Occasionally, the cervix needs to be removed during a secondlook procedure at a later time. This second-look approach
has been shown to be associated with frequent iatrogenic
damage to the bowel and bladder because adhesions are
common and anatomical planes cannot be clearly visualized.
However, the surgical approach is more widely accepted
because secondary surgery has higher inherent risks than
primary surgery. Patients who wish to minimize the likelihood
of subsequent surgery may preferably choose a laparoscopic
total hysterectomy (LTH).2
Laparoscopic total hysterectomy involves removal of the uterus
and cervix. The whole procedure is performed laparoscopically.
Commonly, the specimen can be retrieved through the
vaginal vault. Laparoscopic-assisted vaginal hysterectomy
(LAVH) has been abandoned and replaced by the endoscopic
technique, which has become a standard procedure owing to
the favorable learning curve for laparoscopic suturing. Given
the advantages of endoscopic surgery (shorter hospital stay,
faster recovery, fewer infections, better cosmetic result),
it should be asked whether the risk of posthysterectomy
prolapsefollowing LSH can be reduced by preserving integrity
of the supportive structures in the middle compartment of the
pelvic floor or by surgical repair. In patients with preexisting
defects, LTH provides suitable fixation of the pelvic floor and
thus minimizes the risk of posthysterectomy prolapse. Mesh
implants like those used for sacrocolpopexy may be employed
in both procedures.
Our multimodal concept of laparoscopic intrafascial
hysterectomy for the treatment of adenomyosis is aimed at
removing all visible sites of endometriosis and reducing the
risk of posthysterectomy prolapse:
Removal of all endometriotic foci and demarcating the
extent of adenomyosis.
 Intrafascial hysterectomy with preservation of existing
ligaments, but opening the medial compartment when
performing total laparoscopic hysterectomy.
 A technique for stable fixation of the vaginal stump.


3.5.5 Development of Laparoscopic Hysterectomy
Techniques and Instruments

The popularity of laparoscopic hysterectomy rose gradually
after the initial publication of the procedure by Harry Reich.37,44 A
number of approaches evolved, such as laparoscopic-assisted
vaginal hysterectomy (LAVH), laparoscopic supracervical
hysterectomy (LSH), laparoscopic total hysterectomy (LTH),
and laparoscopic total intrafascial hysterectomy (LTIH). LTIH
had a steep learning curve and was initially associated with
rather high complication rates.13 The development of new
instruments and consistent training helped to improve the

situation. The introduction of the intrauterine manipulator
helped to develop the classic intrafascial concept, which has
now become the aim of every gynecologic surgeon performing
laparoscopic total hysterectomy. It was Michael K. Hohl, who
adopted the method of classic intrafascial hysterectomy from
Kurt Semm’s classic intrafascial supracervical hysterectomy
(CISH)50 and developed an advanced version based on the
use of a manipulator.27 Most current manipulators are widely
accepted because they are easy to operate, reusable, and
durable. The uterus can be moved in all directions while the
long, elliptical tip of the manipulator eases out vaginal and
paravaginal tissue intraabdominally. The manipulator can be
pushed straight toward the surgical field, especially when
cutting the uterus off the vagina with the monopolar hook,
while targeting the tip of the manipulator.
The great majority of uterine manipulators are equipped
with a ceramic cap that provides a flat working surface.
Consequently, there is little or no need for dissection of the
bladder. It should be noted that the use of the manipulator for
bladder dissection is safe and effective even after a cesarean
section. The working technique with the uterine manipulator
imitates the classic maneuvers of an abdominal hysterectomy,
allowing the ureters to be kept out of the surgical field. The
cap is designed to enable intrafascial hysterectomy, which
preserves the ligaments and avoids vaginal shortening. The
smooth cutting edge is useful for vaginal closure.
Points to be considered:
Monopolar electricity can be used on the ceramic cap.
The use of bipolar current results in a larger defect, which
carries the risk of postoperative complications related
to impaired wound healing and vaginal cuff dehiscence.
Due care must be exercised when using ultrasound for
dissection during hysterectomy because this source of
energy is capable of destroying the manipulator.
 Intrafascial hysterectomy is associated with a marked
reduction in the size of the vaginal opening and spares
the circular ligaments. A large uterus may have to be
morcellated prior to extraction. Extensive endometriosis
or adenomyosis may involve the circular ligaments, which
should then be removed.27


Other instruments may have a disposable or reusable product
design. Disposable tissue sealing instruments are wielded
more rapidly and obviate the need for frequent instrument
changes. These instruments are costly, however, and provide
only indistinct visual cues about anatomical details once the
tissue layers have been fused. Bipolar forceps are essential.
Extracorporeal sutures (1-0 PDS) are helpful, although
intracorporeal sutures (Vicryl) are sufficient for vaginal closure.
The monopolar hook facilitates the removal of endometriotic
foci from the uterus which is held in a stable position by the
manipulator. However bipolar forceps and scissors may also
be used for this purpose. In the case of a large uterus, the
tenaculum can be used to elevate the uterus. The use of a
morcellator avoids troublesome comminution of the uterine
tissue.
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3.5.6 Preoperative Considerations and Preparations

In cases where vaginal examination (Fig. 3.61) arouses
suspicion of severe endometriosis (Fig. 3.60), assessment of
clinical findings – obtained from ultrasound images that are
correlated with the medical history – may prompt the use of
additional diagnostic imaging modalities such as MRI, cysto
scopy, rectoscopy or endosonography (Figs. 3.61, 3.62). Radical
interdisciplinary surgery can then be planned and carried out
(Figs. 3.63–3.65).

Fig. 3.59 Schematic representation of
female reproductive tract (a, c) with severe
endometriosis.
Relevant anatomical landmarks (b, d).

a

b

c

d
Fig. 3.60 Vaginal macroscopic view
of a small endometriotic nodule in the
posterior vaginal wall (a).
Vaginal involvement by severe deep
infiltrating endometriosis of the vagina
in another patient (b).

a

b
Fig. 3.61a–c Vaginal ultrasound scan (a) of
a solitary nodule between the anterior uterine
wall and the bladder (vesicovaginal space).
MR image (b) and cystoscopic view (c) in the
same patient.

a

b

c
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Fig. 3.62 Vaginal ultrasound scan (a)
of a solitary nodule between the lower
posterior wall of the uterus/cervix and the
rectum (rectovaginal space). MR image (b),
endosonography (c–d) and rectoscopy (e).
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c

b

d

e
Fig. 3.63 Resection of a solitary
endometriotic nodule of the bladder. The
bladder is opened, exposing the bladder (a).
Two double-J catheters are placed in both
ureters allowing the nodule (b) to be excised
with an energy device. The bladder is closed
in two layers (c, d).
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c

d
Fig. 3.64 Severe form of deep infiltrating
endometriosis with concomitant uterine
adenomyosis and involvement of the lower
sigmoid colon and rectum.

a

b

c
Fig. 3.65 Partial bowel resection is followed
by endoscopic re-anastomosis.

a

b

c
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A hysterectomy always requires adequate antibiotic
coverage, e.g., with a second-generation cephalosporin. In
cases with suspected bowel involvement, a single injection
of metronidazole is also essential. The antibiotic should be
administered approximately 30 minutes before the start of the
operation.
The set of instruments comprises trocars, the uterine
manipulator (for LTH only), needle holders and sutures. The
set should al so include an instrument for electrocoagulation,
graspers, scissors, fenestrated forceps and a suctionirrigation unit. If a robotic surgical system is available, the set
of instruments should be provided accordingly. The use of a
thermofusion device with integrated knife is considered an
optional extra.
3.5.6.1 Prerequisites
Obesity or comorbid conditions, a large uterus or multiple
uterine fibroids, all of these conditions are not considered
contra-indications to a laparoscopic approach. However,
in these cases, any details related to the preoperative
assessment and the anesthesia technique that will be applied,
must be explained and discussed with the patient in advance.
The trocars may need to be placed at a higher level in the
abdominal wall, and more than two ancillary trocars, commonly
used for the procedure, may be required. In patients with a
large uterus, the need for morcellation and associated risks
should be explained to the patient prior to surgery.
3.5.6.2 Intrafascial Hysterectomy with Preservation of Existing Structures
Operative Steps of Laparoscopic Total Hysterectomy (LTH)

Step 1
A vaginal examination under anesthesia is performed before
the manipulator is used. If no additional vaginal or rectal
pathology is detected, the manipulator is introduced.

Step 2
Port Placement
The first step in the operation is placement of the uterine
manipulator.49
The trocar sites are selected according to the size of the uterus
and the size / location of fibroid elements, if present.
There is a multitude of entry techniques. The use of a direct
entry technique under visual control has become very popular
in the past few years. Nevertheless, the traditional entry
technique – as described in the 1980s by Kurt Semm and
Liselotte Mettler – is still used at the Kiel School of Gynecologic
Endoscopy as shown here.

Optical Trocar
Veress Needle Technique and CO2 Gas Insufflation
In order to insert the Veress needle, the operating table
should be in horizontal position. The pneumoperitoneum is
established, and then the table is moved to a Trendelenburg
tilt. The most common site for inserting the Veress needle is
the umbilical area. As the wall layers are thinnest at that level,
a deep incision will afford access to the peritoneal cavity. Prior
to making the initial skin incision, it is recommended to palpate
the course of the aorta and identify the iliac bifurcation. This
will enable inspection and palpation of the abdomen in order
to detect any uncommon masses (Figs. 3.66–3.68).63
Proper function of the Veress needle must be checked to
make sure that the spring-action of the safety mechanism
is fully operational, and that gas flow is between 6 and 8
mmHg. Once the initial skin incision has been placed, the
Veress needle is angled at 45° to the abdominal wall and
advanced toward the uterus. If performed as described, the
maneuver involves the least risk of iatrogenic damage to

Fig. 3.66 Typical palpation point in the
subumbilical region (a). The fingertip
is pointing to the sacral promontory.
Subumbilical incision and local palpation
demonstrate the short distance from the
skin to the spine. Transillumination (b–d) can
be useful to explore the anticipated area of
insertion of ancillary trocars by defining the
superficial epigastric artery and superficial
circumflex iliac artery.
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Fig. 3.67 Point of insertion viewed from the
outside (a, c) (two thumb breadths medial
to the anterior superior iliac spine). The
trocar is introduced at an angle of 90° to the
abdominal wall plane, penetrating all layers of
the wall. The site of trocar insertion is lateral
to the lateral umbilical plica. Overview after
placement of the laparoscope and 3 ancillary
trocars (b, d).
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Fig. 3.68 Alternative entry sites. In the case
of a large uterus, especially one extending to or
past the umbilicus, the Lee-Huang point (a) is
recommended for video-assisted laparoscopy.
If adhesions are anticipated in the area
of Palmer’s point (c), the latter should be
used (b–d). Palmer’s point is located in the
midclavicular line, approximately 3 cm below
the costal margin.
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major descending retroperitoneal vessels. The abdominal
wall should be lifted before inserting the instrument. In obese
patients, the insertion angle is close to 90°, whereas in thin
patients, it is closer to 45°. If the first attempt fails, one repeat
attempt should be made before choosing an alternative entry
site. Prior to inserting the Veress needle, a few safety checks
should be completed to minimize the risk of complications.
Usually, two clicks will be heard, the first one occurs when
perforating the muscle fascia, and the second when perforating
the peritoneum. Proper needle placement is ensured by
holding the Veress needle like a pencil between the thumb and

index finger. Aspiration test: Following injection of 5 to 10 ml
of normal saline solution, no fluid should return on reaspiration
if the Veress needle has been placed correctly. Reaspiration
of blood-tinged fluid, or intestinal contents suggests bowel or
vascular penetration. Hanging drop test and ‘fluid in-flow’:
Once the Veress needle is inserted in the abdominal cavity,
a drop of water is placed on the hub of the Veress needle,
making sure that the stopcock is open. Next, the abdominal
wall is elevated which results in a negative intra-abdominal
pressure. If the needle is correctly positioned, the drop should
flow readily downward through the lumen of the needle.
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Any movement of the needle after placement of the Veress
needle should be avoided, as this may convert a small
needlepoint injury into a complex and hazardous tear. When
correct placement of the Veress needle has been confirmed,
insufflation is started. Once adequate gas flow and pressure
have been achieved, the flow rate may be raised to 2 to 3 liters
of CO2 gas per minute until a total of 3–6 liters are insufflated,
depending on the patient’s body habitus and obesity. When
reaching an insufflation volume of approximately 300 ml,
loss of dullness to percussion over the liver region provides
a reliable clue for proper positioning of the needle and allows
to confirm that an adequate pneumoperitoneum has been
established. Prior to insertion of the primary trocar, abdominal
pressure is raised to 20–25 mmHg, which, as a result of
distension, increases the distance between the abdominal
wall and vulnerable intraabdominal structures (Fig. 3.69).50
The optical trocar is inserted in two steps. First, a 5-mm
optical trocar and the laparoscope are inserted to make sure
that the pneumoperitoneum has been established properly
and to check for local adhesions. In a second step, the tract
is dilated to 10 mm, either blindly or under vision, to ensure
optimal visibility during the operation.

Step 1
Entry into the abdominal cavity is obtained by employing
a ‘Z’-technique in the following manner: After advancing
the trocar horizontally for approximately 1.5 cm, the tip is
moved approximately 1.5 cm to the right at a 90° angle. The
abdominal wall is lifted in the same manner as when inserting
the Veress needle and, with a twisting motion of the dominant
hand, the trocar is pushed through the abdominal wall at a 90°
angle, aiming toward the hollow of the sacrum.

laparoscope is introduced and rotated through 360° to visually
check for any signs of bleeding, intraabdominal abnormalities
and adherent bowel loops. If bowel adhesion is suspected
in the umbilical region, the primary trocar site should be
scrutinized by introducing a 5-mm laparoscope through a
secondary port, such as the lower abdominal wall.

Step 2
A blunt palpation probe is placed in the 5-mm trocar; the
sleeve is withdrawn over the probe and withdrawn. Next, a
10-mm trocar is placed in the abdominal cavity by use of a
twisting motion.50
Subcostal Insufflation Technique (Palmer’s Point or Lee Huang Point)
No entry technique can entirely eliminate the risk of gas
embolism or accidental injury to vessels, bowel, or the urinary
tract. Palmer’s point is the safest laparoscopic entry point
because it is least likely to be affected by adhesions.
In 1974, Palmer described the use of an abdominal entry point
in the midclavicular line, approximately 3 cm below the costal
margin. This entry site should be considered in all patients with
a significantly higher risk of adhesion formation, a history of
abdominal surgery including cesarean section, a large fibroid
uterus, umbilical hernia, large ovarian cysts, preperitoneal
gas insufflation or failed umbilical entry. Palmer’s point can
be used for insertion of the Veress needle as well as for small
trocars. If adhesions are suspected in the subcostal region on
the left side, the Lee Huang point in the midline is a suitable
alternative option (Fig. 3.69).50

Correct placement of the trocar is indicated by a hissing sound
which is produced when gas escapes through the open trocar
valve. The obturator is then removed and the trocar sleeve
kept in place. Before dilating to a port size of 10 mm, a 5-mm
Fig. 3.69 Veress needle and its insertion. The
spring-loaded safety mechanism of the needle
helps prevent injury to the bowel and vessels.
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Ancillary Trocars
All ancillary trocars are inserted under direct vision using
an intraabdominal pressure of 15–20 mmHg. The inferior
epigastric vessels are visualized laparoscopically, while
transillumination can be helpful to identify the superficial
vessels (Figs. 3.70, 3.71).
When the trocar tip has pierced the peritoneum, it should be
angled toward the uterine fundus under visual control until the
port is correctly placed and the sharp tip can be removed.
The patient is placed in Trendelenburg position before any
ancillary trocars are introduced. Premature Trendelenburg
positioning may increase the risk of retroperitoneal vascular
injury, because the iliac vessels are exactly on-axis with the
proposed insertion angle of 45°, especially in thin patients
with minimal retroperitoneal fat. The number of ancillary
trocars needed for a specific surgical procedure is variable,
and all of them are inserted under direct visual control. If
two working trocars are needed, they should be placed in
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the lower quadrant above the pubic hairline lateral to the
deep epigastric vessels when viewed from below. Viewed
externally, the trocars are placed two finger breadths medial
to the anterior superior iliac spine. Care is taken to protect two
major superficial vessels – the superficial epigastric artery and
the superficial circumflex iliac artery. These vessels can be
visualized with the aid of transillumination. Provided a third
ancillary trocar is required, a suprapubic midline port is most
commonly used. Transillumination cannot be relied upon to
locate deep vessels, especially in obese patients (Figs. 3.66,
3.67).
Finger-tapping on the outer abdominal wall may be used to
verify correct positioning of the trocar. A small skin incision
is made to facilitate trocar insertion. The trocars should be
inserted along the shortest route at an angle of 90° to the skin
surface in order to minimize the risk of iatrogenic injury to vital
structures. When a trocar is inserted in the midline, the Foley
catheter should be identified to avoid accidental bladder
perforation.7,50

Fig. 3.70 Placement of a secondary trocar
in the left lower abdominal quadrant. The
three different plicae are visualized (a). The
palpating finger indicates the area lateral
to the lateral umbilical fold (b). The sharp
ancillary trocar is inserted lateral to the
lateral umbilical fold (c). After penetrating the
peritoneum, the trocar is directed towards the
uterine fundus to avoid injury to major vessels
and bowel (d).

Fig. 3.71 Placement of a secondary trocar
in the right lower abdominal quadrant. The
three different plicae are visualized (a). The
palpating finger indicates the area lateral
to the lateral umbilical fold (b). The sharp
ancillary trocar is inserted lateral to the
lateral umbilical fold (c). After penetrating the
peritoneum, the trocar is directed towards the
uterine fundus to avoid injury to major vessels
and bowel (d).
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Step 3
Surgical Steps
Resection of Endometriosis
The primary step in hysterectomy is the removal of all visible
foci of endometriosis. These may be superficial implants
which are easy to excise (Figs. 3.72–3.75), or they may be
adherent to delicate structures and thus are more difficult to
remove (Figs. 3.76, 3.77).
Fig. 3.72 Laparoscopic panoramic view in
a patient with dysmenorrhea (a). Inspection
reveals an enlarged uterus of irregular shape
and a hypervascular serosa (a, b). The chronic
course of disease has resulted in asymmetry
of the round ligaments (c). The right side is
much shorter than the left side (d).
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Fig. 3.73 The uterus appears to be less
mobile and is fixed in the pelvis (a, c). The
ureteral portion of the peritoneum is under
tension in its course to the bladder and is
clearly demarcated from the sacrouterine
ligament (b). The uterine surface is
hypervascular and the proximal portion
of the tubes appears to be steep (c, d).
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Fig. 3.74 Probing the uterus with a blunt
instrument shows that it is not as soft as in
Fig. 3.45, but rather tense and hypervascular
(a, b). An endometriotic nodule is noted on the
lower anterior uterine wall (c). An enlarged
cystic left ovary is fixed to the ovarian fossa
(d). The ureter is clearly noticeable behind the
peritoneum and is lifted toward the immobile
area.
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Fig. 3.75 Excision of the endometriotic nodule
in the lower anterior uterine wall (a–d).
The adjacent bladder also appears to be
affected superficially as it is hypervascular and
fragile (b).
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Fig. 3.76 The ovary is lifted out of the
o varian fossa and released from its peritoneal
adhesion, thereby opening the endometrioma
(a, b). The deep portion of the ovarian fossa is
affected by disease and the boundaries of the
peritoneal nodule are clearly noticeable
(c, d). In most cases, the nodules are
implanted on the cardinal ligament or
sacrouterine ligament.
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Fig. 3.77 The peritoneal wall is opened for
resection of the symptomatic endometriotic
nodule.
The ureter and pelvic wall vessels are bluntly
separated from the affected peritoneum and
the endometriotic nodule (a–d). Involvement
of the ureter or its accompanying vessels is
very rare and when present, will require a
specific surgical technique.
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Fig. 3.78 Symptomatic uterine adenomyosis
in a patient who has completed her family
planning (post-sterilization) (a, b).
Fresh endometriotic lesions are found on
the posterior uterine wall and on the right
ovary. The patient’s symptoms worsened
after sterilization because she discontinued
hormonal contraceptive medication.
The patient is scheduled for LTH.
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Laparoscopic Total Hysterectomy (LTH)
In patients who require surgical staging, the surgeon
performing LTH will be able to assess the abdomen and
pelvis, perform pelvic washings / obtain samples from the fluid,
perform salpingo-oophorectomy, lymph node dissection,
biopsy sampling and omentectomy in addition to laparoscopic
hysterectomy (Fig. 3.78).

Fig. 3.79 Anatomical illustration shows the relationship of the uterine
vessels to the ureter in the pelvic wall, as compared with its location
close to the uterus. The tortuous course of the ascending branch of the
uterine artery is clearly appreciated. The uterus, bladder and rectum are
embedded in a ligament-based pelvic floor.
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b

Fig. 3.80 Diagrammatic representation of laparoscopic total
hysterectomy (a) and the residual vaginal stump (b).

Classic Intrafascial Hysterectomy
Surgical Steps


Initial steps consist of inspecting the pelvis, tracing the
course of the ureters, and planning the operation (Figs. 3.72,
3.73, 3.79–3.81).

Fig. 3.81 Diagrammatic representation of the resection line in LTH. Only
the ascending branch of the uterine artery needs to be coagulated and cut
with the uterine manipulator. Good surgical practice requires that a safety
margin of approximately 2 cm is maintained from the coagulation zone.
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Start on the right side. Push the uterus in the opposite
direction when separating the adnexa or ligaments from the
pelvic sidewall, aided by traction or use of the intrauterine
manipulator (Fig. 3.82).
 The infundibulopelvic ligament and round ligament are
separated from the pelvic sidewall. Alternatively, the
adnexa are separated from the uterus, if they are to be
preserved (Fig. 3.83).




Dissection of the broad ligament: The broad ligament is
opened and each leaf is coagulated separately (Fig. 3.84).
This is not possible when a sealing and cutting instrument
is used, as it will fuse together the two leaves of the broad
ligament. The boundary of exposure should be as close as
possible to the uterus, but as far from it as necessary to
avoid injury to the pelvic sidewall and ureter (Fig. 3.79).

Fig. 3.82 Stepwise coagulation and
dissection of the right round ligament (a–c)
and utero-ovarian ligament (d).
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Fig. 3.83 The anterior and posterior leaves of
the broad ligament are opened. By mobilizing
the uterus upward (c), the surgical plane down
to the bladder fat can be opened bluntly (d).
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Fig. 3.84 The bladder peritoneum is incised
(a). The bladder is kept at a safe distance;
only the bladder fat and portions of the
bladder pillar are seen. The ascending branch
of the uterine artery can be identified and
selectively coagulated (b–d). Pulling the
uterus upward while mobilizing it upward
with the uterine manipulator are important
steps. In benign conditions, the cutting line
should be located above the cardinal ligament
(c). Hysterectomy is then performed via the
intrafascial route.
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The bladder is separated from the uterus by opening the
vesicouterine ligament and pushing the bladder downward
approximately 1–2 cm (Fig. 3.84).
 The ascending branch of the uterine artery is identified and
the uterine pedicles are separated (Fig. 3.84).
 The left adnexa are progressively dissected in the same way
(Figs. 3.85, 3.86). The bladder peritoneum and broad ligament
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are opened (Fig. 3.87) and the uterine vessels are dissected
(Figs. 3.88, 3.89) on the left side. The cervix is thoroughly
inspected.

Fig. 3.85 Stepwise coagulation and
dissection of the left round ligament and
fallopian tube (a–c), as well as the ovarian
ligament (d). The curved scissors is held such
that the tip points away from the uterine wall
(a, b). After dissection of the fallopian tube,
the vessels running beneath it should be
coagulated before proceeding with cutting
(c, d). Given the presence of coexisting
myomas in the lateral region, the course
of the sacrouterine ligament and the
uterus can be defined and visualized by blunt
manipulation. Care must be taken to make
sure that the coagulation line spares this
region.

Fig. 3.86 Dissection of the bladder
peritoneum and the anterior and posterior
leaves of the broad ligament on the left side.
Note that the bladder peritoneum has already
been opened from the right side (d).
The posterior leaf of the broad ligament
serves as an anatomic landmark to identify
the uterine vessels.

Fig. 3.87 The opening made in the bladder
peritoneum and the broad ligament is
enlarged (a–c), and coagulation of the left
uterine vessels is initiated (d). The uterine
artery provides an anatomic landmark in its
descending course (a). A view toward the
back of the uterus confirms that the cutting
edge is above the junction of the sacrouterine
ligaments.
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After the bladder has been separated from the uterus, the
bladder is mobilized and dissected 2–3 cm downward to
expose the rim of the cervical cap. In cases of post-cesarean
section, will require a careful, gentle and mostly blunt
dissection technique (Figs. 3.90, 3.91).
 While the ureter is lateralized by pushing the manipulator
upward, the uterine artery and vein along with its collaterals
are fully coagulated close to the cervix and dissected.


The key steps of pushing the bladder downward from the
anterior vaginal fornix prior to making the incision and
obtaining safe clearance of the ureters and uterine vessels at
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the cervical/vaginal level can be safely achieved by guiding
the manipulator firmly upward toward the side opposite the
exposure (Fig. 3.92).

Step 4
The vagina is resected from the cervix with a monopolar hook
while extending the uterine manipulator firmly upward. An
intrafascial dissection is performed, leaving the sacrouterine
ligaments almost entirely in place (Figs. 3.93, 3.94).

Fig. 3.88 Bipolar coagulation and separation
of the uterine vessels on the left side. The
coagulation zone should include the upper
portions of the artery to avoid any retrograde
bleeding after dissection of the vessel (b).
The uterus is blanched to a grayish-white
color. A deep cut can be avoided by using
hook scissors (c–d). The uterine artery is
dissected in two steps. This allows to proceed
with coagulation of the tissue just behind the
artery, while at the same time preventing
venous bleeding.

Fig. 3.89 Visualization of the detached
left uterine pedicles. Adding a few drops of
physiological saline solution facilitates to
achieve a more effective bipolar coagulation
through the flow of electrolytes, especially if
the surgical site is very dry.

Fig. 3.90 The bladder pillar and bladder
peritoneum are finally dissected from left to
right, allowing the CO2 distension medium to
‘show the way’. The bladder is pushed safely
downward out of the surgical field, and the
peritoneal line of the vesicouterine fold is
easily identified.
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Fig. 3.91 View of the area that will be
taken up by the intrauterine manipulator
(broken line) (a). The bladder cannot always
be readily identified and safely avoided
(b, c). Accurate localization of the bladder is
achieved with a blunt instrument which is
used to push the presumed bladder toward
the cervix and away from the balloon of the
Foley catheter. Once the bladder has been
elevated, the vesicouterine pouch can be
opened to continue mobilizing the bladder
further downward.

Fig. 3.92 Minimal dissection of the bladder
peritoneum, approximately 1 cm for LSH and
2–3 cm for LTH, by opening the vesicouterine
pouch. This is facilitated by placing the
uterine manipulator inside the vagina while
pushing the cervix upward, but may also be
accomplished by using traction alone. Once
the vesicouterine space has been opened,
exposure is achieved in a straightforward and
bloodless manner using a blunt instrument.

Fig. 3.93 Completion of dissection of the
vagina from the cervix (a–d) and initial
transvaginal retraction of the uterine cervix,
still held in place with the manipulator
forceps. Meticulous exposure under good
laparoscopic vision is essential, considering
that monopolar resection with the very sharp
monopolar hook is accompanied by fogging
of the distal lens. Exposure is accomplished
under laparoscopic vision (30° scope) with
simultaneous retraction and manipulation.
The surgeon must be alerted to the possibility
that vision may abruptly deteriorate when CO2
gas escapes through the colpotomy. In this
case, blind application of monopolar energy
involves the risk of iatrogenic injury.

Fig. 3.94 Retraction of the uterus through
the vagina (a).
A surgical glove packed with cotton swabs is
introduced transvaginally to prevent loss of
the CO2 pneumoperitoneum (b).
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The uterus is now extracted transvaginally or is positioned
within the vagina to prevent loss of intraabdominal pressure
while it is still fixed to the manipulator. A large uterus should be
morcellated either intraabdominally or transvaginally. In case
of a large benign uterus, myomas that can be readily identified,
may be enucleated. As an alternative option, the large uterus
may be cut into small pieces for transvaginal retrieval.
Accordingly, the length of the low abdominal incision does not
need to exceed 5 mm, which minimizes postoperative pain
and prevents the risk of hernia formation. Another option is to
strip off the surgical specimen by use of a powered morcellator
(10 to 12 mm in diameter) and to extract the dissected material
through the abdominal wall. While activating the device, the
surgeon must make sure that the morcellator’s cutting edge
is under constant visual surveillance. The absence of any
malignancy should be previously confirmed in the course of
the preoperative diagnostic workup. As part of the informed
consent process and documentation, the patient should be
informed in advance that morcellation of the uterus may be
necessary, depending on the uterine volume.

Step 5: Closure Technique for Prevention of Prolapse
A Technique for Stable Fixation of the Vaginal or Cervical Stump
Vaginal Closure with the Schollmeyer Modification of the Te Linde
Suturing Technique
Hysterectomy is known to be associated with the risk of pelvic
organ prolapse, which is particularly high among multiparous
women, and may entail the need for surgical management.
Given the fact that mean life expectancy (at birth) for women
is quite high (Germany, 83.2 yrs; 2014),40 organ prolapse can
pose a problem later in life and may give rise to complications
that are associated with surgical repair (thrombosis, embolism,
and infection).10
The suturing technique of Te Linde, used in abdominal
hysterectomy for closure of the vagina, was modified for
laparoscopic use by Bruno van Herendael and was further
modified by Thoralf Schollmeyer.59,61


The vagina is sutured following meticulous coagulation of
its margin.29 Coagulation should proceed very carefully to
avoid postoperative necrosis of the vaginal stump. Minor
residual bleeding is managed with sutures incorporating
the full thickness of the vaginal wall. The uterus may either
be placed temporarily in the vagina or a sterile glove
packed with swabs is placed in the vagina to maintain the
pneumoperitoneum. In most cases, simple interrupted
sutures (PDS 1-0) are placed with a curved needle using
extracorporeal knots and intracorporeal safety knots.
Alternatively, ski needles or even straight needles can be
used to facilitate insertion and withdrawal of the 5-mm
trocars.

PDS 1-0 extracorporeal knots are used for the following
reasons:
The monofilament suture material is gently passed through
the tissue without causing added trauma (‘sawing’).
 Use of monofilament PDS material minimizes the risk of
vaginal stump infection.
 The long half-life of the suture material minimizes the risk of
vaginal stump dehiscence.29,29
 Extracorporeal knots provide additional tensile strength.


A further surgical option is to suture both sacrouterine ligaments
to the posterior vaginal wall to prevent the occurrence of a
vaginal prolapse (McCall culdoplasty).

Corner Sutures
The suture is started in the right vaginal corner, passing the
needle through the pericervical ring, and is followed by another
stitch that is placed in the corresponding vaginal epithelium.
The sutures should be placed at a safe distance away from
the urinary bladder to minimize the risk of bladder laceration.
Subsequently, the needle is passed through the medial
aspect of the cardinal ligament in front of the uterine
vessels and is aimed at reinforcing the supportive structures
involved in vaginal wall suspension. Extracorporeal knotting
is performed with deep placement of a strong monofilament
suture, allowing the surgeon to incorporate a large amount
of tissue and to gently pull the suture through the tissue
without causing any iatrogenic trauma.
 Once the suture has been brought back out of the vagina,
the next step is to pass the needle through the vaginal
epithelium and, successively, through the sacrouterine
ligament. The preceding maneuver may be omitted if the
suture through the ligament is repeated once or twice
in order to shorten it. This step is absolutely essential in
patients with an already existing descensus.


The needle can now be withdrawn, and the suture completed
with an extracorporeal Roeder knot, which is secured by two
or three intracorporeal knots (Figs. 3.95–3.100). This technique is
repeated on the contralateral side to make sure that all parts of
the endopelvic fascia (vesicouterine, cardinal and sacrouterine
ligaments) have been incorporated (Figs. 3.101–3.103).
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Fig. 3.95 LTH: Right corner suture
coalescing the anterior and posterior vaginal
wall, the posterior peritoneum and the
right sacrouterine ligament. The bladder is
identified and spared. A sharp forceps is
needed to permit a secure grip on the vaginal
epithelium. If the suture incorporates the
vaginal wall while excluding the epithelium,
there is a high susceptibility to postoperative
granuloma formation.

Fig. 3.96 LTH: Right corner suture (continued
from Fig. 3.95). The 30°-scope allows to view
from below and above into the vagina. The
suture should encompass large portions of the
strong paravaginal tissue.
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Fig. 3.97 LTH: Right corner suture (continued
from Fig. 3.96). The right sacrouterine
ligament is grasped. The vessel stumps are
lateralized and excluded from the suture bites.
Vessels are mechanically compressed when
this type of suture is used.
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Fig. 3.98a–d LSH: The PDS suture is tied extracorporeally using either
the ‘von Leffern knot’ or …

Fig. 3.98e–h … the ‘Roeder knot’.

Fig. 3.99 LTH: The extracorporeal ‘Roeder
knot’ or ‘von Leffern knot’ is completed by
sliding it downward with a plastic knot pusher
(b–d). The edge is pulled into the abdomen to
preserve intravaginal sensitivity.
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Fig. 3.100 LTH: The right corner suture is
tied intracorporeally and the tail is cut.
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Fig. 3.101 LTH: Left corner suture coalescing
the anterior and posterior vaginal wall, the
posterior peritoneum and the left sacrouterine
ligament. The bladder is identified and spared
under vision. A sharp forceps is needed to
securely grip the vaginal epithelium. If the
suture incorporates the vaginal wall while
excluding the epithelium, there is a high
susceptibility to postoperative granuloma
formation.

Fig. 3.102 LTH: Left corner suture (continued
from Fig. 3.101). Vessels are mechanically
compressed when this type of suture is used.
The suture should encompass approximately
1 cm of the vaginal wall.
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b

c

d
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c

d

Fig. 3.103 LTH: Completion of the left corner
suture. The extracorporeal knot is slid
downward using a knot pusher(a–c).
A U-shaped stitch (mattress suture) or
Z-closure is started at the center (d).
Approximation of the margins and closure is
facilitated if the vaginal cuff is not ompletely
dry. Most bleeding will stop spontaneously,
eliminating the need for any further
electrocoagulation. When applied heavily to
the vaginal wall, electrocoagulation entails an
increased risk of vaginal stump infection or
dehiscence.
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Step 6
Vaginal Closure
The residual vaginal opening at the center can now be closed
with two mattress or Z-sutures, which provides for both
vertical and horizontal tissue compression, and minimizes
the risk of a vaginal stump hematoma. Therer is no need
for peritonealization or drain insertion (Figs. 3.104–3.106).
Physiologic reperitonealization will occur during the first two
postoperative weeks. Any additional peritoneal suturing may

entail the formation of encapsulated seroma or hematoma
and is associated with an elevated risk of postoperative
infection and pain sensations. If still inside, the uterus or the
glove packed with swabs is now removed from the vagina.
Fig. 3.107 illustrates the surgical outcomes of supracervical and
total hysterectomy.
Fig. 3.104 LTH: Closure of the residual
vaginal opening with a mattress or Z-suture.
When a mattress suture is used, it should
be carried as far as the bladder in order to
prevent damage to the bowel.

a

b

c

d
Fig. 3.105 LTH: Completion of the central
suture with a mattress or Z-suture technique.
Extracorporeal suturing is unnecessary
because the suture is placed properly and the
amount of tissue incorporated, is sufficient.

a

b

c

d

Fig. 3.106 Diagrammatic representation of vaginal closure after LTH, as modified by Schollmeyer.
A suture is passed through the endopelvic fascia, 1 cm below the cephalad edge of the vaginal
epithelium. The needle is directed from the vaginal lumen through the vaginal wall, passed between
the uterine vessels (median part of the broad ligament), and brought back through the vaginal lumen.
The sacrouterine ligament is identified before passing the suture through. The needle is directed
from the vaginal lumen through the vaginal wall and rectovaginal septum, and finally through the
sacrouterine ligament. The vaginal vault is closed with interrupted sutures, mattress sutures,
or Z-sutures. The stitch is passed through the endopelvic fascia and vaginal wall, then out of the
vaginal wall and endopelvic fascia.
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Fig. 3.107 Final view of the surgical site
upon completion of laparoscopic subtotal
hysterectomy (a, b). The cervical canal is
covered with peritoneum and both sacrouterine
ligaments are under slight tension in order
to reinforce the middle compartment and the
cervical ring. Final view of the surgical site upon
completion of LTH (c, d). The vaginal stump
is closed and the sacrouterine ligaments are
elevated using two corner sutures.
The peritoneum covers the cervical canal
and drainage may be applied to both sides.
Both sacrouterine ligaments are under slight
tension, maintaining the colposuspension.
Reperitonealization will occur approximately two
weeks after surgery. The PDS suture provides
for secure closure and healing of the vaginal cuff
because it takes approximately 6 months to be
resorbed. The sacrouterine ligaments and ureter
can be clearly identified. Since the anatomy of
the ureter is not altered, there is no need to open
or inspect the retroperitoneal space.

Laparoscopic Subtotal Hysterectomy (LSH)
In laparoscopic subtotal or supracervical hysterectomy (LSH/
LASH), resection of the uterine corpus is performed at the stage
of surgery shown in Fig. 3.108. The preceding steps are very
similar except that the uterus is elevated by traction instead of
using a manipulator. The uterine corpus is cut with a monopolar
loop and the cervical canal is coagulated to minimize the

a

b

c

d

a

b

c

d

risk of cyclical spotting. The cervical canal should be closed
considering the high risk of ascending infection. Concurrently,
the cervix may be suspended with a strong monofilament
suture, and tied extracorporeally. The residual uterine corpus
requires intraabdominal morcellation prior to extraction
(Figs. 3.108–3.114).
Fig. 3.108 Introduction of a monopolar
cutting loop for use on the cervix and visual
confirmation of its proper position prior to
initiating electrosurgery (a). The whitish uterus
is passed through the loop which then is
gently tightened (b, c). The loop is checked for
correct placement between the stumps of the
uterine artery and above the junction of the
sacrouterine ligaments.

Fig. 3.109 The loop is placed with the
cutting point on the posterior cervix, and the
uterine corpus is resected from the cervix
(a, b). Prior to initiating dissection, correct
placement is confirmed to make sure that
the loop is between the stumps of the
uterine artery and above the junction of the
sacrouterine ligaments. Dissection of the
cervix and uterus is performed (c, d) (in this
case: LSH) by applying the monopolar current
only in the non-insulated field. The uterine
corpus is pulled upward while activating the
cutting current in order to obtain an inverted
cone (b, d).
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Fig. 3.110 The residual cervical stump.
Extended coagulation should be performed
in patients with bleeding disorders, uterine
adenomyosis, or endometriosis (a–c).
By pulling the uterus upward while activating
the cutting current for resection, an inverted
cervical cone is created (d).

a

b

c

d
Fig. 3.111 LSH: (a–d) The junction of the
sacrouterine ligaments has been spared. The
two ligaments are gripped and incorporated
in the suture to provide cervical suspension
(a). The bladder peritoneum is attached to
the posterior peritoneum with a purse-string
suture.

a

b

c

d
Fig. 3.112 The sacrouterine ligaments are
identified and included in the closure of the
cervical stump (a, b). Since the bladder has
been exposed only moderately in the course
of the procedure, there is enough tissue to
close the cervical canal (c, d) and prevent the
occurrence of cuff dehiscence.

a

b

c

d
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Fig. 3.113 Extracorporeal knot tying is used
to functionally seal off the cervical canal
with peritoneum and provide for cervical
suspension. The sides that have been left
out still permit drainage, if necessary.
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d
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d

Fig. 3.114 LSH: The myomatous uterus
(850 g) is morcellated, making sure that the
rotating cutting edge and the protective shield
of the morcellator are meticulously kept in
view at all times. The protective shield is
directed upward toward the abdominal wall
in order to prevent division of abdominal wall
vessels. However, the lower part of the field –
especially the small bowel – must be exposed
and kept out of the surgical area.
The surgeon must be patient and prevent
injury to the bowel; the latter being one of the
major complications of the LSH procedure.
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Special Situations
The traditional technique of laparoscopic hysterectomy
should be modified in patients with severe adhesions or
concomitant deep infiltrating endometriosis. The surgical
steps are quite similar to those of oncologic surgery and
radical pelvic exposure is essential (Figs. 3.49, 3.76, 3.77, 3.79).
Following completion of adhesiolysis, which may be very
extensive in case of severe endometriosis or adenomyosis,
the retroperitoneum is opened (Figs. 3.115–3.117). The ureter
and major vessels are identified, and the crossing point of the
uterine artery is exposed (Fig. 3.118). In some cases, clipping of
the uterine artery just past its origin from the internal iliac artery
(Figs. 3.119–3.122) has proven useful for the following reasons:



Dissecting and skeletonizing the uterine artery at a more
distal level may be difficult or impossible.
 Endometriotic scars and nodules may distort the regional
anatomy. This may lead to unexpected bleeding, especially
in the case of a large uterus. Proximal clipping of the uterine
artery helps to minimize intraoperative bleeding.
 Taking into account that the uterine artery is in close
proximity to the ureter, thermal effects from application of
bipolar instruments carries the risk of iatrogenic injury to the
ureter, which can be prevented by using vascular clips.

Fig. 3.115 Diagrammatic representation of the typical course of the
uterine artery. The safest area to coagulate the uterine artery is the
ascending branch close to the uterus. The distance from the ureter in
that area is approximately 2 cm.

Fig. 3.116 Any uterine pathology will hinder exposure of the lateral
uterine wall and the ascending branch of the uterine artery. Furthermore,
a radical hysterectomy must include the parametrium and involves a
distal resection margin. This may require exposing the retroperitoneum
and identifying the origin of the uterine artery from the internal iliac
artery.

At the end of the procedure, the abdominal cavity is irrigated
with physiological saline solution and drained. Usually no
drains are left indwelling (Fig. 3.107).

Fig. 3.117 A case of severe uterine
a denomyosis with adhesions of the bowel
(a) and bladder peritoneum (b). Access to the
lateral aspect of the uterus is obstructed (c).
Retroperitoneal access is required (d).
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b

c

d
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Fig. 3.118 Once the external iliac artery
has been identified, the ureter is usually
found adherent to the peritoneum (a).
A large lymph node is found in the intervening
area. (b) Access to the pararectal space and
paravesical fossa is obtained (c). The crossing
point of the uterine artery is identified (d).
The ureter is left in its adventitia to avoid
skeletonizing and denudation.

Fig. 3.119 Clips can be placed for occluding
and dividing the artery (a, b). The uterine
vein (deep) is just beneath the cut artery (c).
Overview of the exposed region (d).
The uncolored uterus is seen on the right,
after occlusion of both arteries.

a

b

c

d

b

a

b

Fig. 3.120 Diagrammatic representation of the retroperitoneal area
where the ureter crosses below the uterine artery (a, b). The uterine vein
is divided into a superficial part and deep part. Clips can be placed after
the ureter is medialized.

a
Fig. 3.121 Ureteral anatomy provides crucial information (a, b).
The upper part of the ureter is supplied chiefly by the renal artery,
ovarian artery, and aorta (a). The lower part is supplied by the iliac vessels
and uterine artery (a). Blunt dissection causes minor bleeding at the
respective levels. Histologic cross-section of the ureter demonstrates the
location of the vessels in the adventitia (b). Because of this a rrangement,
electrosurgery or any manipulation that destroys the adventitia may
eventually result in secondary fistulation and/or leakage.
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The suture technique described above was established
because it provides for a stable fixation of the vaginal stump
and has other advantages in terms of safety:
As the suture is placed parallel to the urethra, kinking of the
ureters is avoided. The suture is passed through the medial
part of the cardinal ligament, along the anteroposterior
access route.
 Compression of small vessels between the vaginal wall and
uterine artery within the cardinal ligament minimizes the risk
of bleeding.
 Despite good suspension there is no significant anatomical
displacement of the vaginal approach posteriorly, which
could increase the risk of a cystocele.


Post-Hysterectomy Inspection
The pedicles, bladder, ureters and bowel should be inspected
under continuous irrigation with Ringer lactate or Adept
(Baxter). Ureteral movement should not be interpreted as
a proof of integrity. If there is suspected injury to or kinking
of the ureter during closure of the vagina, the ureter should
be exposed by opening the retroperitoneum and freeing the
ureter to the site of its junction with the parametria (Fig. 3.121).
An alternative test is the injection of methylene blue dye. If the
dye does not appear within the abdomen, it is unlikely that
significant ureteral damage has occurred. In critical cases, an
intravenous pyelogram should be obtained 2–3 days after the
operation to assess ureteral integrity.

Postoperative Management
Generally, the urinary catheter is removed. It is left indwelling
only in selected cases. Postoperative cystoscopy is performed
in patients with severe endometriosis or adhesions in the
upper part of the bladder. It is good practice to ambulate
the patient from bed a few hours after surgery. Clear fluids
can be taken 6 hours after surgery, followed by a light diet.
Thromboprophylaxis (mechanical and medical) should be
used in appropriate cases. The patient can be discharged
8–12 hours after surgery. A postoperative ultrasound scan of
the renal pelvis should be obtained. Ordinary light activities
are permitted and the patient may return to work in 4–5 days.
The patient should be advised to refrain from sexual activity,
sports and strenuous work for approximately 6–8 weeks.
Adjuvant medical therapy will depend on the patient’s
intraoperative condition and level of discomfort.

Anticipated Problems
Vital signs, pain, and body temperature should be closely
monitored for the first 8 hours. A patient who is discharged
early should be given a phone number she can call in the
event of pain or discomfort. Drain insertion is not required.
Fever, early pain, abdominal distension, delirium, decreased
urine output, hypotension or other shock symptoms must
be immediately recognized and responded to, as they may
signify complications.

Summary and Conclusions
In addition to well-known laparoscopic techniques for
endometriosis surgery and hysteroscopic techniques
for bleeding disorders, laparoscopic subtotal and total
hysterectomy are surgical options for the definitive treatment
of uterine adenomyosis. The surgical procedure is decided
upon jointly by the patient and her doctor. The specific steps
described in this chapter will help gynecologic surgeons to
perform successful surgery to relieve the clinical symptoms
of adenomyosis in women who have completed their family
planning.

3.5.7 Conclusions

Adenomyosis is a disorder in which endometrial glands
and stroma are present within the uterine myometrium. The
endometrial glands induce hyperplasia and hypertrophy of
the surrounding myometrium, leading to an enlarged and
soft uterus.
 Adenomyosis is characterized by menorrhagia and
dysmenorrhea. Coexisting endometriosis is also a frequent
finding.
 MRI has a high sensitivity and specificity, but vaginal
ultrasound is still the diagnostic tool of choice. The final
diagnosis is established by histologic examination of the
uterine specimen.
 Hysterectomy remains the first-line surgical treatment for
women with severe symptoms who have completed their
family planning. For those who desire future pregnancy,
the treatment of adenomyosis is similar to that of general
endometriosis and may consist of medical therapy, surgery,
or a combination of both modalities.
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3.6

Extragenital Endometriosis

Daniela Hornung a, b
3.6.1 Introduction

Endometriosis is a very common gynecological disease
defined as the presence of functional endometrial-like tissue
outside the uterus. Although generally confined to the pelvis,
ectopic endometrium may also be detected at extrapelvic
sites, such as umbilicus, abdominal scars, respiratory system,
and even in the brain and eyes. Apart from the spleen, the
disease can be found in virtually any tissue of the body. The
true incidence of extrapelvic disease is still unknown and its
frequency seems to decrease with the distance from pelvis.31
Nisolle et al. (2007) report a frequency of approximately 5 %.22
Endometriosis-related symptoms may include cyclic pain,
at least in early stages of the disease, but may also present
as bleeding and chronic pain. In patients with extragenital
endometriotic lesions, the mean age for diagnosis (35–40
years) is approximately 5 years older than that reported for
genital endometriotic lesions.11 The treatment of choice is
complete excision, whenever possible; otherwise, long-term
medical therapy with gestagens, continuous regimens of oral
contraceptives (OC) or GnRH analogues may be offered to
the patient.10
Since extragenital endometriosis is a very rare condition,
mainly collections of anecdotal case reports or case series are
available so far, but no comparative studies. Several reviews
about extragenital endometriosis have been published in the
pertinent literature.5,16,17,22
The diagnosis is difficult, since the physicians consulted
(f.e. general practitioner, neurologist, pulmonologist, etc.)
are not familiar with the specific challenges inherent to the
disease. Imaging modalities like CT or MRI can be helpful,
which particularly applies to brain endometriosis. The use of
thorascopy or bronchoscopy is capable of detecting pulmonal
endometriosis, whereas only histopathological examination
can finally confirm the presence of disease at extragenital
sites.

Locations of extragenital endometriosis
 Abdominal wall, umbilical, (cesarean) scar endometriosis.
 Appendiceal endometriosis.
 Diaphragmatic, thoracic and pulmonal endometriosis.
 Renal endometriosis.
 Cerebral and cerebellar endometriosis
 Nasolacrimal endometriosis.

3.6.2 Endometriosis of the Abdominal Wall,
Umbilicus and Surgical (Cesarean) Scar

Functional endometrial tissue can be found in the abdominal
wall, especially, but not exclusively in surgical incisions,
umbilicus or inguinal canal. In women with a medical
history of gynecological surgery, the lesions can appear in
scars after previous myomectomies, caesarean sections
(Fig. 3.122) or episiotomies,12 even though such findings may
also be encountered in patients who lack a specific surgical
history.24 The varying appearance of endometriosis can be
appreciated as dark red-blue or brown, tender nodules.
Among the characteristics of symptoms are pain episodes
or even bleeding synchronous with the menstrual cycle.
Surgical therapy includes complete resection. In rare cases
of endometriotic infiltration of the aponeurosis, extensive
mobilization of its remnant is required in order to accomplish
a tension-free closure. Occasionally, the need may arise to
cover the defect with a synthetic patch, which is essential for
successful closure of the abdominal wall. In case of extensive
umbilical endometriosis, the formation of a ‘neo-umbilicus’
can become necessary.
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Fig. 3.122 Endometriosis of the abdominal scar after cesarean s ection
(endometriotic tissue sample, 5 cm in diameter). The fascia was
completely infiltrated by disease, so extensive dissection of the residual
fascia was required to close the defect at the end of surgery.
In other cases, placement of a synthetic patch can be indicated.
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3.6.2.1 Endometriosis of the Appendix
The first description of appendiceal endometriosis was
published by von Rokitansky in 1860.25 Usually, the diagnosis
is made incidentally during laparoscopy performed for other
reasons. Only in rare cases, patients present with acute
abdominal pain mimicking acute appendicitis. Other clinical
appearances may be lower gastrointestinal bleeding, intestinal
perforation or intestinal obstruction.32 In a study published by
Chandrasegaram et al. in 2012, 14 out of 4670 (0.3 %), patients
had their appendices removed on the basis of a confirmed
diagnosis of endometriosis.7 In a different retrospective study of
Yoon et al. (2014), only 5 out of 2173 (0.2 %) women underwent
appendectomy for appendiceal endometriosis, but in the latter
study – unlike that of Chandrasegaram et al. – patients, who
had been treated for intra-abdominal endometriosis other than
that of the appendix, were excluded.32
Accordingly, it can be concluded that appendiceal
endometriosis is of rare occurrence. In any case, irrespective
of whether the patient is identified as symptomatic or not,
the appendix should be removed laparoscopically, which
commonly involves the use of a stapling technique. In most
cases, however, appendiceal endometriosis is detected in
patients with other forms of peritoneal endometriosis and
especially in those with bowel endometriosis, which is why
careful inspection of the appendix should be an integral part of
any endometriosis surgery.
3.6.2.2 Diaphragmatic, Thoracic and Pulmonal Endometriosis
Particularly the thorax is an uncommon site for manifestation
of endometriosis. This rare condition is characterized by
the presence of endometrial tissue in the diaphragm, the
lung parenchyma or the airways. It mainly affects women
of reproductive age, often nulliparas, and long-standing
symptoms are usually related to menses.3 About 80 % of
women with thoracic endometriosis have concomitant
abdominopelvic endometriosis.20 The first case of pulmonary
endometriosis was described by Barnes in 1953.4

Diaphragmatic endometriosis is often associated with cyclic
right sided shoulder pain (40 %), whereas lung endometriosis
can be suspected if cyclic haemoptysis (12 %), catamenial
pneumothorax (24 %) and catamenial chest pain (80 %) is
reported. Other symptoms include shortness of breath, pain
with inspiration and bloody taste of sputum. Sputum cytology
is capable of confirming the presence of endometrial cells.
In 90–95 % of cases, the right hemi-thorax is involved.14
Among the operative treatment options available for pulmonal
endometriosis, video-assisted thoracoscopic surgery (VATS)
with fulguration of lesions by use of bipolar electrocautery
is recommended. Occasionally, a pleurodesis may be
required at the end of the procedure. In case of recurrence,
pleural abrasion or pleurectomy can be helpful. Persistent
haemoptysis can be treated by lobectomy, segmentectomy
or tracheobronchoscopic laser ablation.22
In cases of diaphragmatic endometriosis, large endometriotic
nodules infiltrate from the peritoneum into the diaphragmatic
tissue (Fig. 3.123, from Silveira et al., 2011).27 The implants
should be resected completely and the defect closed
by multiple single sutures. In most cases, only a small
pneumothorax is encountered, so there is no need for
placing an indwelling chest drain. In order to check for signs
of possible pulmonary complications, a thorax radiograph
should be taken in the immediate postoperative period
and a few days after surgery (Fig. 3.124, from Silveira et al.,
2011).27 In the tissue samples obtained in the course of the
procedure, endometrial glands are surrounded by a wide
stroma containing small mesenchymal cells and fibrosis. In
the clinical case presented herein, multiple hemosiderin-laden
macrophages and hemorrhagic foci are clearly visible in the
luminal region (Fig. 3.125, from Silveira et al., 2011).27

Fig. 3.123 Intraoperative inspection of
the upper right abdominal quadrant (a)
shows endometriotic foci infiltrating the
diaphragm. After laparoscopic resection of
the endometriotic implant (b), the resulting
surgical defect was closed with five single
sutures (c, d). No indwelling pleural drain was
needed (Courtesy of Silveira et al., 2011).27

a

b

c

d
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a

Fig. 3.124 Endometrial tissue infiltrating
from peritoneum into the diaphragm. Shown
in panel (a) are endometrial cysts (2) that are
in close proximity to the striated diaphragm
muscle (1). Note the dilated vessels (3) in the
endometrial stroma. Extravasated erythrocytes
(4) are surrounded by peritoneal serosa (5).
The close-up view in panel (b) (see square in
panel a) shows in greater detail the cellular
debris and macrophages (1), endometrial
stroma (2), and hemorrhagic foci (3) (Courtesy
of Silveira et al., 2011).27

b

Fig. 3.125 Thoracic radiographs taken
immediately (a) and three days (b, c) after
surgery confirming regression of pleural
effusion as a result of the surgical procedure
(Courtesy of Silveira et al., 2011).27

a

b

3.6.2.3 Renal Endometriosis
Only a small proportion of cases of endometriosis are detected
in the urinary tract (0.1–1 %) and the potential presence of
subclinical disease seems to be under-appreciated.2 The
predilection sites and relative frequencies of urinary tract
endometriosis are bladder (80–84 %), ureter (14 %), kidney
(4 %), and urethra (2 %), at an approximate ratio of 40:5:1:1,
respectively.9,18

Fig. 3.126 Macroscopic appearance of a bisected kidney. The cortical
surface is irregular and contracted. The renal parenchyma appears with
multiple erythematous patches (straight arrows). The curved arrow
marks the renal pelvic urothelium (Courtesy of Cheng et al., 2015).8

c

The presence of endometriosis in the kidney is extremely
rare (Figs. 3.126, 3.127, from Cheng et al., 2015).8 Among the
cases of urinary tract endometriosis, only a few involve the
kidney. Renal endometriosis can be difficult to diagnose and
definitive diagnosis is based on histopathological findings.
Medical therapy with gestagens or oral contraceptives
may be indicated or even a hysterectomy with bilateral

a

b

c

d

Fig. 3.127 Photomicrographs of sections of kidney.
Shown in panel (a) are endometrial glands and stroma with thyroidization
of adjacent tubules and chronic inflammatory infiltrates in the interstitium;
hematoxylin and eosin stain (H&E), ×100 magnification. In panel (b),
note there are endometrial glands, stromal cells and spiral arterioles;
H&E, ×200 magnification. Panel (c) shows positive staining for estrogen
receptors in stromal cell nuclei; immunohistochemical method (IHC),
×200 magnification. In panel (c), there is positive staining for
progesterone receptors in stromal cell nuclei; IHC, ×200 magnification
(Courtesy of Cheng et al., 2015).8
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salpingo-oophorectomy. The decision on whether to perform
nephrectomy is determined by the level of renal function.
Although extremely rare, renal endometriosis should be
included in the range of differential diagnosis when faced with
the presence of a contracted, non-functioning kidney. Early
diagnosis can prevent the need for nephrectomies in cases of
uncomplicated renal endometriosis.
Common manifestations of renal endometriosis are local pain
and, rarely, cyclical hematuria, which is more common if the
ureter and / or bladder are affected by disease. Most patients
have normal findings on physical examination, unless other
pathologic conditions are encountered. Renal endometriosis
typically develops unobtrusively and remains inappreciable
for many years before the diagnosis is made. Occasionally,
the lesion may be completely asymptomatic and diagnosed
incidentally after nephrectomy for other indications, such
as cancer. Imaging techniques may be used to confirm a
clinical diagnosis, but evidence is rarely conclusive enough to
suggest the presence of endometriosis. Definitive diagnosis
is commonly established as a result of histopathological
examination, which provides proof of endometrial glands and
stroma in the specimen.
Treatment of renal endometriosis is determined by the state
of the kidney, severity of symptoms, extent of the disease,
age of the patient, and by whether pregnancy is planned or
desired. Hormone therapy involves the use of GnRH agonists,
estrogen-progestin combinations, and progestin alone.
Hormone therapy is optimal for patients of child-bearing age,
who wish to retain reproductive capability and for those with
normal renal function. If the patient does not want to become
pregnant, a total abdominal hysterectomy with bilateral
salpingo-oophorectomy can be performed with or without
adjuvant hormone therapy. Whether a nephrectomy is required
should be determined according to the level of renal function.

Fig. 3.128 Axial T2-weighted fast spin-echo MR image shows
fl uid-fluid levels in cystic mass, dependent fluid being hypointense on this
s equence (arrows). These features are suggestive of previous intracystic
hemorrhage, and their MRI appearance is similar to that described for pelvic
endometriomas (‘shading’ sign) (By courtesy of Sarma et al., 2003).26

3.6.2.4 Cerebral and Cerebellar Endometriosis
With regard to endometriosis of the brain and cerebellum,
based on the author’s current knowledge, only three
case reports have been published so far in the English
literature.15,26,29 Patients most commonly present with
headaches and seizures. MRI scans show hypointense fluid
levels in the dependent layer, with shading sign or evidence
of hemorrhage in cystic lesions, the latter being hyperintense
on T1-weighted and hypointense on T2-weighted images
(Fig. 3.128, from Sarma et al., 2003).26
Surgical treatment of cerebral and cerebellar endometriosis
is undertaken by neurosurgeons and includes complete
resection of the mass.
3.6.2.5 Nasolacrimal Endometriosis
Cyclic bleeding from the inferior punctum of the eye
synchronous with menstruation and coexisting crusted
hemorrhage in the tear meniscus and inferior to the caruncle,
may be interpreted as signs and symptoms suggestive of
nasolacrimal endometriosis. MRI scans should allow to
delineate the extent of disease before proceeding with a
complete surgical excision of the lesion which is performed
by an otorhinolaryngologist.30

3.6.3 Discussion
Endometriosis of surgical scars should always be considered
in surgical practice when faced with extensive formation of
scar tissue of the abdominal wall. The major goal of therapy is
to excise the mass as completely as possible. Patients should
be alerted to the risk of malignancy that may arise from the
scar if surgical excision is declined.
The clockwise flow of peritoneal fluid in the abdomen (down
the left peritoneal gutter over the pelvic floor and up the right
peritoneal gutter to the subdiaphragmatic space) together
with the piston-like effect of the liver is believed to account for
the mainly right-sided location of a catamenial pneumothorax.
As in the case of right sided catamenial pneumothorax, the
right diaphragm and pleura seem to be sites of predilection for
endometriotic lesions. The right-sided predominance has also
been confirmed in a paper of Nezhat et al. (1998)21: ‘Lesions
were bilateral in 8 patients, limited to the right hemidiaphragm
in 14 patients, and limited to the left hemidiaphragm in 2
patients.’
On the other hand, the potential hematogenous or lymphatic
spread of viable endometrial cells has also been widely
considered as a pathogenetic mechanism underlying the
development of these distant lesions, mainly in patients with
previous history of surgery or childbirth.23,28 Even though
symptomatology of extrapelvic endometriosis (including
thoracic disease) is usually associated with menstrual cycle
and the site of manifestation, this does not necessarily mean
that such correlation exists in all patients.17 Moreover, the
related symptoms can also overlap with other pathologies,
making diagnosis a challenging task.3 Particularly, pleural
endometriosis is usually suspected when patients frequently
report on cyclic symptoms of chest pain and dyspnea,
accompanied by concomitant pulmonary complications such
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as pneumothorax or hemothorax. A chest radiograph of the
lung or a chest CT scan may reveal pulmonary opacities and
nodular lesions, however, the use of these imaging modalities
is mainly indicated in the presence of pulmonary symptoms.13
Apart from that, considering the large variety of possible
morphologic appearances of endometriotic implants, there
are no pathognomonic findings that would allow to reliably
distinguish either pelvic or extrapelvic endometriosis from other
processes. Therefore, in order to establish a definitive diagnosis
of the disease, a detailed clinical history in conjunction with
surgical inspection and histological confirmation may often be
needed.3
In fact, surgical intervention still remains the gold standard for
the diagnosis of thoracic endometriosis, and a systematic and
accurate inspection of the abdominal cavity should always be
an integral part of laparoscopic evaluation, especially in women
with pain symptoms and a previous history of endometriosis.21
According to our experience, a systematic surgical approach
is critical in that it allows to identify any suspicious findings on
diaphragmatic tissue, which otherwise may be missed when
using imaging analysis alone.
Both detailed anamnesis and accurate surgical inspection
are the gold standard in the diagnosis of endometriosis.
Occasionally, deep implants may only be identified and
treated accordingly when the patient’s position at laparoscopy
has changed from head-down to head-up and she has been
turned to the left side.
A lively debate is currently going on with regard to optimal
management of thoracic endometriosis, including pleural
and diaphragmatic disease. Medical therapy has long been
considered as the first-line option in case of pulmonary
complications (such as pneumothorax) achieving long-term
amenorrhea by the use of medical hormonal regimens,
however, these modalities have not been shown to prevent
subsequent recurrence of disease.16 Accordingly, surgical
treatment is currently recommended mainly in cases refractory
to medical therapy, intolerable adverse effects, symptom
recurrence after cessation of treatment, or in patients who wish
to conceive.1
Undoubtedly, diaphragmatic endometriosis is often difficult
to manage surgically, and a multidisciplinary approach is of
key importance to remove all clinically suspicious foci of
endometriosis as well as to treat the associated symptoms.
Patients suffering from pleural involvement may exhibit
pneumothorax or pleural effusion, and therefore, surgical
excision of endometriotic foci is usually performed in
combination with placement of an indwelling chest tube or
by use of pleurodesis.6,19 However, conservative surgery by
laparoscopy alone may also be used successfully in patients
with pleural endometriosis to prevent the need for additional
procedures and to avoid the occurrence of postoperative
pulmonary complications.
Diagnosis of renal endometriosis is a challenging task.
Final diagnosis should be established on the basis of
histopathologic findings. Treatment may include hormone
therapy or hysterectomy with bilateral salpingo-oophorectomy.

The decision as to whether a nephrectomy is required
depends on the level of renal function. Although extremely
rare, renal endometriosis should be included in the range
of differential diagnosis when faced with a contracted, nonfunctioning kidney. Early diagnosis can prevent the need for
nephrectomies in patients who have an uncomplicated form of
renal endometriosis.
Endometriosis of the brain is a rare condition that can occur
without cyclical symptoms related to menstruation. The
shading sign on MRI or any other evidence of hemorrhage in
a cystic lesion in a female patient should alert the radiologist
to the possibility of endometriosis, even at unusual sites. The
final diagnosis in such rare locations can, of course, only be
obtained by histopathological examination.

3.6.4 Conclusion
In conclusion, great care should be paid to take a thorough
anamnesis, particularly in patients who suffer from recurrent,
unusual endometriosis-related symptoms and a known history
of endometriosis. However, a tentative diagnosis of extragenital
endometriosis should be considered even in the absence of a
known history of pelvic endometriosis. Management should
include a systematic investigation, geared toward detecting
endometriotic implants at extrapelvic sites.
Extrapelvic endometriosis is an uncommon condition typically
associated with a host of varying symptoms and a complex
diagnostic workup.
Treatment includes excision of the implants, wherever possible,
and usual medical long-term treatment with COCs, gestagens
or GnRH analogues.
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3.7

L aparoscopic Diagnosis and Treatment of Superficial Pelvic
Endometriosis

Joseph Nassif a | Joe Eid a | Sally Khoury a
3.7.1 Introduction

In this chapter we will review the surgical steps involved in the
laparoscopic diagnosis and treatment of pelvic endometriosis,
excluding deep infiltrating endometriosis (DIE).
Guidelines issued by the European Society of Human
Reproduction and Embryology (ESHRE) have defined
laparoscopy as the modality of choice for the diagnosis of
peritoneal endometriosis.6 Though little has been published
on its diagnostic value, laparoscopy enables the physician to
make a more confident diagnosis based on biopsy samples
and histology results. A systematic review published in
2004 showed that in women presenting with symptoms
of endometriosis, a negative laparoscopic examination
was very reliable for the exclusion of endometriosis.23
Additionally, laparoscopy is the treatment modality of choice
for the removal of peritoneal implants. When endometriosis is
detected at diagnostic laparoscopy, it is recommended that
the surgeon proceed with surgical treatment of the lesions.
This will have a positive impact on long-term pain associated
with endometriosis.11 Three surgical treatment options
are available: coagulation, laser vaporization, and surgical
excision.
Unlike peritoneal endometriosis, ovarian endometriosis can
be diagnosed by transvaginal ultrasound scanning, which
can reveal all lesions except a small endometrioma.6,16 The
diagnosis in premenopausal women is based on features
described as ground-glass echogenicity of the cyst fluid,
one to four locules, and no solid parts.9 Laparoscopy is
necessary for the treatment of ovarian endometriomas.
Laparoscopic cystectomy has been shown to be superior
to other modalities such as drainage and coagulation.8,17
Cystectomy is associated with lower rates of pain and other
recurrent symptoms.
Laparoscopy is also used to increase pregnancy rates in
infertile women suffering from endometriosis. Specifically,
women with minimal or mild endometriosis will benefit from
laparoscopic surgery with lysis of adhesions.10 Pregnancy and
live birth rates have been found to increase in these women.
As stated previously, there is good evidence that excisional
endometrioma surgery yields better outcomes than drainage
and ablation in terms of disease recurrence, pain recurrence,
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and subsequent spontaneous pregnancy rate in women
who were previously subfertile.8 However, several studies
have shown that when compared with other techniques,
the treatment of endometrioma by excision/stripping is
associated with a decrease in ovarian reserve. This is true
when compared with vaporization/coagulation21 and with
plasma energy ablation techniques.19
Furthermore, although single-port access laparoscopy
(SPAL) ovarian cystectomy is comparable to conventional
laparoscopy in terms of surgical outcomes, a recent study
showed that single-port cystectomy is associated with a
decrease in ovarian reserve and is not recommended for
women who want to preserve their fertility.2

3.7.2 Laparoscopic Surgical Technique
3.7.2.1 Diagnostic Assessment and Patient Preparation
Whether superficial endometriosis is treated for the
purpose of relieving pain or improving fertility, laparoscopy
is always necessary for an accurate diagnosis. Superficial
endometriosis may be missed on physical examination and
in many preoperative studies including ultrasound and pelvic
MRI. Both diagnostic and therapeutic laparoscopy require
adequate preparation. A fiber-free diet should be maintained
for 3–5 days prior to laparoscopy to facilitate exposure. Bowel
preparation with laxative macromolecules is unnecessary
in most cases and may cause the adverse effect of bowel
distention in some patients, which could hamper exposure
during the surgical procedure. It may be necessary when a
bowel resection is proposed, but this option is rarely indicated
for superficial disease.
3.7.2.2 Technique of Laparoscopic Entry
Following induction of general anesthesia, the patient is
prepped and draped from the nipple line to the mid-thigh level.
A direct access technique (with 5-mm or 10-mm trocars) or
Veress needle can be used to create the pneumoperitoneum
in an abdomen with no prior surgeries. If the patient has had
previous open or laparoscopic surgery, it is best to start with
a Veress needle introduced at Palmer’s left subcostal point,
where adhesions are less dense due to lung movements
during respiration. Contraindications to this access point are
as follows:
Absence of an orogastric or nasogastric tube.
Splenomegaly.
 Prior gastric surgery.
 Any incision in the left subcostal area.
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3.7.2.3 Safety Precautions and Initial Laparoscopic Inspection
A safety check should be done when a Veress needle is used.
The authors connect a 10-cc syringe to the Veress needle and
raise the plunger. No fluid or gas should be aspirated at this
time. Then, the syringe is disconnected, filled with air, and
reconnected to the Veress needle. The air is pushed forcibly
into the abdominal cavity while the other hand is placed on the
abdominal wall to detect the thrill that confirms intraperitoneal
placement of the needle tip. If needle insertion fails in two or
three attempts, it is best to use a different access technique
or different insertion site. Insufflation is done at a maximum
flow rate until a steady state pressure of 12–14 mmHg is
established within the abdominal cavity.
The normal pattern of insufflation starts with a low pressure
(less than 10 mm Hg), a high insufflation rate and no volume
of injected CO2 until a pressure of 12 to 14 mmHg is reached,
then final insufflation volume to 3–5 L as indicated on the
insufflation monitor. At that point, the scope is introduced
and the peritoneal cavity is fully explored. The patient can

be moved to the Trendelenburg position after insertion of the
optical trocar to facilitate exposure. Meticulous inspection
of the abdominal cavity and good documentation with still
images, video sequences and/or a detailed description in
the operative report are necessary for mapping the lesions
in the event that reoperation is needed. The uterus, fallopian
tubes, and ovaries should be closely inspected for the
presence of implants or adhesions. The exploration should
cover the ovarian fossae, uterosacral ligaments, cul-de-sac,
vesicovaginal peritoneal fold, pelvic sidewalls, paracolic
gutters, omentum, small bowel, colon, liver, and diaphragm.
Superficial implants are variable in their shape, size, color, and
location (Figs. 3.129–3.130). The nodules may be subcentimeter
in scale, but it is not uncommon to find lesions up to several
centimeters in diameter. Morphologically they may appear as
fibrotic nodules, ‘powder burns’, or as filmy adhesions in the
case of florid endometriosis on the bowel. Implants can vary
in color from white (fibrotic implants) or pale red (resembling
petechiae) to dark red, purple, or black.

Fig. 3.129a–d Florid peritoneal
endometriotic lesion (a). Superficial
endometriosis with multiple peritoneal
lesions (b). Superficial patchy implants (c).
Excision of superficial endometriotric
lesion (d).

a

b

c

d
Fig. 3.130a–d Laparoscopic cystectomy
of ovarian endometrioma (a). Laparoscopic
drainage of ovarian endometrioma due to
‘kissing’ ovaries (b). Appendectomy with
appendiceal peritoneum showing multiple
superficial endometriotic lesions (c).
Endometriosis in the cul de sac (d).

a

b

c

d
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3.7.2.4 Trocar Positioning and Operative Technique
After introducing the optical trocar, the authors recommend
placing three additional 5-mm trocars in the right and left iliac
areas and in the suprapubic region. The surgeon and assistant
will use these ancillary trocars to facilitate intraoperative
exposure and manipulations. The surgical procedure begins
with adhesiolysis in an attempt to restore local anatomy.
Whenever possible, it is always preferable to excise adhesive
bands and not just divide them. In the case of ‘kissing ovaries,’
the endometriomas should be drained and the ovaries
suspended to the abdominal wall or the round ligament to
free the assistant’s hand for other manipulations. This can be
done with sutures on a straight needle or with special devices.
As stated earlier, excision of the endometrial implants is the
best way to achieve pain control and reduce the recurrence
rate. Since histopathologic confirmation of endometriosis is
required, small implants should be carefully excised; the use
of electrocautery should be minimized to reduce damage to
the endometriosis implants and aid histologic interpretation
of the slides (Figs. 3.131a, b). For this purpose, the authors
recommend having the assistant hold and stabilize the implant
with a grasping forceps. The surgeon then uses a bipolar
forceps to define the resection margins, which should widely
encompass the implant. Then, a cold laparoscopic scissors or
monopolar hooks are used to cut the peritoneum or serosal
surface while the assistant places traction on the nodule. In
the case of very small nodules that do not abut vital structures
(see below), the nodule can be stabilized and excised with

a cold scissors, followed by hemostasis, as another way to
preserve the histologic architecture of the nodule for better
pathology readings. Generally speaking, abnormal tissue
can be positively distinguished from normal tissue when the
resection margins are defined. The endometriotic nodules
have the appearance described above, while surrounding
tissues will generally consist of fat (yellow) or peritoneum
(white or transparent). This makes it possible to dissect and
resect the lesions with an adequate margin of healthy tissue.
Superficial endometriotic nodules that overlie vital structures
like the ureter, nerves, bladder, or bowel require special
attention. With implants overlying the ureter, the first step is
to identify the trajectory of the ureter. Then, the peritoneum
is incised at a site 1 cm from the ureter. Next, the nodule is
grasped and bluntly dissected from the ureter. A bipolar
forceps has a collateral damage zone of 5–10 mm, so care is
taken to achieve good hemostasis without exposing the ureter
to undue heat. This will help to preserve the ureteral blood
vessels in the adventitia.
Implants close to hypogastric nerves should be dissected
from the nerves. Superficial implants on the bladder or bowel
serosa should be excised with cold scissors and minimal use
of electrocautery. When the serosa has been deeply excised
and the muscularis layer breached, reapproximation with
simple interrupted or continuous sutures is advised. The use
of absorbable suture material is recommended.

Fig. 3.131a,b Endometriosis on the serosa
of the Fallopian tube (a). The endometriotic
implant is excised without prior electrocautery
to preserve the histologic architecture in the
small nodule (b).

a

b
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Agent
Hyaluronic acid / carboxy-methylcellulose
(HA/CMC) membrane

Oxidized regenerated cellulose

Expanded polytetrafluoroethylene

Polyethylene glycol

Crystalloid solutions (lactated Ringer, NaCl
0.9 %)

Icodextrin 4 % solution

Mechanism of action
Site-specific barrier.
Mechanically separates tissue
surfaces.
Forms hydrophilic gel after placement.
Mechanical barrier (mesh).
Placed over and between raw
surfaces.
Forms a gelatinous protective lining.
Nonabsorbable synthetic material
that must be sutured in place.
Inhibits tissue adherence and cellular
migration.
Sprayed gel.
Remains over applied area for
1 week, then is degraded and
absorbed.
Instilled into the peritoneal cavity.
Absorbed within 24 h.

Advantages/Disadvantages
Reduces adhesions and early small bowel
obstruction.
Not well studied in prevention of late small bowel
obstruction.
Absorbed within 7 days and excreted in 28 days.
Reduces adhesions.
Hemostasis is necessary prior to application.
Absorbed within 2 weeks.

Reference

Reduces adhesions.
Difficult to use in laparoscopy.
Needs to be removed surgically.

1,15,18

Reduces adhesions.
Limited evidence to support its use.

7,14,18

Cover more potential sites of adhesions.
Commonly used.
Lack of evidence for efficacy in reducing adhesion
formation.
Isomolar solution.
Effective in reducing adhesions.
Absorbed by lymphatic system.
Suitable for laparoscopic surgery.
Separates peritoneal surfaces by
Contraindicated in cases that include repair of
hydroflotation and maintainins a fluid gastrointestinal tract structures.
reservoir up to 4 days.

3,20,22,18

12,13,18,20

4,18

4,5,20

Table 3.4 Agents used for the prevention of postoperative adhesions.

3.7.2.5 Completion of Surgery
The excision or coagulation of most implants is followed by
copious suction-irritation. Surgical specimens are retrieved in
protective bags and sent to pathology. Fluids like crystalloid
solutions or antiadhesive barriers (Table 3.4) are left in the
abdominal cavity at the end of the procedure to inhibit the
formation of postoperative adhesions. The accessory trocars
are removed under direct vision to check for any bleeding at
the insertion sites. The abdomen should be deflated in the
Trendelenburg position. A Valsalva maneuver, performed
by exhaling against a closed airway, can help minimize the
amount of residual CO2 in the peritoneal cavity. The optical
trocar and laparoscope are kept in the abdominal cavity until
CO2 deflation is complete. This is to keep bowel from being
entrapped in the trocar prior to its removal. Skin incisions are
closed with absorbable or nonabsorbable sutures. The patient
can leave the hospital the same day if the procedure and
anesthesia have been well tolerated. Otherwise, an overnight
stay should be sufficient for most patients.

3.7.3 Conclusion

Laparoscopy is the minimally invasive modality of choice
for the diagnosis and treatment of superficial or deep
infiltrating endometriosis. A high level of surgeon expertise
is crucial for the proper visualization and accurate excision
of endometriotic lesions. This is supported by proper
preparation and positioning of the patient and by following
a systematic routine during the procedure. Selecting the
proper entry sites, adequate insufflation of the abdomen, and
thorough inspection of the peritoneal and pelvic cavities are of
utmost importance and give the surgeon optimal conditions
for operating. A thorough knowledge of pelvic anatomy is also
crucial for preventing inadvertent injuries to vital structures,
nerves, blood vessels, and the ureters. While suspected
lesions are excised, it is important to identify and respect
the margins between normal and abnormal tissues. Surgical
specimens should be removed in a retrieval bag to preserve
them for pathology. Finally, concluding the procedure in a
proficient manner is as important as starting it in a proficient
manner. Suction-irrigation, careful retrieval of surgical
instruments, deflation of the abdomen, and closure of the skin
are all integral parts of a successful procedure.
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3.8

Robotic Laparoscopic Surgery for Endometriosis

Joao Siufi Neto a | Daniela Freitas Santos Siufi a | Javier F. Magrina b
3.8.1 Introduction

Endometriosis is associated with chronic inflammatory
response with consequent fibrosis, adhesion formation, neural
infiltration and distortion of pelvic anatomy (Fig. 3.132), leading
to pain and infertility.8,27 The disease is usually divided into
superficial (peritoneum and/or ovary), ovarian endometriomas
and a deep infiltrative form (lesions > 5 mm in depth). Deep
endometriosis can affect the bowel (rectum, appendix, ileum,
ceccum), posterior vaginal wall, uterosacral ligaments and
urinary tract (bladder and ureter), requiring more complex
surgical procedures.3 If any viscera are invaded by disease,
the condition is also classified as extrinsic or intrinsic,
depending on whether the mucosa is unaffected or infiltrated,
respectively.

A great advance in laparoscopic surgery was the emergence
of robotic-assisted laparoscopy, a platform that consists
of a surgeon console that controls articulated robotic arms
attached to the patient (Fig. 3.133), with a three-dimensional
camera system and energy (bipolar or monopolar) connected
to the instruments.30 Besides decreasing surgeon’s
fatigue, robotic-assisted surgery allows better coordinated
movements, tremor reduction and shorter learning curve
when compared to conventional laparoscopy.21
The present chapter discusses the benefits of robotic-assisted
laparoscopy for the treatment of endometriosis.

The benefits of laparoscopic surgery for complex gynecologic
conditions such as endometriosis have been demonstrated,
especially in relation to faster recovery, less blood loss, better
intraoperative visualization, shorter hospital stay, cosmetics
and reduced postoperative pain.16,23

a
Fig. 3.132 Frozen pelvis with total cul-de-sac obliteration and a large
right ovarian endometrioma.
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b

Fig. 3.133a, b Robotic platform (a, b). Surgeon console of the da Vinci
Surgical System. (a). Patient-side cart with robotic arms (b).
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3.8.2 Robotic-Assisted Laparoscopy Set Up

3.8.3 Surgical Excision

For all pelvic procedures, we recommend a dorsal semilithotomy position with the legs supported in Allen stirrups.
To prevent sliding during Trendelenburg position, the patient’s
torso rests on convoluted foam pad (Fig. 3.134a). Special
attention should be paid to prevent neural injuries, protecting
legs and arms with surgical drapes and foam pads.

Extensive evidence has shown excision is preferable to
cautery of lesions for two reasons. Recurrence rate is lower
with excision26 and many peritoneal lesions which resemble
endometriosis are not. In a study evaluating 480 peritoneal
lesions suspicious for endometriosis, only 51 % were
confirmed to be endometriosis on histological examination.29

The open entry Hasson technique is our preference to initiate
the procedure. After pelvic and upper abdomen inspection
with the scope, two 8 mm additional robotic trocars are placed
to the right and left of the umbilicus and about 10 cm from
it, respectively. One 10 mm assistant trocar is placed 3 cm
cranial and equidistant in between the umbilical and the left
robotic trocars; one robotic 8 mm trocar is placed at the level of
the cecum in the right lower quadrant (Fig. 3.134b). The robotic
arms are side-docked to the patient’s right leg in 3 minutes
(Fig. 3.134c), on average.11 Being dependent on the surgeons
preference, a monopolar spatula electrode or scissors is
inserted through the right trocar and a plasmakinetic bipolar
grasper is inserted through the left trocar. At the right lower
quadrant trocar, a ProGrasp forceps is inserted and used as
the fourth arm for retraction. The assistant uses the left upper
quadrant trocar (Table 3.5 summarizes the practical points of
the robotic-laparoscopic setup).

Endometriosis shows different appearences and patterns of
involvement of intrapelvic organs, ranging from superficial
or deep peritoneal foci, ovarian endometriomas, and up to
bladder, ureter and intestinal infiltrating lesions. Except from
peritoneal lesions that can be easily resected, endometriosis
affecting other structures requires an individualized surgical
planning, as outlined below.
3.8.3.1 Intestinal Endometriosis
Deep endometriosis is usually associated with chronic pelvic
ciclic and non-ciclic pain, dysmenorrhea and intestinal
symptoms including dyschezia, rectal bleeding and serious
impairment in quality of life.4,25 Symptomatic patients obtain
most benefit from surgical treatment, especially those with
significant pain, signs of bowel obstruction and previous IVF
failure.1,4,14

Fig. 3.134a–c Operating table configuration
with convoluted foam pad to prevent the
patient from sliding off the operating table (a).
Illustration of trocar configuration for pelvic
robotic surgeries (red circle = camera trocar;
blue circle = assistant 10-mm trocar;
green circles = robotic 8-mm trocars (b).
Robotic platform docked to the patients
right leg (c).

a

c

b

Robotic-Laparoscopic Setup – Practical Points
Patient Preparation
 Semi-lithotomy.
 Arms and legs protected.
 Convoluted foam pad to prevent patient from sliding off the
operating table.
 First entry (umbilical trocar): open Hasson technique.
Laparoscopic Steps
Additional Trocars
 8-mm right robotic trocar, 10 cm from the umbilicus.
 8-mm left robotic trocar, 10 cm from the umbilicus.
 8-mm right upper robotic trocar, 3 cm cranial in between
umbilical and right robotic trocar.
 10-mm left upper assistant trocar, 3 cm cranial in
between umbilical and left robotic trocar.

Table 3.5 Practical points of the
robotic-laparoscopic setup.
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The surgical management of rectal endometriosis includes
three main techniques:
lesion shaving,
 nodule resection, or
 segmental resection with end-to-end anastomosis.


Minimally invasive techniques are the gold standard and a
multidisciplinary team or a gynecologist with intestinal surgery
skills is required. The decision on which technique to be used
depends on size, depth of lesions, and whether stricture is
present (Table 3.6 summarizes the surgical approach based on
the size and characteristics of the lesion).
Intestinal Endometriosis Approach
(Symptomatic Patients)
Size and Characteristics of
Lesion

Surgical Approach

> 3 cm or 40 % of bowel
circumference.

Segmental resection with anastomosis (end-to-end; side-to-end;
side-to-side).
Local excision with two layer closure.

< 3 cm, no stricture.

Shaving technique with single-layer
closure of defect (if bowel lumen is
entered, two layer closure).

Table 3.6 Intestinal endometriosis approach according to the size and
characteristics of the lesion.

Shaving Technique
The shaving technique consists of removing an infiltrating
rectosigmoid nodule to the deepest layer of involvement
(Figs. 3.135a, b), which can be appreciated only with endoscopic
surgery (Fig. 3.136a). The defect is then closed with absorbable
sutures or nonabsobable sutures (Fig. 3.136b). In a prospective
series including 500 patients submitted to the shaving
technique, Donnez and Squifflet (2010)7 reported rectal
perforation in seven cases (1.4 %); ureteral injury in four cases
(0.8 %); blood loss > 300 ml in one case (0.2 %); and urinary
retention in four cases (0.8 %). The authors concluded that this
technique preserves blood supply, organs and nerves, and
can be considered a less agressive alternative to segmental
resection.

In a series of 25 patients submitted to robotic shaving,
Pellegrino et al. (2015),24 reported complete free margins in
all cases, with a median large axis of endometriotic excised
nodule of 21 mm (range, 10–60 mm). The median operative
time was 174 minutes (range, 75–300 minutes), and estimated
blood loss was less than 100 mL). The authors concluded that
the robotic platform is equally effective for the treatment of
deep endometriotic nodules involving the rectosigmoidal wall.

Discoid Resection with Circular Stapler
Another technique widely used to resect rectal endometriotic
nodules is the use of a circular stapler, and was firstly described
as an option to avoid ultra-low segmental resection.9 This
technique is applicable to lesions < 3 cm since the maximum
diameter of a circular stapler is 33 mm. Once the lesion is
dissected and clearly outlined, one absorbable suture is
placed at the 3 o’clock and another at the 9 o’clock position
of the nodule to place it in the open circular stapler introduced
transanally. Once the lesion is inserted into the opened stapler
with the use of the anchoring sutures, the stapler is closed
and before firing, a last verification is performed to ensure that
the entire lesion is enclosed into the stapler jaws. The final
result consists of a discoid resection of the anterior rectal wall
including the entire lesion.
Local Excision and Segmental Resection
Endometriotic nodules larger than 3 cm, or involving > 40 %
of circumference, or associated with stricture should be
approached through a local excision or segmental resection
with end-to-end anastomosis. Local excision is always
preferred due to a lower morbidity rate. Because endometriosis
does not involve the mesentery of the small bowel, colon,
sigmoid or rectum, there is no need for mesenteric resection
in any of these locations.

Fig. 3.135a,b Rectal endometriotic nodule
attached to the retrocervical region (a).
Rectal endometriotic nodule aspect after
dissection (dashed line) (b).

a

b
Fig. 3.136a,b Nodule shaving using cold
scissors to avoid thermal injury (a).
Rectal wall deffect closed, final aspect (b).

a

b
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Local Excision
For local excision, a rectal probe or dilator is introduced
transanally and the limits of the lesion are demarcated with
the cautery. A full-thickness resection of the bowel wall is then
performed. The defect is always closed in a transverse fashion
in two layers. An inner layer of 3-0 PDS continuous suture
is placed first including the full thickness of the bowel wall
followed by interrupted inverting sutures with nonabsorbable
suture such as Ethibond 3-0. The integrity of the closure is
checked with the bubble test and methylene blue enema.
Another, but more expensive option, is the use of a linear
endoscopic stapler to close the defect. Three holding sutures
are placed, one in the middle and at each end to elevate the
edges of the bowel defect and to facilitate the application of
the linear endoscopic stapler.

Segmental Resection
For segmental resection of the rectosigmoid, there is no
need to mobilize the rectosigmoid from the presacral area.
Typically, the rectosigmoid is fixed to the posterior cervical
wall and must be separated first. If the uterus is preserved, the
fourth robotic arm keeps the uterus in maximum anteversion.
The rectovaginal space is dissected to the lower half of the
vagina. The Prograsp or plasmakinetic instrument is passed
through the mesenteric border immediately below the bowel
wall creating a space to pass the stapling device. The bowel is
transected proximal and distal to the lesion with an endoscopic
linear stapler. A suprapubic mini-laparotomy incision is
performed for removal of the specimen and exteriorization

of the proximal end of the bowel. The circular stapler anvil
is secured with a purse suture to the proximal end of the
bowel which is reintroduced into the cavity. After closure of
the incision an end-to-end anastomosis is completed with an
end-to-end anastomotic (EEA) device introduced transanally.
A bubble test and transanal injection of methylene blue are
performed to check for anastomotic leakage.19,20

3.8.4 Bladder and Ureteral Endometriosis

Genitourinary tract endometriosis is a rare manifestation
of the disease, but with potential complications related to
its treatment, in particular with ureteral resection.6 About
14 % of patients with advanced endometriosis have urinay
involvement.18
3.8.4.1 Bladder Endometriosis
If bladder endometriosis is suspected, a cystoscopy is
recommended. Based on preoperative imaging and endoscopic
findings, a proper surgical approach can be planned, with local
excision (partial cystectomy) indicated in cases of infiltration
of the urothelium. Ureteral stents are helpful in particular if the
lesions are near the ureteral meatus.12
Robotic-assisted laparoscopy is a feasible approach for partial
cystectomy. After intraoperative inventory, the bladder lesion
is identified (Fig. 3.137) and resected with free margins using
surgical scissors or spatula and bipolar forceps (Figs. 3.138a,
b). The bladder defect can be easily closed with the robotic
articulated needle holders in a double-layer closure (Figs. 3.139a,
b).

Fig. 3.137 Large endometriotic lesion
infiltrating the bladder.

Fig. 3.138a,b Extensive bladder dissection
as first step for partial cystectomy (a).
Intravesical aspect of the endometriotic
nodule after cystotomy (yellow line) (b).

a

b
Fig. 3.139a, b Ureteral stenting after
c omplete nodule resection before bladder
closure (a). Final aspect after double-layer
closure of the bladder (b).

a

b
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The first is a continuous layer including the full thickness of
the bladder wall using 3-0 PDS suture. A second running
layer is placed incorporating the bladder wall but only to the
submucosa and imbricating the previous layer. The bladder
is then distended with water or diluted methylene blue to
confirm a watertight closure.15
3.8.4.2 Ureteral Endometriosis
Endometriosis of the ureter can be accompanied by renal
impairment if associated with ureteral obstruction due to
extrinsic or intrinsic disease. During laparoscopy, the first step
consists of freeing and exposing the ureter above the area
of the involvement, followed by separation of the ureter from
any loose endometriosis lesions (ureterolysis). In the presence
of obstruction, ureterolysis is always preferable to segmental
resection18 and if resection is needed reimplantation
(uretero-neocystostomy) is always preferable to end-to-end
anastomosis (uretero-ureterostomy). A double J stent is
always used to facilitate a dry environment for healing, prevent
urine leak, and stricture, although the latter can occur after the
stent is removed. The robotic articulation facilitates precise
suturing for ureteral surgery.13

3.8.5 Ovarian Endometriosis (Cystectomy)

Laparoscopic surgery is the gold standard technique for the
treatment of ovarian endometriomas. Ovarian cystectomy is
associated with low recurrence rates, however it decreases
the ovarian reserve and fertility rates. With the endometrioma
and ovary stabilized between two graspers, an incision is
made on the antimesenteric aspect of the cyst, avoiding
damage to the hilus. After identification of the correct cleavage
plane, the cyst is removed from the ovarian cortex by traction
and counter-traction, followed by gentle cautery hemostasis
which if excessive may further compromise ovarian reserve.10

3.8.6 Discussion

The benefits of using a robotic platform are more evident in
cases of severe pelvic endometriosis. Based on the authors’
experience, the crucial component in this context is the 3D
camera system, allowing better identification, dissection and
resection of lesions. In a cohort of 43 women with stage III and
IV endometriosis submitted to hysterectomy, robotic-assisted
laparoscopy resulted in a median operative time of 145 min (67–
325 min, p = 0.882), and median blood loss of 100 mL (20–400
ml, p = 0.503). As expected, 95 % of the patients (41 of 43)
stayed less than one day at the hospital, with only one reported
complication, a vaginal cuff abscess.2
In another retrospective series,5 164 women with stage IV
endometriosis underwent robotic-assisted laparoscopic
excision and were followed for 10.2 months for outcomes.
Dysmenorrhea was the most frequent symptom noted in
58.3 % of the patients. A variety of procedures were performed,
ranging from unilateral oophorectomy to intestinal resection.
The average operative time was 180 ± 77.2 min and according
to the procedure complexity, different complications were
reported. The highest complications were noted in patients with
rectal or ureteral involvement. In the former, increased blood
loss, conversion to laparotomy, and hemorrhage (2,300 mL)

were noted. In the latter group, a ureteric fistula and a ureteral
were observed. A recurrence rate of 10.2 % was noted on
follow up, and out of 42 patients who tried pregnancy, 28.2 %
of them succeeded.
In a comparison with conventional laparoscopy, roboticassisted laparoscopy showed to be a feasible alternative for
the treatment of advanced endometriosis. In a retrospective
cohort including 118 patients (86 conventional and 32
robotic-assisted) with stage III and IV endometriosis, the
median operative room time was 250.50 minutes with
the robot compared to 173.50 minutes with conventional
laparoscopy (p < 0.0005). In relation to blood loss, length
of hospital stay, intra and perioperative complications, no
statistical difference were observed. The authors reported
no conversions to laparotomy and recommended the use
of the robotic platform for complex surgeries, requiring fine
dissection and lengthy procedures.22
The largest series in literature comparing robotic-assisted
laparoscopic surgery (RALS) and conventional laparoscopic
surgery (CLS) was reported in a study from the Mayo Clinic in
Arizona, including 493 women with histologically proven stage
III (n = 225) or stage IV (n = 268) endometriosis.17 RALS was
the method of choice in 331 patients (135 stage III and 196
stage IV), while 162 patients (79 stage III and 83 stage IV) had
CLS. The evaluation of perioperative outcomes between both
techniques was the main objective.
The operative time increased by 5.3 % for every 10-year in age
(p = .008), by 10 % for every 100 mL of blood loss (p < .001), by
32 % with 4 or more procedures per patient (p < .001), and by
16.2 % when the operation was performed using conventional
laparoscopic instead of robotics (p < .001). The length of
hospital stay (LOS) was significantly influenced by age, blood
loss and operating time. For every 10-year increase in age,
LOS increased by 45 % (adjusted odds ratio [OR], 1.45; 95 %
confidence interval [CI], 1.18–1.77; p < .001). The type of surgical
approach, either robotics or laparoscopy, did not affect LOS
(p = .30) or postoperative complications.
These results demonstrated that operating time was the
unique variable significantly associated with complications. It
was noticed a 57 % increased odds of having postoperative
complications for every 60 minutes of additional operating
time (adjusted OR, 1.57; 95 % CI, 1.21–2.02; p < .001).
The number of procedures performed per patient and
specific procedures such as radical hysterectomy,
pelvic peritonectomy and adhesiolysis were associated
with increased risk of postoperative complications
(p= .04). This study showed a 16 % reduced operating time for
patients operated by robotics as compared to laparoscopy.
Only three patients (0.6 %) needed conversion to laparotomy,
one because of dense obliteration of cul-de-sac and two
requiring rectosigmoid resection. Minor postoperative
complications were observed in fourteen patients (2.8 %),
including fever (n = 1), urinary tract infection (n = 7), trocar
site cellulitis (n = 3), vaginal bleeding (n = 1 ) and Clostridium
difficile colitis (n = 2).
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A prospective randomized controlled trial (Laparoscopy vs.
Robotic Surgery for Endometriosis; LAROSE- NCT01556204)
was conducted comparing robotic-assisted surgery and
conventional laparoscopy for the excision of endometriosis.28
This trial will add relevant information about both surgical
approaches, especially related to intra and postoperative
outcomes.
3.8.6.1 Conclusion
Robotic-assisted laparoscopy has become very popular
among gynecologic surgeons, not only for radical oncological
procedures but also for the complex procedures needed for
the excision of severe endometriosis. The combination of a
3D camera system with surgeon’s ergonomy and articulated
instruments makes robotics a preferable approach for patients
with advanced endometriosis stage III and IV.
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3.9


Robotic-Assisted
Laparoscopic Surgery for Deeply Infiltrating
Endometriosis

Nisha Lakhi a | Farr Nezhat b
3.9.1 Introduction

Endometriosis is a common condition that affects up to 10–
15 % of women in their reproductive years.24 There are three
distinct types of endometriosis: superficial endometriosis,
ovarian endometriomas, and deeply infiltrating endometriosis
(DIE). DIE is characterized by endometriotic implants that
penetrate more than 5 mm into the affected tissue and is
responsible for painful symptoms whose severity is strongly
correlated with the depth of the DIE lesions.15 In addition to
pelvic structures, DIE may involve several other sites such
as the uterosacral ligaments (USL), the rectovaginal septum
(RVS), the posterior vaginal wall, the bowel and the urinary
tract.15,30,50,61. The estimated incidence of bowel endometriosis
is between 3 % and 36 %, and the rectal and recto-sigmoid
junction involvement together account for 70 %–93 % of all
intestinal endometriotic lesions.30,61 Urinary tract DIE, found in
up to 6 % of women with pelvic endometriosis, may involve
either the bladder or ureters.50 Deeply infiltrating endometriosis
of the diaphragm has been described. In severe cases,
the entire thickness of the diaphragm may be involved by
endometriosis, with extension into the pleural space, resulting
in pneumo- or hemothorax.52

3.9.2 Treatment of Deeply Infiltrating Endometriosis

Patients who have DIE present with different clinical
complaints based on the location and extent of the disease.
Treatment depends on the age of the patient, the location
of the disease, the severity of the symptoms, and the desire
for future fertility. Intervention usually is indicated for pain,
infertility, or impaired function of the involved organ, such as
the bladder, ureter, or bowel. Medical and surgical forms of
management are available. Because of the limited efficacy
of medical therapy, and due to symptom recurrence rates as
high as 76 %, surgical excision is frequently advocated as the
treatment of choice.63
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3.9.2.1 Pioneering a Minimally Invasive Approach
In the 1980s, the Nezhats were the first to successfully perform
video-assisted laparoscopic management of extensive
endometriosis.43 This included laparoscopic treatment of
endometriosis of the bowel, bladder, and ureter.47 Diagnosis
and excision of all forms of endometriosis by a minimally
invasive approach may now be considered the ‘gold standard’
of clinical care for women with endometriosis-related pain
and infertility. A minimally invasive approach compared to
laparotomy has several known advantages, including minimal
trauma, superb visualization, low incidence of complications,
reduction of adhesion formation, and favorable postoperative
course along with rapid recovery and cosmetic effect.38
Although the benefits of laparoscopy have been well
documented, laparoscopic management of advanced
endometriosis and deeply infiltrating lesions can be technically
challenging.53,64 Several attributes of conventional laparoscopy,
including the two-dimensional view, gradual learning curve,
tremor amplification, may impede the uptake of this technology
by the less experienced surgeon.41,65 In addition, patients with
DIE lesions can be difficult surgical candidates. Depending on
the pervasiveness of the disease, some patients may have had
multiple prior surgical interventions for symptom management.
The disease itself is multifocal. Evidence has shown that for
symptom relief complete surgical removal is necessary.18
Incomplete excision of DIE is the biggest risk factor for future
recurrence.66 The long learning curve associated with traditional
laparoscopy and limited surgical skills leads to inadequate
surgery or conversion to laparotomy. For these reasons, the
majority of procedures for DIE are still being performed by an
open approach.53
3.9.2.2 Robotic Assisted Laparoscopic Surgery
Robotic Assisted Laparoscopic Surgery (RALS) represents the
latest development in minimally invasive surgery. This platform
offers improved ergonomics, 3-dimensional visualization
of the operating field, fine instrumentation, and increased
maneuverability of the instruments.53,64,65 These key features
allow complex minimally invasive procedures to be performed
more easily than with conventional laparoscopic surgery. The
advantages given by the robotic system are amplified in the
most complex procedures, and should be greatly enhanced in
the setting of management of DIE.41
There are limited data comparing outcomes of RALS versus
conventional laparoscopy for treatment of DIE and advanced
endometriosis. A large retrospective study by Nezhat et al.
compared RALS (n = 223) versus conventional laparoscopy
(n = 147) for fertility-sparing treatment with advanced stage
endometriosis.53 It was found that RALS and conventional
laparoscopic treatment of endometriosis showed no
statistically significant differences in outcomes, except for a
longer operating time and slightly longer hospital stay in the
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RALS group.53 Table 3.7 summarizes the demographic and
intraoperative outcomes among the two groups.
Other authors have demonstrated the safety and feasibility of
RALS for management of DIE. Bedaiwy et al. reviewed a series
of 43 women with stage III or IV endometriosis treated with
robot-assisted laparoscopy and found it to be a reasonably
safe and feasible method for definitive surgical management
of this condition.7 Intraoperative complication rates were low
and only one patient required conversion to laparotomy.7
Siesto et al. published a retrospective cohort study of 43
patients with deep infiltrating endometriosis (DIE) treated by
RALS, including 19 bowel resections, 23 removals of nodules
from the rectovaginal septum, and 5 bladder resections. They
found the robotic approach to be a safe and allowed for a
comprehensive surgical treatment of DIE lesions.64 Collinet
et al. retrospectively analyzed the largest international multicenter series of women that underwent RALS for treatment
of DIE.19 The study included 164 patients, of which 88 had
DIE involving the rectum, 23 the bladder, and 155 the ureter
or uterosacral ligaments. The average operative time was 180
min. Conversion to laparotomy only occurred in one case.
After a mean follow-up of 10.2 months, only 1.8 % of patients
required re-operation.19
Several smaller reports demonstrating the use of RALS
in cases of DIE have been documented. Chammas et al.
published a case report about a 23-year-old woman with
rectal and bladder endometriosis that underwent roboticassisted laparoscopic partial cystectomy with excision of

rectal nodules for endometriosis.12 Another case report of
bladder endometriosis successfully removed by RALS, was
published by Liu et al.34 In Brazil, Averbach et al. published a
case report in which a 35-year-old woman with DIE with rectal
involvement underwent colorectal resection by a RALS.3
A case series published by Nezhat et al demonstrated the
feasibility of the RALS approach in treating 5 patients with
multi-organ endometriosis, including bowel, bladder, and
ureteral endometriosis.39
3.9.2.3 Firefly™ Fluorescence Imaging
Firefly™ fluorescence imaging is integrated in the Si and Xi
systems and provides real-time, image-guided identification
of anatomical landmarks using near-infrared technology. This
Firefly™ technology may help in detecting endometriotic
lesions not easily visible to the naked eye. Indocyanine green
(ICG) is a water-soluble fluorescent dye that binds to plasma
proteins and aids in identifying increased vascularity of tissue.
A laser light source at 803 nm from the Da Vinci Firefly™
adapted endoscope allows for visualization of the dye that
has accumulated in vascular structures. This method is useful
for the detection of endometriosis because endometriotic
lesions are associated with increased neovascularization.
ICG accumulates within these endometriotic lesions and
illumination with the robotic Firefly™ technology turns the
lesions dark green, enabling their detection (Fig. 3.140). As
endometriotic lesions can be subtle and difficult to identify,
illumination using the robotic Firefly™ technology can aid in
complete targeted resection of the affected tissue.

Comparative Study of Conventional Laparoscopy vs RALS
Conventional Laparoscopy RALS
n = 273
n = 147
Age
31
30
BMI
23
23
Estimated blood loss (ml)
25
40
Mean operative time (min.)
135
196
Intraoperative complications
0
0
Postoperative complications
0
0
63
147*
Number with length of stay
> 24 hours
Conversion
0
3**

Author

Number of
Patients

Inclusion

Bedaiwy
2013 7
Siesto
2014  64
Collinet
2014  19

43

DIE stage 3
and 4
Colorectal or 200
urinary DIE
DIE
180
stage 4

54
164

Mean Operating Time
(min)
145

Table 3.7 Comparative study of conventional
laparoscopy vs RALS by Nezhat et al.53
Key to legend: *All 147 patients were
discharged on postoperative day #1,
** 3 patients converted from RALS to
conventional laparoscopy.

P Value
0.21
0.81
0.86
< 0.001
NA
NA
< 0.001

Mean Estimated
Blood Loss (ml)

Conversion

100

2.3 %

Mean
Complications
Length of
Stay (days)
1
1 vaginal cuff abscess

120

0

3

1 bowel anastomotic leak

85

0.6 %

4

1 bowel sutured bowel injury;
1 ureter-bladder anastomotic leak;
1 transfusion for EBL 2,300 ml;
1 ureteral fistula;
1 prolonged urinary catheterization

Table 3.8 Summary of advanced endometriosis case series managed by RALS.
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3.9.3 Preoperative Evaluation

Preoperative planning is an important first step prior to
surgery to assess the extent and severity of the disease.
In some instances, formation of a multi-disciplinary team
may be necessary for obtaining optimal surgical results,
especially when the disease involves multiple organ systems.
Preoperative evaluation begins with a history and physical
examination. Clinical presentation can be variable, with some
women experiencing severe symptoms while others remain
asymptomatic.63 Pain symptoms can be elusive, as the degree
of pain can be dependent on a multitude of factors.13,16,17,33
As DIE affects multiple organ-systems, obtaining a meticulous
review of symptoms is necessary. Recently, Ballester et
al. demonstrated that there is an increased incidence of
urinary symptoms in women with posterior DIE. In particular
parametrial involvement with endometriosis was associated
with changes in urinary function.5 In the case of intestinal DIE,
there is a greater likelihood of the presence of symptoms such
as cyclic painful defecation, cyclical constipation, and longer
evacuation time.33 Dysmenorrhea is also common, and has
been shown by Nezhat et al. to be directly proportional to the
number of endometriotic implants.57
The physical examination is an important step in the
preoperative evaluation of deeply infiltrating endometriosis
lesions. On vaginal examination, tenderness or nodularity in
the posterior fornix of the vagina and utero-sarcal ligaments

are common. On rectal examination, one must determine
the relationship between the lesions and the wall of the
rectum, assessing the mobility of the rectal wall, and degree
of disease affecting the utero-sacral ligaments. Although the
decision to perform surgery for deep endometriosis is mainly
clinical, ultrasonography and other imaging techniques such
as magnetic resonance image (MRI) can be useful tools to for
allow preoperative assessment of lesions.
The objective of preoperative imaging is to map more precisely
the areas affected by the disease, identifying especially those
lesions that affect the gastrointestinal and urinary tracts.32 The
use of transvaginal pelvic ultrasound, improves the diagnostic
accuracy of the examination, especially detection of ovarian
endometrioma or DIE involving the uterosacral ligaments,
the bladder, or the rectosigmoid (Fig. 3.141).2,11,28,29 Ultrasound
evaluation of the urinary tract is also important during the
preoperative evaluation of bulky retrocervical DIE lesions and
of lateral DIE lesions to exclude ureteral involvement.31
Other diagnostic modalities such as rectal endoscopic
sonography (RES), three dimensional ultrasound, and
magnetic resonance imaging (MRI) for the assessment of DIE
have also been used with good results (Fig. 3.142).6,58 Although
MRI is important for assessing ovarian endometriomas and
multifocal intestinal DIE lesions, it does not replace a basic
transvaginal ultrasound.

Fig. 3.140 ICG dye in endometriotic lesion illuminated by Firefly™
technology demonstrating the lesions in dark green.

Fig. 3.141 Ultrasound scan of endometriotic
nodule within the bladder (white arrow).

Fig. 3.142 The MRI image demonstrates
an endometriotic nodule in the large intestine
(white arrow).
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3.9.4 Patient Positioning and Port Placement

The operating room table should be configured for
gynecological procedures, with the ability to lower the bottom
of the bed. A gel pad or another non-slip device should be
placed between the operating room table and the patient.
This will prevent the patient from sliding down after adequate
Trendelenburg has been established. Shoulder braces should
be avoided because of the risk of brachial plexus nerve
injuries. We tuck the patient’s arms as shown in the Fig. 3.143a.
Obese patients are especially prone to shift on the operating
room table during surgery. This movement can be problematic
for both uterine manipulation and surgical field optimization.
A multi-port robotic technique is utilized. A 12-mm or 8.5mm optical port is usually placed at the umbilicus or higher,
depending on the size of the uterus if it is present. Two 8-mm
robotic ports are placed 1 to 2 cm below the optical port and
8 cm lateral to it. Five- to 10-mm accessory ports can be
placed according to the surgeon’s preference. A fourth robotic
arm can be placed at the discretion of the surgeon. Our port
position is shown in Fig. 3.143b.
The operating room table is lowered, and the patient is placed
in steep Trendelenburg (defined as 30–40 degrees ‘head-down
tilt’) to allow optimal visualization with the bowel falling away
from the pelvis into the upper abdomen (Fig. 3.143c). When the
pelvis is cleared of bowel, the operating room table can be
reversed until the bowel starts to fall back into the pelvis. This
is typically between 15–20 degrees.
The traditional docking of the robot cart for gynecological
procedures is between the patient’s legs. The advantage of
this docking position is that the camera and working arms are
placed in the same axis as the patient’s torso. However, this
position poses challenges as access to the vagina is limited.
An alternative to docking between the legs is side docking
at an angle of 45 degrees from the midline with the central
column of the robot cart and the camera arm in line with
the patient’s contralateral shoulder This configuration offers
the advantage that the bedside assistant, who is positioned
between the patient’s legs, can access the vagina more easily.
Once the patient-side robotic cart is docked, the robot arms
can be attached to the cannulas and robotic endoscope and
instruments can be inserted.

a

b

3.9.5 General Surgical Approach

Diagnostic laparoscopy is performed initially. The surgeon
explores the pelvic cavity to assess the extent of disease
and identify abnormalities or distortions of the pelvic organs.
The location and boundaries of the bladder, ureter, colon,
rectum, pelvic gutters, uterosacral ligaments, and major
blood vessels are noted. The upper abdominal organs,
abdominal walls, liver, and diaphragm should be evaluated for
endometriosis or any other condition that may contribute to
the patient’s symptoms. The omentum and the small bowel
are evaluated for disease, and to ensure that they were not
injured during insertion of the Veress needle or trocar. A
rectovaginal examination is accomplished to evaluate deep
and retroperitoneal endometriosis found in the lower pelvis at
the rectovaginal septum, uterosacral ligament, lower colon,
and pararectal area. In 15 % of patients with endometriosis,
the appendix is involved and should be examined.59 Deep
retroperitoneal endometriosis is rare without a connection to
the surface peritoneum.
Once the initial survey is complete, the surgical robot is docked
using a three or four arm technique. Limited instrumentation is
available in the robotic platform as compared to conventional
laparoscopy. However instrumentation that allows for
cauterization and removal of endometriotic implants include
cautery hook, spatula, scissors, and bipolar coagulation.
We tend to use an atraumatic grasper in the left robotic arm
and either a monopolar hook, spatula or scissors in the right
robotic arm.
3.9.5.1 Lysis of Adhesions
The methods used to restore normal anatomy and divide
adhesions can vary according to bulk, vascularity, extent,
and anatomical location. Filmy adhesions can be separated
by blunt dissection. More dense adhesions require
electrosurgical dissection at points of attachment to pelvic
organs or the abdominal wall. This can be accomplished by
use of the monopolar hook or scissors and the atraumatic
grasping forceps. Structures requiring separation are teased
apart along their cleavage plane. Hydro-dissection may be
useful to help facilitate such planes. A safe area is sought,
and a small incision is made with a scissors or electrocautery.
The suction-irrigator is then introduced from the assistant
port. Care must be taken with electrosurgery near the bowel,
bladder, and vessels. If concern exists as to proximity to such
organs, then cold scissors should be employed.

c

Fig. 3.143a–c Patient positioned with arms tucked at side (a). Port placement (b). Patient positioned in steep Trendelenburg (c).
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3.9.5.2 Gastrointestinal DIE
Intestinal endometriosis should be suspected in women of
childbearing age who present with gastrointestinal symptoms
and a history of endometriosis. Often we see that these
patients have been previously misdiagnosed with irritable
bowel syndrome. There appears to be intestinal involvement
in about 45 % to 56 % of patients with DIE and in about 57.1 %
of women with ovarian endometriomas.59,61
Surgical intervention is necessary to dissect and resect
infiltrating bowel endometriosis. Large bowel resection for
obstructing endometriosis of the sigmoid colon was reported
in 1909 by Mackenrodt.35 Some surgeons still recommend
it as primary treatment for bowel endometriosis. Although
we previously advocated the use of bowel resection for
patients with bowel endometriosis, over the last decade
we have become more conservative in our use of bowel
resection. Techniques used for excision of gastrointestinal DIE
lesions include rectal shaving, disc excision, and segmental
resection.45
3.9.5.3 Rectal Shaving
Rectal Shaving does not require the use of a stapling device.
It can be used if the lesion is not circumferential and does not
constrict the lumen of the bowel. Successful rectal shaving
requires one important clinical finding: a clean plane beyond
which there are no more endometriotic lesions. The extent of
the lesion is evaluated visually and by palpation, using the tip
of the suction–irrigator probe introduced through an assistant
port. A sigmoidoscope may be used to further delineate the
lesion and guide the surgeon. After the ureters are identified
to avoid inadvertent injury, the lower colon is mobilized in all
aspects except posteriorly. The pararectal space is entered,
and the colon is separated from the adjacent organs. Fullthickness shaving is carried out beginning above the area of
visible disease. Traditionally, gynecologists first separate the
posterior surface of the nodule from the anterior wall of the
rectum and then perform the separation of the lesion from the
posterior vaginal fornix and from the retrocervical region.57
The surgeon should follow the contour of the rectum around
the endometriotic nodule (Fig. 3.144). The goal is to free the
nodule completely from the bowel wall and to identify the
healthy tissue distal to the nodule.

Fig. 3.144 Endometriotic nodule on the large bowel is being separated
using the shaving technique.

After separating the posterior surface of the nodule from the
colon, further division from surrounding structure should be
undertaken. Alternatively, one may use a surgical approach
called a “reverse”.57 In this technique, the anterior surface of
the nodule is initially separated from the posterior surface of
the uterus and vagina. This may allow for better mobility of the
nodule when attempting to dissect it from the rectum.
Studies of laparoscopic rectal shaving techniques have
demonstrated a significantly lower overall complication
rate (6 %) compared with disc excision (23 %; p = 007) and
segmental resection.36 Limited data exists for the robotic
platform. Pellegrino et al. performed robotic assisted rectal
shaving in a series of 25 women with DIE.56 The subjects were
well selected and shaving was only performed in patients
where the lesion was superficial or had partially involved the
muscular layer. There were no intra-operative complications
in this series. The fertility outcome in patients with a history of
infertility was 27 %, which is comparable with estimates in the
literature.56 Complete or significant pain relief was reported in
all cases at the third month of follow-up. Risk of recurrence has
been noted to be high with rectal shaving,56,57 and surgeons
should be prepared for the risk of possibly entering the bowel
during resection.57
3.9.5.4 Discoid Resection
Discoid resection entails wedge resection of the anterior wall
of the rectum.56 Two techniques have been described in the
literature:
resection of the endometrial nodule with the cold scissors,
followed by rectal repair by manual suturing and
 resection of the endometrial nodule using a circular stapler
inserted transanally.46,57


For the robotic platform, the first technique is primarily
utilized. Discoid resection is most useful for single lesions
of DIE. Those that are located on the anterior wall of the
rectosigmoid colon with evidence of deep infiltration beyond
the muscle layer, smaller lesions (less than 3 cm) or those that
occupy less than one-third of the intestinal circumference are
appropriate candidates.67
We first evaluate the extent of the lesion both visually and by
palpation, using the tip of the suction irrigator probe introduced
from the assistant port. A sigmoidoscope is used to further
delineate the lesion and guide the surgeon. After the ureters
are identified to avoid inadvertent injury, the lower colon is
mobilized in all aspects except posteriorly. The pararectal
space is entered, and the colon is separated from the adjacent
organs. Full-thickness excision is carried out, beginning above
the area of visible disease. After the normal tissue is identified,
the lesion is held at its proximal end with grasping forceps.
An incision is then made through the bowel serosa and
muscularis in order to enter the lumen. The lesion is excised
entirely from the anterior rectal wall. After complete excision
of the lesion, the pelvic cavity is irrigated and suctioned. The
bowel is repaired transversely in one layer. We approximate
the edges of the bowel defect by placing several interrupted
through-and-through polyglactin or polydioxanone sutures in
0.4 to 0.6 cm increments until the defect is completely closed
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(Fig. 3.145). At the end of the procedure, sigmoidoscopy is
performed to ensure that the closure is water-tight and that
there are no bowel strictures.

Fig. 3.145 Edges of the bowel re-approximated with suture.

Fig. 3.146 Rectum being transected with linear stapler.

3.9.5.5 Segmental Resection
In patients who have severe disease of the bowel wall, with
circumferential involvement, resection may be necessary.
This requires full mobilization of the entire rectum. First the
lateral rectal pedicles are electrocoagulated and the presacral
space is entered up to the level of the levator ani muscles.
The branches of the inferior mesenteric vessels of the bowel
segment to be resected are coagulated and divided. The
rectum is transected proximal to the lesion. A 2-0 nylon pursestring suture is placed at the end of the proximal bowel to
secure the opposing anvil of the stapler. The anvil may be
introduced abdominally transvaginally or transanally. The
rectal stump, containing the endometriotic lesion, is transected
proximal to the lesion using linear stapler (Fig. 3.146).
A circular EEA stapler is placed into the rectum, and the
anvil in the proximal limb of the bowel is positioned into the
stapling device by using the two robotic fenestrated graspers
in each arm (Fig. 3.147). The device is fired, creating an endto-end anastomosis. A proctoscope is used to examine the
anastomosis for structural integrity and bleeding. The pelvis
is filled with Ringer’s lactate solution and observed with
the camera as the rectum is insufflated with air to check
for leakage. Air leaks can be corrected with 2–0 polyglactin
sutures.
There is little data comparing the efficacy and outcomes
of these techniques on a robotic platform. Advincula and
collogues demonstrated the feasibility of robotic assisted
recto-sigmoidectomy in a series of 10 women.37 Diguisto et al.
compared robotic-assisted segmental resection (n = 6) versus
rectal shaving (n = 21) in a small series of women.21 The study
found increased short and long term morbidity associated
with segmental resection, with similar resolution of pain
symptoms at 2 months follow-up. Other laparoscopic studies
have demonstrated a higher pregnancy rate for less invasive
procedures (shaving and discoid excision) compared with
segmental resection.25 A case-control study of laparoscopic
discoid versus segmental resection for management of pain
symptoms associated with DIE demonstrated similar results.36
The authors concluded that discoid resection was more
appropriate if the maximum diameter did not exceed 3 cm,
with maximum involvement of less than one-half of the bowel
circumference.36
The management of intestinal endometriosis depends on
the depth of the bowel wall invasion (superficial, partial, or
full-thickness invasion), leading to different surgical options
(shaving, discoid excision, segmental resection). Surgery
should strive to restore anatomy and be as conservative as
possible, with the aim to excise all disease. Many authors
have suggested that the incidence of recurrent endometriosis
was higher if the endometriotic lesions of the bowel were not
completely excised.1,23,26,60 For complex cases of colorectal
DIE, a well-trained multidisciplinary team may improve
outcomes.4

Fig. 3.147 End-to-end bowel anastomosis being performed with a
robotic approach. The anvil was placed transanally.
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Fig. 3.148a,b Intrinsic endometriosis of
left ureter (a). Extrinsic endometriosis of left
ureter (b).

a

b

3.9.6 Genitourinary DIE
3.9.6.1 Ureteral Endometriosis
Urinary tract DIE may be found in about 6 % of women
presenting with pelvic endometriosis and may involve either
the bladder or ureters.62 Endometriosis of the ureter is rare,
and occurs in 0.1–0.4 % of cases.9 Ureteral endometriosis
is most commonly unilateral, involving a small segment of
distal left ureter and often represented by a ureteric ring.9 It
is classified as intrinsic or extrinsic, depending on whether
the uroepithelium and submucosal layer of the ureteral wall
are infiltrated (Figs. 3.148a, b). In extrinsic lesions, endometrial
glands and stroma only involve the adventitia, whereas intrinsic
lesions, they involve the muscularis propria, lamina propria, or
ureteral lumen.14 Extrinsic compression of the ureter appears
to be more common than intrinsic disease.14 It most commonly
affects the distal ureter, less commonly the mid-ureter, and
rarely the proximal ureter.14 Ureteral involvement may be due
to the lateral spreading of deep endometriosis that infiltrates
the rectovaginal space or uterosacral ligaments.22 Progressive
ureteral stenosis may be responsible for the destruction of the
renal parenchyma and gradual renal loss of function.62 Silent
obstruction with loss of renal function occurs in 5–30 % of
women with urinary tract endometriosis; thus, early disease
recognition is crucial.62
Ureteral endometriosis can be managed either medically or
surgically, though medical management is generally considered
palliative, until a more definitive surgical procedure can be
performed. Ureterolysis is performed in cases of extrinsic
non-obstructive disease. In cases of intrinsic disease, with
obstruction or stenosis of the ureter, the diseased segment
should be excised followed by either uretero-ureterostomy
or uretero-neocystostomy.51 In cases of renal compromise
secondary to obstruction, a nephrectomy may be necessary.62

Due to the injury that may be caused from monopolar current,
minimization of electrical current is advised. Hydro-dissection
with a suction irrigator introduced from the assistant port
can facilitate defining tissue planes. During robotic-assisted
ureterolysis, care is taken to preserve the peri-ureteral vascular
supply if the ureter is not directly affected by endometriosis,
fibrosis, or inflammation. The blood supply to the distal ureter
typically comes laterally from the iliac artery, whereas the midand proximal ureter’s blood supply comes medially from the
aorta. There is also a fine network of vessels that travel along
the length of the ureter. Thus, ureterolysis should preserve
the peri-ureteral tissue and adventitia of the ureter. In cases
in which extrinsic ureteral involvement is minimal, ureterolysis
alone may be all that is needed. The principles of success
include atraumatic handling of the ureter and when feasible,
interposition of normal tissue, such as omentum if necessary.44
Based on extent and localization of lesion, a decision is made
if ureterolysis alone is sufficient to manage the disease and its
associated symptoms.
If stenosis is evident but limited to the ovarian fossa, and
the distal ureter can be preserved, ureteral resection and
end-to-end anastomosis can be performed over a ureteral
stent. The surgical approach is modified if stenosis or lesion
is observed in close proximity to the vesico-ureteral junction.
In this case, the ureter is resected before the area of disease,
and the proximal end is re-implanted into the bladder.
Surgical principles of robotic ureteral surgery are the same
as in laparoscopy. The ureter should be spatulated, and fine
interrupted absorbable sutures such as 5–0 or 4–0 vicryl are
used. Use of RALS greatly facilitates the required suturing.

Frick et al. demonstrated the feasibility of RALS for treatment
of ureter DIE in a case study of two patients.27 The group
described 2 cases of ureteral obstruction secondary to
endometriosis managed with robotic-assisted laparoscopic
partial ureterectomy and ureteroneocystostomy. Similarly
Nezhat et al. published a report of 2 patients with endometriosis
of the ureter, and 1 patient with endometriosis of the bladder
managed my RALS with good surgical outcomes.40
RALS is an excellent modality for performing delicate procedure
involving the ureter, and can facilitate the delicate suturing
required for partial ureterectomy and ureteroneocystostomy.
When we perform robotic assisted ureterolysis, a monopolar
scissor or spatula (Fig. 3.149) is placed in the right robotic arm
and an atraumatic grasper is used in the left robotic arm.

Fig. 3.149 Robotic ureterolysis using monopolar spatula and suction
irrigator.
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3.9.6.2 Bladder Endometriosis
Bladder DIE may be responsible for urinary symptoms
including suprapubic pain, dysuria, cyclic hematuria, and
urgency. Bladder endometriosis usually presents as an
adenomyotic nodule.20 These nodules are typically solitary
and most frequently involve the dome and posterior wall of the
bladder. The lesions tend to invade the detrusor musculature
in an extrinsic fashion and often remain submucosal.8,20 Using
cystoscopy, these lesions appear as solitary submucosal
lesions that are slightly raised, with little surrounding mucosal
edema in the absence of concomitant cystitis or infection
(Fig. 3.150).
Transurethral biopsy or resection may be inadequate for
histologic diagnosis because of the submucosal nature of
the lesion. Extravesically, the lesions can be identified by
laparoscopy, and direct biopsy remains the gold standard of
disease diagnosis and staging (Fig. 3.151). However, the actual
extent of bladder involvement may be difficult to completely
visualize with laparoscopy. Thus, a combined cystoscopic
and laparoscopic approach is needed during definitive
surgical resection.
For cases of DIE involving the bladder, resection of the lesion
with repair of the bladder is required. The surgical technique
for all such cases begins with a cystoscopy and placement
of bilateral ureteral stents. A laparoscopic assessment is
then made from above, and the robot is brought in via a side
docking or parallel docking technique to allow for easier
access to the vaginal area. An atraumatic grasping forceps
is used from the left robotic arm and monopolar scissors in
the right robotic arm. The bladder is identified and careful
dissection is carried out to separate bladder from the uterus
and cervix. We first enter the vesicovaginal space and
mobilize the bladder posteriorly. We then enter the right and
left paravesical spaces as well as the space of Retzius to
mobilize the bladder anteriorly. Once this is accomplished, a
simultaneous cystoscopy is performed by an assistant. In this
manner, the bladder incision can be performed under direct
visualization, allowing for clear margins and assurance of
integrity of the ureteral orifices. The bladder dome is held near
the midline with the robotic grasper, and the endometriotic

Fig. 3.150 DIE lesions located within the bladder wall visualized by
cystoscopy.

nodule along with partial resection of the bladder wall is
removed 5 mm beyond the lesion. After excision of the lesion,
the bladder is repaired with a continuous running stitch and
then with multiple interrupted sutures of 4-0 vicryl using the
robotic suturing instruments. Once the cystotomy is closed,
the bladder is tested for leaks with retrograde filling using
methylene blue mixed with saline (Figs. 3.152a–d).
3.9.6.3 Diaphragmatic DIE
Diaphragmatic endometriosis is rare and usually associated
with severe pelvic involvement.49 The treatment of abdominal
diaphragmatic endometriosis by a conventional laparoscopic
approach was first described by Nezhat et al. in 1992.49
Superficial endometriosis on the abdominal surface of the
diaphragm can be treated with cold scissors, monopolar
energy, or bipolar energy. However, deeply infiltrating
implants, or small perforations, are best treated by resection
and reanastomosis with an endoscopic stapler device or
by suturing the defect.49 Larger diaphragmatic perforations
can be sutured, but the recurrence rate is high.42 Since both
surfaces of the diaphragm can be involved with disease, a
multi-disciplinary approach with concomitant thoracoscopy
should be considered for all patients, especially those with
history of catamenial hemothorax, catamenial pneumothorax,
cyclic chest or shoulder pain, or cyclic dyspnea.48
RALS was first used for excision of a diaphragmatic
endometriosis by Cela et al. in Italy.10 For a robotic approach,
we first make a laparoscopic assessment of the abdominal
surface of the diaphragm and upper abdomen. For upper
abdominal procedures, we generally dock the robot over the
patient’s right shoulder and the case is approached similar to
an oncological operation. However, the advent of the Da Vinci
Xi system (Intuitive Surgical. Inc., Sunnyvale, CA) has afforded
more flexibility in docking positions allowing the surgeon to
access the upper abdomen. Currently, there is limited data
on outcomes regarding the use of RALS for diagrammatic
endometriosis.

Fig. 3.151 DIE lesions located within the bladder wall visualized by
laparoscopy.
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Fig. 3.152a–d Large nodule being excised
from the bladder (a). View of bladder after
partial excision of bladder wall (b). First
layer bladder closure. Continuous running
stitch with 4-0 vicryl suture (c). Second layer
bladder closure. Interrupted imbricating stitch
with 4-0 vicryl suture (d).

a

b

c

d

3.9.7 Limitations to the Robotic Platform

Robotic surgery has several disadvantages compared with
traditional laparoscopy. These include increased cost; the
lack of tactile feedback to the surgeon; the presence of bulky
robotic arms, the inability to move the surgical table once the
robot arms are attached; and a limited range of motion with
respect to operating in different quadrants in the same case.
DIE can be found in multiple quadrants, including the upper
abdomen, around the liver and the diaphragm, and on the
appendix. In robotic-assisted laparoscopic cases of extensive
intra-abdominal endometriosis, there is limited flexibility in
changing camera locations and instrumentation. For difficult
dissections via conventional laparoscopy, the surgeon is able
to move the camera to different ports much more readily. This
can only be accomplished robotically using a laparoscopyrobotic hybrid technique.54 Although the limitation of
approaching multiple quadrants has been overcome by the
newer generation Da Vinci Xi system (Intuitive Surgical. Inc.,
Sunnyvale, CA), it is costly and of limited availability to most
surgeons.
When comparing laparoscopy to robotic surgery, Nezhat et al.
found conventional laparoscopy and RALS to be excellent
methods for treatment of advanced stages of endometriosis
with comparable peri-operative outcomes.55 The robotic
platform however, may increase operative time and may
be associated with longer hospital stay.53 They attributed
the increase in surgical time secondary to the difficulty
of approaching multiple quadrants with a fixed camera.
Furthermore, the instrumentation available for the robot is still
in its infancy. Limited opportunity to utilize the carbon dioxide
(CO2) laser with the Da Vinci robot is another factor that may
have contributed to the increased operative time in the RALS
procedures.53 As noted by Berker et al., the use of the CO2
laser can be beneficial for precisely and safely excising DIE
lesions with minimal bleeding and tissue damage. The robotic
scissors and monopolar hook require extra care and time to
prevent injury to surrounding structures. This leads to longer
operative time, which, in combination with the increased

number of incisions and associated pain, may be the reason
why hospital stay was longer in the robotic group.53

3.9.8 Conclusion

As technology advances, the present limitations of the robotic
surgical system can be overcome, and surgeons will be able
to perform more minimally invasive surgical procedures for
treatment of DIE. Conventional laparoscopy, with and without
robotic assistance, is associated with excellent results. The
robotic platform may be a useful tool for surgeons who do not
have an advanced skill set in conventional laparoscopy, so that
a minimally invasive approach can still be offered. Treatment of
DIE can be challenging as it is multi-focal and involves different
organ-systems. Use of RALS may have potential to improve
patient outcomes. At present, there are limited well-designed
trials comparing outcomes of conventional and roboticassisted laparoscopic surgery. Further studies are needed
in this area. At present, RALS has demonstrated safety and
efficacy and offers a minimally invasive alternative to open
surgery.
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 obotic Assistance in Endometriosis Surgery – Is this Technology a
Game Changer?
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3.10.1 Introduction
Endometriosis is a chronic gynecologic disorder that affects
more than 70 million women and adolescents worldwide, who
may even suffer a life time from the disease.15 The estimated
prevalence of endometriosis is 5 %–15 % among women of
child-bearing age, 20 % to 48 % among women suffering
from infertility and 70 % of women with chronic pelvic pain
not responding to hormone therapy or to other types of
medication regimens.3
Chronic pelvic pain and infertility are the most debilitating
symptoms that often distress the patients and their treating
physicians alike. At present, there are no clinical biomarkers
that may be used in diagnosing the condition at an early stage.
Considering that endometriosis is a slow and progressive
disease, it takes years to develop lesions which are amenable
to detection by traditional diagnostic modalities such as
ultrasonography (USG) or magnetic resonance imaging
(MRI). Accordingly, by the time of definitive diagnosis, these
women require surgical therapy for overt clinical symptoms
suggestive of advanced-stage disease, like dysmenorrhoea,
chronic non-cyclical pelvic pain, subfertility, heavy menstrual
bleeding or abdominal symptoms. Early diagnosis and diligent
management by use of medical and/or surgical treatment can
give hope to these women. Recurrent disease with persistence
of symptoms is frustrating and often arises from inadequate
surgical clearance.
Performance-limiting factors for the outcome of laparoscopic
treatment in advanced-stage endometriosis are the surgeons’
skills and experience of the team. The use of a robotic platform
is a logical step forward to advanced laparoscopy and,
provided the per-procedure costs are adequately addressed in
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the future, this innovative technology may become more widely
accepted among gynecological surgeons all over the world.14
The authors hold the opinion, that it would be appropriate to
compare robotic-assisted surgery with laparotomy rather than
laparoscopy done by skilled and experienced surgeons.

3.10.2 Why Robotic Assistance?
In the therapeutic armamentarium used in today’s operative
gynecology, minimal access surgery (laparoscopy) is the gold
standard for diagnosis of endometriosis. Surgical treatment
can be accomplished either in a laparoscopic setting primarily
adopted for diagnostic purposes, or later on, upon failure of
conservative therapy. In the past decades, laparoscopy, to
a large degree, has replaced laparotomy for the treatment
of endometriosis on account of obvious advantages.9
However, still a large proportion of women is suffering from
endometriosis while not receiving adequate surgical clearance
via minimal access surgery for relief of pain symptoms and / or
improvement of fecundity. This is either due to inadequate
surgery as a result of poor surgical skills, or may arise from
procedures, initiated as minimal access surgery, that are
eventually converted to open surgery. Minimal access surgery
for endometriosis is still universally elusive.
In an attempt to fill this gap and to offer minimal access surgery
to all patients identified as candidates for this type of treatment,
a new technology of robotic-assisted laparoscopic surgery
is slowly gaining ground. The use of a 3D console allows for
enhanced depth perception, which is of tremendous advantage
when dissecting along tissue planes during endometriosis
surgery. The inherent benefits of robotic assistance are its
intuitive movements and articulating instruments which provide
greater range of motion and complete filtration of physiologic
tremor.10 The da Vinci Surgical System (Intuitive Surgical, Inc.,
Sunnyvale, CA, USA) with EndoWristTM technology offers an
increased motion range with regard to instruments (7 degrees
of freedom) and enables the surgeon to adopt the same
techniques as in open surgery. The latter is particularly helpful
when coping with technical challenges of surgical maneuvers
that require a high level of proficiency in a conventional
laparoscopic setting, such as adhesiolysis in endometriosis
patients and in those who need restoration of pelvic anatomy.
However, robotic technology alone is not capable of simplifying
the challenges of advanced cases of endometriosis. Even
though endoscopic techniques for managing endometriosis
stage III and/or IV are in fact facilitated by the use of a da Vinci
Surgical System, an operative-gynecologic endoscopist with a
good level of knowledge of surgical anatomy and experience
in endometriosis surgery is still a key factor for the successful
outcome of surgery. Described in a simplistic way, one might
go as far as to say that robotic assistance is capable of making
a good surgeon excellent. The realistic prospects of performing
complete surgery while minimizing the risk of conversion to

3.10 Robotic Assistance in Endometriosis Surgery – Is this Technology a Game Changer?

laparotomy in endometriosis management is where roboticassisted surgery stands a good chance of emerging as a game
changer in women’s health care.
The da Vinci Surgical System provides enhanced 3D
visualization with 10x magnification and typically comes with
EndoWrist™ instruments offering seven degrees of freedom.
The cumulative benefits derived from the use of this system
facilitate a precise and careful dissection. The basic system
configuration has three components. The first component is
the vision cart (Fig. 3.153a), which provides two-dimensional
viewing conditions through a 12-mm bi-channeled endoscope.
The bi-channeled scope offers a 3D vision to the surgeon who
operates while sitting at the console. The second component
is the patient-side cart (Fig. 3.153b) with robotic arms and
EndoWrist™ instruments. Whether to use two or three
instruments commonly depends on surgeon’s preferences
and the case profile. The third component is the surgeon
console which is located away from the operating table, but in

a

the same operating room. The surgeon is comfortably seated
at the console while viewing the high-definition 3D image on
the integrated stereo display (Fig. 3.153c). With the aid of the
master controls located below the display, the movements of
the surgeon’s hands, wrist, and fingers are translated into realtime actions of the EndoWrist™ instruments positioned in the
operative field via 8-mm ports. Beneath the console are various
foot pedals for control of energy devices, camera adjustment,
and a quick-change mechanism for seamlessly swapping
between instruments. Once a good level of familiarity with all
functions of the da Vinci Surgical System has been reached,
the surgeon can exercise near-total control over the surgical
field without being dependent on an assistant, as is the case
with standard laparoscopy. A comparison of the benefits and
drawbacks of standard laparoscopy with those offered by
robotic-assisted laparoscopy (with focus on endometriosis) is
shown in Table 3.9.

b

c

Figs. 3.153a–c Vision cart of the da Vinci Surgical System (a). Patient-side cart with robotic arms (b). Surgeon console of the da Vinci Surgical System
(Intuitive Surgical, Inc., Sunnyvale, CA, USA) (c).

Drawbacks of Conventional Laparoscopy

Benefits of Robotic Assistance

2D vision.

3D vision.

5x magnification.

10x magnification.

Physiological tremor of surgeon

Tremor filtration by robotic platform.

Camera controlled by assistant resulting in an unsteady image

Camera controlled by surgeon at console.
Steady image

Fixed axis of instruments with fulcrum at the level of abdominal wall

Fulcrum at the wrist of instruments.
Seven degrees of freedom allowing micro-movements of instruments.

Dissecting along tissue planes is difficult, especially in cases of
advanced endometriosis.

Dissecting along tissue planes is facilitated due to 3D vision and 7 degrees of
freedom. Particularly useful in advances cases of endometriosis.

Limited access to deep pelvic structures

Unlimited access to deep pelvic structures

Operating in an unergonomic working posture for prolonged periods
of time can result in physical discomfort and early fatigue for the
surgeon and assistant.

Improved ergonomics, comfortable working posture.

Intracorporeal suturing is difficult.

Suturing facilitated due to wristed instruments.

Prolonged learning curve

Reduced learning curve

Table 3.9 Inherent drawbacks of standard laparoscopy compared to the benefits of robotic-assisted laparoscopy.
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3.10.3 Sequential Steps of Robotic-Assisted
Endometriosis Surgery

1. Preoperative Preparation. Liquid diet for 24 hours prior to
surgery and fasting for the last 6 hours before surgery. The
authors do not recommend mechanical bowel preparation
even in patients with stage 3 or 4 endometriosis. Antibiotic
prophylaxis is given as 1 gm cefotaxime one hour before
induction of anesthesia.
2. Anesthesia. General anesthesia is required in all patients
undergoing robotic surgery. A Foley catheter is placed intraoperatively and removed either immediately after surgery
or as soon as the patient can independently get out of bed
to go to the lavatory.
3. Patient Positioning and Port Placement. The patient is
put in a dorsal lithotomy position and an uterine manipulator is placed in the uterine cavity (Fig. 3.154a). The primary
12-mm camera port is placed at the umbilicus. The authors

a

b

prefer to establish the primary port using the open entry
method (Fig. 3.154b). In the presence of a large pelvic mass,
the primary port site may be shifted caudally in the midline.
Once the pneumoperitoneum has been created via the primary port (Fig. 3.154c), the patient is moved to Trendelenburg
position with 15–20 degrees tilt. At this point, a panoramic
view of the pelvis is taken first, followed by mapping of the
endometriotic lesions for planning of the next surgical steps
(Fig. 3.155a). Accessory port sites should be chosen according to surgeon’s preferences and the type of surgery to be
performed (Figs. 3.155b, c). The distance between the ports
should measure at least a palm’s breadth (Fig. 3.156a) (approx.
10 cm) to avoid clashing of the robotic arms. The final port
configuration is shown in (Figs. 3.156b, c and Fig. 3.158), with
the primary port located at the umbilicus, two 8-mm ports
on the right lateral side, one 8-mm port on the left side, and
one 5-mm port for the assistant in the left upper quadrant.

c

Figs. 3.154a–c The RUMI uterine manipulator is placed in the uterine cavity (a). The incision for the primary port is made at the umbilicus (b).
The 12-mm port for the robotic camera is completed at the umbilicus (c).

a

b

c

Figs. 3.155a–c First, a panoramic view of the pelvis is obtained (a). Superficial skin markings are made for the lateral ports (b).
The 8-mm lateral ports are established, once the respective incisions have been safely placed with the aid of transillumination (c).

a

b

c

Figs. 3.156a–c The minimum distance between the ports should measure approximately a palm’s breadth (a). External view of the final port
configuration (b); camera port (P) at the umbilicus; two 8-mm lateral ports (1 and 2) are placed on the right side; one 8-mm (3) port and one 5-mm
port (A) are placed on the left lateral side (b, c). Schematic representation of the port configuration for robotic-assisted endometriosis surgery.
The ‘Δ’-sign denotes the minimum distance of approx. 10 cm that should be maintained between the ports (c).
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4. Movement of Patient-Side Surgical Cart. The patientside surgical cart is then moved to the right side parallel to
the operating table (Figs. 3.157a, b).
5. Docking of Robotic Arms and Introduction of Instruments. Once the robotic arms are positioned properly
(Fig. 3.157c), the preselected instruments are mounted to
the arms and docked to the ports. The authors prefer the
bipolar forceps to be mounted to arm  and docked to the
left lower port. The ProGrasp forceps is mounted to arm 
and docked to the left lower port. Hot Shears™ (monopolar
curved scissors) are mounted to arm  and docked to the
right upper port (Fig. 3.158).

a

b

6. Surgeon Console. Upon completion of the preparatory
steps, the surgeon takes a seated position at the console
to exercise near-total control over the surgical field. Once
proper docking of all robotic arms has been checked,
the first step of the surgical procedure can be initiated
(Fig. 3.153c).

c

Figs. 3.157a–c The patient-side surgical cart is placed on the right side of patient parallel to the operating table (a). Alignment of the mobile patientside cart in parallel to the operating table, a configuration also named ‘parallel docking’ (b). The robotic arms are being docked onto the trocar ports. (c).
Fig. 3.158 Schematic diagram showing the
various instruments typically used through
the ports in robotic-assisted endometriosis
surgery.
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3.10.4 The Role of Robotics in the Management of
Endometriosis – A Game Changer in Three Application
Fields
Major Application Fields of Robotic-Assisted Mangement of
Endometriosis
Visual inspection for diagnosis of endometriosis.
Surgical treatment of advanced cases of both genital and
extra-genital forms of endometriosis.
 Enhancement of surgical skills, particularly when preparing for the surgical management of severe forms of
endometriosis, which can be challenging because of the
inherently higher level of complexity.



Fig. 3.159 Early endometriosis on uterine surface.

3.10.4.1 Diagnosis of Endometriosis
Early manifestations of endometriotic lesions are amenable to
visual detection only on the basis of detailed inspection of the
pelvic cavity. Taking an intrapelvic stereoscopic view through
the advanced 3D console with up to 10x magnification at HD
quality allows to scrutinize all areas of interest and to appreciate
even the faintest details which may serve as visual cues to
suggest the presence of early lesions. The higher the image
quality, the better the chances for the gynecologist to arrive
at an accurate diagnosis on which surgical treatment in cases
of endometriosis can be based.11 The following are images
of representative clinical cases subjected to robotic-assisted
surgery. Fig. 3.160a shows an intrapelvic view in a patient who
underwent robotic-assisted treatment of endometriosis. In
a different clinical case, the presence of early endometriotic
lesions was confirmed in the uterovesical fold (Fig. 3.160b)
and uterosacral ligaments (Fig. 3.160c). The peritoneal defect
demonstrated in (Fig. 3.160d) was detected in a patient with
Allen Masters syndrome.
The chances of diagnosing the disease at an early stage are
increased if the surgeon has adequate knowledge, experience
and awareness about the clinical manifestations of early-stage

endometriosis which can be revealed by videoendoscopic
exploration (Fig. 3.159). This is of major importance since imaging
modalities like ultrasound or MR imaging are of limited value
in the diagnosis of early-stage endometriosis, the latter being
particularly relevant to adolescent patients. If the dual goal of
early detection and appropriate treatment is met successfully,
young women are among those who can benefit greatly from
minimally invasive ablative surgery, both in terms of reduced
trauma to ovarian tissue and enhanced quality of life.
The integrated use of FireFly™ imaging technology in a robotic
platform has opened up new prospects to detect and surgically
remove endometriotic lesions that cannot be visualized
with standard white-light illumination. This is of particular
importance, taking into account that full pain relief is not feasible
without complete resection of endometriosis. Several authors
have reported on their experience with the use of FireFly™
technology during robotic single-incision laparoscopy. When
integrated in a robotic surgical system, FireFly™ technology
is used for targeted excitation of fluorescence, a phenomenon
that can be induced by exposure of a specific fluorochrome
(indocyanine green, ICG) to near-infrared (NIR) light.
Figs. 3.160a–d Videoendoscopic pelvic
view in a patient undergoing robotic-assisted
treatment of endometriosis (a).
Early diagnosis of endometriotic spots in the
uterovesical fold (b).
Puckered endometriotic lesion near the left
uterosacral ligament (c).
Peritoneal defect in a patient with Allen
Masters syndrome (d).
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Indocyanine green is a medical-grade, water-soluble dye
that binds to plasma proteins. After injection, the fluorescent
property of the dye is used effectively to determine tissue
perfusion and to enable visualization of the vasculature. Guan
et al. (2016) stated that application of FireFly™ technology
for NIR/ICG-induced fluorescence facilitates identification
of endometriosis and allows to successfully perform singlesite laparoscopic treatment of advanced-stage diasease
by resection of endometriotic nodules overlying the ureter
and rectum. The authors reported on complete resolution
of pelvic pain symptoms and excellent cosmetic results.5
FireFly™ technology is currently used in many centers to
treat endometriosis. Considering that areas of disease are
characterized by increased neovascularization, NIR/ICGinduced fluorescence allows to readily detect endometriotic
lesions which appear in dark green.12 Frequently, the lesions
are subtle in appearance and cannot be appreciated with
the naked eye under standard white-light endoscopy.
However, when exposed to near-infrared light using FireFly™
technology, targeted resection of the affected tissue allows to
remove endometriosis to the maximum extent feasible. This
promising novel technique could become a game changer
in that it allows to identify small endometriotic lesions, that
were previously missed, and enables complete excision, thus
providing full pain relief.

3.10.4.2 Surgical Therapy of Endometriosis
It is well known that complete removal of all visible endometriotic
implants is often not feasible by standard laparoscopic surgery.
This holds true even more so for early-stage endometriotic
lesions, where precise excision with standard laparoscopic
instruments can be tricky at time, especially when close to the
ureter and the bladder surface. These lesions may be either left
alone or managed by minimal coagulation in the same operative
session. Yet, with the help of multi-articulated small robotic
instruments, endometriotic implants can be removed easily to
prevent postoperative recurrence. Precise surgical removal also
offers the opportunity to subject the sampled tissue specimens
to histopathological examination for the purpose of definitive
diagnosis. The following are images of a representative clinical
case demonstrating step-by-step excision of an early-stage
endometriotic implant by robotic-assisted surgery (Figs. 3.161a–
d) with articulated harmonic shears and ProGrasp forceps.
Adherence of the ovary to the ovarian fossa has been identified
as a source of chronic pelvic pain and dymenorrhoea. Lysis
of ovarian adhesions by application of traction is commonly
achieved with the laparoscopic technique. The following
images are taken from a representative clinical case, showing
robotic-assisted lysis of ovarian adhesions using harmonic
shears with unipolar current (Fig. 3.162a, b).

Figs. 3.161a–d Harmonic shears are used
to delineate the boundary of the endometriotic
implant (a).
View of the endometriotic implant while it is
being excised (b).
Excision of the endometriotic implant is
completed (c).
View of the surgical defect upon excision of
the endometriotic implant (d).
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Figs. 3.162a, b Right ovary adherent to the
ovarian fossa due to endometriosis (a).
Lysis of endometriosis-related adhesions
between the right ovary and the ovarian fossa
using harmonic shears with unipolar current
(b).
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In cases where endometriomas have already developed,
clinicians should rather opt to proceed with cystectomy
instead of choosing drainage and coagulation, as cystectomy
reduces endometriosis-associated pain.7 Even though a
standard laparoscopic approach is commonly advised for
cyst excision in cases of endometriosis, the authors hold the
opinion that the use of articulated robotic instruments allows
this type of surgery to be performed more precisely. Apart
from that, directing the instruments in the correct plane of
dissection is achieved more easily under robotic assistance.
The general method adopted in a laparoscopic approach is
either by using a rolling technique or by applying traction and
counter-traction. In robotic-assisted surgery, excision of the
cyst wall proceeds in a stepwise fashion and requires that the
fibers between the cyst and ovarian tissue be identified first.
Subsequently, the cyst wall is removed by precise dissection
following the principles of microsurgery which is in stark
contrast to a forceful peeling of the tissues by traction and
counter-traction commonly applied in laparoscopic technique.
We believe that such precise dissection has two advantages.
Firstly, adherence to microsurgical principles using delicate
robotic instruments offers the benefit of less postoperative
adhesions. Gomel et al. also emphasizes the value of a
robotic platform in facilitating microsurgery for the purpose
of reducing postoperative adhesion formation which is so
essential to postoperative fertility outcomes.4 Secondly, there
is a chance that the loss of normal ovarian tissue is as minimal
as possible, thus preserving the residual follicular reserve.
However, this needs to be corroborated by trials comparing
laparoscopic and robotic techniques in order to determine
their effect on future fertility. The following are images of a
representative clinical case demonstrating the various steps
of ovarian cystectomy for endometrioma using robotic
technology (Figs. 3.163a–e). Adhesion of sigmoid to lateral
pelvic wall is a common finding in women with endometriosis.
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Such adhesions are thought to be responsible for abdominal
discomfort and bloating. Fig. 3.164a–c show dissection and
detachment of the sigmoid from the lateral pelvic wall.
Surgical management of advanced stages (III and IV) of
endometriosis poses a challenge to any surgeon. Complete
removal of all endometriotic implants has direct correlation to
improvement of symptoms and fertility outcome as well as to
recurrence of disease. The results obtained from laparoscopic
surgery, which is used by the majority of surgeons, leaves a lot
to be desired. In women suffering from endometriosis, the goal
of adequate surgical clearance – which is key to improving
surgical outcomes – poses the major challenge today. The
authors believe that it should be possible to achieve this in
the years to come. Robotic surgery with all its advantages
offers the potential of performing complex resections for the
management of infiltrating forms of endometriosis including
those affecting the rectovaginal septum, bladder and bowel.
In studies that compare the robotic versus laparoscopic
approach, no special differences were found, except those
related to mean duration of surgery, which is longer in the
robotic-assisted procedure. However, it is important to
notice that no conversions are necessary, and the robotic
approach may be more effective in cases of complex
resections that are associated with a significant compromise
of the affected organ.1,2 The largest series published in the
literature on robotic-assisted laparoscopy for deep infiltrating
endometriosis concludes that this type of surgery seems to be
promising in the treatment of deep infiltrating endometriosis,
showing no increase in surgical time, blood loss, and intraand postoperative complications.6 The results of a prospective
cohort study of 25 consecutive patients with deep infiltrating
endometriosis (DIE) by Pellegrino et al. recommends the
use of robotics as a safe and attractive alternative option for
comprehensive surgical treatment of the disease. The authors

c

Figs. 3.163a–e Ovarian cystectomy begins with adhesiolysis and exposure of endometrioma (a). Ovarian cyst being lifted up from the ovarian fossa
with the aid of articulated scissors and forceps (b). Endometrioma is free from adhesion to the ovarian fossa and anatomy is exposed further (c).
Ovarian cystectomy is continued with precise dissection of fibers between the cyst wall and the normal ovarian tissue (d). Ovarian cystectomy is
almost complete exposing the cyst base from the ovarian pedicle.
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reported on the successful removal of endometriotic nodules
from the rectovaginal septum using rectal shaving alone or in
combination with accessory procedures in stage-IV disease
and confirmed the same on histopathology. This series has
a median long-term follow up of 22 months with an optimal
operative time, demonstrating good long-term outcomes.13
However, one must remember that surgery for DIE – even with
robotic-assisted laparoscopy – is commonly associated with
a significant morbidity rate, which is why a team approach
with a colorectal surgeon is highly advised. Robotic surgery

a

b

for endometriosis was found to be successful in stage-IV
endometriosis without conversion to laparotomy and in many
scientific reports, the conversion rate was reported to be
approximately 10 %. The use of robotic-assisted technology
in the management of endometriosis should be reserved
to more severe cases such as those involving segmental
bladder, bowel and ureteral resection.8 The following images
(Figs. 3.165a–d) are taken from a representative clinical case
showing dissection of an endometriotic cyst in the rectovaginal
septum.

c

Figs. 3.164a–c Robotic-assisted dissection and detachment of the sigmoid from the lateral pelvic wall.
Figs. 3.165a–d After clearing the obliterated
pouch of Douglas, the endometrioma is
exposed in the rectovaginal septum (a). The
endometriotic cyst is opened and drained (b).
The wall of the endometriotic cyst is identified
and excision continues (c). Complete excision
of the endometriosis cyst wall in the
rectovaginal septum (d).
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The recurrence rate reported in the literature for advanced
stages of endometriosis where ovaries are preserved during
hysterectomy is as high as approximately 60 % with patients
having a 6-fold risk of recurrent pain and an 8-fold risk of repeat
surgery. This is directly correlated to the surgical precision
and removal of peritoneal and deeply infiltrating disease
accomplished by primary surgery. Authors feel that roboticassisted hysterectomy is particularly useful to prevent residual
disease in patients diagnosed with endometriosis stage III
or IV. They also reported on their experience with managing
post-hysterectomy recurrence of endometrioma. The need for
conversion to laparotomy was minimal. The following is a case
of complete excision of a post-hysterectomy endometrioma
measuring 6 cm in size, and complete resolution of symptoms
confirmed at 6-month follow-up examination (Figs. 3.166a–d).
3.10.4.3 Enhancement of Surgeon’s Proficiency in Complex
Endometriosis Surgery
The most significant advantage that can be derived from
the use of a robotic surgical system as compared to a
standard laparoscopic approach is a shorter learning curve.
The simulation modules integrated in the console of the
da Vinci Surgical System can help younger surgeons to
hone their skills before starting surgery on patients. Even
amongst the most skilled laparoscopic surgeons, there is
growing consensus that ease of instrument manipulation is
a distinct feature of robotic assistance which makes it most
suitable for use in endometriosis surgery and restoration
of pelvic anatomy to provide fertility-enhancing therapy in
advanced stages of disease. The 3D console offers improved
spectral depth perception of pelvic structures, which is of
tremendous advantage in dissecting along tissue planes
during endometriosis surgery. Because of the intuitive hand
control and articulating instruments, surgeons can mimic

the familiar movements commonly applied in open surgery.
Owing to their greater range of motion with seven degrees
of freedom, robotic instruments can be controlled similarly
to the human wrist, which is in stark contrast to ‘straightstick’ laparoscopy.10 Moreover, the surgeon can assume a
comfortable seated position throughout the procedure, which
aids in reducing fatigue, especially during long operations,
and should therefore be regarded as a distinct feature that
enhances the surgeon’s ability to perform better. The da
Vinci Surgical System allows for telestration. This feature is
helpful in that it enables the instructing surgeon to write on
a touch screen with a finger or an electronic pen. Written
instructions can be seen by both the surgeon at the console
and the other members of the operating room staff. When it
comes to supervising a surgical step and guiding dissection
through difficult planes the instructing surgeon can give clues
on when and how a specific robotic instrument should be
used. The instructing surgeon can also assist with suturing
and knot tying or can help to identify any vital structures that
should be avoided. The TilePro™ multi-input display of the da
Vinci Si HD System (Intuitive Surgical, Inc., Sunnyvale, CA) is
an extended feature that allows two additional video sources
to be superimposed on the console during surgery, (e.g.,
radiologic data, ultrasonography, computed tomography, or
magnetic resonance imaging), which can be very helpful in the
early phase of the learning curve. In the authors’ point of view,
it is of no doubt that the use of a computer-assisted robotic
platform will enable more surgeons to perform complex
gynecological procedures and convert open procedures to
minimally invasive surgery in the years to come. The ability
of the robotic platform to filter and reduce physiologic
tremor and to transform a surgeon’s hand movements into
more precise micro-movements can be a game changer in
fertility-enhancing surgeries, especially in the treatment of
endometriosis and fibroid uterus.

Figs. 3.166a–d Excision of post-
hysterectomy endometrioma at the vaginal
vault (a–d). Dissection at the vaginal vault and
exposure of the cyst (a). Dissection is carried
along the anterior bladder and posterior
sigmoid until reaching the endometriotic
cyst at the vaginal vault (b). Once the cyst
is exposed, its content is drained to identify
the cyst wall which is then separated from
bladder and bowel (c). The cyst wall is
identified and excised completely (d).
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3.10.5 Conclusion
Since the introduction of computer-enhanced technology
(robotics) to gynecological surgery in 2005, attention has been
focused on its advantages and disadvantages. Most centers
using this technology believe that it enables more surgeons
to convert laparotomies to minimally invasive surgeries. Thus,
the utility of robotic platform lies in the management of severe
cases of endometriosis and opens up the chance to further
reduce the number of laparotomies. In the coming years,
this technology will find its place in the clinical practice of
minimally invasive gynecology, as a complementary means
to the current standard of laparoscopic surgery. However, we
need to critically examine the long-term benefits especially in
benign conditions. As more surgeons are trained and utilize
this enabling technology, one thing is certain; as the number
of minimally invasive surgeries for endometriosis will increase,
the incidence rate of open surgery procedures in gynecology
is expected to decline. Addressing the cost of equipment and
surgeon credentialing in the future stands a good chance
of making this technology more widely accepted among
surgeons and patients alike.
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4.1

The Management of Endometriosis in Infertility

Carlos Alberto Petta a | Alessandra Peloggia b
4.1.1 Introduction

Infertility affects approximately 10–15 % of the population
of reproductive age and is considered an issue of
substantial socioeconomic magnitude. Since the 1950s,
sociodemographic studies have reported a reduction in
birthrates in Europe irrespective of region or social class. In
developed countries, approximately 15 % of the population is
infertile, and this proportion is even higher in less developed
countries where infertility affects around 9–30 % of couples,22,
23 (see Fig. 4.1).
Between 25 % and 50 % of infertile women have endometriosis
and 30–50 % of women with endometriosis are infertile. In
fertile couples, fertility rates are around 0.15 to 0.20 per month
and decrease with age. In infertile women with untreated
endometriosis, the fertility rate decreases substantially to
values as low as approx. 0.02 to 0.10.19
Since fertility rates vary considerably according to variables
such as age and duration of infertility, it is difficult to quantify
the true prevalence of endometriosis in infertile women. The
prevalence of endometriosis is high, appoximately 48 %, in
women with infertility compared to 5 % in women submitted to

tubal ligation.33 The hypothesis that all stages of endometriosis
cause infertility or a decrease in fertility still requires further
reflection and more comprehensive studies. Based on the
core assumption that endometriosis is indeed a major cause of
infertility, it would be permissible to conclude that eradicating
the disease should improve fertility rates; however, data in the
literature have failed to confirm this hypothesis.
In this context, among the unresolved major issues of today is
the question on how to manage the treatment of endometriosis
in infertile patients, principally with respect to defining the right
point in time at which it may be indicated – or not – to perform
a surgical procedure or assisted reproductive technique. In
this chapter, we will discuss the various treatment options
currently available and presented in the literature for cases
of endometriosis and infertility. This literature review was
conducted using the PubMed/MEDLINE database to search
for articles published in English, using the following keywords:
endometriosis, infertility, surgical treatment, surgery, clinical
treatment, IVF and ICSI. The articles were selected based on
their methodology, relevance and clinical applicability.

4.1.2 Clinical Treatment of Infertility in Patients
with Endometriosis

Even though the effectiveness of pharmacological treatment
for the relief of endometriosis-associated pain has been
well established, there is no conclusive evidence of positive
results when the issue is infertility. On the contrary, fertility is
essentially eliminated during therapy, since all drugs used for
treating endometriosis inhibit ovulation.

Fig. 4.1 Percentage of women aged between 15–49 yrs., who have
had sexual intercourse, but have never been pregnant, stratified by age
group / region.
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Various randomized studies have shown that drugs such as
progestogens or GnRH analogs are ineffective in treating
infertility associated with mild or minimal endometriosis.13 In
one randomized study involving 71 infertile women with mild or
minimal endometriosis, the cumulative pregnancy rates were
similar in the group of women who received GnRH analogs for
6 months when compared with the control group submitted
to expectant management.9 Likewise, pregnancy rates were
similar in a study based on 37 infertile women with mild or
minimal endometriosis who were treated with progestogens or
by expectant management.28
The use of pharmacological therapy prior to or following surgery
has resulted in no benefits insofar as fertility is concerned. In
patients with more extensive endometriosis, medical therapy
following surgery may be an important means of eradicating
residual endometriotic implants, however, it is not a suitable
option for improving fertility outcome.
There is insufficient evidence that any benefit accrues
from pharmacological treatment, which also applies to the
administration of analogs prior to intrauterine insemination
procedures.15 In addition, data in the literature are inappropriate
to warrant recommending the use of oral contraceptives prior
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to assisted fertilization. On the other hand, the use of GnRH
analogs has been found to be effective in improving the
likelihood of success when used for 3–6 months prior to in
vitro fertilization.35 Nevertheless, there is always a concern
when inhibiting ovulation for prolonged periods of time in
women with endometriosis, since in many cases their ovarian
reserve is already reduced and prolonged ovulation inhibition
may diminish response in terms of oocyte quantity. With the
advances and improvements achieved in the techniques
used to freeze embryos and gametes, one option would be to
transfer frozen embryos from a cycle during which ovulation
was not inhibited and then inhibit ovulation in the cycles
following follicular aspiration.

4.1.3 Surgical Treatment of Infertility in Patients
with Endometriosis

The principles adopted with respect to laparoscopic surgery
for infertility are similar to those applied in the surgical
treatment of other endometriosis-related symptoms. If
diagnosis has been made in compliance with principles of
good clinical practice, and given that the surgical team has
been adequately trained, then surgery becomes a possible
means of achieving optimal results.
Prior to the decision-making on whether there is an indication
for surgical treatment, the ovarian reserve of infertile women
is assessed by measuring anti-Müllerian hormone levels. This
evaluation constitutes a relevant step, principally in view of the
increasing evidence that surgical treatment of endometriomas
may contribute to a decline of ovarian reserve.24
4.1.3.1 Surgical Treatment for Peritoneal Disease (ASRM stage I/II)
A Cochrane review revealed laparoscopic surgery to be
more effective in improving pregnancy rates than simple
diagnostic laparoscopy, with laparoscopic ablation of
endometriotic implants being associated with a slight but
significant improvement in fertility rates.14
Two randomized trials evaluated the efficacy of laparoscopic
surgery when used in initial stages of endometriosis-related
infertility. In the first one, a Canadian study, conception
occurred in 36.6 % of women treated with laparoscopic
ablation or resection, as compared to 21.9 % of patients
of the control group, who were submitted to diagnostic
laparoscopy alone.17 In the second study, conducted in Italy,
pregnancy occurred in 19.6 % of the treated women and in
22.2 % of the untreated women.21

Fig. 4.2 Peritoneal disease.

When combining the data obtained from the two studies
above, no statistically significant difference is found between
the two groups, with a total absolute difference of 8.6 % in
favor of treating endometrial lesions. In terms of statistics,
the minimum number of patients that must be treated to
meet the therapeutic goal in one patient is 12. In other words,
this means that pregnancy will occur in 1 out of 12 patients
with a laparoscopically confirmed diagnosis of incipient
endometriosis, who were treated by ablation or resection
rather than expectant management with laparoscopic
diagnosis alone.
4.1.3.2 Surgical Treatment for Ovarian Disease
Ovarian endometriomas are among the most severe forms of
endometriosis. Commonly, they do not respond satisfactorily
to medical treatment,16 which indeed is capable of improving
endometriosis-related pain and reducing the size of cysts,
whereas no therapeutic benefit has been demonstrated with
regard to the treatment of infertility.10 The risks of surgery and
the associated potential damage to ovarian function need to
be thoroughly examined, principally prior to initiating assisted
fertilization procedures.
Treatment options include cystectomy and ovarian
vaporization/coagulation. For the purpose of improving
fertility in the presence of cysts of more than 4 cm in diameter,
laparoscopic cystectomy offers better results than drainage
and coagulation, which is associated with higher recurrence
rates.4,12 According to Brosens et al., the accompanying intense
inflammatory process demands that ectopic endometrial
tissue be removed as soon as it is diagnosed, irrespective
of the size of the lesion. The group of Brosens developed a
technique referred to as transvaginal hydrolaparoscopy, which
permits not only diagnosis of the endometrioma at initial
stages but also its ablation.3
Therefore, if conservative surgery is indicated, patients must
be informed that excision of the endometrioma capsule incurs
a notable risk of reduced ovarian function and may even result

Fig. 4.3 Ovarian endometrioma.

300

Endometriosis – A Concise Practical Guide to Current Diagnosis and Treatment

in loss of the ovary. In patients with a medical history of ovarian
surgery, the need to adopt a second-look procedure should
be determined with caution.7 Freezing gametes/embryos prior
to surgery should be discussed with the patient whenever the
presence of endometriomas is considered an indication for
surgical removal.
4.1.3.3 Surgical Treatment for Deep Infiltrating Lesions
The impact of surgery on fertility in cases of deep
endometriosis is the subject of ongoing controversy in the
literature. Vercellini et al. evaluated 150 infertile women with
rectovaginal endometriosis and no other coexisting infertility
factors, who had been presented with the option of choosing
between expectant management and surgical treatment. After
two years of follow-up, no statistically significant differences
were observed between both groups, with a pregnancy rate of
36 % in the expectant management group versus 34 % in the
surgical treatment group.31
These results contrast with the findings of other studies in the
literature, which have emphasized that the principal reason
constituting an indication for surgical treatment in cases of
deep endometriosis would be the conclusive and statistically
significant evidence of successful outcomes in terms of
pregnancy rates.25 According to three systematic reviews, the
pregnancy rates of around 42–44 % following surgical treatment
were considered satisfactory.18,32,34 Nevertheless, according to
an evaluation made by Vercellini et al., the benefits of surgery
are over-estimated and therefore, successful pregnancy rates
cannot be attributed to surgical treatment alone.18
When opting for surgical treatment, there is still no consensus
on which of the current techniques is the best, because studies
have indicated good pregnancy rates in patients treated with
laparoscopic colorectal resection as well as in those subjected
to discoid resection. Up to the present time, these surgical
techniques have yet to be evaluated in randomized studies,
principally due to the fact that they are associated with high
complication rates.6,30
The major objective of surgery in the treatment of deep
infiltrating endometriosis is to restore the anatomy and improve
the likelihood of spontaneous pregnancy. However, prior to

Fig. 4.4 Deep infiltrating endometriosis.

suggesting an indication for surgical treatment, it is imperative
to conduct a thorough diagnostic workup that yields the
full clinical image of a patient’s infertility status, which must
include an adequate evaluation of ovarian reserve as well as
a comprehensive assessment of potentially contributing male
factors. Following surgical treatment, a period of six months
should be allowed to pass before attempting conception.
If pregnancy does not occur during this period, in vitro
fertilization is then recommended.26
4.1.3.4 Combined Use of Pharmaceutical and Surgical Treatment
Even though from a theoretical point of view this combination
should be a promising option, there is no evidence in the
literature in support of improved pregnancy rates, which
is why this strategy cannot be recommended. The use of
pharmaceutical medication following surgery is believed to
delay pregnancy at the very moment when the likelihood of
fertility is higher as a result of the surgical procedure.7,22
4.1.3.5 Ovulation Induction and Intrauterine Insemination
There is evidence of favorable results with ovarian induction
alone or in conjunction with intrauterine insemination in women
with incipient stages (stage I/II) of endometriosis, particularly
if they were diagnosed surgically and provided there are no
signs of distorted pelvic anatomy.22
A randomized study showed more favorable results employing
a combined therapeutic regimen of ovulation induction with
four cycles of clomiphene citrate and intrauterine insemination
compared to four cycles of programmed coitus alone.5
In a randomized clinical trial conducted in 1997, Tummon et al.
reported a 5.6 times higher live birth rate in women with stage
I/II endometriosis, who were subjected to ovulation induction
with gonadotropins followed by intrauterine insemination
compared to a control group treated by expectant
management.29 The adjunctive use of ovulation induction with
gonadotropins followed by intrauterine insemination yielded
higher pregnancy rates than those observed after intrauterine
insemination alone.20 Unfortunately, more recent studies on
this topic are not available in the current literature.
4.1.3.6 Assisted Reproductive Technology (ART)
Among the armamentarium of ART modalities, in vitro
fertilization (IVF) is considered the most effective treatment
option for women with endometriosis-related infertility. While
endometriosis is known to adversely affect the outcomes
of ART, IVF appears to improve fertility rates in women with
endometriosis. This holds particularly true in cases where pelvic
anatomy has been distorted as a sequela of more severe forms
of disease. The rationale underlying the surgical resection of
peritoneal endometriosis is to minimize any adverse effects that
peritoneal implants and their secretion products can have on
the quality of the oocyte, embryogenesis, and implantation.27
At present, there is major doubt whether any benefit is
derived from performing surgery prior to in vitro fertilization.
In a prospective study conducted in 2009, women with deep
endometriosis were given the option of choosing between IVF
alone or laparoscopic excision of the lesions followed by IVF.
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At the end of the study, a significantly lower pregnancy rate
(24 %) was found in the ‘IVF-alone group’ compared to the
‘excision-prior-to-IVF’ group (44 %).2 To date, this study is the
only evidence providing support of the possible benefits that
are derived from surgical treatment prior to in vitro fertilization.
Apart from that, the study also reflects the impaired prognosis
a patient suffering from deep infiltrating endometriosis can be
faced with when attempting assisted reproduction treatment.25
The impact of ovarian endometriomas on the outcomes of
assisted reproduction techniques remains controversial. The
inherent risks of surgery and its potential harm to ovarian reserve
should be weighed against the associated complications that
may arise from a persisting endometrioma in the course of
assisted reproductive technology procedures.11
In fact, the only indication for removing endometriomas of
more than 3 cm in diameter prior to IVF would be pain relief
or improved ovarian access.8 Nevertheless, Benaglia et al.
reported a 53 % lower response to gonadotropins in patients
whose ovaries had been submitted to surgery, irrespective
of the size of the cysts, with an absence of follicular
development in 13 % of cases following excision of unilateral
endometriomas.1
In a recent systematic review and meta-analysis in which
live birth rates, pregnancy rates and miscarriage rates were
evaluated, results were similar in women with non-operated
endometriomas and in those without endometriomas.
However, in endometrioma patients, fewer oocytes were
captured and high doses of FSH were required for ovarian
stimulation. Apart from that, endometrioma patients had
a three-fold greater likelihood of experiencing an abrupt
cessation of menstrual cycle as compared to women without
the disease.2
Among the possible benefits of prior surgical treatment are
prevention of rupture of large endometriomas, facilitated
oocyte capture, no contamination of follicular fluid with the
contents of the endometrioma and cessation of disease
progression. Nevertheless, the inherent drawbacks of surgery
include surgical trauma, intra- and postoperative complications
such as bleeding and infection, and the potential of impaired
ovarian response.11

4.1.4 Key Points in the Treatment of Infertile Women
with Endometriosis

When establishing a therapeutic strategy, a variety of factors
need to be taken into account, which are the patient’s age,
the duration of infertility, symptomatology and endometriosis
staging.
There is a natural decrease in fertility after 35 years of age, and
the endometriosis-related decline of a woman’s fecundability
in association with advanced age decreases the probability
of conception even more. In women under 35 years of age
with mild/minimal endometriosis, the benefits of surgery are
insufficient and expectant treatment, or ovulation induction/
uterine insemination, is considered as first-line therapy. In
women over 35 years of age, more aggressive treatment

is required that includes ovulation induction/intrauterine
insemination or in vitro fertilization. Such a candidate should
be informed in advance that in vitro fertilization in her case
has a reduced probability of success as compared to that of
a woman receiving the same type of treatment but for another
indication such as, for example, tubal factor infertility.
There is no evidence that removing endometriomas from
asymptomatic women scheduled for in vitro fertilization or
intracytoplasmic sperm injection (ICSI) will increase success
rates with these procedures. Patients should be counseled on
the increased risk of the cycle having to be cancelled and,
most importantly, since there is still no consensus on this
issue, treatment should be individualized.
Finally, it is generally known that infertility is a condition
mediated by both male and female factors and that it is not
only related to endometriosis. A complete diagnostic workup
of both the ovarian reserve and the male factor is needed to
determine whether there is in fact an indication for surgical
treatment. This should allow the gynecologist to assess the
reproductive prognosis of a couple with greater assurance.
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4.2
Sylvia Mechsner

Endometriosis and Pain
a

4.2.1 Introduction
4.2.1.1 Endometriosis-Associated Pain
Endometriosis is a disease that affects women of reproductive
age and presents with symptoms of dysmenorrhea,
dyspareunia, dyschezia, dysuria, cyclic and acyclic pelvic
pain, menstrual disorders, and infertility. All these effects have
a profound negative impact not only on clinical status but
also on the broader human and economic toll taken by the
disease.25,38
While the above symptoms are relatively specific for
endometriosis – there is no other diagnostic entity that
presents with such a typical, cyclic pattern of complaints –,
endometriosis should also be suspected in cases where there
is a significant delay between symptom onset and the time of
definitive diagnosis. Many patients have to visit more than 10
different doctors until an eventual diagnosis of endometriosis
is established.41 Based on current data, the mean elapsed time
between symptom onset and definitive diagnosis ranges from
7 to 11 years.30 This finding can be explained by a wide range
of many other nonspecific features such as bowel and bladder
complaints, pain radiating to the legs, concomitant autonomic
symptoms like nausea and vomiting, gastric disorders,
headache, dizziness, painful ovulation (intermenstrual pain),
irregular pelvic pain, low back pain, and chronic fatigue
syndrome (Table 4.1). The complex and multifactorial nature of
disease may give rise to misconceptions that often lead to a
misdiagnosis.
Nonspecific symptoms
 Nonspecific bladder disorder.
 Nonspecific bowel dysfunction.
 Spotting, heavy menstrual bleeding.
 Concomitant autonomic symptoms: nausea, vomiting,
gastric disorders.
 Headache, dizziness.
 Painful ovulation (intermenstrual pain).
 Irregular pelvic pain.
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Low back pain.
 Pain radiating to the legs.
 Chronic fatigue syndrome.
 Combinations of the above symptoms.


Table 4.1

These diagnostic problems stem mainly from a lack of
knowledge about the etiopathogenesis and mechanisms
of pain generation in endometriosis. The presence of
‘unremarkable’ physical findings in many patients makes it
difficult to establish a diagnosis.
However, the details of a patient’s history appear to be linked
to the varying manifestations of endometriosis that occur in
different types of the disease and at varying sites. The main
area of predilection for endometriosis is the pelvis. Lesions
affecting the pelvic organs (uterus, bladder, bowel) usually
present with visceral pain, whereas lesions on the pelvic wall
tend to cause somatic pain. The characteristics of these two
types of pain are quite different and are linked to a wide range
of symptoms. On the other hand, most patients present with a
combined pattern of endometriotic lesions that are capable of
inducing various types of pain.
Thus, more than 84 % of patients suffer from dysmenorrhea
and pelvic pain while over 72 % report additional complaints.
More than 70 % of endometriosis patients are affected by
dyspareunia, and up to 50 % suffer from dyschezia.64
4.2.1.2 Definition and Classification of Endometriosis
Endometriosis is an inflammatory disease in which
endometrium-like tissue grows outside the uterine cavity.
Endometriosis can occur at a variety of sites. By definition,
endometriosis genitalis externa is characterized by the
presence of endometriotic lesions on the visceral and parietal
peritoneum of the female internal genital organs (peritoneum
of the uterus, fallopian tubes and ovaries, also the bladder,
ovarian fossa, cul-de-sac, ligaments, and pelvic wall) and by
the presence of endometriotic ovarian cysts (endometriomas).
According to the revised classification system of the American
Society for Reproductive Medicine (rASRM), endometriosis
externa is divided into four stages from minimal to severe
(rASRM I–IV)6 based on the size and number of lesions and
bilaterality, as well as associated adhesion formation noted
at the time of surgery. On the other hand, the presence of
epithelial and stromal cells in the myometrium and fallopian
tubes is termed adenomyosis, known also as endometriosis
interna. The presence of endometriotic lesions outside the
female reproductive tract (in the bladder, bowel, diaphragm,
abdominal wall, or even the lung) is called extragenital
endometriosis. Endometriotic lesions exhibit a superficial
and/or deep infiltrating growth pattern and may cause the
destruction of adjacent tissues like the bowel, bladder,

304

Endometriosis – A Concise Practical Guide to Current Diagnosis and Treatment

and ureter. The most common form of deep infiltrating
endometriosis is rectovaginal endometriosis, which is typically
located in the rectovaginal septum and classified according to
the ENZIAN scoring system.81 This system has been shown
to be helpful in assessing the degree to which endometriotic
tissue has infiltrated adjacent organs or anatomic structures
such as the sacrouterine ligaments, vagina, ureter, or bowel
wall. Destructive changes at different sites may lead to various
complaints such as severe pain and functional disorders, and
bowel-wall infiltration may even cause stenosis. The ectopic
endometrium-like tissue incites a local, chronic inflammatory
response that promotes the formation of adhesions, leading to
the progression of disease and to structural changes in internal
genitalia, with associated functional complaints.
As a result, endometriosis is frequently associated with complex
symptoms, although the severity of pain is disproportionate to
the stage of disease.7,33,42,83 Conclusions can indeed be drawn
regarding the nature of pain in symptomatic patients,31,32,48
bearing in mind that the symptoms of various manifestations
may overlap. Patients with adenomyosis, for example, usually
have dysmenorrhea but may also suffer from cyclic pelvic pain.71
The same symptoms may occur in endometriosis externa. All
manifestations of endometriosis can lead to dysmenorrhea,
and intralesional microbleeds may be a contributing factor.82
Dyspareunia is a typical feature of uterine adenomyosis,
endometriosis externa, and in some patients with rectovaginal
endometriosis, whereas infiltration of the bladder or bowel
tends to cause dyschezia or dysuria (Table 4.2).

4.2.2 Pathophysiology of
Endometriosis-Associated Pain
4.2.2.1 Complexity of Endometriosis-Associated Pain
It is very difficult to explore and understand the various forms
of endometriosis-related pain (pelvic pain, dysmenorrhea,
dysuria, dyschezia). The sites of lesion involvement will usually
determine the character of the pain.
Endometriosis may be associated with both somatic and
visceral pain. In most cases, somatic pain originating from the
Symptoms
Dysmenorrhea

Lesion sites
 Adenomyosis.
 Peritoneal lesions.
 Deep infiltrating endometriosis.

Pelvic pain




Dyspareunia
Dyschezia, dysuria
hematochezia, hematuria
Infertility

On the other hand, the parietal peritoneum has a rich nerve
supply, is sensitive to pain, temperature, touch and pressure,
and receives the same somatic nerve supply as the region of
the abdominal wall that it lines. Thus, the parietal peritoneum
lining the anterior abdominal wall is supplied by the lower six
thoracic and first lumbar nerves. It should be kept in mind
that these are the same nerves that innervate the muscles
and skin of the anterior abdominal wall. The surface of the
diaphragm has a different nerve supply. The central part of
the diaphragmatic peritoneum is supplied by phrenic nerves,
while the peripheral part is supplied by the lower six thoracic

Peritoneal und ovarian lesions.
Adhesions, adenomyosis.



Rectovaginal endometriosis.
Lesions of the cul-de-sac and sacrouterine ligaments.



Bowel and bladder involvement.



Adenomyosis, endometriosis.
Endometriomas.
 Adhesions.
 Tubal obstruction.



Table 4.2

pelvic wall, muscles, or joints can be identified by its location
and is typically described as sharp or stabbing. Visceral pain
originates from intraperitoneal organs, which have a sympathetic nerve supply. This type of pain is often poorly localized
and is described as dull and cramping. It may be spread
over several dermatomes. Pain, in most cases, is associated
with nausea and vomiting. Moreover, there is a complex
interaction among the reproductive organs, urogenital tract,
and bowel so that differentiation is often difficult, especially if
the pain becomes chronic.85 It is important to remember that
visceral organs have no somatic innervation, only autonomic
innervation. This is a dual innervation system that involves both
sympathetic and parasympathetic neurons. The sympathetic
source originates from the inferior hypogastric plexus. Visceral
organs also have sensory innervation, however. The whole
bowel wall and uterus are supplied by myelinated A-delta
fibers and nonmyelinated C fibers. The cell bodies of the
visceral afferent neurons are located in the dorsal root ganglia.
However, the route of the visceral afferents to the spinal cord
typically involves passage through or near prevertebral ganglia,
where they can distribute collateral axons to autonomic ganglia
with associated secretory and motor functions and autonomic
activation. With afferent fibers arising from somatic structures,
on the other hand, the number of visceral afferent fibers is
estimated to be less than 10 % of the total spinal afferent input
from all sources. This may explain why visceral pain tends to
be poorly localized. It is interesting to note that visceral pain is
not a necessary consequence of tissue injury and can result
from stretching and mechanical stimulation.
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nerves. In the pelvic region, the parietal peritoneum is supplied
chiefly by the obturator nerve, which is a branch of the lumbar
plexus. Somatic nerves that innervate the parietal peritoneum
also supply the corresponding segmental areas of skin and
muscles. Irritation of the parietal peritoneum incites a reflex
muscular contraction with localized hypercontractility, which
explains the frequent reports of pelvic floor tenderness.

Although dysmenorrhea is considered a major social
and economic problem in patients with endometriosis
and adenomyosis,3,38 there is still a lack of knowledge
and experience in understanding the pathophysiology of
adenomyosis and endometriosis-associated dysmenorrhea.

Other complications result from adhesion-related pain, which
is often characterized by a transition from cyclic to acyclic
pelvic pain.

An established phenomenon in women with primary
dysmenorrhea is ischemic pain due to myometrial
hyperactivity and a consequent reduction of uterine blood
flow.3 Potential etiological factors in primary dysmenorrhea
are substances that increase myometrial contractility such as
oxytocin (OT), vasopressin (VP), and prostaglandin (PG) F2α.57
Plasma levels of both VP and OT are elevated in women with
dysmenorrhea.2,4,29,78 Oxytocin receptor (OTR) and vasopressin
receptor (VPR) have been detected in the myometrium of
nonpregnant women.51,61 Uterotonic peptides like OT, VP,
endothelin, norepinephrine, and/or endoperoxides can
promote the vasoconstriction that occurs in dysmenorrhea.
They act directly on the resistance of the uterine arteries. The
endometrial synthesis of PGF2α would be regulated under the
influence of OT, estradiol and progesterone, and so PGF2α
can activate pain by the stimulation of uterine contractions
and afferent nerve fibers, leading to a pain sensation.52

Chronic pain in endometriosis patients commonly leads
to a reactive depression over time and is associated with
somatoform pain symptoms, making the disease even more
complex.73 This calls for a broad differential diagnosis that may
include postoperative adhesions (not endometriosis-related),
pelvic inflammatory disease (PID), pelvic varicosity, interstitial
cystitis, nonspecific intestinal disorders such as irritable bowel
syndrome, and prior physical and/or sexual abuse.
Ultimately, it is a difficult task to characterize and evaluate
pelvic pain due to the difficulty most patients have in accurately
describing the location of their pain.58
4.2.2.2 Pelvic Pain
Pelvic pain is generally experienced as abdominal pain located
below the level of the umbilicus. This pain may be acute or
chronic. Pelvic pain that occurs during the menstrual cycle
and relates to hormonal causes is known as ‘chronic cyclic
pelvic pain’ (CCPP). CCPP also includes pelvic pain occurring
in a cyclic pattern but not related to menstrual bleeding, as
illustrated by the German term ‘Mittelschmerz’ or intermenstrual
pain. 90 Moreover, pelvic pain may follow no cyclic pattern and
is therefore unrelated to hormonal fluctuations.1
Other specific forms of pelvic pain are dyspareunia and
dysmenorrhea. Dyspareunia is pelvic pain associated
with sexual intercourse. Dysmenorrhea, defined as painful
menstruation, can be classified as primary or secondary based
on the absence or presence of an underlying cause. Painful
menstruation without pelvic pathology was formerly described
as primary dysmenorrhea, while secondary dysmenorrhea
stems from an underlying condition such as endometriosis.35
How
ever, more than 80 % of patients diagnosed with
endometriosis report severe dysmenorrhea starting from their
first menstrual bleed. Clinical surveillance has shown that the
occurrence of primary dysmenorrhea (painful menstruation
starting from the first menstrual period) appears to be typical
in patients with endometriosis, even though the lesions
themselves develop at a later time.57
Pathophysiologic aspects of dysmenorrhea, pelvic pain, and
dyspareunia will be explored below in greater detail.

Dysmenorrhea
Dysmenorrhea is described as an intermittent cramping
discomfort in the lower abdomen and pelvis. This may be
associated with a bearing-down sensation, backache, and
epigastric discomfort with nausea and vomiting. Pain radiating
to the legs is not uncommon.

Primary Dysmenorrhea

A therapeutic benefit of competitive OT and VP receptor
antagonists in primary dysmenorrhea1,5,76,77 is supported by
the therapeutic use of oral contraceptives in women with
primary dysmenorrhea. This therapy works by lowering the
plasma levels of OT, VP, and estrogen receptors (ER).1,2,29 The
administration of ethanol inhibits the release of the posterior
pituitary hormones VP and OT. It also causes a complete
suppression of uterine contractility in nonpregnant women.36

Endometriosis and Adenomyosis-Associated Dysmenorrhea
Adenomyosis and endometriosis coexist in 90 % of
cases.50 The most common symptoms of adenomyosis are
dysmenorrhea (30–50 %), menorrhagia (50 %), metrorrhagia
(20 %), and occasional dyspareunia, pelvic pain, and
infertility.72 Adenomyosis may be considered a major cause
of dysmenorrhea, therefore. The frequency and severity
of symptoms correlate with the extent17 and depth of
adenomyotic foci in the myometrium.68

Hyper- and Dysperistalsis
Researchers have found that a model of abnormal myometrial
contractility in patients with adenomyosis and endometriosis
is similar to that seen in the hyperperistalsis and dysperistalsis
of myometrial cells.22,55 Myometrial contractions in the
nonpregnant uterus originate exclusively from the junctional
zone.19,22,60,88 The expression of OTR and VPR has also been
established in patients with adenomyosis.65
The myometrium consists of at least two functionally and
structurally distinct zones: the subendometrial or junctional
zone and the outer myometrium.19-21,26,37,54
Significant morphologic changes have been noted in the
myometrial architecture of adenomyosis patients. The
junctional zone in the uteri of patients with adenomyosis
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was often found to be significantly more fissured than in
women without adenomyosis.65 Adenomyosis-associated
myometrium was also found to be more compact than
unaffected myometrium. Overexpression of OTR, which
is present in 50 % of cases, and metaplastic activity of
adenomyotic cells give rise to myometrial hyperplasticity and
metaplasia.34,37,47,49,54,56,66,75 The structural changes promote
peristalsis, leading to pain.

This mechanism underlies the inflammatory nociceptive pain
component and validates the use of PG synthesis inhibitors
such as NSAIDs in the treatment of endometriosis. It also
explains the target of hormonal therapy with combined oral
contraceptives (COCs), progesterone-only pill (POP), and
gonadotropin releasing hormone agonists (GnRHa) for the
deregulation of ovarian function. Interrupting the cyclic activity
of the lesions in this way can significantly improve symptoms.

Deep Infiltrating Endometriosis of the Rectovaginal Septum
In deep infiltrating endometriosis of the rectovaginal septum,
with bowel and/or vaginal infiltration, the extent of disease
usually correlates with the severity of dysmenorrhea and
dyspareunia. Significant improvement of these symptoms was
reported after excision of the infiltrated rectovaginal lesions.24

Unfortunately, despite the well-documented results of surgical
and hormonal therapy, pain continues to be an everyday fact
of life for a great many patients, with a reported failure rate
of 20–25 %.7 It is also remarkable that only half of patients
complain of ‘typical’ endometriosis pain that is intermittent and
related to the menstrual cycle, while the remaining half suffer
from chronic pain.7

Pathogenesis of Endometriosis-Associated Cyclic and Acyclic
Pelvic Pain
As noted earlier, the character and pathogenesis of
endometriosis-associated chronic pelvic pain are not yet fully
understood. The source of the pain may be peritoneal lesions,
adhesions, and the uterus itself. Moreover, chronic pelvic pain
leads to functional disorders of the pelvic floor, with associated
muscle spasms and pain.

Because its nature is poorly understood, this chronic pain
has often prompted psychosomatic therapy trials undertaken
in the belief that cognitive distortions, negative conditioning,
depressive disorders, or ‘social stress’ (based on the biopsychosocial concept of chronic pain) may be the principal
source of complaints. The quality of chronic pain is often
described as burning or stabbing. To date, there have been
no published data on endometriosis-associated pain qualities.
It could also be interpreted as neuropathic pain, and a neural
invasion theory has been proposed.7

Pain from Peritoneal Endometriotic Lesions
The question as to why patients with peritoneal endometriosis
have such severe pain, while other peritoneal diseases such
as malignancies are often asymptomatic, is still far from clear.
Normal peritoneum has a very rich nerve supply. Most notably,
the parietal peritoneum is a mediator of pain in diseases such
as acute peritonitis secondary to appendicitis or PID. Possible
contributing factors for severe pain expression in peritoneal
endometriosis could be the activity of the lesion in producing
pain and inflammatory mediators, as well as the growth of
nerve fibers and the suspected contractions of isolated muscle
fibers in the peritoneum. The ovary, unlike the peritoneum, is
quite insensitive to pain. It may assume enormous proportions
(e.g., due to ovarian cancer or endometrioma) before significant
pain develops, usually as a result of peritoneal irritation.

Inflammatory Nociceptive Pain
The synthesis of pain mediators occurs in the peritoneal lesions
themselves and is the main determinant of peritoneal pain. The
number, activity, and infiltration depth of the lesions appear
to correlate with pain severity.24,82,87 Pain mediators such as
prostaglandins (PG), histamine, kinins, and interleukins are
secreted by peritoneal endometriotic lesions and are known
to activate nociceptors.28,67,87 Consistent with the behavior of
ectopic endometrium, peritoneal implants are subject to cyclic
changes and therefore secrete mediators in a cyclic fashion.
Despite a relative lack of current study data on this issue, recent
studies have shown that PG synthesis, with an up-regulation of
cyclooxygenase-2 (COX-2) expression, is indirectly increased
in peritoneal endometriosis-associated macrophages89 and
in ectopic endometriotic implants.69 The COX-2 expression
correlates with the concentration of secreted PGE2 in the
peritoneal fluid and with the severity of endometriosis.89

Neurogenic Inflammation
The dissemination of nerve fibers in close contact with
endometriotic lesions is an established observation8,63,80 and
suggests that nerve fibers are involved in pain generation,
especially the development of neuropathic pain and neurogenic
inflammation. More specifically, it has been suggested that the
co-localization of nerve fibers with immature blood vessels
and the expression and release of nerve growth factor (NGF) is
related to the ingrowth of new nerve fibers into endometriotic
lesions.62
The nervous system plays a key role in other chronic
inflammatory diseases. Normally, in unaffected tissue, more
sympathetic nerve fibers are expressed than sensory nerve
fibers. Sympathetic neurotransmitters such as epinephrine
and norepinephrine have a concentration-dependent antiinflammatory action, while the neurotransmitter substance P,
released from sensory nerve fibers, is more pro-inflammatory.
Tissue that has undergone inflammatory changes, as in
rheumatoid arthritis, shows a significant increase in sensory
nerve fibers with an associated loss of sympathetic fibers.
The result is an imbalance of pro- and anti-inflammatory
neurotransmitters in inflammatory tissue.35 This phenomenon
appears to be a major factor in the persistence of chronic
inflammation and pain generation. When the distribution of
sensory and sympathetic nerve fibers is analyzed in peritoneal
endometriotic lesions, a definite imbalance of sensory and
sympathetic nerve fibers can be confirmed.3 These changes
in peritoneal innervation seem to account for the neurotrophic
properties found in endometriotic lesions, with the expression
and release of NGF as well as estrogen.13,18,63 The expression
of NGF and estrogen leads to a proliferation of sensory
nerve fibers and a depletion of sympathetic nerve fibers.14
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Fig. 4.5 The process of a neurogenic
inflammatory response in tissue affected
by endometriosis: The expression of NGF
and estrogen induces the proliferation of
sensory nerve fibers (seNF) and depletion
of sympathetic nerve fibers (syNF). Sensory
nerve fibers secrete neuropeptides, triggering
a neurogenic inflammatory response,
while increasing numbers of immune cells
and macrophages release pain-mediating
substances and semaphorins.

The sensory nerve fibers secrete neuropeptides, inciting a
neurogenic inflammatory response with increasing numbers
of immune cells and macrophages. These cells, in turn,
release pain-mediating substances as well as semaphorins.
Semaphorins are nerve-repellent factors for sympathetic
nerve fibers, leading to the repulsion and loss of sympathetic
fibers.10 Thus, we can see how the process of a neurogenic
inflammatory response can be initiated and how ongoing
neuroimmune modulation could alter and cause microinjury to
the mesothelial cells of the peritoneum (Fig. 4.5).53

Endometriosis-Associated Smooth Muscle Cells
Endometriosis-associated smooth muscle cells are another
important component of peritoneal endometriotic lesions.62
Endometriosis-associated smooth muscle cells occupy a
significant portion (40 %) of the lesion.15 These cells express
oxytocin and vasopressin receptor, both estrogen receptors,
and progesterone receptor, which are all components
that characterize uterine myometrial cells.40 It is possible
that peritoneal nociceptors leading to pain generation are
stimulated and incite contractions of these endometriosisassociated smooth muscle cells.23,40
Adhesions
Adhesions are believed to be one of the mechanisms involved in
the pathogenesis of pelvic pain. The evolution of endometriosis
is associated with the development of adhesions, which may
underlie the transition from cyclic pain to acyclic chronic pain.
For many years, researchers have recognized the importance
of inflammatory and postoperative adhesions as the principal
sources of chronic pelvic pain. One prospective study found
that pain reduction by adhesiolysis was not significantly
improved when compared with diagnostic laparoscopy
alone.79 Only a more specific analysis of the lysis of very
dense, well-vascularized and innervated adhesions showed
a significant reduction in pain. Data regarding the etiology of
adhesion-related pain are still unclear, however. There is a
theory that endometriosis is a chronic inflammatory disease
associated with pelvic adhesions27 and with reformation of
adhesions following laparoscopic excision and adhesiolysis
of endometriotic lesions.43,59,70

Uterus
Parker et al. found that peritoneal lesions were not the only
factor involved in the development of pain. Pelvic pain could
still persist after optimal excision of all endometriotic lesions
in the pelvis, usually as a result of comorbid adenomyosis.
This shows that the uterus itself is involved in the sensation of
lower abdominal pain. Accordingly, it is difficult to differentiate
uterine and pelvic pain.70

Musculoskeletal System
Pelvic pain can develop from the pelvic floor muscles as well
as the muscles of the abdominal wall. Today, these muscles
are considered to be primary or secondary causes of pelvic
pain. Up to 85 % of patients with chronic pelvic pain are found
to have musculoskeletal dysfunction such as spasticity of the
pelvic floor muscles.12,74 Pelvic floor spasms are a common
finding in endometriosis patients with chronic pain.

Deep Dyspareunia
Dyspareunia is a distressful condition that can significantly
impact relationship satisfaction, family planning, and quality
of life. Position-dependent pain and pain on deep penetration
are common complaints in endometriosis patients. The
pathogenesis of endometriosis-associated dyspareunia is
still unclear, except in cases where deep infiltrating nodules
are found in the rectovaginal septum. Rectovaginal nodules
may reach several centimeters in diameter and often have
a dense nerve supply, with some nerve fibers infiltrated by
stromal cells.9 An increase in nerve fiber density correlates
with increasing hyperalgesia.9 Pain also results from traction
on the inelastic parametrium by the compression of fibrotic
tissue embedded in endometriotic implants.86
Central Sensitization
Apart from peripheral pain sensitization, central sensitization
can be an important mechanism of pain generation and
perception. Central sensitization can act on various levels of
the spinal cord to create a condition in which normal input
evokes an exaggerated response. This phenomenon, while
well explored in other conditions (toothache, headache,
fibromyalgia), has been poorly investigated in endometriosis.
It is probably one of the factors that leads to chronic pain in
some women, independent of the lesions themselves.
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He et al. reported on a very important finding in endometriosis
patients. They discovered that the pain threshold in patients
with symptomatic endometriosis was significantly lower
than in healthy women. More importantly, the excision of
endometriotic lesions was not only capable of lowering the
level of pain but even caused the pain threshold to return to a
normal level similar to that in healthy controls.45 This suggests
that the surgical treatment of endometriotic lesions can have
a positive impact on central hyperalgesia.
Another interesting aspect of chronic pelvic pain is a possible
effect of brain morphology on changes. A morphometric
study of the brain was conducted in four groups: patients with
endometriosis and chronic pelvic pain (CPP), patients with
endometriosis but without CPP, patients with CPP but without
endometriosis, and healthy controls. The study showed
that, relative to the controls, women with endometriosisassociated CPP and women with CPP and no endometriosis
had decreased gray-matter volume in brain areas involved
in pain perception, including the left thalamus, left cingulate
gyrus, right putamen, and right insula. The same pattern was
not observed in patients with endometriosis and no CPP. The
authors concluded that CPP was associated with changes in
regional gray-matter volume within the central pain system.
At the same time, endometriosis itself can be an important
risk factor for developing CPP, acting as a cyclic source of
peripheral nociceptive input. Recent data prove that changes
in the central pain system also play an important role in
the evolution of chronic pain, regardless of the presence of
endometriosis. The authors propose a conceptual approach
for understanding possible mechanisms of pain chronification
in patients with dysmenorrhea and/or endometriosis.11
4.2.2.3 Management of Endometriosis-Associated Pain in Patients
Without a Current Desire for Pregnancy
First it is essential to take an accurate and meticulous
patient history that includes a detailed, chronological pain
history. The pain history should cover timing, onset, location,
radiation, precipitating and relieving factors, and the nature
of the pain. In particular, the physician should ask specifically
about dysmenorrhea, pelvic pain (cyclic and acyclic), deep
dyspareunia, dyschezia, and dysuria. History taking should
include attention to cyclic pain relating to the patient’s menstrual
cycle. The onset of associated symptoms such as dysuria or a
change in bowel habits relative to the menstrual cycle should
also be determined. The severity of symptoms should be rated
in a questionnaire with a visual analog scale, and associated
symptoms such as nonspecific bowel complaints should be
assessed. A meticulous review of the ‘typical endometriosis
history’ will avoid overlap with symptoms of other gynecologic
and nongynecologic conditions that involve dysmenorrhea or
pelvic pain. The clinical examination should include a pelvic
examination and transvaginal ultrasound. Focal tenderness on
pelvic examination is strongly associated with endometriosis.
A pelvic mass, immobile pelvic organs, and rectovaginal
nodules are also suggestive of endometriosis.
If endometriosis is suspected, a diagnostic laparoscopy
should be performed and should include the removal of all
visible endometriotic implants.

Initial clinical staging should also be done during this
procedure.6 In order to achieve significant pain reduction
and quality-of-life improvement, it is essential to remove all
visible implants and endometriotic nodules, lyse adhesions,
and restore physiologic anatomy. Several studies have
documented the efficacy of this approach,39,44,46 especially in
patients with deep infiltrating endometriosis.24
Endometriosis, of course, is characterized by a high recurrence
rate of symptoms and implants following surgical treatment.84
Most patients will require hormonal therapy due to persistent
complaints. Medical treatment with the various forms of
COCs and POPs is considered to be the best approach
in patients who desire pregnancy. This type of therapy is
appropriate if it can be continued on a long-term basis at
reasonable cost with an acceptable profile of side effects. The
use of COCP on a continuous basis is effective in suppressing
menstruation and preventing dysmenorrhea and cyclic pelvic
pain. Progestins act upon various processes, including the
suppression of ovarian activity, and are acknowledged to
be highly effective in endometriosis patients.82 Recently, a
levonorgestrel-releasing intrauterine device was tested as a
new approach to the treatment of dysmenorrhea.16 GnRH
analogues can be used to suppress ovarian function for pain
relief in endometriosis patients. Symptomatic treatment can
be modeled with painkillers such as prostaglandin inhibitors
(ibuprofen) in good responders. Pain recurrence after surgery
with a normal pelvic examination would be a definite indication
for hormonal therapy. No accurate data are available on the
quality and duration of benefit yielded from secondary surgery,
so the need for reoperation is a difficult decision.85 It should
be decided only after reviewing the efficacy of initial surgery,
the presence of a visible or palpable endometriotic mass, and
evaluation of issues related to family planning (in patients with
a normal pelvic examination). Moreover, reoperation should
be postponed for as long as possible.
Osteopathic therapy has been shown to be very beneficial
for pelvic pain, adhesions, myofascial pain, and myalgia
as a complementary treatment option. Interdisciplinary
observation of these patients is also desirable (counseling,
treatment at a pain management center). Considering the
severity of endometriosis-associated chronic pelvic pain and
quality-of-life reduction, a long-term program of individualized
management is advised. The most important message of this
chapter is the need to educate patients about the chronic,
biological nature of their disease. They should understand
that the disease can result in a chronic pelvic pain syndrome.
Open discussion is essential so that patients can better adapt
to their condition and learn new lifestyle strategies. Once a
chronic pain syndrome has become established, it is difficult
to break the cycle.

4.2.3 Conclusion
Pain is a distressing, complex process related to various pain
stimuli, signal transmission, and central processing, which are
influenced by subjective variables of pain perception (Fig. 4.5).
These mechanisms are mediated by various peptides. It is
important to gain a fuller understanding of pain generation,
as the results of surgical, hormonal, and analgesic therapies
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are often unsatisfactory. On the other hand, hormonal and
surgical treatments are beneficial in a great many patients,
resulting in a complete resolution of symptoms.
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L aparoscopic Surgery for Treatment of Endometriosis-Associated
Pelvic Pain Including the Role of Presacral Neurectomy

Alan Lam a | Ted Lee b
4.3.1 Background

Endometriosis, characterised by the finding of endometriallike tissue outside the uterus, is one of the most common
gynaecological conditions associated with chronic pelvic pain
amongst women of reproductive age.9 In the evaluation of the
role of laparoscopic surgery for the treatment of endometriosisassociated pain, it is appropriate to be reminded that pain is
complex, subjective and variable. As such, it is fundamental to
apply the definition of pain as suggested by the International
Association for the Study of Pain (IASP) that defines pain as
an unpleasant sensory and emotional subjective experience
associated with actual or potential tissue damage.13 While
pain that resolves quickly is called acute, chronic pain refers
to pain that continues beyond the expected healing time,
traditionally accepted as beyond 6 months duration. Chronic
pelvic pain (CPP) refers to non-cyclic pain that localizes to the
anatomic pelvis, the anterior abdominal wall, the lumbosacral
back or buttocks, of sufficient severity to cause functional
disability or lead to medical care.3
The association between endometriosis and chronic pelvic
pain is suggested by epidemiological studies which have
found prevalence of endometriosis ranging from 30 to 90 %
amongst women undergoing laparoscopy for evaluation of
chronic pelvic pain compared to 5 % of those who do not have
infertility or CPP.12 This association is further supported by
studies which have found surgical treatment of endometriosis
is associated with significant improvement in CPP.1,23 However,
the relationship between pain and endometriosis is not clear
cut as endometriotic lesions have been detected in up to 43 %
of asymptomatic women.20
This chapter aims to review the current understanding of
the mechanisms, the neuroanatomical basis, the role and
outcomes of surgical treatment and finally the role of presacral
neurectomy for endometriosis-associated pelvic pain.
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4.3.2 How Does Endometriosis Cause Pain?

The mechanisms by which endometriosis causes pain are
complex and still not fully understood. Current evidence
suggests that endometriosis-associated pain most likely
arises through nociceptive, inflammatory and neuropathic
pathways as a result of direct effects of cyclical active bleeding
from endometriotic implants and indirect effects involving
the production of cytokines and nerve growth factors by
endometriotic cells and activated macrophages which activate
silent nociceptors, stimulate and irritate neuronal ingrowth into
nerve endings of pelvic floor nerves especially in the pouch of
Douglas and the areas of the uterosacral ligaments.12
Pain associated with endometriosis varies from person
to person and may encompass a variable and fluctuating
constellation of dysmenorrhea, dyspareunia and nonmenstrual chronic abdominal and pelvic pain with the
sentinel symptom being dysmenorrhea.10,22 Another
puzzling aspect of endometriosis-associated pain is that
the association between endometriosis stage and severity
of pelvic symptoms is marginal and inconsistent making it
difficult to evaluate pain as an outcome following surgical
treatment of endometriosis.25–27

4.3.3 Neuro-Anatomical Innervation and Sensory
Pathways for Pelvic Viscera

The pelvic viscera are innervated by both parasympathetic
and sympathetic nerves that lie in the retroperitoneal space.
They reach the pelvic organs via the superior hypogastric
plexus (a single ganglionic midline plexus) which divides into
the hypogastric nerves (two nerve trunks without ganglia) that
connect with the inferior hypogastric plexus.7
The inferior hypogastric plexus is a mesh-like network of
nerves that is formed by parasympathetic fibres from the
pelvic splanchnic nerves from the second, third and fourth
sacral segments and sympathetic fibres and sensory nerve
fibres from the superior hypogastric plexus (SHP). The
superior hypogastric plexus (also known as presacral nerve)
lies within the connective tissues of the retroperitoneal space
ventrally to the aorta and its bifurcation, the middle sacral
vessels, left common iliac vein in front of the fifth lumbar
vertebra and between the common iliac arteries. It consists of
sympathetic fibres from the abdominal aortic plexus, bilateral
lumbar splanchnic nerves, and parasympathetic fibres from
the inferior hypogastric plexus, and afferent sensory nerve
fibres from the pelvic viscera. To the right of the SHP lies the
right ureter and common iliac vein and artery, to the left the
sigmoid colon, inferior mesenteric vessels and the left ureter16
(Fig. 4.6).
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Pain impulses from the uterus, cervix, upper vagina and
inner third of fallopian tubes travel via the inferior hypogastric
plexuses through the hypogastric nerves to the superior
hypogastric plexus. Pain impulses from the ovary and the
outer two-thirds of the fallopian tubes travel via the plexus
of nerves that accompany the ovarian vessels to the renal
plexus.19 In a series of 30 cadaveric dissections, Curtis et al.
found that the superior hypogastric plexus is a single trunk in
only 20 % of the anatomical dissections, 75 % of the time on
the left, 25 % in the midline and none on the right.6

4.3.4 The Role of Surgery in the Treatment
of Endometriosis-Associated Pain

Apart from its irrefutable diagnostic value, laparoscopic surgery
has potential therapeutic benefits in improving pelvic pain by
removing all visible endometriotic lesions and associated
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In the 2009 Cochrane review by Jacobson et al. which
assessed the efficacy of laparoscopic surgery in the treatment
of pelvic pain associated with endometriosis, a total of 246
participants in five studies were included in the meta-analysis.15
The authors concluded that laparoscopic surgery results
in improved pain outcomes when compared to diagnostic
laparoscopy alone but were unable to draw conclusions
from the meta-analysis which specific laparoscopic surgical
intervention is most effective.
In the 2014 Cochrane review by Duffy et al. which assessed
the effectiveness of laparoscopic surgery in the treatment of
pain associated with endometriosis, the authors identified
10 randomised controlled trials which included five RCTs
comparing laparoscopic ablation or excision versus diagnostic
laparoscopy only, two RCTs comparing laparoscopic excision
versus diagnostic laparoscopy only, two RCTs comparing
laparoscopic excision versus ablation and one RCT
which compared laparoscopic ablation versus diagnostic
laparoscopy and injectable gonadotropin-releasing hormone
analogue (goserelin) with add-back therapy. The authors
concluded that there was moderate quality evidence that
showed laparoscopic surgery was associated with decreased
overall pain (measured as ‘pain better or improved’) compared
with diagnostic laparoscopy, both at six months and at 12
months.8
On the other hand, Abbott et al. found that surgery is associated
with a 30 % placebo response that is not dependent on the
severity of the disease. They also found that 20 % of women
do not report an improvement after surgery.1 Furthermore,
a number of observational studies have found up to 24 %
cumulative risk of recurrent dysmenorrhoea and risk of further
surgery up to 36 % at 5 year follow-up.2,24
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adhesions, repairing damage or trauma to the affected organs
and re-establishing normal pelvic and reproductive organ
anatomy.18

IA

Fig. 4.6 Schematic representation of the superior hypogastric plexus and
its neural in- and outflow structures.
Key to acronyms:
abdominal aorta (A); renal vein (RV);
abdominal aortic plexus (AAP); renal artery (RA); lumbar splanchnic
nerve (LSN); inferior mesenteric artery (IMA); inferior mesenteric plexus
(IMP); vena cava inferior (VCI); sympathetic chain (SC); SHP: superior
hypogastric plexus (SHP);
common iliac artery (CIA); common iliac vein (CIV); ureter (U); hypogastric
nerves (HN); external iliac artery (EIA); internal iliac artery (IIA).
The schematic representation was adapted based on the following
source: A.C. Kraima et al.16

While current RCTs have failed to demonstrate clear benefits
of excision over ablation, a recent RCT by Healy found a
significantly greater reduction in dyspareunia VAS scores in
the excision group and a higher use of medical treatments
amongst the ablation group. It is also generally recommended
to excise endometriosis lesions where possible, especially
deep endometriotic lesions.11

4.3.5 The Role of Presacral Neurectomy (PSN)

Presacral neurectomy, first described by Jaboulay14 in
France and Ruggi21 in Italy in 1899, is a surgical procedure
in which the surgeon sets out to remove the sensory nerve
fibres innervating the pelvic viscera in the hope of relieving
intractable pelvic pain and dysmenorrhoea. Since the late
1980’s, with increasing availability of medical and pain
management options ranging from the oral contraceptive
pills, NSAIDs, Mirena, progestogens and GnRh analogues,
and increasing awareness of the potential unwanted sideeffects of pelvic denervation procedures, PSN has become
an uncommon surgical procedure, reserved for women with
intractable central pelvic pain and dysmenorrhea.17,19
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4.3.5.1 Surgical Technique
For a laparoscopic surgeon performing presacral neurectomy,
a comprehensive understanding of the presacral vascular
anatomy and anatomic landmarks of the procedure is
paramount. After surveying the superficial landmarks of
surrounding interiliac triangle (Fig. 4.7), a vertical peritoneal
incision is made between the sacral promontory and the aortic
bifurcation. The peritoneum is elevated and retracted laterally
to avoid injury to the underlying vasculature. The first vascular
structure parallel to the left peritoneal edge is the rectal branch
of the inferior mesenteric artery (IMA). An avascular plane is
developed between IMA and presacral nerve to expose the
left common iliac vein and artery underneath. IMA is the
most relevant anatomic landmark for presacral neurectomy.
Crossing over both the left common iliac vein (LCIV) and
artery (LCIA), the IMA serves as the left lateral border of the
dissection (Fig. 4.8). At times, the left ureter can be seen under
and lateral to the IMA, but it is unnecessary to dissect lateral
to the IMA to identify the left ureter.
The anatomy on the right side of the presacral dissection is
simpler. The right common iliac artery (RCIA) and ureter are
anatomic landmarks for the dissection. The fibroadipose
tissue is dissected medially off the right common iliac artery.
Dissection should remain medial to the right ureter.

The presacral nerve is desiccated and transected after being
elevated off sacral promontory below the lower border of
left common iliac vein (Fig. 4.9). Great care should be taken
to identify the lower border of the left common iliac vein
before any kind of surgical energy source is applied. Once
the presacral nerve is transected, it can be reflected cephalad
off the left common iliac vein toward the bifurcation of aorta.
Middle sacral vessels and left common vein are uncovered
underneath after a segment of presacral nerve is transected
for pathologic confirmation (Fig. 4.10).
4.3.5.2 Outcomes
In a prospective randomized double-blind controlled trial by
Zullo et al. involving 141 sexually active women of fertile age
with chronic severe dysmenorrhea caused by endometriosis
treated with conservative laparoscopic surgery and assigned
randomly to not receive or receive presacral neurectomy, the
authors defined the cure rate as the percentage of patients
who reported an absence of dysmenorrhea or dysmenorrhea
that did not require medical treatment at 6 and 12 months
after the procedures. The cure rate was significantly higher
in the PSN group compared with the non-PSN at a follow-up
examination at 6 months (87.3 % vs 60.3 %) and 12 months
(85.7 % vs 57.1 %). There was no difference in short-term

Fig. 4.7 The Cotte’s interiliac triangle is an anatomic area defined
caudally by the sacral promontory, and the common iliac arteries laterally.
Key to acronyms: ureter (URET); right common iliac artery (RCIA);
middle sacral vessels (MSV).

Fig. 4.8 Relationship of the inferior mesenteric artery and surrounding
structures with retraction of the peritoneal edge.
Key to acronyms: inferior mesenteric artery (IMA); ureter (URET);
left common iliac artery (LCIA);
left common iliac vein (LCIV); presacral nerve (PSN).

Fig. 4.9 Presacral nerve elevated off sacral promontory below left
common iliac vein.
Key to acronyms: left common iliac vein (LCIV); presacral nerve (PSN).

Fig. 4.10 Anatomy after a segment of the presacral nerve has been
removed. The char edge on the lower part of the figure is the cephalad
end of the transected presacral nerve.
Key to acronyms: inferior mesenteric artery (IMA); ureter (URET);
left common iliac artery (LCIA); left common iliac vein (LCIV);
right common iliac artery (RCIA); middle sacral vessels (MSV).
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surgical complications between the two groups, but 3.2 %
of women in the PSN group experienced temporary urine
retention, while 3.3 % encountered constipation at 6 months
and 14.3 % at 12 months.28 At 2-year follow-up, the same
authors found the severity and frequency of dysmenorrhea,
dyspareunia, and CPP decreased significantly in both groups
(P < 0.05) in comparison with baseline values. The severity
of dysmenorrhea, dyspareunia, and CPP was significantly
(P < 0.05) lower in the PSN than in the non-PSN group (83.3 %
vs. 53.3 % cured; RR 1.62).29

4.3.7 References
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undergoing laparoscopic PSN by Chen et al. (2007), the
authors reported a 0.6 % incidence of major complications
which included one injury to the right internal iliac artery, 3
cases of laceration to the middle sacral vein, 3 chylous ascites,
and a 74 % incidence of postoperative constipation.5 Zullo et
al. reported 18 % incidence of postoperative constipation, 5 %
urinary urgency, no urinary retention or sexual dysfunction.28

4. Chang CY, Chang WC, Hung YC, Ho M, Yeh LS, Lin WC.
Comparison of a new modified laparoscopic presacral neurectomy
and conventional laparoscopic presacral neurectomy in the
treatment of midline dysmenorrhea. Int J Gynaecol Obstet
2007;99(1):28–32. doi:10.1016/j.ijgo.2007.03.016.
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superior hypogastric nerve bundles were transected along
the aortic bifurcation, not in the interiliac triangular area in
42 women with severe midline dysmenorrhoea, the authors
found 90.5 % had a pain score < 4 on a 0 to 10-pain scale
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the preservation of one sympathetic lumbar branch that joined
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uncommon, presacral neurectomy carries potential for both
intraoperative and postoperative complications which should
be included in preoperative informed consent.

4.3.6 Conclusion

Chronic pelvic pain is a common presenting symptom
of endometriosis. The mechanisms responsible for
endometriosis-associated pain are complex and may vary
from time to time and from person to person. Laparoscopic
treatment of endometriosis by excision or ablation has
been shown to be effective for relief of endometriosisassociated pain, albeit that there is a gradual cumulative risk
of recurrence. There is high-quality evidence demonstrating
additional benefits of presacral neurectomy for relief of
chronic, intractable central pelvic pain in carefully selected
cases with careful consideration of benefits, surgical risks and
risk of pelvic organ dysfunction.

1. Abbott J, Hawe J, Hunter D, Holmes M, Finn P, Garry R.
Laparoscopic excision of endometriosis: a randomized, placebocontrolled trial. Fertil Steril 2004;82(4):878–84.
doi:10.1016/j.fertnstert.2004.03.046.
2. Abbott JA, Hawe J, Clayton RD, Garry R. The effects
and effectiveness of laparoscopic excision of endometriosis:
a prospective study with 2-5 year follow-up. Hum Reprod
2003;18(9):1922–7.
3. ACOG Practice Bulletin No. 51. Chronic pelvic pain.
Obstet Gynecol 2004;103(3):589–605.

5. Chen FP, Soong YK. The efficacy and complications of
laparoscopic presacral neurectomy in pelvic pain. Obstet Gynecol
1997;90(6):974–7.
6. Curtis AH, Anson BJ, Ashley FL, Jones T. The anatomy of
the pelvic autonomic nerves in relation to gynecology.
Surg Gynecol Obstet 1942;73:743–50.
7. DeLancey J. Surgical anatomy of the female pelvis. In: Jones
HW, Rock JA, editors. Te Linde’s operative gynecology, 9th ed.:
Lippincott William & Wilkins; 2003.
8. Duffy JM, Arambage K, Correa FJ, Olive D, Farquhar C,
Garry R et al. Laparoscopic surgery for endometriosis. Cochrane
Database Syst Rev 2014;4:CD011031.
doi:10.1002/14651858.CD011031.pub2.
9. Giudice LC. Clinical practice. Endometriosis. N Engl J Med
2010;362(25):2389–98. doi:10.1056/NEJMcp1000274.
10. Guo SW, Wang Y. The prevalence of endometriosis in women
with chronic pelvic pain. Gynecol Obstet Invest 2006;62(3):121–30.
doi:10.1159/000093019.
11. Healey M, Cheng C, Kaur H. To excise or ablate
endometriosis? A prospective randomized double-blinded trial after
5-year follow-up. J Minim Invasive Gynecol 2014;21(6):999–1004.
doi:10.1016/j.jmig.2014.04.002.
12. Howard FM. Endometriosis and mechanisms of pelvic pain.
J Minim Invasive Gynecol 2009;16(5):540–50.
doi:10.1016/j.jmig.2009.06.017.
13. International Association for the Study of Pain. Part
III: Pain Terms, A Current List with Definitions and Notes on Usage”
(pp 209–214) Classification of Chronic Pain, Second Edition, IASP
Task Force on Taxonomy, edited by H. Merskey and N. Bogduk.
[30, May 2016]; Available from: http://www.iasp-pain.org/Taxonomy.
14. Jaboulay M. Le traitement de la névralgie pelvienne par la
paralysie du sympathique sacré. Lyon Médicien 90;1899:102–8.
15. Jacobson TZ, Duffy JM, Barlow D, Koninckx PR,
Garry R. Laparoscopic surgery for pelvic pain associated with
endometriosis. Cochrane Database Syst Rev 2009(4):CD001300.
doi:10.1002/14651858.CD001300.pub2.
16. Kraima AC, van Schaik J, Susan S, van de Velde CJ,
Hamming JF, Lakke EA et al. New insights in the neuroanatomy
of the human adult superior hypogastric plexus and hypogastric
nerves. Auton Neurosci 2015;189:60–7.
doi:10.1016/j.autneu.2015.02.001.
17. Kwok A, Lam A, Ford R. Laparoscopic presacral neurectomy:
a review. Obstet Gynecol Surv 2001;56(2):99–104.

315

316

Endometriosis – A Concise Practical Guide to Current Diagnosis and Treatment

18. Lam A, et al. Surgical Therapies: Principles and Triage in
Endometriosis. In: Giudice L, Evers J, Healy D, editors.
Endometriosis: Science and Practice: Wiley-Blackwell; 2012. p.
387–95.
19. Lee TT, Yang LC. Pelvic denervation procedures: a current
reappraisal. Int J Gynaecol Obstet 2008;101(3):304–8.
doi:10.1016/j.ijgo.2008.02.010.
20. Moen MH, Stokstad T. A long-term follow-up study of women
with asymptomatic endometriosis diagnosed incidentally at
sterilization. Fertil Steril 2002;78(4):773–6.
21. Ruggi C. La simpatectomia addominale utero-ovarica come
mezzo di cura di alcune lesioni interne degli organi genitali della
donna. Bologna: Zanichelli; 1899.
22. Stratton P, Berkley KJ. Chronic pelvic pain and
endometriosis: translational evidence of the relationship and
implications. Hum Reprod Update 2011;17(3):327–46.
doi:10.1093/humupd/dmq050.
23. Sutton CJ, Ewen SP, Whitelaw N, Haines P. Prospective,
randomized, double-blind, controlled trial of laser laparoscopy in
the treatment of pelvic pain associated with minimal, mild, and
moderate endometriosis. Fertil Steril 1994;62(4):696–700.
24. Vercellini P, Fedele L, Aimi G, Giorgi O de, Consonni D,
Crosignani PG. Reproductive performance, pain recurrence
and disease relapse after conservative surgical treatment for
endometriosis: the predictive value of the current classification
system. Hum Reprod 2006;21(10):2679–85.
doi:10.1093/humrep/del230.

25. Vercellini P, Fedele L, Aimi G, Pietropaolo G,
Consonni D, Crosignani PG. Association between
endometriosis stage, lesion type, patient characteristics and
severity of pelvic pain symptoms: a multivariate analysis of over
1000 patients. Hum Reprod 2007;22(1):266–71.
doi:10.1093/humrep/del339.
26. Vercellini P, Trespidi L, Giorgi O de, Cortesi I,
Parazzini F, Crosignani PG. Endometriosis and pelvic pain:
relation to disease stage and localization.
Fertil Steril 1996;65(2):299–304.
27. Whiteside JL, Falcone T. Endometriosis-related pelvic pain:
what is the evidence? Clin Obstet Gynecol 2003;46(4):824–30.
28. Zullo F, Palomba S, Zupi E, Russo T, Morelli M,
Cappiello F et al. Effectiveness of presacral neurectomy in
women with severe dysmenorrhea caused by endometriosis who
were treated with laparoscopic conservative surgery: a 1-year
prospective randomized double-blind controlled trial.
Am J Obstet Gynecol 2003;189(1):5–10.
29. Zullo F, Palomba S, Zupi E, Russo T, Morelli M, Sena T
et al. Long-term effectiveness of presacral neurectomy for the
treatment of severe dysmenorrhea due to endometriosis.
J Am Assoc Gynecol Laparosc 2004;11(1):23–8.

317



4.4

Postoperative Management of Endometriosis
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4.4.1 Introduction

It is well established that good integration of surgical and
medical treatment modalities plays a pivotal role in the
long-term therapy of endometriosis. In young patients,
the endometriosis-related symptoms should be managed
medically until there is a definite desire to give birth to a
child, unless the symptoms are unresponsive to hormonal
drugs. If surgery cannot be postponed, a postoperative
hormonal therapy should be administered to reduce the risk of
recurrence, however this, indeed, exposes the patient to the
risk of re-intervention. Although conservative surgical removal
is considered the most effective treatment option, the chronic
metriosis makes a life-long management
nature of endo
necessary and involves that medical treatment be utilized to
the maximum extent possible in order to avoid recurrence and
prevent the need for repeated surgical procedures.27
In recent decades, there is a trend for women to delay
pregnancy until later in their reproductive period resulting in
a high rate of recurrent symptoms after conservative surgery,
which is why the authors suggest that patients be counselled
on the potential risks of impaired fertility and re-intervention.

Concerning postoperative medical therapy, there are two
treatment strategies: an adjunctive short-term and a longterm hormonal treatment. The first one serves as an adjuvant
therapy to improve surgical outcomes, but – according to the
current ESHRE guidelines – clinicians should be clearly aware
that there is no evidence suggesting a short-term (up to 6
months) administration of hormonal drugs for the sole purpose
of improving the surgical outcome, whereas these medications should be used for at least 18–24 months to reduce the
risk of symptom recurrence.7 So far, there is only limited data
available in the literature on the hormonal therapeutic regimen
predominantly adopted in postoperative follow-up care. The
decision-making should be guided by patient preferences,
costs, therapeutic options available at your facility, and potential side effects. However, increased awareness of the role
of prophylaxis in the prevention of recurrent disease and pain
symptoms is needed when faced with patients who have a
previous history of surgical treatment for endometriosis.
In the clinical management of endometriosis, multiple issues
like pain, infertility, and recurrence have to be adequately
considered. Although evidence has been provided that
postoperative medical therapy is effective in controlling pain
and reducing the risk of recurrent disease, the data a
 vailable
to date does not allow to confirm its efficacy in terms of
endometriosis-associated infertility. Therefore, clinicians are
advised not to prescribe adjunctive hormonal treatment after
surgery with the sole therapeutic objective of improving the
chance of spontaneous pregnancy.51

The recurrence risk of endometriosis is generally reported
to range from 40–50 % in a 5-year period with annual rates
varying between 10 and 15 %46 (see chapter 4.7 Recurrent
endometriosis). When speaking about recurrence, it is
necessary to distinguish between endometriomas and deep
infiltrating endometriosis. There is a larger number of data
available on endometriomas, with recurrence rates varying
between 30 and 50 % after 2–5-years of follow-up, and
analgetic and/or hormonal therapy needed in 50 % of patients
within 2 years after surgery.41 Currently, laparoscopy is
considered the most effective therapeutic option to surgically
treat endometriosis in either its ovarian or deep form,
however the way surgery is performed may have an impact
on recurrence rates, especially in cases of deep infiltrating
endometriosis.

The long-term medical therapy can only prevent the risk of
recurrence as long as the patient is compliant with the prescribed regimen, leaving the risk unchanged after discontinuation.33 However, one should be clearly aware, that a partial or
total relief of symptoms is accomplished in 80–90 % of cases
in a follow-up period of 2–4 years, however a recurrence of
15 % and a re-intervention rate ranging from 7 to 10 % should
be anticipated in the same period.2,4
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4.4.2 Which Strategy for the Post-Surgery Period?
The major objectives of medical therapy are as follows:



Inhibition of ovulation.
Suppression of menstruation, in turn leading to a steady
steroid hormone milieu.

These strategies are essentially geared toward producing
a hypoestrogenic environment to reduce the tropism of
endometrial lesions or to create a hyperprogestogenic state
leading to pseudo-decidualization through administration of
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hormonal medication, thus avoiding cyclical changes of the
endometrium, which subsequently account for menstruation
and inflammation at the ectopic site. Medical treatment
of endometriosis is based on the rationale that the ectopic
endometrium is modulated by sexual hormones and undergoes
the same cyclic changes as the eutopic endometrium.

4.4.3 Which Drugs for the Post-Surgery Period?
Medical management of endometriosis usually involves the
use of specific hormonal drugs such as GnRH analogues
and GnRH antagonists, oral progestins, vaginal progestins,
intrauterine progestins, and oral contraceptives or
symptomatic anti-inflammatory drugs. The first medication
group acts on the pathophysiological mechanisms of the
disease by reducing the progression and recurrence of the
lesions while the second group has almost no impact on the
underlying disease and is aimed at reducing the inflammatory
state arising from menstruation at an ectopic site.
4.4.3.1 Combined Oral Contraceptives
Oral contraceptives (OCs) are among the most widely studied
hormonal drugs used to prevent recurrence of endometrioma
in patients who do not wish to become pregnant while at the
same time appreciating the good tolerability and safety profile
of this group of medication.
The principle behind the use of OCs is based on decidualization
and atrophic alteration of the endometrium, therefore reducing
the amount of menstrual flow at both eutopic and ectopic
sites.6,31 With the use of these drugs, in fact, hormone levels
are stabilized which in turn reduces the inflammatory reaction
arising from the periodical response to the shedding of
menstrual blood. In this way, oral contraceptives act against a
potential endometrial implantation outside the uterus and are
therefore suited to prevent the risk of recurrent disease.
The short-term treatment (6 months) with OCs has no
beneficial effect on endometriosis-related symptoms. Muzii et
al. reported that no significant difference was revealed in a
prospective randomized trial based on 70 patients who were
treated by laparoscopic excision of ovarian endometriomas,
followed by either postoperative administration of low-dose
cyclic oral contraceptives for 6 months or no treatment.23
After a mean follow-up of 22 months, the recurrence rate was
2.9 % (1/35) amongst the treatment group versus 6.1 % (2/33)
in the no-treatment group. Although the difference was not
statistically significant, the effect on moderate-to-severe pain
recurrence was 9.1 % in the oral contraceptive group versus
17.1 % in the control group. Furthermore, the life table analysis
showed a lower recurrence rate at 12 months amongst
those patients treated postoperatively with Ocs, while there
was no significant difference between both groups at 24
and 36 months, both in terms of anatomical recurrence and
relapse of symptoms.23 Koga et al. confirmed these findings,
however it turned out that administration of postoperative
medical treatment is not capable of significantly reducing the
recurrence rate after a follow-up interval of 2 years.15

Unlike short-term medical treatment, long-term administration
has been found to prevent recurrence of symptoms until
discontinuation of therapy.
In a group of 277 patients followed-up for 24 months, a
significantly lower recurrence rate was demonstrated in those
women treated with Ocs throughout the entire period when
compared with the no-treatment group (9 % vs 56 %; OR:
0.07). Apart from that, the same study suggested a protective
effect that may be related to the duration of treatment in
patients with discontinued intake of OCs.47 There is a reduced
recurrence in patients treated with postoperative OCs (14.7 %
vs. 29 %) after 24 months of follow-up, with a trend to discover
smaller cysts at the time of diagnosis and a decelerated
increase in the diameter of the cysts.29 These findings not only
suggest the existence of a protective effect, but may also be
interpreted as a retarded progression of disease on account of
the postoperative administration of OCs.31
The use of OCs cyclical therapy alone does not produce the
desired effects on pain symptoms and recurrence irrespective
of administration over a long period of time, whereas evidence
has been adduced that continuous use of monophasic
OCs can control endometriosis-associated recurrent
dysmenorrhea.
Long-term continuous administration of OCs was shown to
cause a significant reduction in Visual Analogue Scale (VAS)
score from 75 to 32 observed at a 2-year follow-up interval in
a series of patients who did not experience any clinical benefit
from the cyclic use of OCs.45
In a recent study based on 311 women surgically treated for
ovarian endometrioma, Serrachioli et al. revealed that after a
24-month interval, the frequency of recurrent dysmenorrhea
was significantly lower in the cyclic (31 %) or continuous (4 %)
OCs group than in the surgery-alone group (40 %) and that the
benefits of OCs emerged earlier in the continuous OCs group
than in the cyclic group (6 vs. 18 months).30
A similar trend in favor of the continuous administration
was also observed in a recent cohort study that analyzed
356 patients – subjected to laparoscopic treatment for
symptomatic endometriosis – with regard to recurrence rates
for endometrioma, dysmenorrhea, and non-menstrual pelvic
pain (9.4 % vs. 20.9 %; P < 0.05).49
Finally, a recent systematic review and meta-analysis by
Muzii et al. (2016) revealed that a continuous regimen of OC
appears to be more efficient than a cyclic regimen in reducing
the recurrence rate of dysmenorrhea, reporting a Relative Risk
(RR) of 0.24 (95 % CI 0.06 to 0.91; p = 0.04), but not for chronic
pelvic pain and dyspareunia. Furthermore, a trend toward a
decline in cyst recurrence rates for a continuous versus cyclic
OC regimen was found, with a RR of 0.54 (95 % CI 0.28 to
1.05), but statistical significance was not reached (p = 0.07).22
It can be hypothesized that the potential of continuous OCs
treatment to prevent or reduce the recurrence of dysmenorrhea
may be attributed to inhibition of menses per se rather than
to actual interference with pain mechanisms.49 It is also
interesting to note that the benefit of continuous OCs over
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cyclic OC regarding the prevention of lesion recurrence seems
to be not as obvious as the prevention of symptom recurrence,
suggesting that the pain-relieving effects of continuous OCs
may not be directly linked to the pathogenetic mechanisms
that account for lesion recurrence. 30 Therefore, the use of
continuous oral contraceptive therapy may represent an
effective long-term treatment option, that is both safe and
tolerated well in women not immediately seeking conception
– however with the ultimate therapeutic strategy of giving birth
to a child in the long term – in order to limit further harmful
effects on future fertility.
4.4.3.2 GnRH Analogs
GnRH analogs (GnRHa) are effective by suppressing estrogen
production in the ovaries through a reversible down-regulation
of GnRH receptors at pituitary level, causing a profound
hypoestrogenism, and, consequently, amenorrhea and a
hypoatrophic regression of the heterotopic endometrium.
They are considered as a second-line treatment option after
failure of therapy with OCs / progestins taking into account that
the latter are burdened with major side effects limiting longterm administration. GnRHa provide a reduction of symptoms
in about 50 % of cases, and administration after surgical
treatment has been shown to prolong the pain-free interval.
The benefits with regard to control of symptoms that can be
derived from postoperative administration of GnRH analogs
over a 3-month period are reported to last up to 6 months
after treatment discontinuation.13,38 Despite a good reported
efficacy, their use must be limited to 3 to 6 months of treatment
because of relevant side effects, such as deterioration in the
lipid profile, depression, flushes, urogenital atrophy, loss of
libido, and bone mass decrease. Moreover the postoperative
administration of GnRHa seems to be burdened with a high
rate of recurrence of pelvic pain, estimated to be close to 75 %
at 5 years after withdrawal of therapy.
In order to reduce side effects and to lengthen the maximum
permissible duration of GnRHa treatment, an “add-back”
therapy – typically given in conjunction with hormone
replacement therapy (HRT) – can be adopted to avoid some
of the side effects resulting from GnRHa-induced oestrogen
deprivation.36
The ideal “add-back” therapy should be aimed at minimizing
bone loss and inhibit peri-menopausal symptoms whilst
maintaining good GnRHa efficacy. In earlier studies,
progesterone-only medication has generally been used for
“add-back” therapy to avoid oestrogen stimulation of the
underlying disease. Administration of medroxyprogesterone
acetate (MPA) in conjunction with norethindrone has been
demonstrated to be both a safe and effective option that
may be used in “add-back” therapy.52 The suggested use of
low-dose oestrogen plus progestin as “add-back” therapy
in the treatment of endometriosis has become a hot topic in
recent years and other “add-back” treatment options, such
as oestrogen receptor modulators, synthetic steroid and
tibolone, have been studied with promising results, but further
evaluations are needed.20,37 There are two studies available in
the literature evaluating the efficacy of postoperative short-term
therapy with GnRHa followed by long-term OCs administration

versus GnRHa alone. Patients receiving cyclic OCs after
GnRHa treatment showed a significantly reduced recurrence
risk.17,24 These differences may not be attributed directly to the
initial administration of GnRHa, which is why the efficacy of
GnRHa therapy prior to OCs still remains questionable.14
4.4.3.3 Progestins
Progestins have been used in the treatment of endometriosis
for 30 years. Based on the proposed action mechanisms
established so far, the mitogenic action and estrogen-induced
proliferation are lacking. Initially, progestins cause the
endometrium to undergo secretory transformation, followed
by decidualization, finally causing atrophy, and thus inducing
a state of pseudopregnancy.48

Norethindrone acetate
Norethindrone
acetate (NETA) is a 19-nortestosterone
derivative that causes hypoestrogenism by suppressing
gonadotropins, inhibiting ovulation, and developing
amenorrhea with eventual decidualization and atrophy of the
endometrium.34
NETA is effective in reducing chronic pelvic pain in women with
laparoscopically confirmed endometriosis offering various
advantages in the long-term treatment of endometriosis such
as good control of uterine bleeding, positive effect on calcium
metabolism and no negative impact on lipoprotein metabolism
at low dosages.42 NETA is one of the progestins considered
to be best suited for the treatment of endometriosis and the
US Food and Drug Administration approved its continuous
administration
for
managing
endometriosis-related
symptoms. In a randomized study based on 90 women with
recurrent moderate or severe pelvic pain after conservative
surgery for symptomatic rectovaginal endometriosis, efficacy
of oral NETA (2.5 mg/day) was compared with that of OCs
revealing no differences between the two groups related to
control of dysmenorrhea, deep dyspareunia, nonmenstrual
pelvic pain, and dyschezia. Low-dose norethindrone acetate
is considered an effective, well-tolerated and inexpensive
first-choice alternative option to OCs in patients who do not
seek conception.46
The use of NETA combined with letrozole in a group of
82 women with pain symptoms related to rectovaginal
endometriosis showed superiority of the combined regimen
over that of NETA alone; however, a higher incidence of
adverse effects has been found to be associated with the
combined regimen.10

Gestrinone and Danazol
Other progestins have been studied for the treatment of
endometriosis-associated pain, but despite good efficacy,
they are burdened by excessive side effects that limit their
administration.
Gestrinone has been shown to be effective in reducing pain
associated with endometriosis through ovarian suppression,
leading to atrophy of both endometrium and endometriosis
lesions. Gestrinone also has antiprogestinic, antiestrogenic,
and androgenic activities that arise from its low specificity for
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the progesterone receptor and it has never been used on a
large scale in the treatment of endometriosis.8
Danazol is a synthetic androgen derivative of 17alphaethinyltestosterone, commercially introduced about 45
years ago with a specific indication for the treatment of
endometriosis.11 Its multifactorial biological activity is known
to induce a hypoestrogenic-hyperandrogenic state, which is
very hostile to endometriotic tissue growth. Several studies
have demonstrated the efficacy of danazol in reducing the pain
associated with endometriosis.5 At the beginning of the 1990s,
danazol was proven to be as effective as medroxyprogesterone
acetate (MPA) in controlling endometriosis symptoms. In fact,
poor patient compliance represents the major drawback
of danazol as a treatment for endometriosis. The agent has
both androgenic and anabolic properties, leading to side
effects, such as weight gain, edema, myalgia, acne, oily
skin, hirsutism and deepening of the voice.3 These concerns
limit treatment duration to 6 months, and the use of this
agent has been in decline in recent years. In a prospective
study vaginal administration was proposed as an alternative
option to reduce the side effects of danazol treatment. When
used postoperatively, danazol (200 mg daily), administered
vaginally for 12 months, showed a significant reduction in pain
symptoms within a period of 3 months with efficacy lasting for
the entire duration of treatment a few side effects.28

Dienogest
Diegonest is among the progestins most recently approved in
the EU for endometriosis, and has been developed to be highly
selective for progesterone receptors and produces a powerful
progestogenic effect on the endometrium with reduced side
effects. Dienogest combines the pharmacological properties
of 19-nortestosterone derivatives with those of natural
progesterone derivatives. Furthermore, it has beneficial
antiandrogenic properties, which cause minimal changes
in serum lipid profile and carbohydrate metabolism. The
effectiveness of dienogest in the treatment of endometriosis
depends on its ability to create a hypoestrogenic and
hyperprogestogenic endocrine environment, which, initially,
induces decidualization of ectopic endometrial tissue.
Subsequently, in the case of prolonged treatments, dienogest
causes an atrophy of lesions. It suppresses a rise in estradiol
levels by inhibiting growth of ovarian follicles and also has
antiproliferative, anti-inflammatory, and antiangiogenic

Fig. 4.11 Levonorgestrel-releasing intrauterine device.

properties. The optimal dose is 2 mg/day, in the postoperative
period, the use of dienogest is well tolerated and associated
with less side effects, in particular abnormal uterine bleeding,
and it has only a mild effect on loss of bone mineral density
(BMD).16
When compared against a placebo, dienogest was
demonstrated to be significantly more effective in reducing
endometriosis-associated pelvic pain and long-term
treatment showed a persistent efficacy for up to 24 weeks
after treatment discontinuation.25,35 Similar results were found
also when dienogest was compared with triptorelin and
buserelin acetate in women with endometriomas diagnosed
by laparotomy, laparoscopy, or imaging analysis.12
Despite its good efficacy and tolerability in the setting of
adjuvant therapy, conclusive data related to prevention of
postoperative recurrence are lacking. There is only one RCT
that compares dienogest with leuprolide acetate in women
with a previous history of laparoscopic intervention. It was
demonstrated that both drugs are equivalent in reducing
pelvic pain. However, dienogest was shown to be associated
with a lower incidence of vasomotor symptoms and a lower
impact on bone metabolism than leuprolide acetate, with a
minimum change in BMD.
4.4.3.4 Levonorgestrel-releasing intrauterine device (LNG-IUD)
Even though it is beyond controversy that oral progestogens
are both effective and inexpensive medications, their efficacy
is significantly determined by patient compliance and systemic
side effects. Levonorgestrel is a potent steroid that is widely
employed in oral contraceptives and subdermally implanted
contraceptive devices.
LNG-IUD is a T-shaped intrauterine system, developed as
a contraceptive device which releases LNG in the uterine
cavity (Fig. 4.11). The effective rate of delivery of LNG from
the IUD system is 20 µg per 24 h during the first year, and
it slowly decreases throughout the following 5 years of use.
The released progestogen induces endometrial atrophy
although ovulation is usually not suppressed. This results in
hypomenorrhea or amenorrhea and reduced dysmenorrhea.
Currently, there is an emerging trend for the use of LNG-IUD in
the treatment of endometriosis.9
A pilot study showed a great improvement in pain control
as well as in the reduction of ultrasonographic dimensions
of rectovaginal nodules amongst patients with recurrent
moderate or severe dysmenorrhea after conservative surgery
for endometriomas or rectovaginal endometriosis.40 A
significant reduction in pain symptoms as well as in the stage
of disease was observed in women with minimal to moderate
endometriosis confirmed by diagnostic laparoscopy over a
period of 6 months after treatment with LNG-IUD.19
The use of LNG-IUD after surgical treatment of endometriosis
has been studied. The first study compared expectant
management with immediate follow-up treatment using LNGIUD after laparoscopic surgery for symptomatic endometriosis.
Twelve months after surgery, dysmenorrhea scores were
significantly lower in the LNG-IUD group compared with the
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expectant management group.44 The second trial compared
the efficacy of an LNG-IUD and a GnRH-agonist in the control
of chronic pelvic pain in women with stage I–IV endometriosis
during a period of 6 months. Both, the LNG-IUS and the
GnRH-analogue were effective in control of endometriosisassociated chronic pelvic pain, although no differences were
observed between the two treatments.26
The exact mechanism of action of the LNG-IUD is unclear, but
LNG-IUD delivers significant amounts of LNG into the peritoneal
fluid, and thus has a local effect on the endometriotic implants
which may be mediated through estrogen and progesterone
receptors, most probably inducing decidualization. As
peritoneal fluid levels of LNG were closely related to the levels
in serum, this suggests a dominant hematogenous mechanism
by which LNG reaches the peritoneal cavity.18
A Cochrane systematic review evaluated the postoperative
use of LNG-IUDs in women with endometriosis and
concluded that, even though there is limited evidence that
insertion of an LNG-IUD is capable of significantly reducing
the incidence of recurrent painful periods, pain control was
similar to that achieved through GnRHa administration.1 The
effectiveness of postoperative LNG-IUS in relieving pain was
also demonstrated in a double-blind RCT, which ascertained
that at 12 months postoperatively, women in the LNG-IUS
group achieved a greater reduction in dysmenorrhea than
controls (reduction in dysmenorrhea VAS of 81.0 vs. 50.0 mm;
P < 0.001).39
The use of LNG-IUS reduces the recurrence of postoperative
dysmenorrhea. A pilot cohort study confirmed that
postoperative administration of LNG-IUS helps prevent
recurrence of moderate-to-severe dysmenorrhea when
compared with the surgery-only group (10 % vs. 45 %).43
On the other hand, two cohort studies compared the efficacy of
LNG-IUD with that of other medications. Morelli et al. revealed
that – in comparison with the use of LNG-IUD – administration
of OC was markedly more effective in reducing the severity
of pelvic pain (VAS of 29.0 vs. 19.1 mm; P < 0.05) and also
with regard to the incidence of disease recurrence (but not
significantly), although patient satisfaction was markedly
greater in the LNG-IUD group.21 Wong et al. demonstrated
that both LNG-IUS and depot medroxyprogesterone acetate
(MPA) administered for 3 years after laparoscopy can inhibit
recurrence of dysmenorrhea and chronic pelvic pain, however
the use of LNG-IUS was shown to yield a slightly higher pain
reduction and better compliance.50
In conclusion, for women with endometriosis who are in
need of long-term treatment, the LNG-IUD may represent a
treatment of choice since it permits the same system to be
used for at least 5 years with no modifications in estrogen
levels and few hypoestrogenic side effects.26
In the long term, it is a low-cost therapy with usually fewer side
effects than other progestogenic agents. This device could
therefore become the treatment of choice for endometriosisassociated chronic pelvic pain in women who do not wish to
conceive.

4.4.4 Conclusion
Postoperative medical therapy plays a pivotal role in controlling
recurrence of both symptoms and disease. On account of
the most recently published research that has contributed
to an improved understanding of the pathophysiology of
endometriosis, the surgical removal of the disease should be
delayed as determined by the patient’s desire to conceive,
but in cases where surgery cannot be deferred, postoperative
hormonal therapy must be prescribed. Nowadays, there are
many therapies available to control endometriosis-associated
symptoms, however their efficacy and side effects must be
matched to the priorities chosen by the patients.
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4.5.1 Introduction

The radical laparoscopic resection of deeply infiltrating
endometriosis (DIE) of the posterior compartment of the pelvis
with or without segmental bowel resection is long known27
and has proven to offer good long-term symptomatic relief,
especially in cases with severe debilitating symptoms.34
Currently, this technique is adopted by the majority of
specialized endometriosis surgical teams. However, the
complete removal of DIE may damage the pelvic autonomic
nerves, negativelly affecting bladder, rectal and sexual
function (vaginal lubrication and swelling), even in single-sided
injuries.13,15
Urinary dysfunction is of major concern after surgery for
DIE, especially when the colorectum is involved. Ballester et
a.l (2010)4 described a high incidence of urinary side effects
affecting quality of life reaching up to 17 %. Dubernard et
al. (2008)12 reported incidences of urinary dysfunction after
resection of the uterosacral ligaments, rectovaginal septum
and colorectum in 19,1 %, 28,6 % and 38,5 % of cases,
respectively.
Those functions are related to the pelvic sympathetic and
parasympathetic neural pathways – superior hypogastric
plexus, hypogastric nerves, pelvic splanchnic nerves and the
inferior hypogastric (pelvic) plexus. The first authors to describe
a technique for nerve-sparing DIE surgery were Possover et al.
(2004);31 they named it Laparoscopic Neuronavigation (LANN)
technique, because it is based on the use of intraoperative
neurostimulation for identification and dissection of intrapelvic
nerves. These authors described 0.61 % of chronic bladder
hypotonia or atonia using this technique.
Since then, several nerve-sparing procedures have been
successfully adopted and have shown to be effective in
preserving neurologic pelvic functions with similar diseasefree intervals and clinical outcomes (Table 4.3).5,7,19,24,36

Ceccaroni et al. (2012),6 in a study comparing classical radical
and nerve-sparing radical resection of DIE (Negrar Method),
reported a significantly higher rate of severe neurologic pelvic
dysfunction in the first group (86.2 % versus 1.6 %), although
no differences were found between the two groups in terms
of colorectal dysfunction rates and bowel-rectal quality of life.
Other authors have also demonstrated the reproducibility of
intraoperative nerve dissection and exposure.19,23,37 The goal
of all the cited nerve-sparing approaches is to better identify
the visceral nerve bundles at the level of the pararectal fossae
and the parametria.
An alternative to exposing the autonomic nerves is to use
landmarks to avoid operating at their surroundings and
inadvertently transecting those nerves. This is the case of
the mesorrectum-sparing sigmoidectomy,24 which uses
anatomical landmarks to avoid areas of high nerve density.
Nowadays, there has been a general attitude toward less
radical and nerve-sparing treatments, with the objective of
preserving function, reducing morbidity and maintaining cure
rates while improving the quality of life.
Laparoscopic identification of the inferior hypogastric nerve
and inferior hypogastric plexus is a feasible procedure for
trained laparoscopic surgeons who have a good knowledge
not only of the retroperitoneal anatomy, but also of the pelvic
neuro-anatomy. Moreover, the simple awareness of pelvic
neuroanatomy and the high nerve-density areas is a key factor
in reducing perioperative morbidity. Therefore, the objective of
this chapter is to review the anatomy of the autonomic nerves
of the pelvis and describe the steps of the LANN technique
to expose and preserve the autonomic nerves, as well as the
anatomical landmarks to preserve those nerves without the
need of previously exposing them.

4.5.2 Neurophysiology of the Pelvic Floor
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4.5.2.1 Neurophysiology of the Lower Urinary Tract (LUT)
The voluntary control of the LUT demands participation of
different structures in the brain, brain stem and spinal cord. The
frontal cortex permits conscious control over micturition by
allowing voluntary contraction of the striated rabdosphincter
and the elevator ani muscle. Correspondingly, the pontine
micturition center allows for the voluntary stimulation of the
detrusor activity and coordinates the relaxation of the smooth
and striated urethral sphincters during voiding.17
Since the objective of this chapter is on nerve-sparing surgery,
almost all the attention will be given to the nerve bundles
crossing the pelvis: the superior hypogastric (presacral)
plexus, the hypogastric nerves, the pelvic splanchnic nerves,
the inferior hypogastric (pelvic) plexus and the pudendal
nerves.
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Study Design

Possover et
al., 2004

Prospective case
series
n = 261
(cervical cancer
n = 163 and DIE
n = 91)

Ceccaroni,
2012

Spagnolo,
2014

Kavalaris,
2011

Mangler,
2013

Che, 2014

Follow- Nerve-Sparing
up
Technique

Operating Time

Urinary
Dysfunction

N.D.

Reduction of 14
minutes in the
cervical cancer
group and of 31
minutes in the
deep endometriosis group,
compared to the
classical surgical
approach
Operating time
significantly faster (51 minutes) in
the nerve-sparing
group

Chronic bladder N.D.
atony: 0,61 % in
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and 0 in EDT
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tion significantly quality of life
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sacral nerve roots, to
the pelvic splanchnic nerves and the
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nerve bundles
Non-randomized 12 mos. Dissection and expocontrolled trial
sure of from the sacral
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vic splanchnic nerves
and the inferior hyponerve-sparing
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the nerve bundles
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nerve sparing
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nerve sparing
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Bowel
 ysfunction
D

Postoperative
improvement
of manometric
and clinically
assessed function

Sexual
Function

EDT
Symptoms
Reduction
Equivalent

VAS showed Complete
no dys
Resolution
pareunia
after
surgery

N.D.

No postoperative
deterioration of
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82 min. (nerve
sparing)
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sparing)
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Key to acronyms: Not described (N.D); International Prostate Symptom Score (IPSS); deep infiltrating endometriosis (DIE); endometriosis (EDT)
Table 4.3 Results from Different Nerve-Sparing Techniques.
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The peripheral nervous system innervates the bladder and
the urethra with autonomic efferent sympathetic fibers via
the hypogastric nerves, originated from the thoracic-lumbar
sympathetic division of the spinal cord (T10–L3), and the
parasympathetic fibers via the pelvic splanchnic nerves (S2–
S4).17,25 The somatic efferent motoric innervation to the urethra
striated rhabdosphicter and the pubovaginal (puboprostatic)
branch of the pubococcigeus muscle runs in the pudendal
nerves, while direct sacral fibers from S3–S4 – the levator ani
nerves – innervate the posterior portions of the levator ani
muscle.16,38

The areas above the splanchnic flexure of the colon are
innervated by the vagus nerve.8,20,26 Noradrenaline release
by the sympathetic fibers activates the alpha1 adrenergic
receptors, promoting internal anal sphincter contraction.10

The somatic and sympathetic divisions promote storage
while de parasympathetic divisions promote voiding. During
most of the time, baseline sympathetic stimuli are constantly
fired through the hypogastric nerves, maintaining the internal
urethral sphincter tonus and detrusor relaxation. The beta
adrenergic receptors on the detrusor muscle respond to
norepinephrine causing relaxation and allowing the bladder
to fill without an increase in pressure or change in tone. At
the same time alpha1-adrenergic receptors in the urethral
smooth muscles respond to norepinephrine stimulating
contraction.17,29,30

The somatic nervous system is composed by the pudendal
nerves (S2–S4), that pass through the Alcock’s canal towards
the perineum, where they divide in three branches: the inferior
rectal nerves (motor innervation to external anal sphincter),
the perineal nerves (innervation to transverse perineal,
bulbocavenosus,
bulbospongiosus,
ischiocavernosus,
urethral rhabdosphincter, anterior part of the pubococcygeus
and pubovaginal muscles) and dorsal nerves of the clitoris (or
penis).17,38 Moreover, the levator ani nerve (S3–S4) innervates
iliococcygeus and ischiococcygeus muscles (motor and
sensitively).16

When the volume of urine in the bladder exceeds a specific
threshold, stretch receptors in the bladder wall generate nerve
impulses transmitted along the hypogastric nerves to the
thoracic lumbar spinal cord. These afferent impulses reach
the pontine micturition center (PMC) eliciting the pontine
micturition reflex, which activates the parasympathetic nuclei
of the conus medularis that respond by firing impulses along
the pelvic splanchnic nerves to the bladder and urethra with
subsequent release of neurotransmitter acetylcholine, which
stimulate M3 receptors at the detrusor, causing contraction,
and at the urethra, causing relaxation. The PMC also sends
impulses to the pudendal nerves, causing the urethral
rabdosphincter to relax. Concomitantly, other PMC impulses
suppress sympathetic activity to the bladder and urethra.17,29,30

The rectal and vesical proprioception are controlled by myelin
fibers (A gamma, efferent fibers) that ascend to pontine and
hypothalamic centers by hypogastric nerves. In addition,
those are responsible for nociception of descending colon,
sigmoid colon and rectum, while the pelvic splanchnic nerves
are responsible for their proprioception.14 Fibers of the pelvic
floor muscles also send signals through pudendal and levator
ani nerves.

4.5.2.2 Bowel Evacuation and Anorectal Neurophysiology
Fecal continence and evacuation are complex mechanisms
that involve the pelvic floor muscles as well as the somatic
and autonomic nervous systems (sympathetic and
parasympathetic).
The efferent innervation, responsible for the motor activity
of pelvic muscles and viscera, consists in a group of three
nerves of somatic and autonomic nervous systems.
The sympathetic innervation of descending colon, sigmoid
and rectum is provided by the lumbar splanchnic nerves
(L1–L3), that synapse at the inferior mesenteric ganglion,
and run along the arterial irrigation to the intestine walls. The
sympathetic fibers to lower parts of the rectum, anal canal
and internal anal sphincter are also originated from the same
lumbar splanchnic nerves; however, these nerves come
from the mesenteric ganglion to the superior hypogastric
plexus and form the hypogastric nerves, that are going to
integrate the inferior hypogastric plexus, accompanying the
pubococcygeus fascia and reaching the anus (space between
sphincters) and integrating the myenteric plexus (of Auerbach).

The parasympathetic signals originate from the pelvic
splanchnic nerves (S2–S4). These nerves cross short
distances in the pararectal fossae and form the inferior
hypogastric plexuses that will innervate the upper two thirds
of the rectum.25,33 The liberation of acetylcholine by these
fibers stimulates the myenteric plexus.

The role played by the extrinsic innervation in the bowel
evacuation’s mechanism is less important than it is in the
bladder, since motility control is exerted by the myenteric
plexus, whereas the sympathetic and parasympathetic
systems only provide modulating or stimulating signals
to this plexus.14 Yet, the role of the pelvic floor muscles
is fundamental to the anorectal function. Simultaneous
contractions of anterior and posterior parts of the pelvic floor
promote increasing of the anorectal angle and direct the rectal
content upwards, decreasing the afferent impulses and the
defecation desire.
When there are signals to initiate defecation, the central
nervous system reduces the stimuli to the pudendal nerve,
relaxing the anterior part of the pelvic floor and contracting
the posterior part of the levator ani muscles, decreasing the
anorectal angle and facilitating defecation.28
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4.5.3 Laparoscopic Anatomy of the Intrapelvic Nerves
4.5.3.1 Nerves of the Presacral and Pararectal Spaces
The superior hypogastric plexus is formed by fibers from
para-aortic sympathetic trunk and gives rise to the left and
right hypogastric nerves. The hypogastric nerves run over
the presacral fascia in an anterior and distal direction. After
crossing about two thirds of the distance between the sacrum
and the uterine cervix or the prostate, its fibers spread to join
the pelvic splanchinic nerves (described below) to form the
inferior hypogastric plexus (Fig. 4.12).

4.5.4.1 Preservation of the Pelvic Splanchnic Nerves and the Inferior
Hypogastric Plexus
The pelvic splanchnic nerves are thin bundles that can be easily
mistaken for retroperitoneal connective trabeculae. Therefore,
they can only be identified at their dorsal origin out of the
sacral foramen and exposed, allowing for neuropreservation
through direct visualization. According to the LANN technique,
identification of the different sacral roots is performed using
a bipolar laparoscopic forceps for electrostimulation and
observing the motoric response.22,32

The LANN technique is based on the concept of preserving
integrity of nerve bundles by dissection and skeletonization
prior to approaching the endometriotic foci.32 This concept is
similar to the one used to preserve the ureters, by dissecting
them on healthy tissue, before it dives into the endometriotic
area, to facilitate their identification in anatomically distorted
regions.22

The sacral nerve roots are dissected by making an incision of
the pararectal peritoneum medially to the ureter and opening
the presacral fascia. The presacral space is developed by blunt
dissection downwards, using the sacral and coccygeal bones
as posterior and distal references, respectively. The dissection
is expanded laterally, toward the hypogastric fascia, which is
transected revealing the pyriformis muscle underneath. The
sacral nerve roots run anteriorly and distally over the muscle
fascia and can be precisely identified by means of the motoric
response generated by intraoperative neurostimulation with a
bipolar forceps delivering electrical impulses with a squarewave pulse duration of 10 ms, a pulse frequency of 2 Hz and
electric potential of 1.5 mA, generated by a surgical neurostimmulator. Stimulation of S2 produces an outward rotation of the
leg, plantar flexion of the foot and a clamp-like squeeze of the
anal sphincter from anterior and posterior, while S3 stimulation
is visually shown as deepening and flattening of the buttock
groove a marked flexion of the large toe and a less important
flexion of the smaller toes. Following these roots ventrally
will allow for the identification and exposure of the pelvic
splanchnic nerves, as well as their pathways into the pararectal space to form the inferior hypogastric plexus. Dorsally, the
rectal splanchnic nerves are visualized in a horizontal direction,
crossing the sacral hypogastric fascia and finally anastomosing to the homolateral inferior plexus in laterodorsal position to
the level of the rectum. The vesical splanchnic nerves originate
from the middle portion of sacral roots, adopting a vertical
direction and remaining lateral of the sacral hypogastric fascia,
anastomosing with the homolateral inferior hypogastric plexus

Fig. 4.12 Right hypogastric nerve (HGN) originating from the superior
hypogastric plexus (SHP) and running anteriorly and distally over the
presacral fascia (PSF) to spread out in thinner branches that will form
the inferior hypogastric plexus (IHP).

Fig. 4.13 Left pelvic splanchnic nerves (PSN) are the thin fibers arising
from nerve roots S3 to S4, to join the hypogastric nerves and form the
inferior hypogastric plexus (IHP).
Sacral bone (SB)

The lateral limit of the presacral space is the hypogastric
fascia, which is the formed by the medialmost fibers of the
uterosacral ligaments. The sacral nerve roots can be found
justa-laterally to this fascia. They leave the sacral foramina and
run anteriorly and distally, lying over the pyriformis muscle and
crossing the internal iliac vessels laterally to them, to merge
and form the nerves of the sacral plexus. Before crossing the
internal iliac vessels, they give out the thin parasympathetic
branches called pelvic splanchnic nerves, which promote
detrusor contraction and provide extrinsic parasympathetic
innervation to the colon descendens, sigmoid and rectum.
They also carry nociceptive afferent signals from the pelvic
viscerae. The pelvic splanchnic nerves join the hypogastric
nerves to form the inferior hypogastric plexus in the pararectal
fossae (Fig. 4.13).

4.5.4 Nerve-Sparing by Direct Visualization of Nerve
Bundles by Using the Laparoscopic Neuronavigation
(LANN) Technique

Endometriosis – A Concise Practical Guide to Current Diagnosis and Treatment

328

at the level of the vagina or more ventral, lateral to the bladder
pillar and caudal of the ureter and its junction to the bladder.
The stimulation of the vesical splanchnic nerves increases
intravesical pressure32 (Figs. 4.14a, b).
Parametria can be safely resected after the exposure of
splanchnic pelvic nerves from its origin to their anastomosis
in the homolateral inferior hypogastric plexus, preserving the
parasympathetic nerves at level of neural part of the cardinal
ligament or more ventrally at level of the rectovaginal ligament
or at the level of bladder pillar.32
Magnification, pneumoperitoneum facilitated dissection with
minimum bleeding and directed lighting and visualization of
the deeper spaces of pelvis, are important factors in favor of
the laparoscopic surgery in the retroperitoneum, allowing for
the development of the LANN technique which is substantially
contributing to improve the knowledge of pelvic neuroanatomy.
Also the technique proved to be reproducible in short operative
time with notable reduction in postoperative functional
morbidity after surgical treatment of endometriosis.23,32
All these strategies work very well in patients with endometriosis
close by, but not directly affecting the pelvic splanchnic nerves.
However, it is not possible to free the pelvic splanchnic nerves
from endometriosis without tearing them. In these cases,
bilateral exposure of the pelvic splanchnic nerves must be
performed and the surgeon must try to estimate the amount
of nerve damage that will be inflicted upon endometriotic
resection. In case of bilateral disease, some endometriosis will
likely have to be left behind, unless this has been previously
discussed, and the patient has preoperatively opted to have
self-catheterization instead of an incomplete resection.23
4.5.4.2 Pelvic Wall and Somatic Nerves Endometriosis and Nerve
Preservation
The complete exposure of sacral plexus and the identification
of the somatic nerves requires the development of the lumbosacral and obturator spaces, starting at the level of the iliolumbar fossa, situated laterally to the external iliac vessels
and goes further in a latero-caudal dircection, allowing the
identification of lumbosacral trunk and the proximal portion of
the obturator nerve. When approaching the lateral pelvic wall,
the elective dissection and medial mobilization of the internal
iliac vessels and its branches is required to allow for a good
anatomic exposure of the distal part of the sacral plexus – the
sciatic nerve and its distal branches, the pudendal nerve and
the nerves to the levator ani muscles. This technique allows for

a safe resection of the extensive endometriosis that infiltrates
the sciatic foramen and the surroundings of the sciatic nerve
and its branches. Moreover, pudendal nerves and vessels can
be identified at the level of Alcock’s canal, and the transection
of the sacrospinous ligament and the pudendal vessels might
be necessary for a further dissection.33
Recognition of the neuroanatomy of the pelvis leads to
isolation an removal of al the disease with adequate surgical
radicality, freeing the somatic nerves with the possibility of
complete resolutions of symptoms.5
On top of knowledge on surgical neuroanatomy, the main
factor for effective treatment and neuropreservation in
somatic endometriosis of the pelvic sidewalls is preoperative
recognition of symptoms and topographic diagnosis, based
on neurologic examination and MRI.22
The main symptoms suggestive of endometriotic infiltration of
the sciatic plexus are:







Gluteal/perineal/lower limb pain or alodynia (pain on the
dermatomes of the nerves of the lumbosacral plexus)
Vaginal/retal foreign body sensation;
refractory urinary urgency associated with single-sided
pain on the dermatomes of the nerves of the lumbosacral
plexus;
refractory dischezia or proctalgia;
vesical/rectal tenesmus, without signs of endometriotic
infiltration of bladder or rectum.

Whenever one or more of theses symptoms are present,
careful workup of the lumbosacral plexus must be performed
and the patient must only be taken to surgery after the
exact site of entrapment (topographic diagnosis) has been
performed.22
4.5.4.3 Nerve Preservation Though the Use of Landmarks: the
“Non-Touch” Technique
The above described technique is a technically demanding
which requires high definition imaging, intraoperative
neurostimulation and surgeon’s training in laparoscopic nerve
dissection. When those resources are not available due to
lack of equipment or training, the use of surgical landmarks is
recommended to avoid dissection in the areas of high nerve
density and, therefore, higher risk of nerve injury. These are
what we call “Non-Touch” techniques, since they involve
reducing radicality to avoid inadvertent nerve injury.
Fig. 4.14a,b Pelvic splanchnic nerves
branching out of S3 on the left side. Colored
map on the right side shows the more
horizontal bundles (light brown) to the
rectum and the more vertical ones (yellow) to
the inferior hypogastric plexus and bladder.

a

b
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Fig. 4.15 shows the peritoneal view of the posterior cul-desac of a patient whose the left sacral nerve roots, pelvic
splanchnic nerves and inferior hipogastric plexus has been
dissected. Observe the dissection (dashed perimeter) area is
the pararectal fossa, deeper to the presacral fascia. Fig. 4.16
shows the dissection of the left hypogastric nerve and inferior
hypogastric plexus, to give a better understanding of the
retroperitoneal anatomy.
Through these images it is easy to come to the conclusion
that deeper dissections at the pararectal fossae without
prior exposition of the inferior hypogastric plexus should be
avoided, especially in case of bilateral disease.23
Moreover, when dissecting the rectovaginal space, any
dissection lateral to the rectum can damage the pelvic
splanchnic nerves. The surgeon, therefore, must attempt to
perform all dissections using the anterior rectal wall as a limit.
4.5.4.4 Bowel Resection and Nerve Preservation
Bowel endometriotic nodules can be removed using various
techniques, including mucosal skinning, nodulectomy, fullthickness disc resection, and segmental resection.1

However, up to 45 % of patients refer unchanged, worsened
of de novo bowel dysfunction after segmental bowel
resection for endometriosis.11 This may be due to tight
stenosis of the colorectal anastomosis, rectal denervation,
colorectal intussusception through the anastomosis and postoperative transit constipation.3 In that sense, anterior rectal
wall nodulectomy seems to be a more reasonable, benign
disease-oriented procedure, since endometriosis is believed
to infiltrate the bowel from the serosal to the mucosal layer.
In this manner, its theoretical advantages include reduced
devascularization and denervation of the descending and
sigmoid colon, since much less dissection is needed in the
pararectal fossae, which can damage the autonomic nerves
of the inferior hypogastric plexus either by directly sectioning
them or by lateral thermal widespread.3 This model can explain
why Fanfani et al. (2010)13 observed a 14 % versus 0 urinary
retention rate in women undergoing segmental and discoid
resection, respectively. Bowel function scores are also better
in patients undergoing the more conservative approach.
Therefore, nodulectomy should be preferred over segmental
resection whenever possible.1,18,21

The first intervention proposed for the treatment of intestinal
endometriosis was anterior wall nodulectomy, which was
described by Nezhat et al. in 1994,27 prior to the development
of laparoscopic staplers. However, many authors have
proposed that this approach may leave residual disease tissue
behind and increase the recurrence rate,35 especially when the
lesion infiltrates deeper than the inner muscularis.2 In addition,
as segmental resections have become increasingly feasible
because of the technological development of mechanical
sutures, this more radical procedure has become the most
commonly performed technique for this indication.9

4.5.4.5 Key Points
The preservation of parasympathetic nerves is essencial to
a successful approach of DIE, for this reason, nerve-sparing
techniques have been developed in different specialty areas
and consist mainly of identifying and respecting, as far as
possible, the nerves and neural plexus. As described by
Possover et al. (2004),31,32 the main principle of this technique
consists on the identification of the pelvic splanchnic and
hypogastric nerves and the inferior hypogastric plexus
before approaching any lesion of the rectovaginal space and
parametria. If nerve exposition is not feasible, landmarks
should be used to guide the surgeon into avoiding high nerve
density areas. In cases of rectal endometriosis, anterior wall
nodulectomy is preferable over segmental resection.

Fig. 4.15 Transperitoneal view of the area of the left hypogastric plexus
(dashed perimeter).

Fig. 4.16 Left hypogastric nerve and plexus, after peritonectomy of the
ipsilateral pararectal and ovarian fossae.
Infundibulo-pelvic ligament (IP).
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4.6

Neuropelveology

Simone Ferrero a | Umberto Leone Roberti Maggiore a | Annalisa Racca a | Valentino Remorgida a
4.6.1 Introduction

Pelvic nerves are involved in voiding and storage functions
of pelvic organs, sexuality, locomotion and in the transport
of sensitive information generated in the lower limbs and
pelvis to the central nervous system.45 Neuropelveology,
which literally means “the study of pelvic nerves”, is a new
branch of medicine that focuses on the prevention, diagnosis
and treatment of the pathologies of the pelvic nerves.45,52 This
discipline has emerged largely as a result of the pioneering
work and research of Marc Possover (Zurich, Switzerland).
Neuropelveology mainly focuses on the anatomy of the
nerves of the lesser pelvis and their preservation during radical
surgery (such as treatment of deep infiltrating endometriosis,
radical hysterectomy, prostatectomy or tumor resection).
However, its diagnostic and therapeutic spectrum is very
large. Applications included in the multidisciplinary field of
neuropelveology are as follows:
Minimally-invasive laparoscopic procedures on the nerves
of the lesser pelvis to treat nerve pain in the abdomen and
pelvic cavity.
 Diagnosis and treatment of pelvic nerve pathologies that
may account for functional disorders and pain.
 Diagnosis and treatment of functional disturbances related
to the lesser pelvis that manifest with pelvic nerve pain or
disorders without neurological symptoms.


Finally, another major area of neuropelveology specializes
onresearch related to damage of pelvic nerves that can be
found, for example, as a sequela of multiple sclerosis and
spina bifida, but also in the case of traumatic spinal cord
lesions and iatrogenic nerve injuries caused by extensive
surgery.
Laparoscopy has become the standard of care in the diagnosis
and treatment of endometriosis. It allows to overcome the
limitations of open surgery, which are rooted in the fact that
the method does not allow for identifying and dissecting pelvic
nerves that are hidden deep in the retroperitoneal space behind
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the pelvic vessels.43,45 Due to the optimal magnification and
the possibility of bloodless dissection, laparoscopy affords
good access to all areas of the retroperitoneal pelvic space,
and allows to expose and preserve the tiny pelvic nerves
without causing iatrogenic surgical trauma to the vessels and
nerves.29,74 As a result of these technological advancements,
radical pelvic surgery for diseases such as deep infiltrating
endometriosis (DIE) and cancer can be performed with a
reduced risk of adverse functional effects and complications
(mainly related to bladder or bowel function).
4.6.1.1 History
About 20 years ago, Marc Possover started his pioneering
work that was primarily aimed at understanding the anatomy
of pelvic nerves and identifying the nerves particularly at
risk from iatrogenic injury during laparoscopic gynecological
surgery. In a next stage, attempts were made to preserve
integrity of these nerves (“nerve-sparing techniques”) by
meeting the objectives of radical surgical procedures without
increasing the incidence of functional complications related
to iatrogenic nerve injuries.53,55 Finally, in order to facilitate the
intraoperative assessment of the function of pelvic nerves,
Marc Possover introduced a technique of intraoperative
nerve stimulation, known as LAparoscopic Neuro-Navigation
(LANN), which marked the advent of neuropelveology.51
All these aspects paved the way to the foundation of the
International Society of Neuropelveology (ISON).

4.6.2 Neuroanatomy of the Pelvis

From a functional perspective, the pelvic part of the peripheral
nervous system can be divided into nerves innervating the
pelvic organs and nerves innervating the inferior limbs.
4.6.2.1 Nerves Innervating the Pelvis
Two different systems innervate the pelvic organs: the visceral
autonomic nervous system (with the orthosympathetic and
parasympathetic components) and the somatic nervous
system.
4.6.2.2 Visceral Nervous System
Each organ in the pelvis is innervated by a dual set of visceral
fibres: orthosympathetic and parasympathetic.69

Orthosympathetic Component
The union of the lumbar splanchnic nerves (L1–L2) and the
intermesenteric plexus results in the superior hypogastric
plexus (SHP), which is located in the interiliac space, between
the two ureters, behind the inferior mesenteric artery. This
is a single and median structure. The SHP supplies the
sympathetic innervation to the middle and distal rectum,
the bladder and the genital organs. Underneath the sacral
promontory, the SHP divides into two filaments of variable
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Fig. 4.17 Neuroanatomy of the inferior
hypogastric plexus.

width (4–7 mm, depending upon the subject), which are called
hypogastric (or presacral) nerves (HNs)37 (Figs. 4.17, 4.18). The
HNs take an oblique antero-inferior course with a concave
course inside. They run inferiorly on their corresponding side
of the body, parallel and medial to the ureters and the internal
iliac arteries within the retroperitoneal fat.38 They are in contact
with the posterolateral mesorectum outside the perirectal
fascia, clearly linked to the uterosacral ligaments (USLs) and
the rectovaginal ligaments. The HNs are identifiable through
the pelvic fascia, along the sidewalls of the pelvis until reaching
the postero-superior corner of the inferior hypogastric plexus
(IHP) contributing to its formation.

Fig. 4.18 Identification of pelvic nerves during laparoscopic nervesparing excision of deep infiltrating endometriosis before segmental rectal
resection. Promontorium (P), rectum (R), left hypograstric nerve (LHN),
right hypogastric nerve (RHN), superior hypogastric plexus (SHP).

Parasympathetic Component
The pelvic splanchnic nerves (PSNs) are the sacral contribution
of the parasympathetic system. The PSNs are preganglionic
fibres whose cell bodies are located in a small lateral horn of
gray matter in spinal cord levels S2, S3, and S469 (Fig. 4.17).
These preganglionic fibres leave the lateral horn, and
subsequently pass through the ventral horn, ventral root,
spinal nerve, and ventral ramus associated with S2, S3, and S4
about one centimetre distally from the point where such roots
emerge from the piriformis muscle that covers the 2nd, 3rd and
4th sacral foramen. They can be brought out with a cautious
traction of the mesorectum at the level of the presacral space.
The PSNs are a network of 5–7 thin nerves, covered in the first
three centimetres of their course by the parietal pelvic fascia.
They cross the pararectal space at the level of the pelvic fascia
in order to enter the visceral compartment of the pelvis and
split into medial and lateral groups. The first group, the rectal
splanchnic nerves, converges in the posterolateral side of the
IHP; the second group, the vesical splanchnic nerves, have a
more vertical direction and make anastomoses with the IHP at
the level of the vagina and caudal ureter. The parasympathetic
fibres travel through the plexuses, but wait to synapse until
they reach the wall of their target organs and then send out
very short postganglionic fibres.
Inferior Hypogastric Plexus
The IHP (also named pelvic plexus) is a structure formed by
the merger of HN, the PSN and the sacral sympathetic nerves
(SSNs), which are derived from the ganglia chain located
medially to the anterior sacral foramina, run behind the pelvic
presacral fascia and are interposed between the HN and PSN
(Fig. 4.17).2 The portions of the lumbar and sacral sympathetic
trunk, in continuity with each other at the level of the narrow
pelvic top, converge down, in front of the sacrococcygeal
synchondrosis forming a midline structure, named the ganglion
impar of Walther. The IHP is located in the endopelvic fascia
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under the broad ligament and positioned on the transverse
cervical ligament.69 The IHP has the shape of a triangle with a
posterior base and an anterior inferior top.36 It can be described
as having three edges (posterior, superior and inferior)
and three angles. The cranial edge is strictly parallel to the
hypogastric artery, along which it runs at a distance of about
10 mm. The inferior edge extends from the fourth sacral root to
the ureter’s point of entry into the posterior layer of the broad
ligament. Its dorsal or posterior edge is at the point of contact
with the sacral roots, from which it receives its afferences. The
three angles form a superior corner that represents the origin
of the IHP following on from the homolateral HN; an anteriorinferior corner (constituting the top of the IHP) which is located
exactly at the ureter’s point of entry into the posterior layer of
the broad ligament, and a posterior-inferior angle at the point
of contact with the fourth sacral root.37 During surgery, the IHP
can be identified considering that it runs along the posterior
edge of the hypogastric artery; its posterior superior edge is
10 mm away from it. The IHP covers the deep surface of the
sacrum. The superior angle of the IHP crosses the origin of the
hypogastric vein (HV). Its angle is at 10 ± 5 mm from the vein
confluence and 30–35 mm from the HV’s termination angle,
where it joins the external iliac vein (25–35 mm). The ureter
is a key landmark for identification of the IHP (Fig. 4.19). The
distance between the ureter and the superior angle of the IHP
is variable, but the anterior-inferior angle is always located
at the ureter’s point of contact with the posterior layer of the
broad ligament (where it perforates the broad ligament).37
In addition to the HN, the PSN and the sacral sympathetic
trunks also contribute to the makeup of the HP.
The efferences of the IHP are divided into three groups: the
medial efferent bundle (MEB), the cranial efferent bundle (CEB)
and the anterior efferent bundle (AEB). The MEB is composed
of thin fibres that travel medially toward the rectum and
mesorectum. The CEB is composed of nerve branches from
the upper portion of the IHP, starting through the parametrium
and running cranially to the uterus. The AEB is a group of three
or four fibres, which run outside the rectovaginal septum near
the anterolateral face of the rectum. The intersection with the
ureter and the uterine artery precisely locates the emergence
of the vesical and vaginal efferences. From this point on,
the vaginal efferences travel along the uterine artery and
the vesical efferences run along the terminal segment of the
ureter, underneath and outside of it (Table 4.4).
Ganglion
Superior hypogastric plexus (SHP)
Inferior hypogastric plexus (IHP)
Pelvic ganglions

Fig. 4.19 Identification of the left hypogastric plexus during excision of
deep endometriosis. Ureter (U), fallopian tube (FT), left hypograstric nerve
(LHN).

4.6.2.3 Somatic Nervous System
The somatic nerves encountered within the pelvis originate
from the pudendal and the coccygeal plexuses. The pudendal
plexus is formed by the anterior branch of the 3rd sacral nerve,
which connects with an anastomotic arch to the anterior branch
of the 4th sacral nerve. Also a small part of the anterior branch
of the 2nd sacral nerve contributes to its formation. It gives off
nerves to the genital organs, the distal bowel, the urinary tract,
the pelvic floor and the perineal skin. The pudendal plexus
is closely related to the inferior part of the piriformis muscle
and to the superior margin of the ischiococcygeus muscle;
the pelvic fascia adheres to the anterior side of the plexus and
fixes it to the posterolateral wall of the lesser pelvis, together
with the lateral sacral vessels. Medially, it is separated from
the rectal ampulla by the presence of the pararectal space.
The pudendal plexus has few collateral branches (visceral and
somatic) and one terminal branch, the pudendal nerve (PN).

Secondary plexus

Innervation

Hypogastric nerves

Pelvic bowel

Inferior and middle rectal plexus
Uterovaginal plexus

Rectum (inferior and medium portion)
Uterus
Fallopian tubes
Vagina
Ovaries
Bladder
Ureter

Vesical plexus
Ureteric plexus
Table 4.4 Plexuses of the pelvic visceral nervous system.
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Fig. 4.20 Schematic illustration of the origin of the
pudendal nerve.

Pudendal Nerve
The PN is a paired, mixed sensory and motor nerve that
originates from the anterior face of the pudendal plexus and
is derived from all the pudendal plexus roots (S2, S3, S4)
(Fig. 4.20).61 The PN includes preganglionic nerve fibres of the
sacral parasympathetic pathway that have vasodilatory effects
on the reproductive organ arteries, therefore stimulating the
erectile mechanism of the clitoris. With oblique direction down
and sideways, it leaves the pelvis together with the internal
pudendal vessels, passing through the lower part of the
greater sciatic foramen, into the gap between the piriformis
and ischiococcygeus muscles, lying medial and caudal to
the sciatic nerve.60 It enters the ischiorectal fossa passing
through the lesser sciatic foramen after surrounding the
ischial spine. After re-entering the pelvis, it accompanies the
internal pudendal artery and internal pudendal vein cranially
and ventrally alongside the lateral wall of the ischiorectal
fossa, contained in a sheath of the obturator fascia termed
the pudendal canal, along with the internal pudendal blood
vessels.60 Inside the pudendal canal, typically a single
common PN divides into a collateral branch, the inferior
rectal nerve (which sometimes arises directly from the sacral
plexus) and two terminal branches, the perineal nerve and the
dorsal nerve of the clitoris.32,61 However, reports demonstrate
variability in PN branching pattern, with up to three PN trunks
individually contributing to its terminal branches.20,31,40,60 The
perineal nerve enters into the ischiorectal fossa following
the direction of the PN. It is the inferior and larger of the
two terminal branches of the PN and is located below the
internal pudendal artery. Accompanying the perineal artery
and coursing behind the urogenital trigone, it divides into two
branches: the superficial branch (posterior labial nerve) and
the deep branch (muscular nerve branch). From the perineal
nerve may arise, as a collateral, the inferior haemorrhoidal
nerve, which mainly originates directly from the pudendal
plexus.
The superficial perineal nerves turn behind the superficial
transverse muscle of the perineum and when it becomes

subcutaneous, the nerves spread to the perineal cutis and the
labia majora. The deep perineal nerves supply the transversus
perinei superficialis and profundus muscle, bulbocavernosus,
ischiocavernosus and constrictor urethrae. Here, they give
off branches, some motors, to the muscles listed above
and others, sensory, to the vestibular bulb and the urethral
mucosa.
The dorsal nerve of clitoris runs together with the pudendal
vessels, located in the inner face of the ischiopubic branch
along the sidewall of the ischiorectal fossa. At the bottom
margin of the pubic symphysis, it passes through the inferior
pubic ligament to continue on the dorsum of the clitoris, at
the side of the suspensory ligament. The nerve ends almost
abruptly being distributed to the clitoris and the labia minora.
The PN has both motor and sensory functions. It does not
carry parasympathetic fibres, but it carries sympathetic fibres.
It supplies sensation to the clitoris through the branches of the
dorsal nerve of clitoris. The labia in females are also supplied
via the posterior labial nerve. The PN is one of various nerves
providing sensation to these areas. Branches also supply
sensation to the anal canal. By giving sensation to the clitoris,
the PN constitutes the afferent component for clitoral erection.
Branches also innervate muscles of the perineum and pelvic
floor, namely the bulbospongiosus and ischiocavernosus
muscles, the levator ani muscle (including the ileococcygeus,
pubococcygeus, puborectalis and either pubovaginalis), the
external anal sphincter and the external urethral sphincter.
As it functions to innervate the external urethral sphincter,
it is responsible for the tone of the sphincter mediated via
acetylcholine release.
4.6.2.4 Nerves Innervating the Inferior Limbs
The nerves innervating the inferior limbs originate from
the lumbar plexus and the sacral plexus. These are mainly
somatic nerves with few visceral fibres (orthosympathetic)
for innervation of smooth muscle cells, fat cells and glandular
cells of the inferior limbs.
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Fig. 4.21 Neuroanatomy of the obturator and
sciatic nerves.

Lumbar Plexus
The anterior branches of the 1st, 2nd, 3rd and 4th lumbar nerves
form the lumbar plexus. The anastomotic branch, which origins
from the last intercostal nerve, contributes to its formation. The
lumbar plexus is placed in front of the transverse processes
of the lumbar vertebras, between the two levels of insertion of
the paravertebral portion of the psoas muscle. Each anterior
root of the plexus is divided into three branches, two of which
extend in the peripheral branches of the plexus while the third
descends as anastomotic branch to the anterior branch of the
nerve below. The nerves of the lumbar plexus pass anterior to
the hip joint and mainly innervate the anterior part of the thigh.
The lumbar plexus emits numerous collateral branches, which
can be divided into short and long collateral branches, and
two terminal branches, the obturator and the femoral nerves.
Short collateral branches are motor nerves to the trunk
muscles, while long collateral branches (iliohypogastric nerve,
ilioinguinal nerve, genitofemoral nerve are mixed nerves, and
skin back of the thigh nerve is sensitive) innervate the inferior
part of the abdominal wall, the external genitalia and the
inferior limb.
Obturator Nerve
The obturator nerve is a mixed nerve destined mainly
to the medial thigh muscles (adductors) and a skin area
corresponding to the lower half of the medial thigh. Moreover,
it provides sensory branches to the joints of the hip and
knee (Fig. 4.21). This nerve originates from the lumbar plexus
with three roots from the anterior branches of the 2nd, 3rd
and 4th lumbar nerves, which converge into a single trunk
that descends vertically in the thickness of the psoas major
muscle. The nerve travels in a direction toward the pelvis,
always keeping between the bundles of psoas major muscle,
leaving on its outer side the femoral nerve, and along the
inner side, the lumbosacral trunk (Figs. 4.22, 4.23). At the level
of the pelvic inlet, it leaves the psoas muscle from its medial
margin, passing behind the common iliac vessels and laterally
to internal iliac artery (Fig. 4.24); along the side wall of the lesser
pelvis, following closely to the obturator internus

muscle, above and anteriorly of the obturator vessels, and
thus reaches the obturator canal, the point where it gives
off its unique collateral branch: the nerve to the obturator
externus muscle. It leaves the obturator canal along with the
homonymous vessels and ends shortly after, dividing into its
two terminal branches: the anterior branch and the posterior
branch.

Sacral Plexus
The sacral plexus is formed by the union of the lumbosacral
trunk (L4–L5) to the anterior branches of the 1st, 2nd and 3rd
sacral nerves. The four roots of the sacral plexus gather in
front of the greater sciatic notch, in a common trunk which
gives off a large terminal branch, the sciatic nerve, and few
collateral branches (that can be divided into anterior and
posterior branches). The sacral plexus resembles a flattened
and triangular band, with the base oriented toward the sacrum
and the apex to the lower border of the greater sciatic foramen.
It is located laterally in the lesser pelvis, runs close to the
anterior face of the piriformis muscle and is coated anteriorly
by the pelvic fascia that separates it from the internal iliac
vessels and the sympathetic chain. Always through the fascia,
the anterior visceral plexus is in contact with the rectum and
the recto-uterine pouch. The anterior sacral plexus roots pass
outside of the anterior sacral foramina and run laterally and
below the pelvic wall. The lumbosacral trunk, which consists
of part of the anterior branch of L4 and of the entire anterior
branch of L5, runs cranially from the abdomen into the pelvic
cavity passing in a position immediately anterior to the
sacroiliac joint. From every branch of the anterior sacral nerve
plexus two or three grey communicating branches (gray rami
communicantes) are given off to the sympathetic chain. The
sacral plexus emits several collateral branches, which can be
divided into anterior and posterior, and one terminal branch,
the ischiatic nerve. The anterior collateral nerves innervate the
external rotators of the hip muscles, and the coxofemoral joint
with the sensory fibres of the nerve to the quadratus femoris
muscle. The posterior collateral nerves are the cutaneous
nerve of the thigh (sensitive), the superior gluteal nerve, the
inferior gluteal nerve and the piriformis nerve (motors).
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Sciatic Nerve
Extending from the pelvis to the foot, the sciatic nerve is the
most voluminous and the longest nerve of the human body. It
is a mixed nerve that innervates the muscles of the posterior
compartment of the thigh, leg and foot as well as hip and knee
joints, and it carries sensory fibres from the whole tibial and
foot areas with the exception of the anteromedial tibial region
and medial margin of the foot (Fig. 4.20). All the roots of the
sacral nerve contribute in varying degrees to the formation
of the sciatic nerve that, in its initial segment, is flattened
in an anteroposterior direction measuring about 1.5 cm in
width and 0.5 cm in thickness. The roots of the sciatic nerve,
originating from the anterior branches of the 4th and 5th lumbar
nerve and 1st, 2nd and 3rd sacral nerve, converge on the sides
of the sacrum in a single trunk that leaves the pelvis through
the inferior greater sciatic foramen below the inferior border of
the piriformis muscle, lateral to the posterior cutaneous nerve
of the thigh and descends between the greater trochanter
and ischial tuberosity in the gluteal region. The nerve passes
subsequently through the gluteal region in the thigh, at the
level of the upper angle of the popliteal fossa where it divides
into its two main branches, the common peroneal nerve (also
termed common fibular nerve) and the tibial nerve. The dorsal
branches of L4, L5, S1 and S2 are conveyed in the common
peroneal nerve and the ventral branches of L4, L5, S1, S2 and
S3 are conveyed in the tibial part.

4.6.3 Nerve-Sparing Surgery for
Deep Infiltrating Endometriosis

It is well established that laparoscopic excision of deep
infiltrating endometriosis is associated with a significant
improvement of pain symptoms, quality of life, sexual life and
a low rate of minimal persistent/recurrent disease.12,14,16,39,57,58
However, extensive laparoscopic surgery for endometriosis
may seriously affect bladder, rectal, and sexual function due
to the involvement of the pelvic autonomic nerves that act as
pathways for neurogenic control of these organs and sexual
arousal.13,15,64,65
Nerve-sparing surgery has been originally proposed to
decrease the postoperative complications of radical
treatment of cervical cancer. In fact, radical hysterectomy, as
described by Wertheim,68 was associated with severe bladder
dysfunction and colorectal motility disorders. Since the
1960s, several authors tried to preserve the pelvic splanchnic
nerves (PSNs) and the hypogastric nerves (HNs) during radical
hysterectomy (Table 4.5), in order to improve postoperative
dysfunctional complications.3,18,19,27,55,56,71,72 These techniques

Fig. 4.22 Identification of the obturator nerve (ON) adjacent to the psoas
muscle (PM).

Fig. 4.23 Identification of the obturator nerve (ON) adjacent to the psoas
muscle (PM). Sciatic nerve (SN), psoas muscle (PM), iliac vessels (IV).

Fig. 4.24 Identification of the obturator nerve (ON). Obliterated umbilical
artery (OUA), uterine artery (UA), ureter (U).

Surgical steps

Potential nerve injuries

Resection of the dorsal paracervix (uterosacral ligaments and rectovaginal ligaments)

HN

Division of the deep uterine vein in the cardinal ligament

PSNs

Dissection of lymph nodes medial to the internal iliac vein and around the deep uterine
vein

PSNs

Resection of the vesico-uterine ligament

Vesical branches of the IHP

Pre-sacral and periaortic lymph node dissection

SHP

Table 4.5 Surgical steps correlated with the autonomic nerves at risk during classical radical hysterectomy.17,24,59
Key to acronyms: Hypogastric nerve (HN), pelvic splanchnic nerves (PSNs), inferior hypogastric plexus (IHP), superior hypogastric plexus (SHP).
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were aimed at identifying and sparing, as much as possible,
the nerves involved in urinary, rectal and sexual function
without compromising surgical outcomes.11,30,59 This has
prompted various authors to translate the concepts originating
from oncologic nerve-sparing surgery to a new technique to
be used in the treatment of deep infiltrating endometriosis
(Table 4.6).5,7–9,23,28,33,53,66

4.6.3.1 Surgical Technique
In recent years, Ceccaroni et al. have significantly contributed to
the development of the laparoscopic nerve-sparing technique
in the treatment of deep infiltrating endometriosis.5–9 In 2012,
the above authors published a step-by-step description of
the nerve-sparing laparoscopic technique used to treat deep
infiltrating endometriosis.6

Studies comparing Nerve-Sparing and Non-Nerve-Sparing Surgery in Radical Hysterectomy for Cervical Cancer and in Excision of Deep
Infiltrating Endometriosis
First author, year Study
Type of study
Participants Age
Disease
Disease stage
Results
published
location
(n)
(years)

Yabuki, 199672

Japan

Possover, 200055 Germany

Querleu, 200256

France

Landi, 200628

Italy

Kavallaris, 201123 Germany

Ceccaroni, 20126 Italy

Bogani, 20144

Italy

Case-control

52 LtRH
(15 NS)

_

Cervical
cancer

_

Retrospective
analysis of
prospectively
collected database
_

66 LARVH
(38 NS)

_

Cervical
cancer

FIGO IB2 to IIIA and
IB1 with risk factors
for lymphatic
metastasis

95 LARVH
(47 NS)

_

Prospective
non-randomized
study

45
(25 NS)

31

Retrospec71
tive analysis of
(16 NS)
prospectively collected database
Prospective
126
(61 NS)

32

Prospective

51

96 LRH
(33 NS)

_

Group NS: lower time to obtain postvoid residual urine volume
< 50 ml; lower blood loss. No significant difference in duration of surgery

Group NS: faster suprapubic drainage
removal; decreased incidence of
self-catheterization. No significant
difference in radicality of resection of
the cardinal ligaments
Cervical
FIGO 1A2, 1B, 2
Group NS: longer duration of postcancer
operative retention (residual urine
volume > 100 ml). No significant difference in duration of surgery, blood
loss, long-term urinary symptoms
Deep endoDeep endometrio- Group NS: reduced mean time until
metriosis
sis infiltrating the
resumption of voiding function; higher
bowel
score of patient satisfaction; better
improvement in dysuria. No significant differences in blood loss, operative time, incidence of complications,
mean length of stay
Endometriosis Deep endometriosis Group NS: faster spontaneous bladder
with or without
voiding (with residual urine volume <
bowel infiltration
50 ml); decreased risk of permanent
self-catheterization
Endometriosis Deep endometrio- Group NS: shorter duration of postsis infiltrating the
operative self-catheterization; lower
bowel
incidence of postoperative urinary
retention; lower incidence of severe
pelvic dysfunction; higher sexual
desire; higher frequency of orgasm
achievement during intercourse;
overall lower incidence of severe
bladder/rectal/sexual dysfunctions.
No significant difference in intraoperative, perioperative and postoperative complications; in rates of urinary
incontinence, bladder hyposensibility,
air/fecal incontinence, constipation.
Group NS: lower catheterization
Cervical
FIGO stage IA2,
time, less voiding dysfunctions and
cancer
IB1, IIA < 4 cm;
reduced constipation rate
after neoadjuvant
No significant difference in paramechemotherapy:
FIGO IB2,
trial width and vaginal cuff length,
IIA > 4 cm and IIB in blood loss, in intraoperative and
postoperative complications

Table 4.6 Studies comparing nerve-sparing and non-nerve sparing surgery in radical hysterectomy for cervical cancer and in excision of deep
endometriosis Key to acronyms: Laparotomic radical hysterectomy (LtRH); laparoscopic-assisted radical vaginal hysterectomy (LARVH);
laparoscopic radical hysterectomy (LRH); nerve-sparing group (NS).
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The peritoneum covering the promontorium is incised.
Identification of the SHP and HNs is accomplished through
blunt dissection of the loose fatty tissues of the rectosacral
space until reaching the level of the rectosacral fascia. The
nerves are then pushed ventrally and caudally with the
rectum to facilitate a safe dissection of the mesorectum.
Mobilization of the rectosigmoid colon and access to the lower
mesorectum at the level of lateral rectal ligaments are achieved
by opening the medial (Okabayashi’s space) and lateral
(Latzko’s space) pararectal spaces. The Okabayashi’s space
is developed between the mesoureter and the rectouterine
ligament by creating a space between the posterior leaf of the
broad ligament (medial) and the ureter (lateral). The Latzko’s
space is developed between the mesoureter and the pelvic
wall by opening up the space between the internal iliac artery
(lateral) and the ureter (medial).8,9 Once these two spaces have
been created, the posterior and lateral parametrial ligaments
(rectovaginal, lateral rectal, and cardinal ligament) are
identified. In a next step, blunt dissection in the laterocaudal
direction of the retrorectal space is performed, preparing the
so-called ‘holy plane of Heald’ on the midline8,67 to identify the
sacral roots (S2–S4). The middle and distal portions of the HNs
are embedded in the mesorectal fascia and may be injured if
not correctly visualized. Dissection is carried on close to the
rectum, towards the Okabayashi’s spaces. The isolated SHP
and HNs are then preserved and removed from the uterosacral
ligaments (USLs) and rectovaginal ligaments. In addition, the
lumbosacral sympathetic trunks and ganglia, located close
to the sacrum, but in a more lateral and dorsal direction, are
preserved. The posterior parametrium and ligaments can be
dissected, and given endometriotic involvement of the cardinal
ligament, it can be transected sparing all the fibres lodged
within the rectovaginal ligaments. Dissection is carried on until
exposure is achieved at the site where the HNs travel into the
cranial part of the IHP in the anterolateral border of the rectum
at the level of the posterior parametrium. The ureters and iliac
vessels are isolated and ureterolysis is performed until healthy
tissue is reached. The posterolateral parametrium is traversed
bilaterally by the HNs, the anterior branches of the SSNs, the
PSNs, and, more ventrally and caudally, by the proximal part of

Fig. 4.25 Identification of the pelvic splanchnic nerves (PSNs) and left
hypogastric nerve (HN).

the IHP. The caudal portion of the posterolateral parametrium
is resected after medialization of the rectum infiltrated by
endometriosis, followed by identification of the cranial and
middle part of the IHP, and extreme lateralization of its fibres,
leaving intact (when possible) the connective tissue in which
they are embedded. If necessary, transection of the rectovaginal
and lateral rectal ligaments is performed after completion of
cranial and lateral dissection of the rectovaginal septum and
further lateralization of the ureters, while keeping the PSNs
and IHP fibres under constant laparoscopic vision. The deep
uterine vein (DUV) is a landmark that facilitates identification
of the plane dividing the parametrial vascular portion (ventrally
and cranially) from the neural portion (dorsally and caudally).
Next, the PSNs are identified at their origin from the sacral
roots allowing for a safe dissection of the rectal wings and
lower mesorectal planes, while keeping their parasympathetic
bundles under constant vision. Following transection of the
rectovaginal ligaments, identification of the IHP, caudal to the
course of each DUV, is again performed to facilitate division of
their efferent bundles, sparing the visceral afferent and efferent
fibres to the uterus, vagina, and the bladder. Transection of
lateral rectal ligaments is then safely completed by retracting
them medially, after separating them from the PSNs and IHP.
During transection of the lateral rectal ligaments and rectal
resection, only rectal fibres of the resected bowel segment
should be cut to minimize rectal denervation.
4.6.3.2 Surgical Outcomes
In 2004, Volpi et al. for the first time reported on their experience
with nerve-sparing surgery for laparoscopic treatment of deep
infiltrating endometriosis. They conducted a prospective study
to evaluate whether the HNs and the PSNs can be identified
and preserved during laparoscopic surgery for deep infiltrating
endometriosis involving the USLs and the rectovaginal septum
(Fig. 4.25).
Twenty-four women operated on for deep endometriosis were
enrolled in the study. The surgical procedure in all but two
patients consisted of deep dissection of the retroperitoneal
part of the pararectal fossa with exposure and resection of
the uterosacral ligaments (USLs). Resection of vaginal nodules
was performed in 18 of 24 (66.7 %) patients, one patient
(4.2 %) underwent anterior resection of the rectosigmoid and
another one (4.2 %) underwent resection of the bladder wall.
The authors visualized the HNs in 20 of 22 women (90.1 %).
Resection of at least one HN and of the upper part of the
hypogastric plexus at least on one side was carried out in 8 of
the 24 patients (33.3 %). Bilateral resection of the nerves was
recorded in 3 of 8 patients (37.5 %). Resection of the USLs
was bilateral in seven patients (29.2 %), and in three of them
(42.9 %), the nerves were resected. Seven of 8 women (87.5 %)
who had resection of the nerves experienced urinary retention
at discharge and had self-catheterization. Self-catheterization
was necessary in five patients (100 %) who had unilateral
resection while no patient with preservation of the nerves
required self-catheterization. The study showed that nerve
identification is feasible in the majority of patients undergoing
laparoscopic surgery for deep infiltrating endometriosis
and confirmed that the nerve-sparing technique is crucial in
preserving normal bladder function.66
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In 2005, Possover et al. conducted a prospective pilot study
to assess the feasibility and advantages of introducing
the laparoscopic neuro-navigation (LANN) technique into
laparoscopic gynaecologic radical pelvic surgery (163 patients
with cervical cancer and 91 patients with deep infiltrating
endometriosis of the parametria). The rationale underlying
the surgical procedure included dissection, electrostimulation
and consistent preservation of the PSNs before transection
of the parametria, and subsequently, of the IHP. Functional
selective identification of the neural roots was performed using
the LANN technique. Mono- or bipolar laparoscopic forceps
were used for electrostimulation (current with a square-wave
pulse duration of 250 microseconds, pulse frequency of 35
Hz, and electric potential of 12 V). Laparoscopic dissection
and electrostimulation of the PSNs was feasible in all women
without any complications and without prolonging the total
operative time. In addition, the LANN procedure was found
to significantly reduce the rate of postoperative bladder
dysfunction (< 1 % of the patients).53
More recently, a step-by-step tutorial including videos and
pictures of the LANN technique for nerve-sparing radical
endometriosis surgery has been published giving a detailed
look at the anatomy of the intrapelvic bundles of the autonomic
nerve system innervating the bladder, rectum, and pelvic
floor. This didactic video guide is a great convenience for
health care providers looking for an instructive presentation
of the technique performed under constant laparoscopic
visualization in order to localize, identify and preserve the
sympathetic and parasympathetic nerves in the pelvis which
are at risk during radical pelvic surgery.29
In 2006, a prospective non-randomized study assessed
the feasibility and outcomes of laparoscopic nerve-sparing
excision of endometriosis.28 This study included 45 patients
who underwent segmental bowel resection using a non-nervesparing technique (control group – group A, n = 20) and a nervesparing technique (case group – group B, n = 25). No statistical
differences were reported between the study groups in terms
of operative time, blood loss, and average length of stay. The
median time until resumption of normal voiding function was
significantly shorter in group B (3.0 days) than in group A (12.5
days; p < 0.01). After surgery, a significant improvement of
pain symptoms was reported in both study groups without
significant differences. More patients of group B (87.7 %) were
‘very satisfied’ in comparison with group A (59.0 %; p = 0.013).28
In 2011, a German study of Kavallaris et al. compared the
outcomes of 16 patients who were treated by laparoscopic
nerve-sparing radical resection of endometriosis within a
database of 55 patients who received non-nerve-sparing
surgery.23 In all of the 16 patients treated with the nerve-sparing
technique, at least single-sided resection of the USLs was
performed. Two patients underwent anterior resection of the
rectum, another two patients received bladder resection and
one patient was treated by ureteral resection. Pain symptoms
significantly improved postoperatively in all patients. In
this study, visualization of the HNs and IHP was feasible in
acceptable operative time and the mean operative time was
82 minutes (range 45–185). After surgery, with the exception
of the three patients with bladder and ureter resection, in all

the other patients spontaneous voiding occurred on the first
postoperative day with a median residual urine volume of <
50 ml. Following removal of the Foley catheter, the remaining
three patients reported on spontaneous voiding (two patients
with bladder resection on postoperative day 7, and the
patient with ureter resection on postoperative day 9) with no
urinary retention. The patients treated by a non-nerve-sparing
technique underwent a combined laparoscopic vaginal
technique with en bloc resection of part of the posterior
vaginal wall, cul de sac, rectovaginal septum, USLs, and part
of the rectosigmoid. The mean operative time was 190 min.
Postoperatively, 14 patients (25.5 %) had bladder dysfunction
with incomplete emptying of the bladder. All women were
instructed for bladder self-catheterization. Bladder function
resolved in ten patients spontaneously within 3 months and in
two patients after 6 months. Two patients required permanent
self-catheterization at the 6-year follow-up control.23
Ceccaroni et al. conducted a single-centre, prospective trial to
compare the classic and nerve-sparing technique in terms of
complications, neurologic postsurgical dysfunctions, clinical
outcome, and quality of life. Sixty-one women underwent
nerve-sparing radical excision of pelvic endometriosis
with segmental bowel resection (group B) and 65 patients
underwent the classical technique (group A). The number
of patients who underwent bowel or bladder resection was
similar in both groups; whereas, more patients of group B
underwent major ureteral surgery or parametrectomy. The
mean (± SD) operative time was shorter in group B (301.5
± 88.9 min) than in group A (351.8 ± 113.9 min). No intergroup differences were reported in terms of intraoperative,
perioperative, and postoperative complications. The average
number of days of self-catheterization was significantly lower
in the nerve-sparing group (39.8 days) than in the non-nervesparing group (121.1 days; p < 0.001). Women of group A
experienced urinary retention more frequently between 1 and
6 months (p = 0.035) compared with group B, and did not have
any amelioration between 6 months and 12 months (p = 0.018).
Similar findings were observed in terms of incidence of urinary
incontinence, bladder hyposensibility, air/fecal incontinence,
and constipation at 1, 6, and 12 months of follow-up.
Concerning sexual life, the rates of intercourses after surgery
and of women experiencing dyspareunia, psychophysical
distress related to dyspareunia or use of lubricants, vaginal
dryness, and distress due to vaginal dryness, were similar in
the two groups. Vaginal bleeding (p < 0.05) and reduced sexual
desire (p < 0.001) were more common in women of group A.
Besides, more patients in group A (10.8 %) reported on sexual
sensations during intercourse without orgasm achievement
than in group B (0 %; p < 0.001). In addition, a significantly
higher percentage of women in group A (72.3 %) experienced
no sexual sensations or no orgasmic pleasure at all than in
group B (0 %; p < 0.001). More women in group B (47.5 %)
had unchanged sexual pleasure compared with patients of
group A (10.8 %; p < 0.001). Conversely, a decrease in sexual
pleasure / orgasm frequency was reported by less women in
group A (4.6 %) than in group B (18.0 %; p < 0.01). However,
at long-term follow-up (> 12 months), overall severe bladder/
rectal/sexual dysfunctions were significantly more common
among patients of group A (56 women, 86.2 %) than in group
B (1 woman, 1.6 %; p < 0.001).6
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In 2014, a prospective study of Mangler et al. assessed the
quality of a combined vaginal-abdominal surgical approach to
rectovaginal endometriosis by evaluating long-term outcome
and recurrence rates.33 One hundred and ten women with
endometriosis of the rectovaginal septum were included in this
study; bowel infiltration was demonstrated intraoperatively
and treated by a nerve-sparing, mesentery-preserving vaginalabdominal operative technique. Bowel-infiltrating disease was
confirmed during surgery in 71 (64.5 %) women; non-infiltrating
endometriosis with no involvement of the bowel surface was
detected among 39 (35.5 %) women. The average operative
time was 230 minutes (range, 82–600 minutes). However, it
was significantly longer in the group with bowel-infiltrating
endometriosis (268.3 minutes) than in the non-infiltrating
group (162.6 minutes; p < 0.001). A segmental resection of
the rectosigmoid was performed in 71 patients (64.5 %). In
the bowel-infiltrating group, the bladder was involved in 23
women (32.5 %), 5 of whom had a partial bladder resection
(7.0 %); the ureter was affected in 12 patients (16.9 %), 4 of
whom required resection and ureteric reimplantation (5.6 %).
In the non-infiltrating group, the bladder was affected in 9
patients (23.1 %), 2 of whom required partial bladder resection
(5.1 %), while the ureter was involved in 2 patients (5.1 %). No
long-term complication was reported. At a median follow-up
of 64 months, no recurrence in the rectovaginal septum was
observed among the study patients. Two women in the group
with intestinal infiltration had residual urine at discharge from
hospital. One woman had pre-existing self-catheterization.
Another woman was only able to void the bladder completely
by pressing after the surgery. One patient in the non-infiltrating
group had voiding problems, but urine retention resolved after
3 weeks. After a median follow-up of 64 months, no recurrence
in the rectovaginal septum and no long-term complication
were reported.33
Che et al. conducted a prospective study to investigate
the efficacy of nerve-sparing surgery for deeply infiltrating
endometriosis and functional complications after this
procedure.10 A total of 108 patients who underwent conventional
surgery (group A, n = 63) and nerve-sparing surgery (group
B, n = 45) were included in the study. The rate of resections
of the USLs, vaginal, ureter, bladder, parametrial, cul de sac,
and bowel lesions were similar in the two study groups. After
surgery, 9 women (15.9 %) required self-catheterization with an
average duration of 56 days (25 days to 8 months) in group A,
while no patient required self-catheterization postoperatively in
group B. Based on the International Prostate Symptom Score
(IPSS), a significant alteration in voiding symptoms in group A
was observed at 6 months, but not at 12 months or 24 months
after surgery, whereas in group B no significant difference
was reported after surgery. At follow-up, the intensity of pain
symptoms was significantly reduced in both groups, although
two patients (4.4 %) in group B had no amelioration. The Total
Female Sexual Function Index (FSFI) score and each domain
score significantly improved in the two study groups after
surgery except for the satisfaction domain score documented
at 24-month follow up in group A.10
In a retrospective case series study, Possover evaluated 47
consecutive patients who suffered from urine retention after
surgery for deep infiltrating endometriosis and reported

normal bladder sensation and bladder voiding function before
surgery.46 The mean interval from the surgery was 9.5 years
(range, 7–15 years). Eighteen patients had acute paralytic
motor bladder atony and 5 had acute neurogenic bladder
atony. Twenty-four patients developed chronic neurogenic
bladder atony. The first symptom of chronic urine retention
was reduced urinary frequency; the most frequent complaints
reported by the patients were a weak urinary stream and the
need for Valsalva or Crede maneuver for bladder voiding.
This study showed that segmental rectum resection with
parametric resection exposes the most patients to the risk
of a motor paralytic neurogenic bladder. However, the most
frequent aetiology seemed to be chronic myogenic destruction
secondary to chronic bladder overdistention.46

4.6.4 Treatment of Endometriosis-Related Sacral
Radiculopathies, Sciatica and Pudendal Neuralgia
Endometriosis may be the cause of sacral radiculopathies
and other pelvic neuropathies.7,34,48,73 In 2007, Possover et
al. published their experience with 21 patients subjected to
laparoscopic neurolysis of the plexus sacralis and the sciatic
nerve combined with the LANN technique for the treatment
of deep endometriotic infiltration of the lateral pelvic wall.
This study demonstrated that laparoscopic neurolysis of
the pelvic somatic nerves is a feasible procedure for trained
laparoscopic surgeons who have a good knowledge of the
retroperitoneal pelvic neuroanatomy.48 In 2009, Possover
conducted a retrospective study to assess the feasibility
of the laparoscopic transperitoneal approach to the pelvic
somatic nerves for the diagnosis and treatment of anogenital
pain caused by pudendal and/or sacral nerve root lesions.41
The study was based on a total of 134 patients of which 50
had endometriosis (sacral plexus endometriosis infiltration in
39 cases, sciatic nerve isolated endometriosis in 4 cases and
sacral nerve roots S2/S3 entrapment by parametrium fibrosis
secondary to endometriosis in 7 cases). Endometriosis lesions
involving the sacral plexus caused a reduction in the mean (±
SD) preoperative visual analogue scale score of 8.7 ± 1.9 to 1.1
± 0.7 cm at a mean follow-up of 21 months in 78 % of women.
A prospective cohort study including 213 patients who
underwent laparoscopic management of sacral radiculopathy
(sciatica, pudendal, gluteal pain) of unknown genesis was
published in 2011.54 Laparoscopy demonstrated isolated
endometriosis of the sciatic nerve in 27 women, deeply
infiltrating parametric endometriosis with sacral plexus
infiltration in 148 women, sacral plexus vascular entrapment in
37 women, and pyriformis syndrome in one woman. Patients
with sciatic nerve involvement were treated as follows: opening
of the sciatic perineurium with intrafascicular neurolysis,
excision of the lesion, and superficial coagulation of the entire
sciatic foramen were performed in all patients. From a total of
27 women, 11 required an extended dissection of the nerve
through the greater sciatic foramen downward to the gluteal
region. Mean reduction (± SD) of visual analogue scale pain
scores in patients with endometriosis at 6-month follow-up
was significant (2.6 ± 1.8 cm) in comparison with baseline (7.7
± 1.2 cm).54
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4.6.4.1 LION Procedure
Sacral nerve stimulation (SNS) is a technique originally
developed for the treatment of chronic pelvic voiding
dysfunctions to be considered after failure of medical
treatments. The main indications of SNS are idiopathic
detrusor overactivity leading to overactive bladder26 and
Fowler’s syndrome.22 Other clinical applications of SNS are
neurogenic lower urinary tract dysfunction,70 lower bowel
motility dysfunctions (such as severe constipation)21,25
and chronic pelvic pain.35 Originally, the placement of
neurostimulation electrodes was performed by open surgery62
which later was abandoned in favor of an alternative option
using a minimally invasive percutaneous approach performed
under local anaesthesia.63 However, the main limitation of the
percutaneous transforaminal procedure lies in the fact that the
method affords only stimulation of one sacral nerve root by one
electrode. This deficiency has prompted the decision to adopt
a laparoscopic approach which, in fact, allows a reproducible
exposure of all pelvic motor and autonomic nerves and
plexi. Hence, in this way, implantation of neurostimulation
electrodes onto the pelvic nerves became feasible.47 The
technique has been called ‘LION procedure’ (Laparoscopic
Implantation Of Neuroprothesis) and has been implemented
in the treatment of refractory pelvic and abdominal neuralgia/
neuropathia,42,47 the restoration of bladder function after spinal
cord injury,49 or after pelvic nerve destruction,50 and in the
treatment of various neurogenic dysfunctions of the bladder.44
The procedure consists of a complete laparoscopic exposure
of the SHP between the level of the inferior mesenteric artery
and the aortic bifurcation, followed by placement of a multiplechannel electrode encompassing the entire SHP. In the papers
published so far on the LION technique, the authors reported
on the use of multiple-channel-type electrodes ‘On-Point PNS,
Model 3987’ (Medtronic GmbH, 40670 Meerbusch, Germany).
Systematic fixation was performed with a nonabsorbable 5-0
suture, while the cable was passed extraperitoneally under
the descending colon avoiding any contact with the left ureter
before connecting it to an external test stimulator.42,47 Then,
a permanent stimulator (type InterStim®, model no. 3023,
Medtronic GmbH Germany;47 or ITEL 3 Neurostimulation
System, Medtronic GmbH, Germany)42 was implanted.
The decision-making as to whether a permanent stimulator
should be implanted was based on a preliminary test phase of
external electrostimulation over several days using alternating
‘on’ / ‘off’ phases to enable an objective assessment of the
efficacy of neuromodulation.
In 2009, Possover and Chiantera published a report
investigating the impact of neuromodulation of the SHP in a
small series of patients with bladder atonia secondary to pelvic
surgery (including one case of surgery for deep infiltrating
endometriosis). In 4 consecutive patients with bladder atonia
secondary to pelvic surgery, the LION procedure was applied
to the entire SHP. The study provided evidence that after
laparoscopic implantation of a neurostimulator, one patient
reported on full recovery of bladder function, two patients
were able to obtain partial voiding while one patient did not
report any improvement.50

4.6.5 Discussion
Exposure of pelvic nerves during surgical treatment of
endometriosis has become feasible not only on account of
advancements made in the field of pelvic neuroanatomy,
but also with regard to specific techniques that have been
integrated in laparoscopic surgery to identify even tiny nerves
in the depth of the pelvis.51 Pelvic nerve injury secondary
to operative procedures can precipitate pelvic visceral and
sexual dysfunctions, problems with locomotion and various
types of pain.45 In this context, the ureter, is used as the key
anatomical surgical landmark which delineates the upper
boundaries of the IHP and of its vesical, vaginal and rectal
efferences. Transgression of these boundaries is associated
with an elevated risk of nerve lesions to the efferences of
the IHP.37 Damage to the upper two to three centimeters of
the IHP induces hypoanesthesia of the fornix and the dorsal
vaginal cuff, whereas damage to the middle part of the plexus
may account for sensory bladder disorders. Detrusor motor
dysfunctions (parasympathetic nerve damage) first occur
by injury to the lower part of the plexus (approximately 3
cm caudal to the level of the pouch of Douglas).46 Similarly,
intraoperative injuries of fibres supplying the anal sphincter
may cause terminal constipation of the bowel.1 Surgical
release of PSNs from endometriosis may not always
be technically feasible because sometimes the disease
directly involves the nerves supplying the rectum and the
bladder. However, rectovaginal deep endometriosis is often
associated with unilateral involvement of parametric tissues,
so that it should be feasible to preserve integrity of the pelvic
splanchnic nerves on the unaffected side. Considering that
surgical maneuvers performed in the lower rectum are prone
to reach the proximity of efferent nerve branches of the IHP,
this may result in injuries not only from fibre sectioning, but
also from necrosis due to lateral thermal diffusion.1 The
surgeon’s knowledge of the anatomy of the autonomic pelvic
nerves is a crucial factor in the prevention of nerve damage
and related functional complications occurring during radical
surgery for deep endometriosis. In fact, numerous studies
have demonstrated the inherent benefits of laparoscopic
nerve-sparing surgery in comparison to classical procedures
with regard to preservation of bladder, rectal and sexual
function.6,10,28 Nerve-sparing techniques require a high level of
experience in the treatment of deep infiltrating endometriosis
and in laparoscopic surgery, hence, more complicated
cases should be referred to tertiary specialized centres.
Future studies should be designed to further elucidate the
role of the LION technique in patients with pain refractory to
conventional treatment and in those with long-term functional
complications.

4.6.6 Conclusion
Neuropelveology is an extremely innovative and continuously
evolving medical specialty, which focuses on the prevention,
diagnosis and treatment of pathologies of the pelvic nerves
and plexuses. Good knowledge of neurology, pelvic neuroanatomy, pathologies of the pelvic organs and extensive
training in laparoscopic (neuro-)surgery are core skills that form
the backbone of daily work in this multidisciplinary field. By
integrating selective nerve-sparing techniques into the various
approaches currently used in laparoscopic gynecology,

343

4.6 Neuropelveology

neuropelveology opens up new prospects in the treatment of
a wide range of pathologies. Omission of the pelvic nerves in
medicine is no longer acceptable and continuing significant
efforts should be made in the field of clinical and experimental
laparoscopic research to further improve the nerve-sparing
techniques.
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4.7

Recurrent Endometriosis

Martin Sillem a
4.7.1 Introduction

Endometriosis is a disease that presents with any combination
of three symptoms: cyclic pelvic pain, infertility, and pelvic
masses. A relapse or recurrence is best defined as the
presence of these symptoms after the previous diagnosis and
treatment of the condition (see Table 4.7).
Factors contributing to the recurrence of endometriosisrelated symptoms






Chronic nature of the disease itself.
Ineffective medical treatment.
Premature discontinuation of effective medical treatment.
Inadequate surgical treatment.
Incomplete surgical treatment.

Table 4.7

Reported recurrence rates vary over an extremely wide
range. This is not surprising when we consider that therapy
is instituted for subjective complaints and it is difficult to
determine an objective endpoint for treatment. In a very
scholarly article that also reviews the possible mechanisms of
recurrence, Guo11 calculated the recurrence risk of any form
of endometriosis or any symptom related to the disease to
be approximately 20 % two years after primary treatment and,
with even less certainty, approximately 50 % at five years.

4.7.2 Prevention of Recurrence

Since no causal treatments for endometriosis have been
established so far, correct diagnosis and clinical management
in the primary setting are crucial for keeping recurrence rates
as low as possible. In this section we will review some effective
approaches to the prevention of recurrent disease.
4.7.2.1 Prevention of Recurrence Due to Misdiagnosis
The long-term efficacy of any treatment depends critically
upon an accurate diagnosis regarding the cause of symptoms
and the extent of pathologic changes.
Endometriosis is often described as an enigmatic condition
that presents with a great variety of symptoms. However,
dysmenorrhoea is almost always present on initial diagnosis.2
If this variety of symptoms is present without a predominance
of dysmenorrhoea, other possible diagnoses should be
considered in order to avoid symptom recurrence or
persistence due to treatment that is predictably ineffective for
the true condition at hand.
Laparoscopy is the gold standard for diagnosing
endometriosis, as it is usually the best method for obtaining
histologic proof. However, if it is not combined with thorough
palpation of the pelvic connective tissues, laparoscopy may
reveal only the ‘tip of the iceberg’ while missing the true extent
of disease (Figs. 4.26a–c). This underdiagnosis can have serious
consequences if, for example, the examiner misses ureteral
involvement that culminates in hydronephrosis.
While the above situation is rare, not infrequently pain
symptoms are erroneously assigned to minimal endometriosis,
while the true cause goes undiagnosed. Sporadic superficial
endometriosis implants are present in approximately 20 % of
women at tubal ligation.17 Other frequent causes of chronic
pelvic pain in women are pelvic-floor muscle tenderness18
(Fig. 4.27) and somatoform pain disorder.19 Failure to recognize
the presence of these conditions will invariably lead to
symptom recurrence or persistence despite therapies that are
proven to be effective for endometriosis.

a |	Associate Professor, MD; Private Clinical Center ‘Am Rosengarten’,

Mannheim, Germany
Corresponding author:
Priv.-Doz. Dr. med. Martin Sillem
Praxisklinik am Rosengarten
Augustaanlage 7–11
68165 Mannheim, Germany
E-mail: msillem@praxisklinik-am-rosengarten.de

347

4.7 Recurrent Endometriosis
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Fig. 4.26a–c ‘Tip of the iceberg.’ Failure to expose the posterior vaginal vault and palpate the pelvic connective tissue preoperatively will lead to
underdiagnosis, undertreatment and persistence of disease, often misinterpreted as a recurrence. Endometriotic lesions in the posterior vaginal vault
are indicative of deep infiltrating disease (a). (b) Same patient as in (a). Cul-de-sac lesions consistent with minimal endometriosis, assessed as stage
I disease in the revised classification of the American Society for Reproductive Medicine (rASRM). Same patient as in (a, b). Endometriotic lesion in the
vaginal vault exposed after colpotomy, ENZIAN A2 score (c).

4.7.2.2 Prevention of Recurrence in the Treatment
of Peritoneal Endometriosis
Laparoscopy for peritoneal endometriosis should always
include the excision of at least one implant for histologic
confirmation. Superficial implants can be excised or physically
destroyed with equivalent results,4 but the treatment of all foci
is the goal. Even if this is accomplished, recurrence is common
(Fig. 4.28) unless surgery is followed by long-term medical
therapy, ideally aimed at the induction of amenorrhea. GnRH
analogues, continuous oral contraceptives and progestins
are probably equally effective in this regard.29 Dienogest 2  mg
has proven effective for pain relief, is well tolerated and is
safe in terms of bone density.23 The duration of treatment is
determined by the patient’s desire for pregnancy, her age, and
potential side effects rather than by virtue of expertise and
experience on the part of the gynecologist.

Fig. 4.27 Palpation of pelvic floor muscles. Drawing indicates the levator
ani and obturator internus muscles, separated by the ‘white line.’
By courtesy of Sillem M et al. Geburtshilfe Frauenheilkd 2016.20

Fig. 4.28 Recurrence rates of various types of endometriosis, based on
a retrospective analysis of 492 patients operated for pain.13 X-axis: time
after surgery (months). Y-axis: percentage of pain-free patients.
Ovarian endometriomas ( ). Deep infiltrating disease ( ). Peritoneal
endometriosis ( ). By courtesy of Hippach, M. et al. Zentralbl. Gynaekol
2003.13
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4.7.2.3 Prevention of Recurrence in the Treatment
of Ovarian Endometrioma
With ovarian endometriomas, recurrence is to be expected
if treatment consists of fenestrating the cyst rather than
removing the entire cyst wall12 (Fig. 4.29). If pain is present
and/or the cyst recurs despite correct surgical technique,
denudation of the underlying pelvic sidewall should be
considered5,16 (Fig. 4.30). Generally speaking, the adherent
cyst should be initially mobilized from the underlying pelvic
sidewall by blunt dissection. There are three reasons for this:
1. The cyst may be opened at a site not covered by healthy
ovarian tissue, obviating the need for dissection of the
ovary.
2. The pelvic sidewall is now fully exposed and can be
resected as deemed necessary.
3. The mobilized cyst can be resected at a safe distance
from the ureter.
While ovarian endometriomas never fully resolve in response
to primary medical therapy, there is a considerable body of
evidence that favors continuous medical treatment to avoid
recurrence and reoperation.29 Considerations relating to the
selection and duration of treatment apply as above.
4.7.2.4 Prevention of Recurrence in the Treatment
of Deep Infiltrating Disease
As discussed in other sections of this book, surgery for deep
infiltrating endometriosis requires extensive planning and
excellent surgical skills to yield high success rates with few
complications. These standards are fulfilled most consistently
at certified endometriosis centers.7,24

In contrast to ovarian endometriomas, where cyst removal
and recurrence can be established with reasonable certainty,
this distinction is less clear-cut in the case of deep infiltrating
lesions. The detection of deep endometriosis that has
already been treated surgically may be due to incomplete
removal (deliberate or inadvertent) or to the formation of
new lesions, and it is often difficult to determine which is
true. Consequently, a detailed description of the extent of
disease, surgical procedure, and intraoperative rationale (e.g.,
a less radical excision to preserve fertility) should be recorded
in the surgical report, ideally using the revised ENZIAN
classification.25 Complete surgical excision should be the
goal whenever possible. If the patient’s preference is unclear
or the surgeon lacks the necessary technical expertise, it is
wiser not to attempt a radical resection than to abandon it
halfway through, since repeat surgery is fraught with higher
complication rates.26
When surgery for deep infiltrating endometriosis is proposed
in a woman who has completed her family planning, the
inclusion of hysterectomy should be discussed as it is likely to
reduce the rate of symptom recurrence. While data to support
this concept are scarce and not recent,27 it is clear that a high
correlation exists between deep infiltrating endometriosis
and adenomyosis10 and that hysterectomy is an appropriate
treatment for the latter condition. Conversely, performing
a standard hysterectomy alone and leaving deep infiltrating
endometriosis in situ for fear of complications will predictably
lead to higher recurrence rates.8
Medical therapies to downstage the extent of disease prior
to surgery and facilitate complete removal have been tested
in several trials, but the results are not convincing. Hence
it is not recommended by the European Society of Human
Reproduction and Embryology (ESHRE).6 More than being
ineffective, preoperative hormonal suppressive therapy
may actually lead to underestimation of disease extent and
consequent undertreatment at the time of surgery.
On the other hand, the induction of amenorrhea after surgery
has been shown to decrease recurrence rates, especially
if the uterus has been preserved.3 Again, the nature and
duration of this therapy should be tailored individually rather
than scheduled. An appealing option is the placement of
a levonorgestrel-releasing intrauterine device (LNG IUD),
especially if adenomyosis is suspected.9

Fig. 4.29 Excision of an endometriotic cyst. Note the follicles
(blue arrows) that are being sacrificed.

Some interventions that can reduce the risk of recurrence are
listed in Table 4.8.
Fig. 4.30a,b Mobilization of a right ovarian
endometrioma (a). Pelvic sidewalls after the
resection of endometriotic peritoneum (b).

a

b
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Clinical Entity

Treatment Option

Peritoneal endometriosis



Postoperative induction of amenorrhoea.

23,29

Ovarian endometrioma





Resection of cyst wall better than fenestration.
Resection of underlying peritoneum.
Postoperative induction of amenorrhoea.

12



Surgery that includes hysterectomy if family planning is complete.

25,25

Deep infiltrating endometriosis

Reference

5,16
29

Table 4.8 Overview of available treatment options for preventing recurrence.

4.7.3 Management of Recurrent Disease

In deciding how best to manage symptom recurrence, it
is even more necessary than in primary settings to weigh
the pros and cons of different treatment modalities and
discuss them openly with the patient. Since in typical cases
endometriosis is only one of a cluster of problems, rethinking
the diagnosis in a broader context of the woman’s personal
history is often very rewarding (cf. Section 2.1 of this chapter).
Findings or symptoms suggestive of recurrent endometriosis
after menopause warrant a detailed workup for the exclusion
of endometriosis-associated malignancy (cf. Section 4.10 of
this chapter).
4.7.3.1 Recurrent or Persistent Pain
If pain persists despite surgical treatment conforming to best
practice guidelines, appropriate medical therapy (induction
of amenorrhoea) should be initiated as outlined above.
If response is poor, it is important to note the findings of a
small study by Ling,14 who initiated treatment with a GnRH
analogue before surgery and compared the success or failure
of this medication in relieving pain with their intraoperative
findings. If the pain resolved, endometriosis was found in
60 % of cases; if it persisted, endometriosis was seen in
only 14 %. Consequently, other causes for the pain should
be investigated before reoperation is considered. If none are
found, the best available option may be to focus treatment
efforts on the pain itself using multimodal pain therapy
4.7.3.2 Recurrent Endometrioma
Recurrence of ovarian endometrioma is rare with appropriate
treatment. If it does recur, an individualized solution should be
sought. The following factors should be kept in mind:
Age of the patient. Surgery is more strongly indicated in
perimenopausal and especially in postmenopausal women
to avoid delaying a possible diagnosis of malignancy.
The use of tumor markers and MRI for this decision is
discouraged.26
 The patient’s wish to preserve fertility. Repeat surgery
to the ovary has adverse effects on the ovarian reserve.19


Thus, if recent histologic confirmation has been obtained and
the endometrioma has a typical ultrasound appearance, is
of limited size, and does not constitute a practical obstacle
to oocyte retrieval, a ‘watchful waiting’ approach may be
discussed with the patient.21

4.7.3.3 Persistence of Infertility
Even more than pain, infertility in endometriosis patients
should be considered the result of multiple factors. The
situation is further complicated by the fact that published
case data are difficult to compare since they reflect different
treatment protocols and inclusion criteria.28 Consequently,
this situation should always be approached comprehensively
with input from surgeons, reproductive endocrinologists, and
andrologists.
The risk of persistent infertility after radical surgery for deep
infiltrating endometriosis seems to range around 50 %.22
For these patients, secondary surgery appears to have no
advantages over assisted reproductive technology.30
In the presence of residual disease, other factors
(adenomyosis, age, anti-Müllerian hormone) appear to have a
much greater limiting effect on assisted reproductive outcome
than colorectal endometriosis itself.1 This finding is in line
with that of Littman, who achieved, after surgery, 15 non-IVF
pregnancies and 7 IVF pregnancies in 29 patients with prior
IVF failures.15

4.7.4 Conclusion

Endometriosis is usually a condition that affected women must
face throughout their reproductive years. Initial management
of the disease should include a comprehensive diagnostic
workup and evidence-based treatments that are both safe
and effective in the long term. If a recurrence is diagnosed,
it requires a multidisciplinary approach and an individualized
plan of treatment.
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4.8

 efinitive Surgery for Endometriosis after Completion of
D
Family Planning

Tamer A. Seckin a | S. Seckin b | Harry Reich c
4.8.1 Introduction and Background

Endometriosis is a condition characterized by the presence of
endometrial glands and stromal cells surrounded by reactive
inflammatory fibrosis outside the inner layer of the uterus.
This definition includes both adenomyosis, which is the
infiltration of endometrial cells deeper into the myometrium,
and inflammatory fibrosis of peritoneal layers outside the
uterus.15 A clear clinical understanding of the disease is
necessary for definitive surgical treatment. Treatment can be
achieved by complete excision of endometriotic fibrosis and
implants.
It is estimated that endometriosis affects 6–10 % of
reproductive-aged women and causes cyclic pain, infertility,
and loss of quality of life. Often these patients undergo
multiple repetitive surgeries. According to a prospective 4-year
longitudinal study in North America, 27 % of patients were reoperated on after initial endometriosis surgery, and 12 % of all
patients initially operated on (44 % with subsequent surgery)
ultimately received a hysterectomy.28
Inflammatory endometriotic fibrosis, which is estrogendependent, can cause mild to severe changes in the
morphology of the peritoneal membrane and the topography
of the cul-de-sac and pelvic sidewalls. Superficial fibrosis
and dense adhesions restrict the functions of pelvic
reproductive and non-reproductive organs. This causes the
characteristic, healthy texture of the peritoneum – which is
normally shiny, slippery, and transparent – to change. Deep
fibrotic involvement of the retroperitoneum presents an
additional challenge in both visual recognition and surgical
treatment. Menorrhagia with cyclic and chronic pelvic pain is
the most recognizable symptom of endometriosis, along with
dyschesia, dyspareunia, and constipation.
For women with endometriosis who no longer wish to have
children, the definitive option for recurrent symptoms after
conservative surgery is total hysterectomy with bilateral
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oophorectomy and excision of visually recognized and
suspected endometriosis tissues. Depending on the
excision expertise of the surgeon, ovarian conservation
may be considered.18 According to the American College
of Obstetricians and Gynecologists, ‘… surgeons should
consider removing both fallopian tubes and spare the ovaries
in women at low risk for ovarian cancer.’2
Endometriosis primarily affects the pelvic peritoneum in the
first order and most of the signs and symptoms that make
the disease elusive are secondary to peritoneal involvement.
However, it is often said that endometriosis is a disease of
the uterus and the most commonly accepted etiology is
believed to be retrograde menstrual debris refluxed from
the fallopian tubes.6 According to the works of Taylor,11 and
Gargett,14 stem cells of the endomyometrial junction and their
further stimulation of angiogenesis and pelvic peritoneum
are possibly the modern explanation that complements and
brings together older theories of mulleriosis and retrograde
menstruation.4 The theory of retrograde cell trafficking has
also been considered a major etiology that may explain why
ovarian endometriosis is the precursor of 20 % of ovarian
cancers.27 In the absence of visible endometriosis, the removal
of the tubes and ovaries is an elective decision made based
on patient history. There is literature that strongly suggests
that hysterectomy alone may not treat the patient’s symptoms
of pain due to unrecognized disease left behind (incomplete
surgery).23
Some researchers believe that endometriosis can be present
from birth – a theory separate from retrograde menstruation.
The embryological concept is more probable because cells,
which are supposed to end up inside the uterus, sometimes
stay in ectopic locations.5,26 Excision can definitively cure
such cases of rectovaginal endometriosis of embryologic
origin, in contrast with endometriosis due to implantation of
retrograde menstrual blood, which may continue to implant.
Cases of rectovaginal endometriosis are considered to be the
‘most painful’ and are often diagnosed just from rectovaginal
examination.
In 1914, Thomas Cullen said, ‘the removal of extensive
adenomyoma of the rectovaginal septum (deep endometriosis
surgery) is infinitely more difficult than a hysterectomy
(Wertheim) for carcinoma of cervix procedure’.9 Today, most
gynecologic oncology surgeons agree.
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4.8.1.1 Is there a Cure for Endometriosis?
My colleague, Dr. Harry Reich, does not strongly believe in
the implantation and retrograde menstruation theory. He has
said that, ‘If endometriosis came back every month, there
would be no point in doing surgery. The endometriosis cells in
many women have been around since birth. These cells begin
a cycle of chronic inflammation on a monthly basis starting
with menstrual periods. Fibromuscular tissue is deposited
around the endometriosis glands and connective tissue with
resulting pain. If diagnosed early, this tissue can be excised
completely using the laparoscope. Unfortunately this type of
surgery sometimes may include bowel resection and resection
of small portions of upper vagina behind the cervix. Most of
these cases can be diagnosed by a simple rectovaginal exam
in the doctor’s office. MRI is rarely indicated.’
Many patients’ fears are based on the idea that the disease
will worsen and recur, thus becoming a chronic disease.
They believe that the risk of recurrence is very high. In fact,
no clinical data exists to determine whether endometriosis is
a progressive and/or a recurrent disease, and many recurrent
clinical symptoms may be explained by inadequate response
to medical treatments and/or incomplete surgical excision of
the disease.
Dr. Reich believes that true recurrence of the disease is rare. In
most cases, the surgical excision patient’s symptoms do not
get much worse after the initial surgical excision diagnosis.
‘Clinical recurrences’ can often be explained by incomplete
or inappropriate treatments. Most ‘recurrences’ occur in
areas involved during the initial surgical procedure. A study
of second-look laparoscopy showed that recurrent disease
occurs most frequently at the site of treated disease after
surgical treatment of early endometriosis, reflecting incomplete
excision or ablation of disease.7 After treatment of colorectal
endometriosis, most re-operated patients are treated in the
same area, suggesting that part of the disease was left behind
due to an inadequate surgical procedure or because some
organs were undertreated to minimize the risk of postoperative
complications.

In addition, intentionally leaving endometriosis tissue behind
and expecting that, by simply removing the ovaries, the lesions
will begin an inactive phase, is a misappropriation of decisionmaking. In the presence of diffuse fibrosis of the peritoneum
and unrecognized deep nodular and infiltrative disease,
definitive surgery limited to simple total hysterectomy and
bilateral salpingo-oophorectomy (BSO) is insufficient.
4.8.1.2 Indications for Hysterectomy
The surgical choice for treatment of endometriosis depends
on many factors, including the patient’s age, severity of her
symptoms, and whether she wants to have children. These
are all key factors in decision-making. A thorough history and
physical exam is warranted for determining many of these
factors, as well as gauging the areas that may be affected
in the pelvis. A hysterectomy alone will not definitively cure
endometriosis if the tissues with endometriosis in the pelvis
are not also removed.
Removal of the uterus should have justifiable indications.
Pelvic pain, after all, may have multiple causes. Therefore, in
the absence of uterine disease, doctors and patients should
be cautious in proceeding with hysterectomy. In addition, preoperative tests like MRIs do have false sensitivity in detecting
uterine pathology such as endometriosis or adenomyosis.3

4.8.2 Uterine Pathology

The most common uterine pathologies seen with endometriosis
are adenomyosis, leiomyomata uteri, adhesions, and deep
fibrotic disease involving posterior cul-de-sac, as well as
anterior cul-de-sac involving the bladder. All of the above
pathologies, particularly adenomyosis, are characterized
by severe dysmenorrhea, menorrhagia, and pelvic pain.
Adenomyosis is the thickening of the endo-myometrial junction
and the extension of glands deep into the myometrium from
the endometrial cavity (Fig. 4.31). However, the uterus can also
be infiltrated by the presence of disease in neighboring organs
through the serosal layer.
In advanced endometriosis, the presence of an ovarian
endometrioma, a harbinger of retroperitoneal disease and
deep nodular and infiltrative endometriosis, is one of the
most important factors in determining severity and extent
of pathology. An intraperitoneal spillage of chocolate cyst
contents from an endometrioma may cause severe adhesions
to the ovaries, the uterus, the pelvic sidewalls, the rectosigmoid,
and the cul-de-sac. An endometrioma spillage may also occur
retroperitoneally, causing severe fibrosis involving the ureter
and the nerves.

4.8.3 Preoperative Considerations

Fig. 4.31 Adenomyosis. Intrinsic (!) and Extrinsic (@, DIE involving the
bladder and rectum).

The disease can involve multiple pelvic organs, mainly
the uterus, ovaries, tubes, bowel, and urinary tract, along
with retroperitoneal spaces. The extra-uterine involvement
determines the outcome of the planned procedure. Many of
these patients, having had previous laparoscopic procedures,
can present a wide range of symptoms suggestive of multiple
organ involvement. Patients must be aware that endometriosis
surgery carries 5–10 times more complications and risks
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than simple laparoscopic procedures.8 In order to obtain a
proper consent, the best practice is to obtain a preoperative
consultation with all the specialists in the surgical team.
Outcome correlates positively with the experience and the skill
of the surgeon and his or her team whose focus is exclusively
endometriosis surgery.24
When extensive cul-de-sac involvement with endometriosis is
suspected, either clinically or from another doctor’s operative
record, a mechanical bowel preparation should be considered
prior to surgery. Polyethylene glycol-based isoosmotic solution
(GoLYTELY or Colyte) works well. Following dissolution in
water to a volume of 4 liters, oral administration induces a
diarrhea that rapidly cleanses the bowel (generally within 4
hours). GoLYTELY is usually taken the afternoon before surgery
so as not to interfere with sleep. Reglan (metoclopramide), 10
mg, is administered 30 minutes before the bowel prep to help
promote gastric emptying and thus reduce abdominal bloating
and distension.
4.8.3.1 Hysterectomy Technique
The treatment of endometriosis is the excision of all
endometriotic lesions. For definitive treatment of endometriosis
when hysterectomy is indicated, the operation should be
tailored to relieve all of the symptoms, not only the symptoms
of suspected uterine origin. All extrauterine superficial and deep
endometriosis should be excised first before the hysterectomy.
The operation typically begins with adhesiolysis, followed by
excision of endometriosis, after which hysterectomy is the final
stage.
Hysterectomy is performed using an extra-fascial technique
as opposed to an infra-fascial technique. In the extra-fascial
approach, retroperitoneal exposure with the identification
of ureter and the uterine vessels is essential. Similarly,
parametrial ligaments, pericervical rings, and vaginal fornices
are approached by using the extra-fascial technique to
mobilize the bladder and rectum.
4.8.3.2 Extrafascial Hysterectomy
An extra-fascial approach to hysterectomy for endometriosis
often involves similar techniques used for modified radical
hysterectomy for carcinoma of cervix. This extended version
of modified hysterectomy is also referenced as a tailored
radical hysterectomy for endometriosis.12 In multiple organ
involvement due to deeply infiltrating endometriosis (DIE),
hysterectomy may be even more complex and technically more
difficult than radical hysterectomy. Because of DIE, there is
usually a more frequent necessity to repair the bowel, bladder,
and ureter. It is key to have a very thorough understanding of
pelvic retroperitoneal anatomy and an experienced strategy for
hemostasis in identifying the uterine arteries from their origin
before dividing the uterine ligaments and vaginal attachments.
At the start of surgery, regardless of the extent of the pelvic
disease, one always begins with thorough inspection of the
upper peritoneal cavity, the liver, and both diaphragmatic
reflections, as well as careful inspection of the small bowel, the
appendix, and colon. Steep Trendelenburg positioning of the
patient with the uterine manipulator in place is very important

for the exposure and visualization of the pelvis. Introduction of
a rectal probe at this initial stage may be helpful and failure to
advance it may be a sign of narrowing.
Before hysterectomy is attempted, all issues regarding a safe
procedure are planned and methodically exercised. After the
patient’s pelvic pathology is fully evaluated, the plan of surgery
will be to mobilize and take the steps forward cautiously and
patiently, from the easier to the more difficult steps. Many of
the retroperitoneal spaces may be obliterated with infiltration
by deep fibrotic disease and may not be identifiable or
recognized. Due to endometriosis, these spaces anatomically
are lost to retroperitoneal fibrosis.
4.8.3.3 Pelvic Adhesiolysis
The first step is to free the uterus encased by surrounding
adhesions and fibrotic endometriosis, along with freeing all
bowel loops in the pelvis. Any small bowel that is attached to
the vesicouterine peritoneal fold, uterus or the rectum should
be liberated. There are three key points when performing
intestinal adhesiolysis within the pelvis:
Scissors dissection without electrosurgery;
 Countertraction;
 Blunt dissection.


The bowel is gently held with an atraumatic grasper and lifted
away from the structure to which it is adhered, exposing the
plane of dissection. When adhesive interfaces are obvious,
scissors are used. The blunt-tipped scissors are used to
sharply dissect the adhesions in small, successive cuts taking
care not to damage the bowel serosa. Countertraction will
further expose the plane of dissection and ultimately free the
attachment. Electrosurgery and laser are generally not used
for adhesiolysis involving the bowel due to the risk of thermal
damage and recurrent adhesion formation. However, when
adhesive aggregates blend into each other, initial incision
is made very superficially with laser, and aquadissection
distends the layers of the adhesions, facilitating identification
of the involved structures. Division of adhesions continues
with laser. The aquadissector and injected fluid from it are
used as a backstop behind adhesive bands that are divided
with the CO2 laser.17
The rectosigmoid is often adherent to the left pelvic sidewall
obscuring visualization of the left adnexa. Dissection starts
well out of the pelvis in the left iliac fossa. Scissors are used to
develop the space between the sigmoid colon and the psoas
muscle to the iliac vessels, and the rectosigmoid is reflected
toward the midline. Thereafter, with the rectosigmoid placed
on traction, rectosigmoid and rectal adhesions to the left
pelvic sidewall are divided starting cephalad and continuing
caudad.
The round ligaments are bisected, and the incision is carried
toward the midline vesicouterine fold. The vesicouterine fold is
a common location of deep fibrotic endometriosis extending
to full thickness into the bladder and the uterine wall. In a
limited number of cases, when the bladder is completely
frozen with adenomyosis, the need for bladder resection will
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the IP ligament. Particular attention should be paid advancing
into the paired paravesical and paired pararectal spaces as it
is essential in isolation of both uterine arteries and the ureters.
The critical objective at this step is to trace the ureters caudally
to the level of the uterine artery bridge, also known as ureteric
tunnel (Fig. 4.32). During the course of the dissection of the
ureter from pelvic brim, the surgeon recognizes the internal iliac
artery branching into the hypogastric division and obliterated
umbilical artery lateral to the course of the ureter (Fig. 4.32).
When deep nodular fibrosis involves the retroperitoneum at the
ovarian fossa, the peritoneum making up the pelvic sidewall
facing the ovarian endometrioma is thickened, contracted and
deformed with inflammatory fibrosis. Using the fine-tipped
Adson forceps (Reich modification), diseased peritoneum is
lifted upwards and medially retracted and then excised to
unroof the ovarian fossa medially to the uterosacral plate.
Fibrotic endometriosis may involve deeper levels beyond the
adventitia, as the ureter may well be encased completely with
overlying uterine artery in the ureteric tunnel.
Fig. 4.32 Anatomy.

be part of the extended hysterectomy procedure. Therefore,
paired paravesical spaces will be further extended anteriorly
into the Retzius space to mobilize the bladder anteriorly.
4.8.3.4 Ureterolysis
Mobilization of rectosigmoid colon helps to gain access to
the left retroperitoneum and in identifying the ureters at the
pelvic brim. Using atraumatic forceps, the infundibulopelvic
(IP) ligament is lifted anterolaterally and the ureter is identified
medially at the pelvic brim as it crosses the common iliac
artery.
The ureters will also be recognized after division of the round
ligaments, and extending the incision which is carried cranially
parallel and lateral to the ovarian vessels and adnexa on the
roof of broad ligament. With traction on the adnexa medially,
the external iliac major vessels will be exposed laterally. The
ureter again will be at the medial leaf of the peritoneum above
the bifurcation of the common iliac artery and 1 to 3 cm below

a

b

Due to unpredictable nature of the extent of fibrosis,
ureteral stents may help reduce surgical time and prevent
complications at this step. The difficulty of identifying the
ureters by tracing them to the ureteric tunnel depends on the
extent of the fibrosis. After the excision of the disease, the
ureter can be repaired primarily, or end-to-end anastomosed
with fine suturing. Hydrodistention of the peritoneum using
contrast with methylene blue may aid in both identification of
endometriotic lesions that otherwise may be left out and as
well as increasing the safety of the procedure.
4.8.3.5 Hypogastric and Uterine Artery Ligation
In order to avoid hemorrhage, the hypogastric and uterine
artery can be ligated anywhere from its origin towards its
course to the uterus. The uterine artery is identified by tracing
the common iliac to internal iliac artery, and to hypogastric
artery distally or by locating the obliterated umbilical artery
and tracing it proximally.10
Depending on the involvement of the parametrial tunnel and
the vesico-uterine pillars with fibrotic nodular endometriosis,
the uterine arteries are ligated at any point from its origin from

c

Fig. 4.33a–c Level one ligature of uterine artery between the uterus and ureteric tunnel (a). Level two ligature of uterine artery between the ureteric
tunnel and obliterated umblical artery (b). Level three ligature of uterine artery at internal iliac proximal to obliterated umblical artery (c).
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the common iliac artery during its course towards the uterus.
Three levels of uterine artery ligation are described here. Level
one is the ligature of the uterine artery at the segment from
the ureteric tunnel to the uterine junction (Fig. 4.33a). Level two
is ligation between the obliterated umbilical ligament and
the ureteric tunnel (Fig. 4.33b). Finally, if disease is extending
to the obturators and to the hypogastric reflection, level
three ligation at the level of the internal illiac artery may be
performed (Fig. 4.33c). Another alternative is to implement
suture ligation using the anterior approach from the prevesical
space in cases where the posterior compartment is frozen.
When the ovarian vessels are ligated bilaterally and there
are well-placed sutures on the uterine arteries, the uterus
should blanch and change color immediately. Suture ligation
is always preferred over energy-based modalities, like the
harmonic scapel and bipolar electrocautery. The procedure
will then proceed by dissecting the posterior cul-de-sac.
4.8.3.6 Peritoneal Implants; Focal Excision and Peritonectomy
In order to treat superficial peritoneal endometriosis,
endometriotic implants and their adjacent peritoneum can be
excised using scissors or a needle electrode with a cutting
current. An elliptical incision is made around the lesion, its
edge lifted upward, and the lesion is undermined using the
hydraulic effect of pressurized irrigant from an laparoscopic
suction-irrigation pump (HAMOU Endomat®, KARL STORZ
Tuttlingen, Germany). This pushes pelvic sidewall structures
and the rectum away and allows for safer and easier
undercutting of the lesion. Following excision with scissors,
the ureter, the anterior rectal wall, and the upper posterior
vagina are checked and superficial endometriosis in these
areas are excised. A blue dye contrast may aid the surgeon
to detect occult and atypical peritoneal lesions (Aqua Blue
Contact Technique) (Figs. 4.34).25
Small pinpoint lesions can be excised using scissors, the
CO2 laser or electrosurgery with the resultant drainage
of haemosiderin-filled fluid in cases where deposits have
infiltrated beneath the peritoneum. The base of the lesion must
also be excised until normal tissue is seen. Cold scissors with
microbipolar back-up may result in better outcome due to their
greater depth of access and ability to restore normal anatomy.

In cases of endometrioma, the anti ovarian peritoneal surface
is largely involved in the disease. Peritoneum is thickened and
contracted due to the fibrosis that extends deeper into pelvic
sidewall and cul-de-sac. To treat deeper and wider peritoneal
endometriosis, after the ovary is freed, a peritonectomy is
performed where the peritoneum of the pelvic sidewall is
excised to the extent of involvement with endometriosis.
Using methylene blue water to enhance color contrast in the
hydrodistention underneath the peritoneal layer may assist the
surgeon in recognizing deeper implants. With blunt and sharp
dissections, the uterine artery is skeletonized as the diseased
tissue is retracted to the midline. After the identification of the
uterine artery, the diseased peritoneum is excised all the way
to the uterine artery tunnel.
At this juncture, the uterosacral ligament and its presacral
attachments, which is the reflection of the inferior hypogastric
nerves, is deferred and the pararectal space is identified in
order to expose the extent of rectovaginal involvement.
When the rectal probe advances into the rectum and further
into the rectosigmoid, countertraction is created. At the
same time, the uterus is anteverted with its manipulator.
The surgeon uses the blunt scissors to separate the rectum
from its posterior uterine and posterior cervical and vaginal
involvement.

4.8.4 Endometriomas

A suction-irrigation pump (HAMOU Endomat®, KARL STORZ
Tuttlingen, Germany) is used to lift up the ovaries if they
are attached by adhesions to their respective utero-sacral
ligament and/or pelvic sidewall. Often, this maneuver will result
in drainage of an endometrioma from the undersurface of the
ovary. If no endometrioma is readily identified, and the patient
has ‘unexplained infertility’ or pre- or post-menstrual spotting,
a 3-mm knife electrode connected to unmodulated unipolar
cutting current (80 W) is used to incise and drain areas on
the ovary with superficial endometriosis and cysts suspicious
for endometrioma. If an endometrioma is discovered by
either of these two methods, the cyst cavity is rinsed with
Ringer’s lactate solution and then excised using 3-mm and
5-mm biopsy forceps, grasping forceps, and/or scissors. To
help delineate the initial plane between normal ovarian cortex

Fig. 4.34 Peritoneal endometriosis on the pelvic sidewall recognized with Aqua Blue Contact
Technique (ABCt)™.
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and endometrioma cyst wall, cutting current through the knife
electrode tip applied at the cyst wall-cortex junction results in
the development of a dissection plane. This step is particularly
useful near the utero-ovarian ligament as rough avulsion can
lead to excessive bleeding. Grasping forceps are then used
to stabilize ovarian cortex while the endometrioma cyst wall
is avulsed. Excision can be performed with minimal bleeding
from the cyst wall bed and the ovarian wall edges usually reapproximate quite well, though occasionally extracorporeal
suturing is required.19 Finally the pelvic sidewall peritoneum
where the ovary was attached usually overlying the ureter is
excised.
4.8.4.1 Partial and Complete Cul-de-sac Obliteration

Cul-de-Sac Excision
Cul-de-sac obliteration implies the presence of deep fibrotic
endometriosis.
Partial cul-de-sac obliteration means that deep fibrotic
endometriosis, i.e., endometriosis beneath the peritoneum, is
present and is severe enough to alter the course of the rectum.
The deep fibrotic endometriosis is usually located on the
rectum, in the rectovaginal space, on the upper vagina, in the
space between the upper vagina and the cervix (cervicovaginal
angle), or in one or both utero-sacral ligaments. With deep culde-sac obliteration, fibrotic endometriosis and/or adhesions
involve the entire area between the cervico-vaginal junction
(and sometimes above) and the recto-vaginal septum. Often
one area predominates.20
Careful inspection of the cul-de-sac is necessary to evaluate
the extent of upward tenting of the rectum. To determine if culde-sac obliteration is partial or complete, a sponge on a ring
forceps is inserted into the posterior vaginal fornix. Complete
cul-de-sac obliteration implies that the outline of the posterior
fornix cannot be visualized initially through the laparoscope,
i.e., the rectum or fibrotic endometriosis nodules completely
obscure the identification of the deep cul-de-sac. Partial culde-sac obliteration occurs where rectal tenting is visible but
a protrusion from the sponge in the posterior vaginal fornix is
noted between the rectum and the inverted ‘U’ of the uterosacral ligaments.
In contrast to the procedure performed for superficial
peritoneal endometriosis, deep fibrotic nodular endometriosis
involving the cul-de-sac, often with invasion into posterior
vagina, rectum, or posterior cervix, is a much more difficult
problem and should be attempted only by the most expert
laparoscopist. At this step the ureter is completely exposed
bilaterally. First, the posterior uterus will be freed from its
rectosigmoid. Then, following the placement of rectal,
vaginal, and uterine probes, the rectal serosa is opened at its
junction with the cul-de-sac lesion using scissors. Rather than
concentrating on the excision of the nodular mass, attention
is first directed to the complete dissection of the anterior
rectum throughout its area of involvement. The cul-de-sac is
approached with sharp dissection by scissors, avoiding any
usage of energy-based instruments except the bipolar for
hemostasis. Dense adhesions and fibrotic nodules are freed
from the uterine border, leaving most of the disease above the

rectum on the posterior vagina, especially if the surgeon can
visualize the outline of the rectal probe during the dissection.
The dissection is performed until the loose areolar tissue of
the recto-vaginal space is reached. Usually, this dissection
extends 3–4 centimeters below the posterior fornix. Another
technique in reaching the rectovaginal disease is performed by
exploring the pararectal space bilaterally. Only after the rectum
is mobilized should excision of the fibrotic endometriosis be
attempted from the rectum, posterior vagina, and utero-sacral
ligaments.
When a ureter is close to the lesion, its course in the deep
pelvis is traced by opening its overlying peritoneum with
scissors. On the left, this often requires scissors reflection
of the rectosigmoid, as previously described, starting at the
pelvic brim. Microbipolar forceps are used to control arterial
and venous bleeding.
The rectum, with or without a fibrotic lesion must be separated
from the posterior uterus and upper vagina, especially when
operating close to the uterine vessels, as entry into these
vessels can produce life-threatening haemorrhage requiring
immediate application of the bipolar forceps.
Following separation of the rectum from the back of uterus and
the upper posterior vagina, the dissection continues on top of
the posterior vagina, the position of which is confirmed by the
sponge in the posterior fornix. This dissection on the outside
of the vaginal wall uses laser, aquadissection, electrosurgery
or scissors. On occasion, the lesion may extend deep into
or completely through the vaginal wall. Dissection should
be performed accordingly with removal of all visible fibrotic
endometriosis. Lesions extending totally through the vagina
demand an en bloc resection from cul-de-sac to posterior
vaginal wall as part of the extended hysterectomy. At this
stage, the surgical team may also perform a low anterior rectal
resection if rectal stricture is present, or the anterior surface of
the rectum is compromised due to wide excision.
Our recommendation is to defer the low anterior segmental
resection until after the hysterectomy is completed. The reason
for this is that the natural orifice of the vagina could be used
as an access route for the resected bowel to be removed.13
4.8.4.2 Rectum
Endometriosis nodules infiltrating the rectal muscularis are
excised, partially or totally, usually with the operator’s or
the assistant’s finger, in the rectum just beneath the lesion.
Some endometriosis nodules in the muscularis of the anterior
rectum can be excised laparoscopically without entering
the rectum. Full-thickness penetration of the rectum can
occur during hysterectomy surgery, especially when excising
rectal endometriosis nodules. Deep rectal muscularis
defects should always be closed with suture. These defects
are detected by filling the rectum and rectosigmoid with a
blue dye solution. Full thickness rectal lesion excisions can
be repaired by laparoscopic suture or incorporated in an
anterior discoid resection using a # 29 or 33 EEA stapler.
Following identification of the nodule or rent in the rectum,
a closed circular stapler [Proximate ILS Curved Intraluminal
Stapler (Ethicon, Stealth)] is inserted into the lumen just past
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the lesion or hole, opened 1–2 cm, and held high to avoid
the posterior rectal wall.21 The proximal anvil is positioned
just beyond the lesion or hole, which is invaginated into the
opening, and the device closed. The instrument is fired and
removed. If bowel resection is deemed necessary, it will be
performed before the vaginal cuff is closed. In order to prevent
complications, surgeons are cautioned against the use of
active suction drains or mechanical suction drain pumps. The
walls of pelvic organs which are already compromised and
thinned due to extensive shaving and excision may be prone
to leakage of the anastomosis or fistula formation. In addition,
juxtapositional alignment of suture repair lines must be
avoided when full thickness organs, such as the ureter, bowel,
bladder and vagina, are simultaneously repaired. Mobilizing an
omental pedicle pad in between the repaired organs may also
be considered in order to prevent rectovaginal, uretrovaginal,
vesicorectal, and vesicovaginal fistula formation.
When very low anterior bowel reanastomosis is performed or
a compromised bowel wall tissue is suspected, a prophylactic
temporary loop ileostomy is advised.1 In cases when ureter
re-anastomosis or re-implantation is performed, prolonged
use of post-operative ureteral stents are necessary.
4.8.4.3 Parametrium and Frozen Pelvis
When endometriosis involves the parametrium, the uterine
and bowel may also be involved. This can result in a partially
frozen pelvis. In this surgically challenging situation, the uterine
arteries are ligated proximally at the hypogastric level or the
internal iliac artery level. Stricture of the ureter and bowel
is not uncommon when the uterus is partially frozen to the
pelvic sidewall. The detachment of deep fibrotic tissue from
parametrial extension in frozen pelvis is the most challenging
aspect of a modified radical hysterectomy. These lesions may
extend to the level of the obturator vessels and deep into
ischial spine.
It is again very important to have pre-operatively placed
ureteral stents since the ureters are almost always encased
within this fibrotic process. Any muscular defect involving the
ureter during this excision should be immediately repaired
with 4.0 Proline or Monocryl sutures in an interrupted fashion,
whereas primary lesions on the rectum are closed with
interrupted silk in a single layer. After the disease-free tissues
are reached, both anteriorly and posteriorly, the cardinal
ligaments are taken down either with a harmonic scalpel or
pure cut electrical current.
4.8.4.4 Uterosacral Ligaments
Removal of uterosacral ligaments with its presacral attachment
and deep hypogastric extensions is again performed since
the disease usually affects the proximal part of the uterosacral
ligaments. However, deep nodules and cystic lesions may
involve the pararectal space extending into the presacral
and hypogastric compartments. Extreme caution must be
practiced as well as avoidance of bilateral deep excisions in
order to prevent the potential for serious bladder dysfunction
secondary to injury of the deep hypogastric nerve.

Division of Cervicovaginal Attachments and Circumferential
Culdotomy
The cardinal ligaments and uterosacral ligaments on each
side are divided lateral to endometriotic fibrosis. Bipolar
forceps coagulate the uterosacral ligaments. The vagina is
entered posteriorly over the uterovaginal manipulator below
the cervicovaginal junction. A 4-cm-diameter reusable vaginal
delineator tube is placed in the vagina to prevent loss of
pneumoperitoneum and to outline the cervicovaginal junction
circumferentially as it is incised using the CO2 laser, harmonic
scalpel, or electrosurgery to complete the circumferential
culdotomy with the delineator as a backstop. The specimen
of the uterus with its contiguous tissues (posterior vagina
and parametrium, along with tubes and ovaries attached) is
removed from the vagina. The uterus is morcellated vaginally,
if necessary, and pulled out of the vagina.
Extrafascial culdotomy with removal of the entire uterus is
followed with anchoring of the vaginal cuff to the uterosacral
ligaments.
Intrafascial culdotomy proximal to the uterosacral ligament
insertion site preserving Level 1 support will promote future
pelvic organ prolapse surgery and should never be done
if endometriosis exists in the cul-de-sac. A supracervical
hysterectomy will do the same! Culdotomy proximal to the
uterosacral ligament insertion site preserving Level 1 support
is more like a supracervical hysterectomy than a TLH. More
important, the uterosacral insertions are the most common
site of deep endometriosis, and, if left behind, may contribute
to future pelvic pain and dyspareunia problems.

Laparoscopic Vaginal Vault Closure and Suspension with McCall
Culdoplasty
The vaginal delineator tube is placed back into the vagina
for closure of the vaginal cuff, occluding it to maintain
pneumoperitoneum, and hemostasis around the vaginal
cuff obtained using microbipolar forceps with irrigation. The
uterosacral ligaments are identified by bipolar desiccation
markings or with the aid of a rectal probe. The first suture is
complicated as it brings the uterosacral and cardinal ligaments,
as well as the rectovaginal fascia, together. This single suture
is tied extracorporeally, bringing the uterosacral ligaments,
cardinal ligaments, and posterior vaginal fascia together
across the midline. It provides excellent support to the vaginal
cuff apex, elevating it and its endopelvic fascia superiorly and
posteriorly toward the hollow of the sacrum. The rest of the
vagina and overlying pubocervicovesicular fascia are closed
vertically with one or two 0-Vicryl interrupted sutures. Cuff
closure sutures are for fascia and not vaginal epithelium. They
are used for support, not hemostasis. Strangulating sutures
that inhibit tissue circulation are avoided. A drain is never
used. Locked sutures are a cause of both tissue strangulation
and poor drainage and are never used.
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Fig. 4.35a–c Modified McCall closure of the vaginal cuff (First Layer) (a). Modified McCall closure of the vaginal cuff (Second Layer) (b).
Modified Richardson antero-posterior closure of the vaginal cuff (c).

The cuff may be closed vertically or horizontally depending on
whether the patient needs the support of the posterior vagina.
The modified McCall culdoplasty procedure is performed
when the cuff is closed vertically in two layers (Figs. 4.35a, b).
When the cuff is closed horizontally, modified Richardson
angle sutures are applied (Fig. 4.35c). In this technique,
interrupted angle sutures are applied.

4.8.5 Cystoscopy

Cystoscopy is done after vaginal closure to check for ureteral
patency in most cases, after intravenous administration
of indigo carmine dye. This is necessary when the ureter is
identified but not dissected and especially necessary when the
ureter has not been identified. Blue dye should be visualized
through both ureteral orifices. The bladder wall should also be
inspected for suture and thermal defects.22
4.8.5.1 Underwater Examination
At the close of each operation, an underwater examination is
used to detect bleeding from vessels and viscera tamponaded
during the procedure by the increased intraperitoneal pressure
of the CO2 pneumoperitoneum. The CO2 pneumoperitoneum
is displaced with 2–4 L of Ringer’s lactate solution, and the
peritoneal cavity is vigorously irrigated and suctioned until
the effluent is clear of blood products. Any further bleeding is
controlled underwater using microbipolar forceps to coagulate
through the electrolyte solution, and 2 L of lactated Ringer’s
solution is left in the peritoneal cavity.

4.8.5.2 Skin Closure
The vertical intra-umbilical incision is closed with a single 4-0
Vicryl suture opposing deep fascia and skin dermis, with the
knot buried beneath the fascia. This will prevent the suture
from acting like a wick transmitting bacteria into the soft tissue
or peritoneal cavity. The lower quadrant 5-mm incisions are
loosely approximated with a Javid vascular clamp (V. Mueller,
McGaw Park, Illinois, USA) and covered with Collodion
(AMEND, Irvington, New Jersey, USA) to allow drainage of
excess Ringer’s lactate solution.

4.8.6 Summary
Extensive stage IV endometriosis can be excised
laparoscopically if the surgeon is willing to spend the time to
do so. Hysterectomy usually results in relief of the patient’s
pain, including symptoms related to enlarged uterus and
menorrhagia. Oophorectomy may not be necessary during
hysterectomy for advanced endometriosis if the endometriosis
is removed carefully.16
When hysterectomy is considered as the permanent solution
for endometriosis patients, complete removal of the diseased
tissue and the cervix is only feasible by implementing the
extrafascial technique. A skilled and tenacious surgical
team, consisting of colorectal and urology specialists and
led by a gynecological surgeon who exclusively deals with
endometriosis, is of paramount importance for the best longterm treatment of endometriosis.
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4.9

Robotic Assistance for Deep Infiltrating Endometriosis Surgery

Pierre Collinet a | Julie Sussfeld a | Sandy Hanssens a | An Segaert a | Chrystèle Rubod a
4.9.1 Introduction

Endometriosis is defined as the presence of endometrial
glands and stroma outside the uterine cavity.9,23 The disease
affects about 10 to 15 % of women in reproductive age2 and
50 % of infertile women in the World.25,39
The treatment is both an ethical and public health issue.
Symptoms as dyspareunia, chronic pain, dysuria, constipation
and infertility can have a major impact on the patients’ quality
of life. There is no correlation between symptoms described
by patients and the anatomical location of endometriotic
lesions.9,17
A multidisciplinary approach with complete preoperative
workup is recommended including clinical exam, pelvic
ultrasound, magnetic resonance imaging (MRI) and transrectal
endoscopic ultrasound (EUS).9
There are various treatment options available that need to be
chosen as determined by patients’ needs and complaints.
One of these options is medical treatment,9 the other one is
surgery. Given the presence of deep infiltrating endometriotic
lesions or given a history of failed attempts at medical therapy,
surgical treatment should be considered.1,9,12
Deep infiltrating endometriosis (DIE) can involve vesicovaginal septum, recto-vaginal septum and can lead to ureteral
stenosis. Often, adhesions and invasion of anatomical
structures (organs, vessels and nerves) are found to
adversely affect the normal course of surgery and may lead to
complications. Preoperatively, clear and complete information
should be given to the patient, and finally, informed consent
needs to be obtained. Standard laparoscopy is the gold
standard for deep pelvic endometriosis surgery as shown
by Darai, et al. in 2010.12 Surgery for the treatment of this
major disease can be complex and should be managed by
an adquately skilled multidisciplinary team, preferably in the
setting of a reference center.
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4.9.2 History of Robotic-Assisted Laparoscopy

Comparing the use of robotic-assisted laparoscopy (RAL) in
2014 on a global scale, it became evident that RAL was most
widely accepted in the United States (US). Approximately
2,000 robotic systems were used in the US while there were
500 robots in Europe and 80 in France. Urologists were the
pioneers in robotic surgery, but in recent years, the modality
has been increasingly adopted in the field of gynaecology.
First robotic interventions were performed with the Zeus
system,22 which is no longer marketed since 2003.5 The first
intervention with the Da Vinci system (Intuitive Surgical, Inc.,
Sunnyvale, California, USA), was performed in 1997. In 2004,
the Food and Drug Administration (FAD) approved the Da
Vinci system for use in gynaecology.21 Nowadays, robotic
assistance is used both in surgical oncology and in operative
treatment of benign conditions.34
A robotic-assisted surgical system usually comprises three
components: a surgeon console, a 3D HD vision system and
a patient-side cart with interactive robotic arms (3 in the Da
Vinci system and 4 in Da Vinci S) to which proprietary wrist
instruments can be attached. One of the robotic arms provides
support for the 12-mm laparoscope. The latest model, Da
Vinci S, can be equipped with a double console or a simulator.
The Endowrist system gives 7 degrees of freedom, compared
to 5 in standard laparoscopy.
The authors conducted a systematic review of the literature on
the role of robotic-assisted laparoscopy in the surgical treatment
of deep infiltrating endometriosis (Table 4.9). The following
keywords were used for this purpose: robot / robotic / robotic
assistance / robotically and endometriosis / deep infiltrating
endometriosis. At the time this chapter was written, seventyone articles were published on the topic, a fact that reflects
the ongoing enthusiasm for this relatively new technology.
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Name of first author /
Year of publication
Diguisto et al. 15
2015

Number of cases

Title of study

Study design, outcomes and conclusions

28

Laparoscopic robotic-assisted
colorectal surgery: Morbidity
of colorectal resection and
shaving. [French original:
Laparoscopie robot-assistée
pour endométriose colorectale: Morbidité de la résection
digestive et du shaving].



Robotic-assisted laparoscopy
vs conventional laparoscopy
for the treatment of advanced
stage endometriosis.
Robot-assisted laparoscopy
for deep infiltrating endometriosis: international multicentric retrospective study







6 rectal resections
22 rectal shavings

Nezhat et al.  33
2015

147 RAL procedures
273 CL procedures

Collinet et al.  10
2014

164 cases of endometriosis
stage IV
8 centers
 rectum (n = 88)
 bladder (n = 23)
 ureter and uterosacral
ligaments (n = 115)
 hysterectomy (n = 28).
47
 19 bowel resections
 23 rectovaginal septum
resections
 5 bladder resections

Siesto et al.  38
2013

Pellegrino et al.  37
2013

25

Bedaiwy et al.  3
2013

43
cohort study
19 stage III
24 stage IV

Ercoli et al.  16
2012

22

Bot-Robin et al.  5
2011

Nezhat et al.  30
2010

6












Robotic surgery for deep
endometriosis: a paradigm
shift





Robotic shaving technique in
25 patients affected by deep
infiltrating endometriosis of
the rectovaginal space
Robotic-assisted hysterectomy for the management
of severe endometriosis: a
retrospective review of shortterm surgical outcomes.
Robotic treatment of colorectal endometriosis: technique,
feasibility and short-term
results.



Early evaluation of the
feasibility of robot-assisted
laparoscopy in the surgical
treatment of deep infiltrating
endometriosis






No difference between the two groups concerning
postoperative pain and recurrence rate.
Operative time was significantly shorter (P = 0.0002).
Estimated blood loss was significantly lower (200 ml vs
560 ml, P = 0.04) in the shaving procedure.
Length of hospital stay was longer (P = 0.0001) in the
resection group.
At two-month follow-up interval, there was no significant
difference between the two groups.
No difference between the two groups.
No diference between the two groups in terms of postoperative / perioperative complications.
Longer duration of surgery and hospital stay.
Largest study
Decreased rate of conversion to laparoscopy (0.6 %).
Lower morbidity for complex and multiple procedures
(1.8 % of re intervention).
RAL seems to be a promising therapeutic modality
for deep infiltrating endometriosis, stages 3 and 4, no
increase in surgical time, rates of perioperative / postoperative complications, and blood loss.
A five year cohort study
Without complication
Robotic assistance is a safe and viable alternative modality well-suited to accomplish comprehensive surgical
treatment of DIE, particularly when bowel or bladder
resections are needed.
Without complications concerning perioperative / postoperative complications, and blood loss.



Robot-assisted laparoscopic surgery appears to be also
a reasonably safe and feasible method.



The first to demonstrate the feasibility of colorectal shaving in deep infiltrating endometriosis treated by robotic
surgery.
Without major perioperative and postoperative complications.
Time of surgery: 173 minutes.
Mean time of hospitalisation: 3 days.
No conversions to laparotomy.
No perioperative or postoperative complications except
for one patient developing bilateral pyelonephritis with
hematoma in the vesicovaginal space that was managed
by an ultrasound-guided puncture and antibiotic therapy.
Only study concerned with the treatment of endometriosis comparing the outcomes of both techniques: RAL
versus standard laparoscopic approach.
Age, body mass index, stage of endometriosis were
comparable in both groups.
Time of surgery and anesthesia was longer in the robotic
group. (191 vs 159 minutes)
The rate of perioperative / postoperative complications,
and mean blood loss were similar.



78

Robotic versus standard lapa- 
38 cases treated by
roscopy for the treatment of
standard laparoscopy
endometriosis.
 40 cases treated by robot
assisted laparoscopy





Table 4.9 Literature review on the role of robotic-assisted laparoscopy in the treatment of deep infiltrating endometriosis.
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Robotic-Assisted Laparoscopy






versus

Improved surgical ergonomics.
Three-dimensional stereoscopic vision.
Lack of haptic feedback.
Tremor filtration.
Wider range of motion of wristed robotic instruments: seven degrees of
freedom.

StandardLaparoscopy

Limited surgical ergonomics.
Two-dimensional vision.
Haptic feedback.
Tremor and operator fatigue account for inaccurate maneuvering of
instruments and unsteady video camera work.
 Restricted range of motion of laparoscopic instruments: four degrees of
freedom.





Table 4.10 Comparative overview of the pros and cons associated with robotic-assisted laparoscopy versus those of standard laparoscopy.

4.9.3 Advantages and Drawbacks of Robotic-Assisted
Laparoscopic Surgery

Robotic-assisted laparoscopic surgery in gynaecology has
multiple indications: hysterectomy, myomectomy, tubal reanastomosis, sacrocolpopexy, cystectomy and pelvic and
para-aortic lymphadenectomy.10,32,36 Comparing the inherent
features of a standard laparoscopic configuration with those
of a robotic-assisted laparoscopic system, the following pros
and cons should be taken into account.

Handling of RAL systems is intuitive and the learning curve
is rapid for surgeons who have already reached a good level
of experience and dexterity in standard laparoscopy.4,11,20,22,31
(Figs. 4.36–4.41). The main drawback of robotic-assisted surgery
is the relatively high costs that limit its availability.

Fig. 4.36a Intraoperative views taken during
standard laparoscopy (a) and robotic-assisted
laparoscopy (RAL) (b).

a

b
Fig. 4.37 Key components of a roboticassisted laparoscopic system. Tiny wristed
instruments are attached to 3 or 4 robotic
arms (one of which is used for the 12-mm
laparoscope) providing for a range of motion
superior to that of the human hand (a). The
ergonomically designed console (b) where
the surgeon sits wile operating provides for
three-dimensional high definition vision.
The patient-side cart (a, c) is equipped with
a HD video monitor that allows the OR team
to follow the course of the procedure.

a

b

c
Fig. 4.38 Patient positioning (a) and port
placement (b) using the da Vinci robotic
system.

a

b
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Fig. 4.39 Robotic arms of the da Vinci
system.

Fig. 4.40 Surgeon console (a, b). The
surgeon’s fingers grasp the master controls
below the display with hands and wrists
naturally positioned relative to the eyes
(c). Video camera, energy devices, and the
‘master controls’ can be operated via foot
pedals (d).

a

b

c

d
Fig. 4.41 Intraoperative image taken during
robotic-assisted surgery at the University
Hospital Center of Lille, France.
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4.9.4 Case Reports and Studies on the Use of RAL for
Surgical Treatment of DIE
4.9.4.1 Outcomes, Feasiblity and Follow-up Care
Before 2008, only a few case reports were published
evaluating the feasibility of this new surgical technique for
the treatment of DIE. In 2008, Chammas, et al. described a
robotic procedure for DIE including partial cystectomy and
segmental rectal resection.8 Other authors also reported on
complex procedures performed with robotic assistance such
as trachelectomy, partial cystectomy, ureterolysis, ureteral reimplantation, rectal shaving and segmental rectal resection.29
The authors of this chapter issued a report confirming the
feasibility of robotic surgery for DIE.5 In this series of 6 cases,
no conversion to laparotomy was observed.
Compared to standard laparoscopy, the rate of conversion
to laparotomy seems to be decreased (0–0.6 % for
robotic-assisted laparoscopy versus 10–15 % for standard
laparoscopy).7,10,30 To date, no study is available demonstrating
any benefits of robotic-assisted laparoscopy in terms of
perioperative morbidity.13,14,30,33
In a retrospective cohort controlled study published in 2010
by Nezhat, et al.30 a total of 78 patients were treated for
pelvic endometriosis, irrespective of the stage of disease.
Two cohorts were the focus of this analysis, one for standard
laparoscopy (n = 38), the other one for robotic-assisted
laparoscopy (n = 40). So far, this study is the only comparative
analysis of this kind, that is concerned with endometriosis.
Age, body mass index and stage of endometriosis were
comparable in both groups, and only 5 % (2/40) of the patients
had stage IV endometriosis. Robotic-assisted surgeries were
longer (191 vs. 159 minutes), but complication rates and
blood loss were comparable in both groups. In conclusion,
Nezhat, et al. did not show any benefit of robotic-assisted
laparoscopic resection for stages I and II endometriosis and
therefore advised that this surgical modality be used electively
for the most severe cases of DIE (stages III and IV).
In 2013, Siesto, et al. demonstrated similar results. This series
of RAL procedures for DIE lends itself to demonstrate that
robotic assistance is as a safe and viable alternative option
that can be used effectively to achieve comprehensive
surgical removal of DIE, especially in cases where bowel or
bladder resection is needed.38
In 2014, Nezhat, et al. compared standard laparoscopy to
robotic-assisted laparoscopy and did not reveal any difference
between the 2 groups in terms of perioperative / postoperative
complications. However, a longer operative time and a longer
hospital stay were observed in the robotic group.33
A multicenter study of Collinet et al. published in 2014,
was based on the SERGS (Society of European Robotic
Gynaecological Surgery) registry of data obtained from
robotic-assisted laparoscopic procedures for DIE.19 The study
reported a decreased rate of conversion to laparotomy (0.6 %)
and a lower morbidity for complex and multiple procedures
(1.8 % of re-intervention). RAL seems to represent a promising
option in the treatment of DIE stage III and IV, demonstrating

no increase in operative time, perioperative and postoperative
complications and blood loss. However, the results of this
study should be evaluated more closely. Indeed, it is a
retrospective study, that lacks comparable data from control
groups and, apart from that, no long-term follow-up was
included. Anyway, it is the largest study currently available on
DIE.
4.9.4.2 Hysterectomy and Endometriosis
Concerning radical surgical treatment of women with severe
endometriosis, in 2013, Bedaiwy, et al. reported 43 cases of
robotic-assisted radical hysterectomy (n = 29) for stage III (n =
19) or stage IV (n = 24)3. The authors concluded that roboticassisted hysterectomy for DIE appears to be both feasible and
safe. Patkowsky, et al. showed that perioperative outcomes
for standard laparoscopic or robotic-assisted hysterectomy,
in regard to benign indications, appear to be equivalent.35
4.9.4.3 Endometriosis and Rectovaginal Infiltration
As regards endometriosis with colorectal involvement, Ercoli,
et al.16 in 2012 were the first to demonstrate feasibility of
colorectal shaving for the treatment of DIE with roboticassisted surgery: 22 cases in one year without any major
perioperative / postoperative complication. Then, in 2015,
Diguisto, et al.15 compared rectal shaving and colorectal
resection and did not reveal any difference between the two
groups concerning postoperative pain and recurrence rate.
Pellegrino, et al.37 also reported complete surgical removal
of rectal nodules without perioperative and/or postoperative
complications. RAL for colorectal DIE seems to be both a safe
and reliable procedure in the hands of well-trained surgeons.
4.9.4.4 Ureteral Endometriosis
The use of RAL for the treatment of ureteral endometriosis has
also been reported.24,26,27 In 2011, Frick, et al.18 described two
case reports of ureteral re-implantation with RAL. Both of the
surgeries were completed successfully without perioperative
and/or postoperative complications.

4.9.5 Endometriosis and Fertility

A small study published in 2013 showed a higher pregnancy
rate in the RAL group compared to the standard laparoscopy
group. In regard to minimal and moderate endometriosis,
these results need be confirmed by randomized studies.28
Concerning severe endometriosis, RAL seems to be a suitable
option that may be considered in fertility surgery,6 especially in
cases of colorectal involvement. Again, comparative trials are
needed to define the place of this technology.

4.9.6 Conclusion

Deep infiltrating endometriosis is probably one of the best
indications for RAL. It is well known that the surgical treatment
of DIE is among the most challenging and complex tasks to
undertake in the field of gynecology. For these reasons, the
technical aspects and special features of RAL (3D vision,
tremor filtration, surgical ergonomics) lend themselves for
being taken advantage of in this indication. To date, there is
no sufficient scientific data available to clearly demonstrate
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the benefits of RAL in terms of perioperative complications,
blood loss, length of hospital stay and fertility outcomes. In
order to allow these clinical parameters of RAL and standard
laparoscopy to be compared, randomized control trials are
necessary.
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Uwe Andreas Ulrich a | Dietmar Schmidt b
4.10.1 Introduction

Though a histologically benign condition,3,30 endometriosis
has been shown to share some characteristics with
malignant tumors such as local invasion and tissue
damage, neoangiogenesis with elevated VEGF expression,
lymphangioinvasion, COX2 overexpression, genomic
instability, resistance to apoptosis, and the elevation of CA125 levels.15,20,34,55 More importantly, endometriosis may be
associated with certain malignant tumors. In fact, malignant
tumors may arise in endometriosis, and there is some
evidence that endometriosis may transform into malignant
tissue through ‘atypical endometriosis’.43,58,63 Endometriosis
has even been termed a ‘precancerous lesion’,58 or ‘precursor
lesion’.7,49

4.10.2 Histopathology

Sampson51

As early as 1925,
speculated that endometrioid
carcinoma of the ovary may arise in ovarian endometrial
implants. He defined an endometriosis-associated ovarian
carcinoma (EAOC) as follows: First, there must be evidence
of endometriosis in close proximity to the tumor. Second,
another source of invasion must be excluded; and third, the
presence of endometrial stroma should be clearly evident.51
Later, another criterion was added: the transition from benign
endometriosis to malignant change should be histologically
proven.56 Even today, there is no more sophisticated or up-todate definition of the subject.30

Location of extragonadal EAMs
Bowel
Rectovaginal
Uterus (i.e., arising from adenomyosis)
Peritoneum
Broad ligament and parametrium
Urinary bladder
Vagina
Fallopian tube
Cervix
Others (umbilicus, pleura, vulva, omentum)
Total

Number of cases
40 (78 % in rectum and
sigmoid colon)
18
12
8
6
4
3
2
2
44
139

Table 4.10 Extragonadal malignant tumors arising in endometriosis
(adapted from Ulrich et al.).65

According to the literature, 80 % of endometriosisassociated malignancies (EAMs) are located in the ovary and
approximately 20 % develop at extragonadal sites 18,23 In our
experience, the proportion of ovarian involvement is even
higher. As the malignant transformation of endometriosis may
occur at any anatomic site that potentially could harbor that
tissue, extragonadal EAMs have been described in the pelvis
(rectovaginal septum and parametrium), gastrointestinal tract,
abdominal wall, umbilicus, pleura, and other organs. The most
common sites of occurrence of extragonadal EAMs are the
rectosigmoid colon and rectovaginal septum65 (Table 4.10).
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Fig. 4.42a,b Endometriotic cyst of the ovary with low-grade endometrioid carcinoma (grade 1) (a). High-power view showing cytological atypias (b).

Fig. 4.43 Papillary seromucinous adenocarcinoma (grade 1)
with exophytic growth in an endometriotic cyst.

Fig. 4.44 Endometriotic cyst is lined by a layer of atypical round cells
with periodic acid-Schiff (PAS)-positive cytoplasm representing early clear
cell carcinoma (carcinoma in situ).

While EAOC (also referred to as endometriosis-related
ovarian neoplasms, ERONs)33 is most commonly of the
clear-cell or endometrioid type, other types such as ovarian
seromucinous borderline tumors, endometrial stromal
sarcomas, and adenosarcomas have also been described in
the literature23,55,65,70 (Figs. 4.42–4.45).
EAMs may develop along different pathways. Potentially,
EAOCs could arise from atypical ovarian endometriosis.13,31
Atypical endometriosis is characterized histologically by
the hyperplasia of endometrial glands with cytological
atypia or the presence of atypical ‘hobnail cells’ within
ovarian endometriosis.8,55,57 A direct link between atypical
endometriosis and ovarian cancer was described as early
as 1988: In five cases of ovarian cancer (three clear cell
carcinomas and two endometrioid carcinomas), associated
atypical endometriosis was found in the ovary, and in four
out of five cases the atypical changes were contiguous with
the area of invasive neoplasia.31 Moreover, a higher rate of
cytological atypia within endometriotic lesions has been found
in association with EAOC compared with benign endometriosis
alone.48 While the theory that atypical endometriosis is a
premalignant condition appears to be supported by its
presence in almost 80 % of EAOCs, there is still a lack of clear,

Fig. 4.45 Clear cell adenocarcinoma with papillary growth pattern.
Foci of hyalinization are seen in the stroma.

corroborative scientific evidence.13,73 Another theory holds
that while endometriosis was not a precancerous lesion, it
has been linked to environmental, histologic, immunologic,
and genetic factors. Some studies have shown that the
microenvironments of endometriosis and EAOCs share
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similar conditions with respect to certain mediators and
cytokines.67,73 In short, there is still debate as to whether EAMs
develop by direct malignant transformation of endometriotic
cells through intermediate lesions (atypical endometriosis) or
whether both benign endometriosis and EAMs share a similar
‘tissue environment’ in which they develop and coexist.43,60,73
This ‘coexistence’ may be supported by the fact that parallel
ovarian endometriosis was found in association with 53 % of
clear cell ovarian cancers and 33 % of endometrioid ovarian
cancers.9

4.10.3 Molecular Findings
A number of studies of endometriotic tissue specimens have
revealed aberrations in tumor suppression genes such as p53
and PTEN (phosphatase and tensin homolog).35,44,69 While
PTEN mutations have been found to occur in approximately
50 % of endometrioid ovarian cancers, they are found in
benign endometriotic cysts as well. On a molecular level,
inactivation of the PTEN tumor suppressor gene may be one of
the initial steps in carcinogenesis.52 Similarly, alterations in the
CTNNB1 gene (β-catenin) and PIK3CA (phosphatidylinositol4,5-bisphosphate 3-kinase, catalytic subunit alpha) gene as
well as the expression of their associated markers as distinct
molecular events have been detected at early stages of
neoplastic transformation in both endometrioid and clear cell
ovarian cancers.36 Mutations of the p53 tumor suppressor
gene that are found in more than half of malignant tumors
in general already occur in benign endometriotic tissue.14
Furthermore, the inactivation of DNA mismatch repair genes
by hypermethylation has been observed in endometriosis.35
Some years ago, a microsatellite analysis was performed in
10 patients with ovarian cancer and coexisting endometriosis,
and both the tumor and endometriosis samples were analyzed
for common molecular genetic alterations.49 In that study, 63
events of loss of heterozygosity (LOH) were detected in the
cancer specimens, and one-third of these were identified
in the corresponding endometriosis samples as well. This
supports the theory that endometriosis may be a precursor
lesion for certain types of ovarian carcinoma.49
ARID1A (AT-rich interactive domain-containing protein 1A) gene
mutations have been identified in approximately 46 % of clearcell and 30 % of endometrioid ovarian cancers, but not in highgrade serous tumors. These mutations probably contribute to
the malignant transformation of endometriosis33,50,58,72 leading
to a decrease in BAF250a (Brahma-associated factor) protein
expression – an important tumor suppressor. In the future,
the assessment of such markers may provide information
as to whether or not an endometrioma will undergo eventual
malignant transformation.50,58 This could enable clinicians
Clear cell ovarian cancer
Endometrioid ovarian cancer
Low-grade serous ovarian cancer
High-grade serous ovarian cancer
Mucinous ovarian cancer

RR 3.05
RR 2.04
RR 2.11
RR 1.13
RR 1.02

to optimize their management of ovarian endometriomas
in cases of recurrence where there is a question of ovarian
removal versus ovary-preserving surgery.
KRAS (Kirsten rat sarcoma viral oncogene homolog) gene
mutations have also been found in EAOCs with a frequency as
high as 29 % of cases in a study of endometriosis-associated
endometrioid adenocarcinomas.61 Other mutations that
have been identified in EAMs are CTNNB1 (beta-catenin
gene)46 and HNF1β (hepatocyte nuclear factor 1 homeobox
B). Overexpression of HNF1β occurs in ovarian clear cell
carcinomas and also in atypical and ordinary endometriosis.
It has not been described in endometrioid ovarian carcinoma,
however.21 Similar to endometriotic cells, endometrioid ovarian
cancer cells show changes in IL-1RII (interleukin-1 receptor,
type II) protein expression, which is supposed to function as
a protector against the carcinogenic effects of interleukin-1.
This may point to a common protein signature of both benign
endometriosis and endometrioid EAOCs.22
Finally, cyclic hemorrhage into ovarian endometriomas or
retrograde menstruation may generate an iron-triggered
oxidative stress that eventually promotes genetic alterations.
It has been reported that the concentration of free iron as
well as the level of oxidative stress-related markers such
as lactose dehydrogenase and antioxidants were higher in
endometriomas than in other types of ovarian cysts.19,24,33,74

4.10.4 Epidemiological Data
The risk of malignant transformation of endometriosis
was estimated at 1 % in older publications.17,62 While a
figure of 2.5 % has been quoted specifically for ovarian
endometriomas,16 the range may be as much as 2 to 17 % as
shown in a recent review.18 Published standardized incidence
ratios for the occurrence of ovarian cancer in women with
endometriosis vary widely, with 1.3 to 1.9 reported by one
group53 and 8.95 by another.26 The relative risks for the
development of certain histologic types of ovarian cancer in
women with endometriosis are listed in Table 4.11. The data
show that the relative risk is increased not only for clear
cell and endometrioid types but also for low-grade serous
carcinoma. By contrast, no association has been found
between endometriosis and the occurrence of mucinous
and high-grade serous ovarian cancers or with borderline
ovarian tumors,23,47 although the finding for the latter group is
controversial (D. Schmidt, unpublished data).
In addition, it has been shown that endometriosis is
associated with an increased risk of developing various other
malignancies, not all of them gynecologic. Cohort and case
control studies found that women with endometriosis were

(95 %-KI 2.43–3.84, p < 0.0001)
(95 %-KI 1.67–2.48, p < 0.0001)
(95 %-KI 1.39–3.20, p < 0.0001)
(95 %-KI 0.97–1.32, p = 0.13)
(95 %-KI 0.69–1.50, p = 0.93)

Table 4.11 Relative risk (RR) that patients with endometriosis will be diagnosed with a specific
histologic type of ovarian cancer (adapted from Pearce et al.).47
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more likely to be diagnosed with endometrial cancer, breast
cancer, colorectal cancer, or non-Hodgkin lymphoma later in
life.5,27,42,68 To date, however, the clinical significance of these
findings remains unclear, so doctors should avoid confusing
their patients by citing unproven information.64

4.10.5 Clinical Relevance
There are certain risk factors that make the development of
an EAM more likely. Endometrioma size and postmenopausal
status have been shown to be independent predictive factors
for the development of ovarian cancer in endometriosis
patients.25 In one prospective cohort study, a cutoff diameter
≥ 9 cm for ovarian endometriomas was associated with an
increased risk of developing ovarian cancer.25 Also, both
endogenous (like obesity) and exogenous hyperestrogenism,
the use of unopposed estrogens after hysterectomy, and
treatment with tamoxifen have been shown to be risk
factors for the development of EAMs.37,73,75 By contrast, oral
hormonal contraceptive use, childbearing, tubal ligation, and
hysterectomy appear to be protective factors.39,40
Clinically, EAOC is somewhat different from high-grade serous
ovarian carcinoma.32 Women with EAOC are suggested
to have an earlier onset of their malignant disease by an
average of 5.5 years, with a mean age of 48.3 ± 10.8 years.2
In another retrospective study, patients with endometriosisassociated clear cell ovarian cancer were on average 10 years
younger than those with ovarian cancers not associated with
endometriosis.45
Endometrioid EAOC usually presents at a lower stage (FIGO I
or II) and as low- or intermediate grade (grade 1 or 2) disease.
Clear cell EAOCs, by definition, are high-grade tumors (grade
3). Ascites on initial presentation is rare10,54 (Fig. 4.46). Several
authors have claimed that EAOC is associated with a better
prognosis in terms of both disease-free and overall survival
compared with non-EAOC cases.1 EAOC has even been
described as a biologically distinct entity.4,11,12,23,45 These
findings, however, have been contradicted by other groups:
after control for stage, age, grade, and treatment, no difference
in overall survival between the two patient groups could be
shown.10,29,38 In other words, the better clinical outcomes
of monophasic clear cell and endometrioid EAOC could be
explained by a greater proportion of early-stage tumors rather
than by an association with endometriosis (as a predictor) per
se.9–11,29,54 Whether the clinical courses of endometrioid and

clear cell EAMs are different needs to be explored in future
studies.
The treatment of choice for EAOC and extragonadal EAM
is oncologically sound removal with tumor-free margins.
The stage-adapted surgical treatment strategy for EAOC
is clearly defined.71 In most cases this surgical treatment is
straightforward for both EAOCs and extragonadal EAMs, as
extrapelvic manifestations are rare. Extragonadal EAMs of the
rectum are not easy to classify (FIGO, TNM). A gynecologic
oncologist would tend to classify such tumors as ovarian or
endometrial cancers, which they obviously are not, while a
general surgeon might also incorrectly consider an EAM of
the rectum to be colorectal cancer. There is a lack of clear
guidelines for the appropriate classification of these tumors.
Since endometrioid EAOCs are mostly low- or intermediategrade tumors, there has been debate as to the efficacy
of postoperative chemotherapy in these patients.17,66
Nevertheless, one study found no difference in the response
of EAOC patients to chemotherapy relative to controls with
papillary serous ovarian cancer.10 Given the lack of suitable
data, the postoperative management of EAOC still follows the
standard, guideline-oriented chemotherapy recommendations
for ovarian cancer.71 However, in patients with endometrioid
extragonadal EAMs, especially involving the rectum or
rectovaginal septum, complete surgical resection followed by
adjuvant pelvic radiotherapy may be the better option.12,17,65
Taking all available data into account, the possibility
of malignant transformation should be considered in
the management of endometriosis patients. Ultimately,
endometriosis is associated with an increased risk of
developing EAOC.6,16,26,43,70 Clinicians should be alert to
cases where postmenopausal women with a prior history
of endometriosis report a recurrence of their familiar
endometriosis symptoms after a long complaint-free interval,
without having been exposed to hormone replacement
therapy. Doctors are also well-advised to be careful when
women on unopposed estrogens complain about nonspecific
pelvic pain of recent onset. Moreover, caution is necessary if
the sonographic criteria and size of a known, potentially longstanding endometrioma begin to change. Postmenopausal
women with known endometriosis and a valid indication
for hormone replacement therapy should be placed on a
combined estrogen-progestin regimen, or on tibolone, even
Fig. 4.46a,b Giant ovarian tumor in a
57-year old woman (a) The same patient after
laparotomy. Proper surgical staging was
performed. The tumor was classified as clear
cell EAOC FIGO IB (pT1b,N0) (b).
(By courtesy of Springer Medizin Verlag
GmbH; Ulrich et al.66).

a

b

371

4.10 Endometriosis-Associated Malignant Neoplasms*

after hysterectomy. Unopposed estrogens should be avoided
in these patients.41, 59, 64
Obviously, EAOCs and extragonadal EAMs will be
acknowledged and documented as such only if they are
recognized and appreciated by the pathologist. This raises the
question of whether these rare tumors should ideally be seen
by a reference pathologist, since a second opinion has been
shown to be of significant value for other ovarian entities.28 In
the final analysis, much remains to be done before we can fully
understand the pathogenesis of EAMs, which is a prerequisite
for planning appropriate treatment.
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Controversies in Surgical Treatment of Adenomyosis
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4.11.1 Introduction

Adenomyosis has been frequently defined as the “neglected
diagnosis” and “elusive disease” because of its highly
variable characteristics. Adenomyosis is not only considered
an enigmatic disease because of the inherent difficulties in
defining, classifying and diagnosing the condition, but also on
account of its unclear and vague clinical presentation.1–6
Adenomyosis is a benign gynecological disease histologically
characterized by the presence of endometrial glands and
stroma in the myometrium resulting in hyperplasia of the
surrounding smooth muscle cells. The first description of
what is now known as adenomyosis dates back to 1860,
but the current definition of adenomyosis was coined
only in 1972.7 In the past, numerous classifications have
been proposed to better define adenomyosis. Primarily,
adenomyosis can be defined as focal (one or more foci in the
myometrium; adenomyoma) or diffuse (numerous foci spread
across the myometrium) and it is often asymmetric affecting
predominantly the posterior wall of uterus.
The most common symptoms of adenomyosis are abnormal
uterine bleeding, dysmenorrhea and dyspareunia and
infertility. Even though there is still controversy about the
role of adenomyosis in the etiopathogenesis of abnormal
uterine bleeding, the presence of this symptom is observed
in a variable percentage of women (23–82 %) and, recently,
adenomyosis has been included in the system of FIGO PALMCOEIN classification for abnormal uterine bleeding.34
Furthermore, many researchers currently place particular
focus on exploring the association between adenomyosis
and infertility. Little attention has been given in the past to
a possible relationship between adenomyosis and infertility
since the definitive diagnosis was still based on histological
examination after hysterectomy. While the gold standard
for diagnosis of adenomyosis is based on the histological
examination of specimens obtained from hysterectomy,
the assessment of adenomyosis is challenging because
of many confounding biases that are related to indication
for surgery, advanced age of patients and difficulties that
may arise in the diagnostic workup, in turn leading to failed
diagnosis of the disease in many cases. During the last
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decade, technological advancements in imaging modalities
for the diagnosis of adenomyosis have largely contributed to
improved non-invasive diagnosis of the disease. Magnetic
resonance imaging (MRI) provides an accurate diagnosis of
adenomyosis in symptomatic women with an overall accuracy
of 80 %, allowing for visualization of the endomyometrial
junctional zone (JZ), whose focal or diffuse thickening is
related to adenomyosis. Given the high costs incurred in MRI,
it stands to reason that the current mainstay of diagnostic
imaging for adenomyosis is 2D-transvaginal sonography
(2D-TVS). Even though the use of 2D-TVS is largely operatordependent, experts in the field have rated the overall accuracy
to be satisfactory, especially in clinical suspect cases. With
advancements made in imaging techniques, their application
has also gained more widespread acceptance in the diagnosis
of adenomyosis. The use of 2D-TVS allows to use specific
criteria applicable in the diagnosis of adenomyosis and the
recent introduction of 3D-TVS technique provides a more
distinct visualization of the junctional zone. The availability of a
non-invasive diagnostic modality, like TVS, offers the chance
that a diagnosis of adenomyosis can be made in a larger
proportion of women with less costs and better compliance.

4.11.2 Major Aspects of Managing Patients
with Adenomyosis

Considering the difficulties in classification and diagnosis of
adenomyosis, it comes without surprise that the management
of adenomyosis also poses specific challenges and multiple
imponderabilities. This is why the authors strongly advise that
due consideration should be given to therapeutic planning and
management, which must be individualized according to each
patient’s specific clinical characteristics.
Classically, hysterectomy was considered the mainstay of
treatment for patients with adenomyosis, but nowadays, they
may also profit from the use of new therapeutic strategies. In
recent years, adenomyosis therapy has in fact been subject
to changes related to the introduction of new drugs, and
nowadays, patients can profit from a better understanding of
the pathophysiology of the disease. The choice of treatment
methods and modalities is closely related to several factors:
Patient age.
Presence of specific symptoms and associated severity.
 Desire to preserve future fertility of the woman.
 Localization and the extent of lesions (diffuse or focal).
 Association with other gynaecological disease.



Given the current lack of specific guidelines for the management
of adenomyosis, there are two conflicting objectives that should
be weighed against each other: the reduction or resolution
of symptoms (abnormal uterine bleeding, dysmenorrhea,
dyspareunia and infertility) and the patient’s desire for giving
birth to a child.
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Moreover, the frequent association of adenomyosis with
other gynecological diseases is an additional confounding
factor to understand the typical symptomatology and to
address the correct management. In particular, there is
considerable controversy about the relationship between
endometriosis and adenomyosis. With the identification and
characterization of the JZ, the hypothesis that endometriosis
and adenomyosis represent two different aspects of the same
disease entity received increasingly widespread acceptance. It
is possible that long-term severe dysmenorrhea, experienced
by patients with endometriosis, is strongly correlated with
adenomyosis and that there is also a correlation between the
severity of endometriosis and adenomyosis. Recently, it has
been shown that patients who suffer from deep infiltrating
endometriosis (DIE) and adenomyosis, have a significantly
higher postoperative VAS score for dysmenorrhea than those
presenting with DIE only, and the same results are found in
the subgroup of patients with adenomyosis and ovarian
endometriosis. Apart from that, evaluation of abnormal uterine
bleeding in the follow-up care after surgical treatment has
demonstrated, that there is a persistence of menorrhagia in
adenomyosis patients with coexisting DIE and/or ovarian
endometriosis.
Based on the finding that persistence of dysmenorrhea can
be observed after optimal surgical resection of endometrioma
or DIE, the question as to whether adenomyosis coexists with
dysmenorrhea and / or abnormal uterine bleeding seems to
be of crucial importance. Recent studies have shown a high
correlation of adenomyosis with concomitant endometrioma
(45.4 %), and with DIE (47.8 %). This information emphasizes
the importance of a thorough diagnostic workup confirming
the coexistence of endometriosis and adenomyosis, or the
contrary, in order to develop a well-adapted management plan
that suits the individual needs of each patient.8–13

4.11.3 Surgical Treatment of Adenomyosis
Treatment for adenomyosis includes symptomatic hormonal
treatments and radical or conservative surgery.
Surgery should be considered in patients whose symptoms are
non-responsive to medical treatment or in the event of poorlytolerated side effects. Surgery may also be considered for
infertile patients, because hormonal treatment is incompatible
with the patient’s desire to conceive and its effects are
unsatisfactory in fertility enhancement.15
In the past, hysterectomy was the most common surgical
treatment chosen for adenomyosis patients. Hysterectomy was
the first diagnostic and therapeutic option for adenomyosis.
Currently, hysterectomy is the surgical treatment of choice
for patients in perimenopause, who no longer maintain a
reproductive desire, and for those refractive to medical
treatment. However, for women who want to conceive in
the future or those who decline hysterectomy, conservative
treatment should be performed.
The current scientific literature is focusing on many surgical
options and techniques that are geared toward uterus
preservation in women with childbearing potential and it

appears that the concept of “uterine-sparing surgery” is on the
rise. Grimbizis et al. (2013) published an accurate classification
and revision of uterus-sparing techniques for adenomyosis, that
are suited to achieve a complete excision of the adenomyotic
lesions or a cytoreductive effect, and the authors also explored
the potential of non-excisional techniques.18
4.11.3.1 Adenomymectomy – Old and New Techniques
Adenomyomectomy, i.e., the focal excision of nodular
adenomyotic lesions presenting as adenomyoma, is
considered the most common alternative to radical surgical
treatment for adenomyosis.
Adenomyomectomy should be offered to symptomatic
patients who wish to maintain fertility, although the results
in terms of pregnancy rate and obstetric outcome, control
of symptoms and recurrence of lesions are still inconsistent.
Major problems usually arise as a result of incomplete surgical
removal of adenomyotic lesions. Unlike with myomectomy,
adenomyomectomy can be difficult to perform due to the lack
of a typical capsule surrounding the lesion. Considering these
limitations, it is likely that a portion of the adenomyotic lesion
is left behind and the disease remains symptomatic or that
there will be a recurrence. In this context, an important role
accrues to preoperative diagnostic assessment, which should
be accurate enough to clearly distinguish between the various
potential types of lesions (myoma or adenomyoma), size and
localizations, which in the end should enable a precise and
well-adapted surgical management.18,20
After the first description of the classic technique for
adenomyomectomy in 1952 by Hyams,22 a multitude
of varying techniques emerged and, in selected cases,
adenomyometomy has also been proposed for the treatment
of diffuse adenomyosis with reconstruction of the uterine wall
for preserving integrity of the uterus.
The “classic adenomyomectomy” can be performed both
by laparotomy and laparoscopy and requires the surgeon to
follow a series of specific steps. After exploration of the pelvic
cavity and localization of lesion, bipolar electrocoagulation
should be used to place a longitudinal incision on the uterine
wall overlying the adenomyoma.
The critical margin between the adenomyoma and the normal
uterine muscle must be identified prior to proceeding with
dissection of the lesion using a monopolar electrode until
transection of all fibrotic bands and detachment of the lesion
from the uterine body is achieved.21,23 After electrocoagulation
for hemostasis of the uterine wall, the seromuscolar
layer should be sutured with two or more layers. Hence,
adenomyomectomy includes the same steps as myomectomy,
and in case of a laparoscopic approach, the adenomyoma
should be removed with the aid of a morcellator.19,22
Moreover, various alternative options have been suggested
which are essentially based on a modification of uterine
reconstruction or seromuscular suturing. This particularly
applies to laparoscopic techniques that include the use of
“overlapping flaps”51 and “U-shaped suturing”50 for wall
reconstruction. The first laparoscopic modification involves
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a different approach to the adenomyotic lesion using a
monopolar needle to make a transverse incision down to the
endometrium, which is then divided and split into an upper
part and a lower part, followed by removal of the lesion. In a
next step, the upper and lower serosal flaps are overlapped
and sutured, and eventually used to counteract the loss of
myometrium.51
The second technique consists of a two-step suture which is
used to close the area of the lesion and to restore the normal
shape of the uterus by laparoscopy: closure of the uterine
wound is accomplished with a U-shaped suture at the muscle
layer and figure-of-eight sutures applied to the seromuscular
layer.50
A novel approach has been proposed for seromuscular
suturing which is mainly represented by the laparotomic
“triple-flap technique”.39 Following bisection of the uterine
wall for excision of the lesion (in the midline and in the
sagittal plane), reconstruction is initiated by placing several
interrupted sutures to approximate the antero-posterior plane
of myometrium and serosa. Subsequently, the contralateral
side is brought over the reconstructed first side to cover the
seromuscular suture line. There is no need to overlap the
sutures, only myometrial tissue flaps must overlap, while care
should be taken that the myometrium of the underlying flap be
stripped off from the serosal surface layer.15–19,39
Recently, a laparoscopic-assisted adenomyomectomy has
been proposed using a “double flap technique”.24 Following
creation of pneumoperitoneum, a pelvic examination is
performed to localize the lesions and to determine the size
and shape of the uterus. The length of the mini-laparotomy
incision should be kept minimal to match the size of the
uterus and that of the anticipated lesions. Subsequently, the
adenomyotic tissue is incised on both sides and cut away
using a scalpel or monopolar electrosurgery. In a next step, the
endometrial cavity is sutured and the first flap created in one
side wall of the uterus is brought into contact with the second
flap at the other side of the uterine wall, i.e., the second is
covered by the first flap. Prior to this, the serosal surface of the
underlying flaps is stripped off to ensure that only myometrial
tissue flaps make contact. To finish, the second flap in the
other side of the uterine wall is brought to cover the first flap
located in one side of the uterine wall.24
Finally, taking into account that the variable blood supply
of adenomyoma differs considerably from that of normal
myometrium, there is a significant risk of blood loss. Therefore,
adequate prophylactic measures should be taken, such as
intralesional instillation of vasopressin prior to cutting the
uterine wall, and the use of anti-adhesive agents applied to
the uterine body at the end of the operation.27–29,31–33
To conclude, as previously stated, the results of all these
techniques in terms of pregnancy outcome, control of
symptoms and prevention of recurrent lesions are still subject
of a lively debate in the literature and a clear consensus on
the best surgical techniques for adenomyomectomy has not
been reached yet. Recent data support a high level of relief
from symptoms of dysmenorrhea and a reduced rate of

abnormal uterine bleeding.39,50 Conversely, the recurrence
rate of lesions (15 %) and that of symptoms (3 %) was very
low and the reproductive outcome was positive in 25–33 %
of infertile women.39,50 Apart from that, when taking an
overall look at the techniques reported in the literature, only
a few postoperative complications were observed and only
a few uterine complications occurred during pregnancies. In
summary, the quantified pregnancy rate and delivery rate was
60.5 % and 83.1 %, respectively.
4.11.3.2 Cytoreductive Techniques / Partial Adenomyomectomy
Cytoreductive techniques should be considered in selected
patients with diffuse adenomyosis, where a complete removal
of lesions would result in excision of a critical amount of
healthy myometrium and would therefore be tantamount
to “functional” hysterectomy.38,54 The term “cytoreductive”
was coined to describe a partial removal of all clinically
recognizable adenomyotic lesions.
By definition, the term partial adenomyomectomy is applied
to various techniques which may comprise wedge resection
of the uterine wall, transverse H-incision technique and
asymmetric dissection of the uterus. These techniques
are frequently associated with disease recurrences and
spontaneous uterine rupture during pregnancy.
The traditional “wedge resection” of adenomyoma limits
the complete surgical removal since the cuneiform excision
frequently leaves behind some fragments of adenomyotic
tissue, increasing the risk of recurrences and unfavourable
pregnancy outcome.50 Another traditional technique involves
the use of a complete vertical or transverse incision of the
uterine wall to identify solitary non-microscopical adenomyotic
lesions and closure with a single interrupted suture layer.
This technique has been recently modified resulting in the
so-called transverse H-incision technique. Once the vertical
incision is made on the uterine wall, two transverse incisions
are placed perpendicularly to the first incision, facilitating a
more complete exploration of the myometrium.17
In 2010, Nishida et al. also described a conservative technique
for diffuse adenomyosis consisting in an “asymmetric
dissection of the uterus” by laparotomy.38,38 The serosal
incision is made starting from the level of the internal os at
the anterior/posterior wall and the uterine fundus, dissecting
the myometrium in a diagonal direction. Then adenomyotic
lesions are excised using a loop electrode to a thickness of 5
mm of the inner myometrium.38
Recently, Saremi et al. proposed a novel technique
of adenomyomectomy in women with severe uterine
adenomyosis. Using a laparotomic approach, the uterus is
incised placing a vertical incision deeply into the myometrium
until the uterine cavity is reached and the myometrial thickness
is measured. The adenomyotic lesions were radically resected
in several layers on both edges of the uterus. Following
accurate haemostasis and suture closure of the endometrium
and myometrium, the external serous layer is sutured in such
a way that the cut margins are inverted inside.47
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Similarly to adenomyomectomy, use of cytoreductive
techniques for the treatment of adenomyosis can provide
comprehensive control of symptoms, however the resulting
pregnancy rates appear to be lower (46.9 %).

before endometrial ablation for adenomyosis, reporting that
ablation during the natural proliferative phase of menstrual
cycle without any prior treatment resulted in a significantly
longer operative time with a higher risk of side effects related
to intravasation.44

4.11.3.3 Endometrial Ablation
Hysteroscopic endometrial ablation is a new and less
aggressive therapeutic option for adenomyosis, indicated
as conservative treatment in perimenopausal or menopausal
patients or in those who have already fulfilled their desire for
future pregnancy. Endometrial ablation is mainly indicated for
the control of abnormal uterine bleeding, while also allowing
for sufficient control of pain symptoms. Recent studies report
an amenorrhea rate ranging from 25 % to 40 %, but also a
high hypomenorrhea rate (55–68 %).

A potential alternative procedure in case of diffuse and
deep adenomyosis may be microwave endometrial ablation
(MEA). Using a frequency of 2.45 GHz, surgeons undertake
endometrial ablation only once in each area of the uterus,
taking into account that repeated treatment may cause
severe iatrogenic damage to surrounding organs. Conversely,
Nakamura et al. stated that adenomyosis patients with
thickened myometrium were found to be unresponsive to
treatment using the conventional single-session MEA and
that multiple MEA treatments would improve menorrhagia
outcomes in non-responsive patients. Hence, a myometrium
thickness of at least 2.9 cm is necessary to perform triplicate
MEA safely.36

Endometrial ablation can be performed using YAG laser,
rollerball resection, or other ablation techniques (thermal
balloon ablation, cryoablation, circulated hot fluid ablation,
microwave ablation, and bipolar radiofrequency ablation).
The postoperative outcomes of resectoscopic endometrial
ablation with the rollerball in patients with adenomyosis are
strictly related to the depth of the foci to be treated.30 Similarly,
the use of YAG laser is limited when foci penetration exceeded
2.5 mm.30
Generally, the thermal effect applied in these procedures can
destroy the endometrium as deep as 2–3 mm and causes
fibrosis as well as scarring of the basal layer to prevent further
endometrial proliferation, in turn leading to amenorrhea or
hypomenorrhea. Moreover, the destruction of the endometrial
layer also contributes to a decrease in the production of
prostaglandins, resulting in a consistent attenuation of pain
symptoms. McCausland et al. described an endometrial
resection technique for adenomyosis with a myometrial
penetration depth of 2.3 mm, considering that the major origin
of abnormal uterine bleeding arises from arteries located at
a depth of approximately 5 mm in the myometrium.33 It is
noteworthy that patients with superficial adenomyosis (< 2
mm) – unlike those with deep adenomyosis – had a positive
outcome of treatment. In case of deep adenomyosis, the
ectopic endometrial glands may persist and eventually
proliferate through the area of ablation or resection, leading to
recurrent bleeding. Patients with deep endometrial penetration
into the myometrium presented with poor outcomes after
ablation. Patients with focal and superficial adenomyosis
seem to be ideal candidates for hysteroscopic resection,
but on the other hand, ablation seems to be less effective in
patients with enlarged uterus and / or deep adenomyosis.

In conclusion, the postoperative success of endometrial
ablation for adenomyosis is mainly related to the penetration
depth of adenomyotic foci. In addition, the high efficacy rate
may be partly due to the size of the uterus and to concomitant
submucosal myoma or polyps, which underscores the
importance of a thorough preoperative diagnostic assessment.
The hysteroscopic approach may allow quick recovery and
reduced hospitalization, with a low incidence of complications
(3.9 %). On the other hand, the uncertain future fertility after
endometrial ablation makes it necessary to limit the procedure
to cases where fertility is not an issue.
4.11.3.4 Uterine Artery Embolization (UAE)
Recently, the use of uterine artery embolization (UAE) has
been suggested as a treatment for symptomatic patients
with adenomyosis, although scientific studies on procedure
outcome still do not allow to draw conclusive findings.25 The
scientific literature has shown a variable success rate which
stems from various contributing factors such as the use of
diverse agents and the presence of coexisting surrounding
myomas. Myomas generally have large-caliber arteries that
may require a more vigorous embolization than the smaller
arteries that are found in adenomyotic lesions, thus resulting
in a higher failure rate in patients with concomitant disease.
Some studies revealed the only predictors of procedure failure
– with hysterectomy in the follow-up period – to be rather
related to the initial thickness of the junction zone than to the
presence of concomitant disease or to the invasion depth of
adenomyotic foci.16,49

Recently, some authors reported that incomplete excision
of adenomyotic foci could entail cell proliferation enhancing
disease progression. It seems reasonable that this effect may
also create adenomyosis de novo and stimulate bleeding from
foci by impaired contractions of the damaged surrounding
myometrium.30

Apart from that, UAE ideally requires that complete occlusion
of the arterial supply be achieved35–37 until a point of stasis
or near stasis is confirmed. This is why devascularisation of
adenomyotic areas should also be considered to predict longterm success of UAE. Due attention should also be given to
the presence of processes that can incite platelet aggregation
and thrombosis in adenomyosis-affected sites.48

In an attempt to optimize the postoperative results, some
authors also examined the usefulness of GnRH pre-treatment

Taking into account that the data derived from the literature on
recurrence of symptoms revealed promising outcomes only
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in the short-term follow-up, it is evident that further studies
are needed to investigate long-term results. Many studies
indicate an optimal control of abnormal uterine bleeding and
dysmenorrhea with an increased quality of life.29,31–33
Up to now, UAE should be considered as an effective
treatment option in symptomatic women unresponsive to
medical treatment who are not eligible for surgery, but who
have already completed family planning. Hence, the current
data available in the literature are not enough to define the
future reproductive outcome in patients undergoing UAE for
adenomyosis.
4.11.3.5 Magnetic Resonance-Guided Focused Ultrasound Surgery
Nowadays, magnetic resonance-guided focused ultrasound
surgery (MRgFUS) – a new non-invasive technique that has
been used successfully for the treatment of uterine myomas
– is currently investigated to estimate its potential efficiency
in the treatment of adenomyosis.45 Ultrasound beams are
precisely directed to the adenomyotic foci with a transducer
that is concentrated in a focal point within the body. The
energy delivered to the target area induces a rise in tissue
temperature above 45°–60° leading to thermal coagulation
and necrosis in a circumscribed area of the myometrium.
Magnetic resonance-guidance in real-time allows for a
precise and well-adjusted treatment that can be modified as
determined by anatomical circumstances and lesions.14
The sequential ultrasound beams are focused precisely on the
site of the lesion to prevent damage to surrounding healthy
myometrium and thus allows to preserve the fertility potential
of the patient. Initial short-term results showed that MRgFUS
is efficient in improving abnormal uterine bleeding and in
reducing lesion size; both pregnancy and delivery were not
affected by the procedure. Moreover, the procedure can be
performed in an outpatient setting, requiring only conscious
sedation, and causing only minimal to moderate postprocedural pain.55
4.11.3.6 Uterine Artery Ligation
Scientific literature reports only one study that has investigated
the therapeutic potential of uterine artery ligation in
symptomatic women with diffuse adenomyosis. The authors
describe the laparoscopic ligation of both uterine arteries with
hemoclips and electrocoagulation.53
Treatment outcome was rated as satisfactory by only 15 % of
patients, and 45 % were dissatisfied.53 Poor satisfaction in this
preliminary study suggests that symptomatic adenomyosis
may not be effectively treated by laparoscopic uterine artery
ligation.

4.11.4 Which is the Best Treatment for Adenomyosis?
In 1977, Owolabi and Strickler stated that “adenomyosis is the
addendum to text book chapters on ectopic endometrium; it is
the forgotten process and a neglected diagnosis” attesting to
the difficulties not only in understanding the etiopathogenesis,
but also in establishing the diagnosis.40,41 Currently, we must
admit that the choice of the best and most effective treatment

for adenomyosis is strictly related to a correct patient
assessment both in terms of symptoms and preoperative
diagnosis.
The diagnosis of adenomyosis remains a challenging issue, but
it cannot be emphasized enough that the diagnostic workup
represents the key step to optimize future management.
Establishing a correlation between clinical features, 2D
and 3D-TVS features and MRI imaging may allow a correct
evaluation, even if the recent findings related to disease
epidemiology may address the wrong direction.43
The ongoing changes in women’s lives have a considerable
impact on transformations in adenomyosis “features”, i.e.,
that later marriage age, age at first pregnancy and infertility
incidence give reason to suggest that adenomyosis should
no longer be considered a typical perimenopausal or
menopausal disease.42 The evaluation of findings related
to the manifestation of adenomyosis in young and infertile
women has been neglected for many years and lead to large
proportion of patients with missed diagnosis, considering that
histological assessment after hysterectomy has long been
the gold standard in the diagnosis of the disease. Recent
studies have demonstrated that the presence of specific
ultrasound features of adenomyosis can be appreciated
early in childbearing years and often can be associated with
dysmenorrhea and metrorrhagia. Based on the results of
these studies, the management of patients with adenomyosis
should be revolutionized and the authors hold the opinion that
development and implementation of conservative therapeutic
strategies specifically adapted to the needs of young women
is indispensable.46
The principles of best practice in the management of
adenomyosis should be applied in an individualized manner
considering that, to date, there is no a uniform standard to
measure the efficacy of surgical treatment for adenomyosis.
While from a clinical standpoint, the major goal of treatment
is to induce relief from symptoms and improve fertility, from a
surgical point of view, the excision of a maximum amount of
adenomyotic tissue and preservation of uterine wall integrity is
of primary interest. It goes without saying that these conflicting
goals must be balanced against each other.
While hysterectomy for adenomyosis is based on well-defined
and precise indications, it is equally important that due attention
be given to the current armamentarium of conservative
treatments from which particularly young and symptomatic
patients can benefit most. Uterus-sparing techniques appear
to have a similar potential in the treatment of dysmenorrhea,
while the key points that enable control of abnormal uterine
bleeding seem to be strictly related to the amount of excised
tissue and to the destruction of endometrium. In terms of
fertility outcomes, younger women can draw advantage
from uterus-sparing surgery, even though there is still a risk
that the chosen conservative procedure can alter the uterine
anatomy and adversely affect the postoperative pregnancy
rate. Nonetheless, this type of uterus-sparing surgery is a valid
treatment option that should be considered in women with a
prior history of failed IVF attempts.26
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An additional interesting point lies in the controversial use
of pre-operative GnRH analogues. Among the benefits that
can be derived from preoperative treatment with GnRH-a are
reduced fluid absorption (in case of endometrial ablation),
reduced operative time and level of difficulty, resolution of
preoperative anaemia and reduction of endometrial thickness.
Conversely, the limitations of preoperative treatment with
GnRH-a include side effects and high costs, increased rate
of lesion recurrence and incomplete resection, increased risk
of the ‘sinking’ phenomenon and risk of uterine perforation.
In conclusion, with the exception of radical surgery, uterussparing treatment for adenomyosis offers the chance of a
consistent control of symptoms52 and preservation of future
fertility, even though this is frequently associated with the
drawback of incomplete excision of lesions and the risk of
recurrences. Moreover, the concurrent removal of healthy
myometrium happens inevitably during excision of the lesion,
so the procedure is still partly destructive for the uterine
wall and the advantages of removing an affected area must
be balanced against the disadvantages of leaving behind
a possibly defective uterine wall, which is of particular
relevance to the management of infertile patients. The recent
introduction of non-excisional procedures may represent the
future direction of adenomyosis management and the authors
hold the opinion that upcoming studies will confirm their
efficacy.56
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5.1

Diagnosis and Management of Urinary Tract Endometriosis

Alireza Aminsharifi a | Amir Farokhi b
5.1.1 Introduction

Endometriosis is defined as the presence of endometrial
glandular and stromal tissue outside the uterus. Although
endometriosis is usually confined to the ovaries, uterosacral
ligaments and cul-de-sac, it can occur almost anywhere in
the body.55
Endometriotic lesions of the urinary tract are present in 1–5 %
of women with endometriosis.7 Urinary tract endometriosis
most commonly affects the bladder (80 %) and less frequently
the ureter (14 %) and kidneys (4 %).34 Although ureteral and
bladder endometriosis both occur in the urinary tract, they do
not often coexist and they differ in their clinical presentation
and management. Bladder endometriosis causes urinary
discomfort that often mimics recurrent cystitis but rarely
results in significant complications. Ureteral endometriosis
is often asymptomatic but may lead to a silent loss of renal
function. Very rare cases of renal and urethral involvement
have been reported.
Three theories have been advanced on the pathogenesis of
endometriosis. They involve the spread of endometrial cells
via retrograde menstruation, lymphatic or hematogenous
dissemination, and coelomic metaplasia. Some experts have
suggested that vesical endometriosis represents bladder
adenomyosis or may be an extension of adenomyosis from
the uterus due to the anatomic proximity of the bladder and
uterus or imperfect closure of the uterus during a cesarean
delivery.16,38,42,79,118
Deep endometriosis is defined as a solid mass situated
deeper than 5 mm below the peritoneum. According to the
theory of retrograde menstruation, deep endometriosis results
from the implantation of cells in the most dependent areas
of the pelvis, such as spaces anterior and posterior to the
uterus. These spaces serve as anatomic shelters that harbor
endometrial cells and prevent them from being cleared by the
usual processes within the peritoneal cavity. The presence
of endometrial cells incites an inflammatory response and,
eventually, a fibrotic nodule is formed and buried beneath the
peritoneum.
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The diagnosis and management of bladder and ureteral
endometriosis are reviewed in this chapter.

5.1.2 Bladder Endometriosis

The urinary bladder is the most commonly affected site in
urinary tract endometriosis. In most cases this condition is
diagnosed when patients complain of urinary symptoms
during gynecologic follow-up procedures for deep pelvic
endometriosis. Deep infiltrating pelvic endometriosis is defined
as the implantation of endometrial stromal and glandular
epithelium outside the endometrial cavity and the uterine
musculature, penetrating into the retroperitoneal space or into
the wall of pelvic organs to a depth of at least 5 mm. Deep
infiltrating endometriosis may involve the torus uteri, posterior
fornix, uterosacral ligaments, vagina, rectum, and urinary tract.
More cases of urinary tract endometriosis have been
diagnosed in recent years.54 According to the literature,
urinary tract involvement is present in 0.3–12 % of all women
affected by endometriosis.37,44,50,92 Collaboration between the
gynecologist and urologist is necessary in order to determine
the correct diagnostic procedure and the most appropriate
treatment.
5.1.2.1 Epidemiology
The bladder is the most commonly affected site within the
urinary tract. Bladder endometriosis was first described by
Judd in 1921.56 In 36 % of cases the endometriosis is confined
to the bladder. A detrusor nodule per se does not represent
a risk factor for additional urologic lesions. Different sites of
urinary tract endometriosis may coexist, however.30,72,82
Bladder endometriosis predominantly affects women of
reproductive age, with an average patient age of 35 years.30
Postmenopausal occurrence is extremely rare because
endometriotic tissue is dependent upon estrogen for continued
growth and generally regresses after menopause.69
Two distinct forms of bladder endometriosis – primary and
secondary – are described in the literature.
Primary bladder endometriosis occurs spontaneously and is
found in 11 % of all patients diagnosed with endometriosis.
Secondary bladder endometriosis is defined as an iatrogenic
lesion that occurs after pelvic surgery such as cesarean delivery
or hysterectomy.23,62,96,107 Approximately 50 % of patients with
bladder endometriosis have a prior history of pelvic surgery.30
The lesions of bladder endometriosis most commonly affect
the detrusor muscle in the bladder trigone. Lesions typically
spread from the serosal surface of the bladder toward the
mucosa.23,62,96,107
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5.1.2.2 Pathogenesis
The pathogenesis of urinary tract endometriosis is not yet
fully understood, and a unifying theory on the origin of
endometriosis remains elusive. The etiologic hypotheses
proposed to date include the embryonic theory, migration
theory, transplantation theory, and iatrogenic theory.

5.1.2.3 Symptoms
The symptoms caused by bladder endometriosis are variable
and depend on the location and size of the lesion.35,39,78,121

Embryonic Theory
Bladder endometriosis may originate from müllerian remnants
located predominantly in the vesicouterine and vesicovaginal
septa.35,126 Donnez et al. were the first to propose this theory35,
but some authors have questioned the histologic evidence of
müllerian remnants in the urothelium of the bladder.126

In most of these asymptomatic cases, the diameter of the
bladder lesions does not exceed 1–2 cm. Nevertheless, 70 %
of women with bladder endometriosis present with urinary
symptoms at the time of diagnosis.

Migration (Reflux) Theory
This most widely accepted theory was initially proposed
by Sampson in the 1920s96 and was then supported by the
findings of Vercellini et al.96,116 It claims that menstrual blood
regurgitates into the pelvis through the fallopian tubes in a
retrograde manner, delivering cells that implant on the bladder
wall and urinary system. Indeed, the bladder constitutes
a privileged target for the implantation of regurgitated
endometrial cells because it is located in the anterior culde-sac, a dependent portion of the peritoneal cavity. After
implantation, regurgitated endometrial cells sandwiched
between the bladder dome and anterior uterine wall incite an
inflammatory process in the peritoneum, leading to adhesion
of the two organs.116,118 Detrusor nodules are almost invariably
found adherent to the uterine body; they are seldom detected
cranial to the vesicovaginal and vesicocervical septa.34,35,72,118
Transplantation Theory
This theory holds that ectopic endometrial implants result
from the lymphatic or hematogenous dissemination of
endometrial cells. Microvascular studies have detected
lymph flow from the uterine body into the ovary, indicating
a possible role of the lymphatic system in the etiology of
endometriosis.18,55,96 This theory postulates that bladder
endometriosis should be defined as adenomyosis arising
from the spread of adenomyotic lesions by lymphogenous or
hematogenous embolization, or by direct extension through
the uterine wall.23,35,73 Nevertheless, imaging and surgical
findings have shown that, in the vast majority of cases, bladder
endometriosis originates intraperitoneally in the vesicouterine
pouch and that its association with uterine adenomyosis is not
frequent.34,72,73
Iatrogenic Theory
This theory attributes urinary tract endometriosis to the
iatrogenic spread of endometrial cells during surgery. In this
case the vesical nodule is not seen as the manifestation of
a more generalized disease but as an isolated lesion caused
by intraoperative dissemination of endometrial cells or an
imperfect surgical technique for closure of the low transverse
uterine incision.26,27,33,36,81,84,90,102

In one-third of patients with bladder endometriosis, the lesions
are asymptomatic and are detected incidentally during followup for known endometriosis or for infertility.

The most common symptoms of bladder endometriosis
are listed in Table 5.1. Interestingly, 40 % of patients
affected by bladder endometriosis have reported these
symptoms occurring in a cyclical pattern, with symptoms
being strongest during the premenstrual period.1,2,64,72,124
The differential diagnosis should include chronic bladder
inflammation, interstitial cystitis, acute or chronic urethral
syndrome, overactive bladder and, most importantly,
bladder malignancy.14,21,45,87,106 Moreover, endometriosis has
the potential for malignant transformation.53,113 Malignant
transformation of endometriosis is quite rare, with only 9 cases
reported in the Anglo-American literature to date. Malignant
transformation of infiltrative bladder endometriosis in the
form of endometrioid adenocarcinoma or adenosarcoma is
extremely rare.4,114
5.1.2.4 Diagnosis

Physical Examination
Bimanual physical examination is considered positive and
suggestive of endometriotic infiltration of the pelvis when a
palpable nodule, thickened area, or palpable cystic expansion
is found at the level of uterosacral ligaments, vagina,
rectovaginal space, cul-de-sac, rectosigmoid, or posterior
bladder wall. Moreover, the presence of lesions in these areas
could suggest involvement of the ureter(s), with associated
evidence of hydronephrosis or impaired renal function.66,94
Laboratory Data
Extensive bladder endometriosis may be associated with
significant anemia, and therefore all patients should be
assessed for anemia. Renal function is also commonly
impaired in these patients and should be tested by serum
creatinine assay. The urine should be evaluated for gross or
microscopic hematuria and cultured to exclude an infectious
etiology for irritative voiding symptoms. Urine culture is usually
negative. Urine cytology is also necessary to exclude in situ
bladder carcinoma as a possible cause of irritative urinary
symptoms.121,124
Common Symptoms of Bladder Endometriosis39,78,121,124
Acute urethral syndrome (40 %)
 Frequency
 Dysuria
 Suprapubic pain or discomfort
Hematuria (20–35 %)
Menuria1 (20–25 %)
Table 5.1 Common symptoms of bladder endometriosis in symptomatic
patients.
1 Hematuria synchronous with menstruation.

383

384

Endometriosis – A Concise Practical Guide to Current Diagnosis and Treatment

Ultrasound
Ultrasound is the initial imaging study for diagnosing bladder
endometriosis owing to its low cost, high availability, and
lack of radiation exposure. A combination of abdominal,
transvaginal and transrectal scans, depending on the
complaints, may reveal endometriosis at infrequent sites,
including the bladder.9,12,22,49,61,67
Transvaginal scanning is performed with a 5- to 9-MHz probe
to image the bladder, adnexa, uterus, vagina, rectovaginal
space, uterosacral ligaments, and rectosigmoid pouch. The
probe is first introduced into the posterior vaginal fornix and
is slowly retracted to evaluate the cul-de-sac, uterosacral
ligaments, bladder, and vagina and to ensure adequate
visualization of all these structures.22,49,67
Endometrial lesions may appear as heterogeneous,
hyperechoic, intraluminal, usually spherical or comma-shaped
vegetations with regular margins which protrude from the
posterior wall or dome of the bladder. These nodules show
only scant vascularity in power Doppler scans.22,49,67
A moderate amount of urine in the bladder creates a clear
acoustic window that facilitates the detection of nodules along
the bladder wall, but excessive bladder distention will push
the dome away from the tip of the vaginal probe, and this can
make it more difficult to detect a nodule in the bladder roof.
Visualization of a distinct plane between the detrusor nodule
and anterior uterine wall is sufficient to exclude the presence
of a leiomyoma.22,49,67,71,95
In a study by Thonnon et al. (2015) comparing three-dimensional
color Doppler ultrasound with MRI and cystoscopy in the
diagnosis of bladder endometriosis, the authors found that
ultrasound was superior to cystoscopy and equivalent to MRI
for in the diagnosis of bladder endometriosis.115

Pelvic Magnetic Resonance Imaging (MRI)
Pelvic MRI has a sensitivity up to 88 % and specificity up to
99 % for the diagnosis of bladder endometriosis. Its diagnostic
accuracy is approximately 98 %. These considerations justify
the use of MRI as a complementary modality in complex
cases of endometriosis with extensive adhesions and
as a gold-standard modality for the diagnosis of bladder
endometriosis.9,22,71,95
In clinical practice, a conventional MRI protocol for evaluating
pelvic endometriosis includes sagittal and axial T2- and T1weighted images before and after fat suppression. Bladder
endometriomas are characterized by high signal intensity on
T1-weighted images and low signal intensity on T2-weighted
images. Coronal sequences are of particular interest as they
allow an accurate investigation of associated lesions in the
pelvis, which have been documented in 50–70 % of cases.
Pelvic MRI performed with a 3-Tesla system ensures high
spatial and contrast resolution, providing accurate information
on endometriotic implants with good preoperative mapping
of lesions involving both rectal and bladder surfaces and the
rectouterine ligament.9,11,19,22,49,67

Cystoscopy
Cystoscopy still represents one of the most cost-effective
tests. Findings may be normal due to the intraperitoneal
origin of the lesions, but cystoscopy may demonstrate an
intraluminal mass on the posterior bladder wall or dome.
The morphologic characteristics of endometriotic bladder
lesions may change with the phases of menstrual cycle,
showing the most distinct alterations before and during
menstruation. Endometriotic nodules are larger and more
congested during menses, and their cystoscopic visualization
is optimal at that time. Small lesions affecting only the bladder
adventitia may not be visualized by cystoscopy.
Bladder lesions often appear as an irregular, adenomatous
nodular mass of variable shape and color. They are most
commonly described as bluish-red, bluish-black, or bluishbrown in color . The urothelium is not ulcerated in most cases.
The lesions may be solitary or multifocal, approximately 1–3
cm in diameter, and usually located on the dome or at the
base. At cystoscopy, it is necessary to determine the distance
between the endometrial lesions and ureteral orifices in order
to determine the optimal surgical approach. In patients with no
prior history of surgical treatment, the distance between the
inferior border of the endometriotic lesion and the interureteric
ridge is rarely < 2 cm.30,69,72,94,104,124
Histopathologic evaluation of tissue specimens obtained by
laparoscopic biopsy is critical for excluding bladder carcinoma,
varices, papillomas, angiomas, and detrusor mesenchymal
tumors. While transurethral resection of the lesions will yield
adequate specimens, cystoscopically guided biopsy is not
always diagnostic for endometriosis. In rare cases where the
inferior border of the endometriotic lesion is < 2 cm from the
interureteric ridge, a ureteroneocystostomy may be required,
and the surgical procedure should be planned accordingly.
Close proximity of the endometriotic nodule to the bladder
trigone is more common in patients who have undergone prior
transurethral resectoscopic surgery.67,72

Differential Diagnosis
When the bladder mass or lesion has been documented by
noninvasive imaging or cystoscopy, the differential diagnosis
should include bladder carcinoma, angioma, leiomyoma,
amyloidosis, malakoplakia, glandular cystitis, nephrogenic
adenoma, and extravesical processes such as diverticulitis.
Histologic evaluation is necessary in almost all cases.67
5.1.2.5 Treatment
The treatment of urinary tract endometriosis is controversial
because the rarity of this condition almost makes randomized
studies unfeasible. Specifically, the treatment of bladder
endometriosis may depend on several factors such as patient
age, fertility preference, extent of disease, severity of lower
urinary tract symptoms, coexisting pelvic lesions, and degree
of menstrual dysfunction.30,72 Treatment may be medical,
surgical, or a combination of both.
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Medical Treatment
The aim of most medical or hormonal therapy is to induce
regression of the endometrial tissue. Medical treatments have
focused on hormonal alterations of the menstrual cycle in an
attempt to induce pseudopregnancy, pseudomenopause,
or a chronic anovulatory condition. Each of these states is
believed to create a less-than-optimum milieu for the growth
and maintenance of endometrial tissue.60,124
The most common agents used in the treatment of
endometriosis include gonadotropin-releasing hormone
(GnRH) agonists (leuprolide acetate) and antagonists (danazol),
progestins (Dienogest), and combined oral contraceptives.
Hormone therapy can induce temporary regression of
endometriosis and is often selected as the initial treatment for
younger women and those desiring to preserve their fertility.30

GnRH Agonists
GnRH agonists such as leuprolide acetate induce a state
of hypogonadotropic hypogonadism, with a consequent
decline in serum estrogens to castration levels. This causes
anovulation and endometrial tissue regression. Possible side
effects include hot flashes, diaphoresis, sleep disturbance,
vaginal dryness, headache, mood changes, osteopenia, loss
of libido, and weight gain.70,74,85,88,89,110,125

GnRH Antagonists
GnRH antagonists such as danazol reduce the production of
FSH and LH, thereby inducing an anovulatory state. Possible
side effects are weight gain, edema, skin rash, nausea,
diaphoresis, irritability, hot flashes, hirsutism, acne, and oily
skin.85,100,125

Progestins
Progestins (i.e. medroxyprogesterone acetate, Dienogest)
induce suppression of ovarian activity and transformation
of the endometrium after its previous exposure to
estrogens. Their principal side effect is abnormal menstrual
bleeding.5,13,15,31,52,97,98,109–111

Combined Oral Contraceptives
As a “pseudopregnancy regimen,” the goal of this treatment is
the suppression of menses leading to therapeutic amenorrhea.
Breakthrough bleeding, nausea, headache, increased risk of
venous thromboembolism, loss of libido, sodium and fluid
retention are some possible side effects.51,112,117,127
Though all these drugs ease the severity of pelvic pain,
dysmenorrhea and dyspareunia, the symptoms often recur
when therapy is discontinued. Moreover, they are frequently
associated with safety and tolerance issues, and they always
postpone childbearing without improving fertility.67
Unfortunately, almost 50 % of patients with deep infiltrating
endometriosis (DIE) do not respond to hormonal therapy. The
relapse rate is quite high (approximately 56 %), indicating that
such treatment induces only a temporary resolution of lesions in
patients with deep endometriosis and bladder endometriosis.

The ideal candidate for this type of treatment is a menopausal
woman with a single, small (< 5 mm) endometrial nodule in
the bladder.61
Indeed, medical management appears to have a high
recurrence rate after treatment withdrawal and is often
considered a palliative modality for bladder endometriosis.
Additionally, some authors have noted that bladder pain and
a desmoplastic reaction within the detrusor from repetitive
bleeding and absorption of menstrual debris may respond
poorly to hormonal manipulation.67
The potential of endometriotic cells to migrate, metastasize,
invade, and induce angiogenesis resembles that of malignant
cells. With this in mind, researchers have been investigating
various anticancer drugs in the management of urinary
tract endometriosis.17 Recently a combination of aromatase
inhibitors with progestins or GnRH agonists has proven
effective, but because of its high complication rates and
costs, this regimen has not yet been implemented in routine
clinical practice.

Surgical Treatment
Surgery is the only treatment that offers the chance for a cure.
Complete excision results in significant reduction of pain
and improvement in quality of life.67 The surgical options for
bladder endometriosis include transurethral resection (TUR),
open or laparoscopic partial cystectomy, and a combination
of TUR and laparoscopic partial cystectomy. An accurate
preoperative diagnostic workup is essential for planning the
best surgical approach.
Apart from that, it is crucial to rule out neoplastic lesions of the
bladder, determine the precise location of the bladder nodule
relative to the ureteral orifices, and evaluate the status of the
ureters and upper tract. These tests are geared toward defining
an individualized surgical strategy, which is key to achieving
the complete removal of symptomatic endometriotic lesions.
The recurrence of an endometrial bladder nodule is closely
linked to the efficacy of the surgical procedure in terms of a
complete resection or excision of the mass.24,63,77,91,103
Patient age has been identified as a major risk factor for
treatment failure. The younger the patient, the greater the risk
of recurrence. This may be related to the fact that surgeons
establishing a treatment plan for a woman in the younger
age group, are generally more hesitant to opt for a radical
treatment such as partial cystectomy.41

Transurethral Resection (TUR)
During TUR, the bladder lesion should be resected as deep as
possible (preferably to a depth of 0.5–1 cm) in order to minimize
the risk of recurrence. Due caution should be exercised at
all times, however, because an extensive resection may be
complicated by bladder perforation.67
The combination of laparoscopic procedures like TUR with
hormone therapy is a suitable option in young patients
wanting to preserve fertility. However, the failure rate may be
as high as 25–35 %.61 The ideal candidates are fertile patients
and women approaching menopause, because the lesions
usually regress spontaneously with the onset of menopause.69
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Partial Cystectomy
Partial cystectomy is a bladder-preserving treatment option
that involves the localized, full-thickness surgical excision
of endometriotic bladder lesions. Generally speaking, a
segmental bladder resection for detrusor endometriosis
is a relatively simple and safe procedure. Several reports
have documented excellent outcomes with this approach
in terms of symptom relief and recurrence rate, regardless
of whether the procedure employs open or laparoscopic
technique. Concurrent cystoscopy can be useful for precisely
delineating the margins of the endometrial lesion. Cystoscopic
catheterization of the ureters before the procedure is an option
that may be considered, especially in cases where the caudal
border of the endometriotic lesion is less then 2 cm from the
interureteric ridge.36,77,91,103

Open Partial Cystectomy
The procedure begins with careful delineation of the nodule
boundaries and the dissection of any adhesions between
the anterior uterine wall and vesicouterine pouch. Since the
removal of a detrusor nodule is not feasible without opening
the bladder lumen, an intentional perinodular incision through
the bladder dome is recommended. The most favorable
anatomic situation is an endometriotic lesion in the bladder
dome. A lesion on the posterior bladder wall is more complex;
in this case a segmental bladder resection can be performed
by the lysis of adhesions that have formed between the
anterior uterine wall and the vesicouterine peritoneal fold. Very
often, one or both round ligaments are distorted and involved
in the fibrotic process. After excision of the lesion, the bladder
is closed with absorbable sutures placed in two layers.30,72

Laparoscopic Partial Cystectomy
The laparoscopic approach includes a dissection of the
vesicouterine space in order to mobilize the nodule and dissect
the bladder, enabling the whole nodule to be excised with
adequate clear margins. The bladder is then closed in a single
layer. Cystoscopy at the end of the procedure is advisable
to ensure a watertight closure and check the integrity of the
ureteral orifices. The outcome of partial cystectomy is excellent
in most series, with pain relief reported in 95–100 % of patients.
Laparoscopy also permits the simultaneous treatment of
extravesical lesions and concomitant oophorectomy with or
without hysterectomy (preferred in patients who do not desire
pregnancy and in women approaching menopause). Finally,
laparoscopic partial cystectomy can yield the same results
as open surgery while offering several advantages such as
less bleeding, a shorter operating time, shorter hospital stay,
earlier return to work, greatly reduced postoperative pain, and
decreased risk of postoperative morbidity.24,28,63,77,91,103,120
Combining transurethral partial cystectomy with laparoscopic
bladder reconstruction for the treatment of bladder
endometriosis and coexisting abdominal endometriosis fits
the trend toward minimally invasive surgery and could provide
an alternative to traditional laparotomy in women with bladder
endometriosis, especially those who have simultaneous pelvic
endometriosis.

This approach requires the combined services of a gynecologist
and urologist or an experienced laparoscopic surgeon.80,101

Robotic Approach
Compared with standard laparoscopy, robotic-assisted
laparoscopy has the advantage of an improved freedom
of instrument manipulations that may allow a more precise
suturing technique. However, the longer setup time and higher
costs limit its use to a few reference centers. Nezhat et al.
reported their experience with robotic-assisted laparoscopy in
the treatment of one patient with bladder endometriosis and
two patients with ureteral endometriosis. They demonstrated
the safety and feasibility of this approach in patients with
urinary tract endometriosis.76

5.1.3 Ureteral Endometriosis
The ureter is the second most common site of involvement
by urinary tract endometriosis. The incidence of ureteral
endometriosis has been rising in the contemporary literature
owing to improvements in diagnostic tools and a greater
awareness and skill among clinicians in recognizing the
disease.
The distal part of ureter is the most commonly affected site,
while very rare cases of proximal ureteral involvement have
been reported. Bilateral ureteral endometriosis is also rare,
occurring in 10–20 % of patients.23,30,36,48,57,126
In most cases this condition is asymptomatic and is diagnosed
incidentally during gynecologic follow-up. However, the
delayed diagnosis and treatment of ureteral endometriosis
may lead to a silent loss of renal function. Nowadays the
modalities for diagnosis and treatment are a matter of
debate, and there is growing evidence of the need for close
collaboration between the gynecologist and urologist.
5.1.3.1 Epidemiology
Cullen was the first to report a case of ureteral endometriosis
in 1917.32 Since then, more than 200 cases have been
described in the literature. Subclinical disease is probably
underestimated as it is easily missed even on surgical
inspection, so its true prevalence is higher than previously
assumed.25 Ureteral endometriosis has been reported more
frequently in the contemporary literature, reflecting the greater
ability of clinicians to recognize the disease and the significant
improvement in imaging and other diagnostic tools.68
Ureteral endometriosis occurs in 0.1–1 % of all endometriosis
patients, with a peak incidence at 30–35 years of
age.30,70,74,85,126 Ureteral endometriosis has been described
rarely in postmenopausal women.126
5.1.3.2 Pathogenesis
Ureteral involvement may be either intrinsic or extrinsic.
Intrinsic endometriosis is characterized by endometrial glands
and stroma within the lamina propria, tunica muscularis, or
ureteral lumen. Extrinsic endometriosis is localized within the
periureteral tissue. Eighty percent of ureteral endometriosis is
extrinsic and primarily involves the distal ureter. The left side

5.1 Diagnosis and Management of Urinary Tract Endometriosis

is more commonly affected, and bilateral disease has been
reported in up to 23 % of cases.6,86
One theory attributes ureteral involvement to retrograde
menstruation and the implantation of refluxed endometrial
cells. This is believed to be more frequent on the left side due
to relationships with the sigmoid colon and ipsilateral ovary
and anatomic differences between the right and left sides of
the pelvis.119
The extrinsic and intrinsic forms of ureteral involvement are
difficult to distinguish. The depth of invasion in the extrinsic
form must ultimately rely on histologic examination, so
differentiation cannot be reliably established preoperatively or
at surgery.
In extrinsic disease the endometrial tissue invades only the
ureteral adventitia or surrounding connective tissue, eventually
causing ureteral obstruction. This is the most common form of
ureteral endometriosis and represents 80 % of cases.30,103,126
In intrinsic disease (20 % of cases), ectopic endometrial
tissue directly infiltrates the ureteral wall within the muscularis
propria, lamina propria, or ureteral lumen. It most likely arises
from lymphatic or venous metastasis. The two pathologic
types may coexist.30,126
Interestingly, the proportion of left-sided gonadal and ureteral
lesions is remarkably similar (63 % and 64 %, respectively),
with ovarian endometriosis being a prerequisite for ureteral
involvement.61 The asymmetry in the occurrence of ureteral
endometriosis is compatible with the menstrual reflux theory
and with the anatomic asymmetry of the left and right
hemipelvises. The presence of the sigmoid colon creates a
hidden microenvironment around the left fallopian tube and
ovary. As a result, endometrial cells regurgitated through the
left tube are less exposed to peritoneal fluid flow and may
partially escape from the macrophage disposal system. The
large bowel does not provide the right hemipelvis with this
sort of anatomic shelter due to the more cranial position of the
cecum.68
However, this hypothesis fails to explain the cases of proven
ureteral endometriosis in women who have no evidence
of any other focus of peritoneal disease in the pelvis. The
second theory to explain the origin of ureteral involvement is
the embryonal one. Support for this hypothesis stems from
the pathologic findings of hyperplasia of smooth-muscle cells
surrounding the affected ureter, with sparse endometriotic
glands and scant stroma in surgical specimens from women
who had undergone segmental ureteral resection.68
The histologic resemblance of ureteral implants to adenomyosis
has led some investigators to introduce the concept of
adenomyotic disease of the retroperitoneal space, postulating
a primary development of endometriosis in the retroperitoneum
from embryonic remnants of the müllerian duct.
Endometriosis has some potential for malignant
transformation.113 Malignancy arising in ureteral endometriosis
has been reported in only a few studies. Nezhat et al. described

the first case of pelvic adenocarcinoma arising from ureteral
endometriosis in a woman who underwent hysterectomy and
bilateral salpingo-oophorectomy, without any evidence of
pelvic endometriosis.78
The differential diagnosis of ureteral endometriosis consists
mainly of primary cancer, metastatic cancer, retroperitoneal
lymphadenopathy, and idiopathic retroperitoneal fibrosis.
5.1.3.3 Symptoms
Classic signs and symptoms of ureteral endometriosis
may include cyclic flank pain, dysuria, urgency, urinary
tract infection, and hematuria.55 These symptoms are more
pronounced in intrinsic ureteral endometriosis than in extrinsic
disease.
Notably, a significant percentage of patients with ureteral
endometriosis do not have genitourinary symptoms. For
example, in one series ureteral obstruction was silent
in approximately 40 % of patients with severe ureteral
endometriosis.6 Silent deterioration of renal function has
also been reported in 25–43 % of patients with ureteral
endometriosis and may lead to complete function loss in
the affected kidney.122 Historically, up to one-third of kidneys
affected by ureteral endometriosis were lost.86
Because a large percentage of patients with ureteral
endometriosis may have an asymptomatic renal obstruction
with loss of renal function, evaluation of the upper urinary
tract has been recommended in all patients with pelvic
endometriosis.
There is a lack of correlation between symptoms and severity
of obstruction, as a severe obstruction may be asymptomatic
for a long time, leaving the patient at risk for eventual loss of
renal function (25–43 % of cases).25,30,126
Approximately 50 % of women with ureteral involvement
may have pelvic symptoms such as dyspareunia, severe or
incapacitating dysmenorrhea, pelvic pain, and menorrhagia.68
Among these symptoms, the severity of dysmenorrhea may
correlate directly with the extension of endometriosis to the
rectovaginal septum, uterosacral ligaments, broad ligament,
and ovaries.68
Several authors have noted a positive correlation between
ureteral endometriosis with incapacitating dysmenorrhea and
coexisting lesions of the retrocervical region or rectosigmoid.68
Conversely, the principal site of involvement by endometriosis is
related to the potential for symptomatic ureteral endometriosis.
Patients with retrocervical endometriosis were found to have a
7-fold greater chance of suffering from ureteral endometriosis;
for patients with endometriosis of the rectosigmoid, this risk
was 22 times greater.124
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5.1.3.4 Diagnosis

Physical Examination
Physical examination is unrewarding. However, a strong
association has been reported between large endometriotic
nodules involving the rectovaginal septum and ureteral
endometriosis.41
Laboratory Data
All patients should be assessed for anemia and for renal
function by serum creatinine assay. Urine should be evaluated
for evidence of gross or microscopic hematuria and cultured
to exclude an infectious etiology. Urinary cytology is also
necessary to exclude malignancy.
Imaging Modalities
Given the risk of silent renal function loss, the upper tract
should be periodically evaluated during medical therapy or
before and after surgery. However, imaging techniques are of
limited value in accurately defining the extent of disease and
detecting infiltration of the ureteral wall.
Abdominal ultrasound is routinely used as a screening tool
to exclude urinary tract obstruction in patients with pelvic
endometriosis. It is a simple, noninvasive test that requires no
intravenous contrast, and the findings are highly sensitive for
hydronephrosis.59,83
Intravenous pyelography has been the traditional
functional imaging study in women with suspected
urinary tract endometriosis. Radiologic findings such as
hydroureteronephrosis, narrowing of the pelvic ureter and,
rarely, an intraluminal ureteral mass are possible nonspecific
findings. Moreover, intravenous pyelography can confirm
that the kidney is functioning and can accurately define the
location, extent, and degree of ureteral stenosis. Pyelographic
findings of intrinsic disease include ureteral filling defects,
whereas extrinsic disease tends to cause smooth strictures in
affected ureteral segments.108

On MRI, the most frequent sign of ureteral endometriosis is
the detection of a hypointense nodule along with hyperintense
foci adjacent to the ureter on T2- and T1-weighted images.10
MRI is the ideal modality in patients with suspected urinary
tract endometriosis because it can visualize all components
of the urinary system and can explore all possible pelvic
locations of endometriosis.
Ureteroscopy has been used to diagnose intrinsic ureteral
endometriosis. This procedure allows direct observation of
the bladder and/or ureteral lesions and can provide biopsy
specimens for histology. The macroscopic appearance of
the lesions changes with the phases of the menstrual cycle,
showing the most distinct alterations before and during
menstruation. Endometriotic lesions often appear edematous
and irregular and show variable shape and coloration: bluishred, bluish-black, or bluish-brown. The lesions may be
solitary or multifocal. It is important to measure the distance
from the lesion to the ureteral orifices. Endoscopy may be
unrewarding if the ectopic tissue does not extend beyond the
ureteral adventitial layer. Consequently, negative endoscopic
findings do not necessarily confirm the absence of ureteral
endometriosis. Ureteroscopic biopsy remains a useful,
minimally invasive option for some patients with localized
ureteral endometriosis, in order to establish the diagnosis prior
to endoscopic ablation.30,120 Immunostaining of the biopsied
tissue for estrogen and progesterone receptors, CK7, CA125,
and CD10 may help to establish the diagnosis.3

Despite its limitations, intravenous pyelography, combined
with retrograde pyelography, still remains the most common
and valuable procedure for the assessment of ureteral
endometriosis.68
Although
computerized
tomography
can
identify
endometriomas, its poor specificity and high radiation dose
have limited its use in the evaluation of endometriosis,
especially in fertile women.
Instead, MRI may reveal direct signs such as a nodule or
mass invading the ureter in its course or at the ureterovesical
junction.10,58,105
Since the ureter is a hollow tube only 4–5 mm in diameter, it
can be difficult to analyze with MRI. An indirect sign of ureteral
involvement is the possible presence of hydroureteronephrosis
above the level of the suspected lesion. MR urography
consists of heavily T2-weighted sequences acquired over a
wide field in the coronal plane and may be useful in detecting
hydroureteronephrosis and evaluating other pathology in the
abdomen and pelvis10,58,105 (Fig. 5.1).

Fig. 5.1 Magnetic resonance urogram in a patient with right ureteral
stenosis caused by endometriotic tissue (arrows).
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5.1.3.5 Treatment Options
The treatment of choice for ureteral endometriosis is
controversial. Treatment has several goals: preservation of
renal function with long-term relief of urinary obstruction,
management of ongoing disease by complete excision or
ablation of endometriotic tissues along with their reactive
fibrotic component, the preservation of fertility, and the
alleviation of symptoms using the least invasive methods
available.
Treatment should be individualized according to age,
reproductive desire, symptom severity, lesion size, and the
organs involved.30

Hormonal Therapy
As described above, several regimens with variable results
have been reported for hormonal therapy. Hormone
manipulation may shrink the tissues affected by endometriosis,
but obstruction secondary to fibrous tissue and adhesions
does not usually resolve. Hormone therapy should be
considered an option for patients of childbearing age who
desire pregnancy. Close follow-up care with ultrasonography
at 6-month intervals is recommended to exclude upper urinary
tract obstruction.50
If renal function is normal and there is minimal to mild
hydronephrosis with no functional obstruction as determined
by radionuclide renal scanning, hormone therapy may be
instituted. Ovarian hormonal ablation with GnRH agonists has
been used with success in some series.93
Local progesterone therapy, such as a levonorgestrelreleasing IUD, may be useful as a conservative medical
approach. Although this treatment is frequently used in
gynecology for contraception or for idiopathic menorrhagia, it
is also effective in patients with endometriotic foci in the pelvis
and vesicovaginal septum, possibly because it delivers high
concentrations of the drug to the endometrium and adjacent
areas despite low plasma levels. This offers two important
advantages: it is effective for 5 years and does not affect
future fertility after treatment is discontinued.
Though all of these drugs have been shown to alleviate the
severity of pelvic pain, dysmenorrhea and dyspareunia, the
symptoms often recur when therapy is withdrawn. Moreover,

the drugs are frequently associated with safety and tolerance
problems, and they do not improve fertility.68
Since the relapse rate of DIE is quite high (approximately
56 %), this treatment provides only a temporary resolution of
lesions in these patients.
To summarize, hormonal therapy is generally less effective in
patients with extensive endometriosis, as reflected by its high
rates of treatment failure and recurrence.65

Surgical Therapy
Surgical intervention is the treatment of choice for most patients
with significant hydroureteronephrosis and periureteral
disease. The main indications for surgical treatment of
ureteral endometriosis are the presence of symptoms and/or
hydroureteronephrosis.86
Historically, open surgery was the preferred treatment option
in patients with extensive disease.
Laparoscopic interventions such as ureterolysis, ureterostomy,
and ureteral reimplantation for ureteral stricture disease
secondary to endometriosis can be performed following the
same principles applied in traditional open surgery. Advantages
include a magnified view, better exposure, and an enhanced
ability for lesion detection in the pelvis, retroperitoneal space,
and around the lower urinary tract.8,20,29,40,43,46,47,75,77,99,123
Ureterolysis may resolve ureteral obstruction in patients with
extrinsic disease. If laparoscopic ureterolysis is proposed,
a transperitoneal approach is preferable in that it allows a
better assessment of endometrial implants on the peritoneum
overlying the ureter43,122 (Figs. 5.2, 5.3). A success rate of
approximately 85 % has been reported for this approach.47
If patients are suspected to have intraluminal ureteral
involvement, ureteroscopic resection or ablation should be
considered.47 Relapse rate after the nonradical removal of
lesions is up to 30 %.40
If these procedures are unsuccessful or extensive disease
is present, distal ureterectomy with reimplantation is
advised. This can be accomplished by using either an open,
laparoscopic or robotic-assisted approach, which often yields
excellent long-term results while preserving renal integrity6,7,99
The surgical treatment of choice may change
according to the diagnosis of intrinsic or
extrinsic ureteral endometriosis.
Preoperative planning should be rigorous,
and the complete surgical excision of ureteral
endometriosis should be ensured by a team of
experts who are familiar with endometriosis.

Fig. 5.2 Dissection of the right ureter from
endometriotic tissue.

Fig. 5.3 Complete excision of the endometriotic
tissue and full dissection of the pelvic ureter.
Note the constriction of the distal ureter (arrow)
caused by intrinsic fibrosis.
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Fig. 5.4a–c Laparoscopic harvesting of the
bladder (Boari) flap (a) to bridge the gap from
midureter to bladder after complete excision
of the fibrotic distal ureter. The bladder flap is
tubularized (b) in preparation for end-toend anastomosis (c) to the right ureter over
a ureteric stent using an intracorporeal
suture technique. Final view of laparoscopic
ureteroneocystostomy using a bladder (Boari)
flap (d).

5.1.3.6 Extrinsic Ureteral Endometriosis
Elective ureterolysis is indicated only if there is an extrinsic
lesion less than 3 cm in diameter and/or in cases of
nonobstructive ureteral involvement.7,30,43,75
There is still controversy in the literature about the preoperative
or intraoperative use of a double-J stent.8,20,123 The double-J
stent can also be positioned after ureterolysis.
Ureterolysis is contraindicated for intrinsic endometriosis due
to high rates of recurrence and stenosis.75
5.1.3.7 Intrinsic Ureteral Endometriosis
Indications for ureteral resection include an intrinsic ureteral
lesion, lesions longer than 3 cm, and lesions located below
the level of the iliac vessels.20,99,126
Traditionally, this type of surgery is performed by laparotomy,
which is associated with a high risk of postoperative morbidity.
Resection of the ureter is followed by one of three available
techniques of ureteral reconstruction:
Ureteral end-to-end anastomosis
 Ureteral reimplantation with an antireflux technique (e.g.,
Lich-Gregoire or Leadbetter-Politano)
 Psoas hitch or bladder (Boari) flap technique (Fig. 5.4)


The placement of a double-J stent may provide a useful
landmark for the surgeon during dissection and resection,
simplifying all stages of reanastomosis or reimplantation.
Despite all ureteral surgical techniques, the incidence of
progressive renal function deterioration may be as high as
40 % and may culminate in nephrectomy.86,126
Ultrasound surveillance is advised for the detection of recurrent
ureteral obstruction in patients with ureteral endometriosis
that has been treated by hormone therapy, endourologic
ablation, or surgical resection and reconstruction.40

5.1.4 Summary

Given the rising incidence of urinary tract endometriosis in
recent years, close collaboration between the gynecology and
urology teams is crucial for an adequate diagnostic workup
and proper management plan. While different diagnostic
modalities may be needed to address this condition, the
management plan should be individualized based on the
extent of disease and patients’ expectations. Both hormonal
therapy and minimally invasive urologic procedures hold
promise as the most rewarding treatment strategy for these
complex cases.
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5.2.1 Introduction

Endometriosis, defined as the occurrence of functional
endometrial tissue outside the uterus, has been documented
in almost every organ system in the body. Because it is
estrogen-dependent, it occurs only in women of reproductive
age and therefore may recur as long as ovarian function is
sustained. Endometriosis most commonly occurs in women
25–35 years of age. Malignant transformation of endometriotic
lesions has never been reported. Genitourinary endometriosis
is rare, with an overall incidence of 1–5 %. One theory on the
pathogenesis of urinary endometriosis is based on retrograde
menstruation and the implantation of endometrial cells.8,9 In
70–80 % of women with genitourinary endometriosis, the
lesions are located in the bladder. Ureteral endometriosis
accounts for 15–20 % of cases, while renal and urethral
involvement has been described only in isolated case reports
(Table 5.2).8,9 Endometriosis of the bladder is usually confined
to a single site. The lesions of ureteral endometriosis can
be classified as extrinsic or intrinsic. Intrinsic endometriosis
typically involves endometrial glands and stroma within the
lamina propria, muscularis, or ureteral lumen. Extrinsic lesions
are located in the periureteral tissue.8 The majority of lesions
are extrinsic and located in the distal ureter, with more frequent
involvement of the left ureter than the right. Approximately
one-fourth of cases are bilateral.8

Symptoms of urinary tract endometriosis may include
hematuria, frequency, dysuria, urinary tract infection, pelvic
and abdominal pain, and possible colicky flank pain. A
significant percentage of patients with ureteral endometriosis
present no symptoms. Patients with intrinsic endometriosis are
more likely to develop symptoms such as colic and hematuria
than patients with extrinsic lesions.8,10 Asymptomatic
hydronephrosis with loss of renal function occurs in up to
40 % of the patients with ureteral endometriosis.8,9

5.2.2 Diagnosis of Urinary Tract Endometriosis
5.2.2.1 Imaging Modalities
Imaging of the upper urinary tract in patients with pelvic
endometriosis is strongly recommended in all cases due to
the frequent development of renal obstruction.1,8
Ultrasound is the initial imaging modality used to diagnose
hydronephrosis and detect possible large masses infiltrating
the bladder.8 Typical ultrasound documentation of bladder
endometriosis is illustrated in Fig. 5.5. Intravenous urography
(IVU) or retrograde pyelography are useful studies for
detecting ureteral endometriosis. Intrinsic lesions appear
as filling defects, while extrinsic disease will appear as
smooth, strictured ureteral segments caused by extrinsic

Sites of Involvement by Urinary Tract Endometriosis
Bladder
Ureter
Urethra
Kidney

70–80 %
15–20 %
1–2 %
up to 4 %

Table 5.2 Sites of involvement by urinary tract endometriosis.

Fig. 5.5 Ultrasound scan in a patient with bladder endometriosis
displays a typical small nodule in the bladder wall.
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compression.5,6,8,9 Figures 5.6–5.8 illustrate delayed contrast
excretion and filling defects noted in two different cases.
CT and MRI can add information by establishing the location
and volume of endometriotic lesions and determining the
degree of organ infiltration. MRT can be especially useful in
diagnosing ureteral endometriosis as well as infiltrating bladder
endometriosis due to the distinctive appearance of the lesions
on T2- and T1-weighted images.8,9 Endometriotic lesions
typically appear as hypointense areas with hyperintense foci
adjacent to the ureter.6
The isotope nephrogram is an optional study in patients
with hydronephrosis secondary to ureteral endometriosis,
providing therapeutically relevant information on renal function
and possible urodynamically significant ureteral obstruction.8
Fig. 5.9 documents renal function impairment on the left side.

Fig. 5.6 IVU documents delayed contrast excretion in a patient with right
ureteral endometriosis.

5.2.2.2 Endoscopy
The need for endoscopic evaluation will depend upon the
patient’s symptoms and the extent of disease detected in
imaging studies.
Diagnostic cystoscopy is indicated in all patients with pelvic
endometriosis who present with urinary tract symptoms and/
or hematuria. The procedure should include the biopsy of
intravesical masses. Macroscopically, endometriotic lesions
have been described as slightly elevated, livid areas with
well-defined margins.4,6,8,9 A typical endometriotic lesion is
illustrated in Fig. 5.10. Ureteroscopy should be performed when
involvement of the upper urinary tract is suspected and should
include the biopsy of any intraluminal foci. The most common
site of obstruction is the level where the ureter crosses the
infundibulopelvic ligament.8
5.2.2.3 Diagnostic Laparoscopy
Endometriosis of the bladder most commonly presents as
a solitary lesion involving the bladder roof. Invasive bladder
disease that may result in full-thickness bladder resection may
present as significant scarring and retraction of the bladder
peritoneum with underlying nodularity and massive overlying
hemorrhagic and exophytic changes. Occasionally a nodule
of invasive bladder endometriosis may appear only as a
superficial hemorrhagic change, and traction must be placed
on the bladder peritoneum to expose the underlying nodule
infiltrating the bladder wall.6 Fig. 5.11 illustrates a laparoscopic
resection of bladder endometriosis.

Fig. 5.7 Retrograde pyelography shows a distal ureteral stricture
resulting from ureteral endometriosis (same patient as in Fig. 5.6).

5.2.2.4 Treatment Goals
Relief of obstruction.
Preservation of renal function.
 Complete ablation of endometriotic foci.
 Relief of symptoms.
 Preservation of fertility.



Fig. 5.8 IVU in ureteral endometriosis with a silent kidney documents
absence of contrast excretion on the affected side.

5.2 Diagnosis of Urinary Tract Endometriosis, Counseling and Therapeutic Management

5.2.3 Counseling and Alternative Therapeutic Options

Treatment planning is directed by key factors such as patient
age, the severity of symptoms, the affected organs and lesion
extent, and the desire for future pregnancy.8
Suspicious lesions should be resected or coagulated as
completely as possible. Once the diagnosis of endometriosis
has been confirmed histologically, a course of hormonal
therapy has been recommended.6,8
Endometriosis of the bladder is diagnosed by transurethral
resection (TUR-B), which can also be done for curative intent
in patients with superficial lesions. In cases where lesions
infiltrate all layers of the bladder (deep vesical endometriosis),
TUR-B alone is insufficient. A high recurrence rate has been
reported for lesions treated by transurethral resection.8 A more
effective option is partial cystectomy (open, laparoscopic,
or robotic).2,6,8 Lesions of the bladder wall are approached
by dissecting first into normal, soft bladder muscularis
adjacent to the lesion. The nodule is circumscribed and
undermined by incising normal muscularis, then removed
completely in a partial-thickness or full-thickness resection.
Partial cystectomy should be preceded by ureteral stenting,
especially if the distance between the inferior border of the
endometriotic focus and the trigone is less than 2 cm.8,10
In patients who were treated by partial cystectomy, none
required later surgery for bladder recurrence.2,6,8 For lesions
of the bladder floor and posterior wall in close proximity to
the uterus, the resection of 0.5–1 cm of opposed myometrium
may prevent a recurrence.10 Superficial endometriosis of the
bladder peritoneum is treated by peritoneal resection without
dissecting into the muscularis.6
Hormonal therapy alone is only an option in patients with
minimal hydronephrosis, good renal function, and no
urodynamically significant obstruction by radioisotope renal
scan. The outcomes are better in cases with extrinsic rather
than intrinsic endometriosis.8
Laser coagulation is technically feasible in selected patients
who have small, intrinsic ureteral lesions.8

Fig. 5.9 Radionuclide renal scan in ureteral endometriosis documents
almost complete loss of renal function on the left side (same patient as in
Fig. 5.8).

Fig. 5.10 Cystoscopy of bladder endometriosis reveals a lesion medial to
the right ureteral orifice. A small area of trigone metaplasia is also noted
close to the lesion. By courtesy of Dr. P. Drazic, Dept. of Gynecology and
Obstretics, Ammerland Clinical Center Westerstede, Germany.

The treatment of first choice in patients with extensive lesions
(extrinsic and intrinsic) is surgery. Ureterolysis alone may
be sufficient to resolve ureteral obstruction in cases with
extrinsic lesions, with documented success rates of 85 %.8
However, of all the surgical treatment options for ureteral
endometriosis, ureterolysis is associated with the highest
rates of complications and recurrence.10 Should ureterolysis
be undertaken, the preferred approach is laparoscopic
transperitoneal, as it allows the assessment of lesions within
the peritoneum adjacent to the ureter. Ureteral stenting should
be carried out prior to ureterolysis.8
Extrinsic lesions with intraluminal infiltration should be
treated by complete resection of the affected ureteral
segment with subsequent end-to-end anastomosis or
ureteroneocystostomy using the psoas hitch or Boari flap
technique.1,6,8 Cases of bilateral involvement are treated by
bilateral segmental ureterectomy and trans-uretero-ureterocystoneostomy with bladder-to-psoas hitching, since the
bladder capacity is usually not large enough for a bilateral

Fig. 5.11 Laparoscopy of bladder endometriosis. A partial, full-thickness
laparoscopic bladder resection is performed to encompass the
endometriotic lesions. By courtesy of Dr. P. Drazic, Dept. of Gynecology
and Obstretics, Ammerland Clinical Center Westerstede, Germany.
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psoas hitch procedure.1 Depending on the specific center
and individual surgeon experience, the above interventions
may be performed through an open, laparoscopic, or robotassisted approach.8 The most frequent complications are
ureteral fistula and anastomotic stricture.
As ureteral obstruction is asymptomatic in a large number of
patients, the diagnosis of hydronephrosis may be delayed.
Consequently, affected kidneys may show significant function
impairment in the radionuclide nephrogram by the time of
diagnosis. Nephroureterectomy (open, laparoscopic, or
robotic) may be appropriate in such cases.8
Posttherapeutic follow-up relies on ultrasonography. The main
purpose of follow-up is the early detection of recurrent ureteral
obstruction.1,8 Patients with renal function impairment prior to
therapy require the regular monitoring of retention parameters
(serum creatinine, glomerular filtration rate) in addition to
a radionuclide study 6–12 weeks after the conclusion of
therapy.1,8
Endometriosis of the kidney is very rare. Only sporadic case
reports are found in the literature.3,7 It may present with flank
pain or hematuria not always occurring during menstruation.
Some symptomatic cases have been diagnosed by
nephrectomy as cystic masses, usually with associated
intralesional hemorrhage. Histology identifies glands and
stroma characteristic of endometriosis.6 Needle biopsies of
the lesions reveal glandular fragments and cuboidal epithelium
typical of endometrial tissue.

5.2.4 Summary

Endometriotic lesions of the urinary tract are present in 1 to 5 %
of women affected by endometriosis. Most patients present
with concomitant lesions in other organ systems. Endometrial
tissue responds to cyclic hormonal changes. The growing
and bleeding stage is accompanied by inflammation, which
later leads to fibrosis, with subsequent adhesions leading to
stenosis (ureter) and tissue retraction due to scarring (bladder).
In 70–80 % of cases, urinary tract endometriosis is located
in the bladder. Ureteral involvement is noted in 15–20 % of
cases. Whether this involvement is extrinsic or intrinsic is
largely irrelevant in terms of clinical management. Intrinsic
endometriosis is known to be a more frequent cause of cyclic
flank pain, hematuria, dysuria, and urinary tract infection than
extrinsic endometriosis. All patients with pelvic endometriosis
should undergo upper tract imaging. The imaging studies
appropriate for ureteral endometriosis are intravenous
urography or retrograde pyelography, CT or MRI, and
radionuclide scanning. The major treatment goals in ureteral
endometriosis are preservation of renal function, symptom
relief by the complete ablation of endometriotic lesions, and
maintenance of fertility. Primary hormonal therapy should be
considered only in patients who do not have urodynamically
significant obstruction. Ureterolysis alone may be sufficient to
resolve ureteral obstruction in patients with extrinsic lesions,
with documented success rates of 85 %. Lesions of the distal
ureter are managed by resection of the stenosed segment and
ureteroneocystostomy, while lesions in the middle or proximal
third are treated by resection of the stenosed segment and

end-to-end ureteral anastomosis. Bladder endometriosis
may require a full-thickness resection of the bladder wall.
Transurethral resection alone is frequently inadequate
since endometrial tissue is present throughout the detrusor
muscle. Ureteral stenting prior to resection is indicated if the
lesion is less than 2 cm from the orifice. Renal and urethral
endometriosis have been described only in sporadic case
reports.

5.2.5 References
1. Antonelli A, Simeone C, Frego E, Minini G, Bianchi U,
Cunico SC. Surgical treatment of ureteral obstruction from
endometriosis: our experience with thirteen cases. Int Urogynecol
J Pelvic Floor Dysfunct 2004;15(6):407-12; discussion 412.
doi:10.1007/s00192-004-1171-7.
2. Chapron C, Bourret A, Chopin N, Dousset B,
Leconte M, Amsellem-Ouazana D et al. Surgery for bladder
endometriosis: long-term results and concomitant management of
associated posterior deep lesions. Hum Reprod 2010;25(4):884–9.
doi:10.1093/humrep/deq017.
3. Hellberg D, Fors B, Bergqvist C. Renal endometriosis
treated with a gonadotrophin releasing hormone agonist.
Case report. Br J Obstet Gynaecol 1991;98(4):406–7.
4. Hyler DS, Baluch JD, Taylor RR. Intramural vesical
endometriosis. A case report. J Reprod Med 1994;39(10):832–4.
5. Lucero SP, Wise HA, Kirsh G, Devoe K, Hess ML,
Kandawalla N et al. Ureteric obstruction secondary to
endometriosis. Report of three cases with a review of the literature.
Br J Urol 1988;61(3):201–4.
6. Redwine D, Hopton L. Endometriosis of the Urinary
Tract: Symptoms, Diagnosis and Treatment; Available from:
http://endopaedia.info /subtype10.html.
7. Rousselot F, Liard-Meillon ME. Renal endometriosis.
Report of a case [Article in French]. Prog Urol 1996;6(6):936–9.
8. Singh I, Strandhoy J, Assimos D. Pathophysiology of urinary
tract obstruction: Benign Pelvic Abnormalities: Endometriosis.
In: Wein AJ, Kavoussi LR, Novick AC, Partin AW, Peters CA,
editors. Campbell-Walsh Urology, 10th ed. Philadelphia: Saunders
Elsevier; 2012. p. 1114–6. (ISBN No. 9781416069119).
9. Thüroff JW. Urologische Komplikationen gynäkologischer
Erkrankungen: Endometriose. In: Miller K, Jocham D, editors.
Praxis der Urologie, 3rd ed. Stuttgart: THIEME; 2007.
(ISBN No. 9783131260031).
10.	Yarmohamadi A, Mogharabian N. Urinary Tract
Endometriosis. Endometriosis - Basic Concepts and Current
Research Trends 2012; Available from:
www.intechopen.com/download/pdf/36752.

399



5.3

Ureteral Endometriosis

Alberto Vázquez Rodríguez a | Boris Gabriel b | Brice Rodríguez c | Cristina Redondo Guisasola d | Arnaud Wattiez e
5.3.1 Introduction

Endometriosis is the most common pelvic gynecologic
disorder7 and is mainly seen in young women with pelvic pain
or infertility. Furthermore, endometriosis is both an enigmatic
and complex disease. The virtually unknown etiopathogenesis,
the great variety of symptoms and pathological findings, the
lack of consensus among experts concerning the definition
and treatment of the disease, as well as the absence of
prospective and randomized studies, all these issues account
for the fact that management of endometriosis poses a real
challenge for any gynecologist. When it comes to ureteral
endometriosis (UE), the challenge is maximum (Fig. 5.12). The
primary objectives of endometriosis treatment, which mainly
include surgical treatment options, are summarized as follows:
Improvement of quality of life, i.e., pain relief and
preservation of functional integrity;
 Enhancement of fertility status;
 Prevention of recurrence.


However, even in the most experienced hands, these goals
are difficult to achieve due to controversy about the nature of
disease and the risk of severe complications that may arise
after surgical treatment, which is particularly true for ureteral
endometriosis. For that reason, treatment should be tailored to
each patient as determined by clinical presentation, personal
expectations and the potential risks of surgical treatment,
which must be carefully addressed in the informed consent
discussion with the patient.

5.3.2 Definition and Prevalence

The presence of endometrial glands and/or stroma in or around
the ureter can be regarded as the least-common-denominator
definition of ureteral endometriosis. Nevertheless, UE
can involve any situation where endometriosis or fibrosis
surrounding endometriotic foci causes compression or
distortion of the normal ureteral anatomy (Fig. 5.12b)8,17
Ureteral endometriosis is a rare condition, but occurs more
frequently than assumed in patients with severe endometriosis.
Fig. 5.12a,b Dilated ureter and
hydronephrosis (a). (By courtesy of
Dr. Filipa Osório, Lisbon, Portugal).
Dilated ureter with stricture (b).
(By courtesy of Dr. Filipa Osório, Lisbon,
Portugal).
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UE is now increasingly detected, thanks to greater clinicians’
awareness and improved diagnostic tools. The prevalence of
UE reported in the literature is less than 1 % in patients with
endometriosis,16,45,61 however in severe endometriosis its
prevalence may rise up to 20 %.21 The diagnostic inclusion
of periureteral endometriosis-associated fibrosis may help to
explain the significant variability in prevalence rates for UE.
A new consensus about the histological definition of deep
infiltrating endometriosis is needed to clarify these findings.
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5.3.3 Pathological Findings and Location

The predilection sites for urinary tract endometriosis
(UTE) are bladder (84 %), ureter (10 %), kidney (4 %) and
urethra (2 %)1,32 (Fig. 5.13). UE is usually associated with
endometriosis elsewhere in the pelvis,13 mainly with ipsilateral
endometrioma,62 ipsilateral uterosacral ligament42 and with
the presence of a recto-vaginal nodule larger than 3 cm.17,31
Isolated ureteral endometriosis is of rare occurence.58 Patients
with UTE have more advanced stages of disease.1 Patients
with ureteral or bladder endometriosis are more frequently
diagnosed with rAFS stage III or IV than patients without
UTE.30
Ureteral endometriosis is commonly confined to the
distal ureteral segment (pelvic ureter), 3–4 cm above the
vesico-ureteric junction where the ureter crosses the
uterine artery.37,43,49 Unilateral involvement is observed in
approximately 80–90 % of cases, with a predilection on the
left side.21,27,39,55,62,64 The menstrual reflux theory and the
anatomical differences between the left and right hemipelvis
may explain this asymmetry in the occurrence of UE.26,62,68 In
the left hemipelvis, the rectosigmoid represents an anatomical
shelter that prevents endometriosis cells from being cleared
by the peritoneal circulation and macrophages. However,
the large bowel does not provide the right hemipelvis with
this sort of anatomical shelter because the cecum is more
cranial. 62,68 Ureteral endometriosis is usually divided into
two groups according to the depth to which endometriosis
has infiltrated the ureteral wall: extrinsic and intrinsic ureteral
endometriosis. Differentiation between these pathological
entities cannot be made preoperatively or at surgery since
an histological examination is required. In extrinsic UE,
which is the most common type (80 %), endometrial tissue
only invades the adventitia or surrounding connective tissue,
and thus leads to compression of the ureter and secondary
ureteral obstruction.15,57,67 In case of intrinsic disease, ectopic
endometrial tissue has infiltrated the muscularis or even the

mucosa. Hematogenic and lymphogenic spread have been
proposed to explain the pathogenesis of intrinsic UE.9,20

5.3.4 Diagnosis

Preoperative diagnosis of UE is challenging and requires great
vigilance. To investigate the presence of ureteral involvement, a
large variety of diagnostic modalities have been proposed.28,67
Nevertheless, UE can be confirmed only by laparoscopic
inspection in conjunction with histological confirmation of
periureteral endometriotic lesions.8 As UE often remains
undetected preoperatively, additional criteria may be helpful
in the preoperative assessment.
5.3.4.1 Symptoms
Ureteral endometriosis is prevalent in women diagnosed
with severe disease. Only 9 % to 16 % of the patients with
UE present urinary symptoms.19,60 On the other hand, the
majority of patients suffering from bladder endometriosis
are symptomatic with dysuria, hematuria and recurrent
urinary tract infection.21 It seems that ureteral and bladder
endometriosis are two different entities. Patients with UE
usually complain about nonspecific symptoms such as
dysmenorrhea, dyspareunia and chronic pelvic pain,21,30
which is why it is difficult to make a tentative clinical diagnosis
of ureteric involvement prior to surgery, thus leading to a
diagnostic delay.54,67 This can aggravate the patient’s condition
and contributes to significant morbidity such as silent loss of
renal function.14,23,33
Because of the absence of specific urinary symptoms and
the risk of silent loss of the affected kidney, assessment of
integrity of the ureter is highly recommended in patients with
severe endometriosis.
5.3.4.2 Diagnostic Modalities

Physical Exam
If a large endometriotic nodule is revealed during a physical
exam of the rectovaginal septum, this finding may indicate to
ureteral involvement.17,31
Blood Tests
Patients should be assessed for anemia and renal function by
hemoglobin and creatinine measurements.
Urine Exams
The urine must be evaluated for evidence of hematuria and
should be cultured to exclude urinary infection.
Imaging Techniques
The diagnostic value of these techniques in providing accurate
information on the extent of disease and on the infiltration of
the ureteral wall is limited and there seems to be no clear
evidence as to which is the ideal diagnostic imaging modality
to be used.11

Fig. 5.13 Schematic anatomical representation of the urinary tract.
(Drawing by Catherine Mennier-Cers, medical illustrator at IRCAD,
Strasbourg, France; modified by Rodrigo Fernandes, São Paulo, Brazil)

Ultrasonography (US) is used in the initial diagnostic workup
as a screening tool to rule out urinary tract obstruction in
patients with pelvic endometriosis. The exam is both simple
and minimally invasive while offering the advantage of being
highly sensitive for detection of hydronephrosis. However,
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unless the ureter is dilated, it is difficult to visualize the ureteral
pathway. In clinical practice, patients should undergo periodic
kidney ultrasound (at 6-month intervals from the time of initial
diagnosis) because this modality is generally suggested to
identify early changes in the upper urinary system and thus
helps prevent further deterioration of renal function.39,45
Intravenous pyelography (IVP) has been the functional
imaging modality most commonly used to evaluate patients
suspected of having ureteral endometriosis. The technique
has shown to be helpful in pinpointing the location of disease,
the extent and degree of ureteral stenosis as well as in yielding
specific information about renal function. Despite inherent
limitations, intravenous pyelography, coupled with retrograde
pyelography, is currently the exam most frequently used to
assess intrinsic UE.
Renal scintigraphy is used to determine the degree of
residual kidney function and it is indicated only in cases where
severe ureteral obstruction is confirmed.
Magnetic resonance imaging (MRI) is the best imaging
modality for ureteral evaluation11. Especially useful in detecting
hydroureteronephrosis are the sequences known as MR
urography. Nowadays, MRI represents the ideal ‘all-in-one’
diagnostic modality for urinary tract endometriosis because it
provides visualization of all components of the urinary system
and affords a more comprehensive evaluation of the complete
pelvis.
Computed tomography and ureteroscopy are currently
considered to be of limited value for the diagnosis of UE.

5.3.5 Treatment Options

5.3.5.1 Surgical Treatment
Surgical treatment remains the gold standard for deep
endometriosis. Historically, open surgery has been the firstline surgical approach for extensive endometriosis.18 However,
recent studies have shown that laparoscopic treatment of UE
is feasible with good results.3,12,41,52,66. Despite the unique
characteristics of endoscopy – that provides the surgeon with
a magnified view, enhanced exposure of the surgical site and
improved options to develop the retroperitoneal space – there
is still controversy among experts as to whether laparoscopic
excision of ureteral lesions should be undertaken.12,23,41,66
Ureterolysis is mostly carried out by laparoscopy, but in
cases of ureteral resection with end-to-end anastomosis,
and particularly in cases with ureteroneocystostomy, most of
the patients are nonetheless treated by laparotomy. Anyway,
the inherent complexity of surgical treatment requires that
it be performed only in specialized centers by a team of
experts and adequately skilled surgeons who are familiar with
endometriosis and its management.

Preoperative Management
Preoperative planning in the treatment of UE is the same
as in other cases of severe endometriosis. A low-residue
diet prescribed 3–5 days before surgery should be enough
to facilitate perioperative mobilization of the bowel and
adequate exposure.34 Rectal enema is used the night before
surgery. The use of a double-J stent before surgery is still
controversial.4,38,66
A double-J stent should be placed intraoperatively in the
following situations:
if ureteral resection is deemed necessary,
in the event of an iatrogenic lesion inflicted on the ureter,
 if an endometriotic lesion on the bladder is located near
the trigone,
 and if there are any doubts arising during surgery as to the
integrity of the ureter.



The therapeutic management of endometriosis is determined
by the age of the patient, her individual preferences (desire for
fertility preservation, pain relief), severity of symptoms, as well
as by the extent and location of disease. The treatment of UE
should be tailored to the patient’s specific clinical condition in
order to relieve ureteral obstruction, preserve renal function
and to prevent recurrence of disease while minimizing the
morbidity associated with surgery.41

It is important to take into account that a double-J stent adds
rigidity to the ureter and may interfere with dissection while
concurrently increasing the risk of iatrogenic injury.

Medical treatment is geared toward modulating the
endometrial tissue response to hormonal stimulation.
Gonadotropin-releasing hormone (GnRH) agonist and
antagonist, progestins and combined oral contraceptives
are the most common medical therapies used in the
treatment of endometriosis. These drugs may be effective
in relieving dysmenorrhea, dyspareunia and pelvic pain, but
the symptoms often recur when treatment is stopped.18 For
that reason, medical management is considered a palliative
modality for the treatment of deep endometriosis. Moreover,
medical therapies do not improve the patient’s fertility status
and are usually associated with suboptimal compliance and
safety issues. Probably, the ideal candidates for medical
treatment are postmenopausal women.

Surgical Procedure
Before establishing a diagnosis of ureteral involvement and
prior to defining a surgical technique that is accurately tailored
to the needs of each individual case of UE, a few essentials
and ergonomic principles common to all surgeries for deep
endometriosis should be observed.65 The patient is placed in
a lithotomy position with both arms tucked to the side and
the coccyx placed at the edge of the table. The legs should
assume a semi-flexed position to give the assistant optimal
access to the vagina and rectum, and to avoid compression
of blood vessels and nerves. In some cases, endometriosis
surgery can take longer than planned, which is why proper
patient positioning is a crucial part of the surgical procedure
and can help to prevent undue complications.

Ureteral lesions rarely respond to medical treatment.6,23,35,46,63
Accordingly, the authors hold the opinion that patients with
ureteral involvement should receive surgical treatment.

Laparoscopy is performed under general anesthesia.
Once the patient is asleep, a careful rectovaginal exam
should be undertaken in a systematic manner in order to
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reevaluate endometriotic lesions. Bladder catheter and
uterine manipulator must be inserted to facilitate the surgical
procedure. Subsequently, the laparoscope is introduced at
the level of the umbilicus and three 5-mm trocars are inserted
under direct vision, two at the level of the iliac fossa and one
midline trocar at the level of the lateral ports, or slightly higher
to obtain an ergonomic configuration. Once the scope is
inside the abdominal cavity, a careful inspection of the whole
cavity is mandatory to determine the severity of the disease
and to establish an adequate surgical strategy.
Adequate exposure of the operative site is mandatory when
dealing with severe endometriosis. The surgery begins by
trying to restore the normal pelvic anatomy. For that purpose,
adhesiolysis is subsequently performed starting at the
physiological attachments of the sigmoid. This maneuver
should give access to the left ureter. Adhesiolysis is then
continued by taking down adhesions spanning from the ovary
to the ovarian fossa. In the presence of ovarian cysts, they are
opened and drained and finally both ovaries are suspended
to the abdominal wall. Suspension has been found to
improve exposure of the surgical field and frees the hand
of the assistant who then is at the disposal of the surgeon.
As ovarian cystectomy is probably the easiest part of the
surgical procedure, it is carried out at the end of the operation.
Nevertheless, great care should be taken during this operative
stage to prevent any iatrogenic injury to the ovary, especially
in patients with gestational desire.

At this significant point of the procedure, both ureters must
be identified before starting dissection. The left ureter crosses
the left common iliac artery and the right one crosses the
right external iliac artery (Figs. 5.14a–e). Both ureters are
located medially to the infundibulopelvic (IP) ligament. It is
recommended that dissection of the ureter be initiated at the
level of the IP ligament (Fig. 5.14f).
Medially to the ureter, access to the pararectal fossa is
obtained allowing dissection to be carried down to the
pelvic floor. In this manner, the ureter is lateralized thereby
adding safety to the procedure. Once the anatomy has been
adequately restored and both ureters have been identified, the
surgical technique deemed to be most appropriate for treating
the patient’s specific state of disease can be applied.
During the surgical procedure, grasping bipolar forceps,
employed also for dissection, and scissors are the laparoscopic
instruments most commonly used.

Surgical Techniques and Indications
There is still some controversy in the literature regarding the
various techniques that have been proposed for the surgical
treatment of UE. As ureteral endometriosis is a rare entity,
prospective randomized studies – needed for comparison
and evaluation of the various surgical treatment options – are
not available to date and may be difficult to conduct in the
future. The primary technique to be adopted is determined by

Fig. 5.14a–f Left ureter (a).* Left ureter
is found medially to the IP ligament (b).**
Left ureter crosses left common iliac artery
(c).** Right ureter (d). Right ureter crosses
the right external iliac artery (e)**.
Left ureter dissection (f).

a

b

c

d

e

f

* Figs. 5.15–5.19 by courtesy of Prof. Arnaud
Wattiez, IRCAD, Strasbourg, France.
** Details of anatomy highlighted by Rodrigo
Fernandes, São Paulo, Brazil.
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the location and depth of the lesion. The authors suggest to
subdivide the anticipated technique in two groups:
conservative techniques that include ureterolysis (exposure
of the ureter) and nodule removal with partial thickness
resection of the adventitia, and
 more radical techniques that include segmental resection
of the ureter and posterior ureteral reconstruction with
end-to-end anastomosis or ureteroneocystostomy. In
cases of complete functional loss nephrectomy may be
indicated.57


A conservative surgical technique for UE is usually safe and
effective.12,36,58 A more radical approach should be adopted
as the treatment of first choice in cases when conservative
surgery fails to reestablish the patency of the lumen and to
correct the distorted course of the ureter.
Ureterolysis is effective in most cases of UE even in the
presence of hydronephrosis. The technique of ureterolysis
is used as a first-line therapeutic option in the treatment
of extrinsic, nonobstructive disease with surrounding
fibrosis8,10,17,60 (Fig. 5.15a). The level of difficulty associated with
the anticipated surgical procedure depends on the location,
size and depth of infiltration of the ureteral lesion and degree
of traction caused by fibrosis. Peri-ureteral fibrosis produces
retraction and distortion, mainly in the lower third of the ureter,
changing its normal lateral course in a medial direction.
Ureterolysis should be carried out starting from healthy tissue
at the level of the pelvic brim. Once the ureter has been
identified, blunt dissection is performed as usual, proceeding
caudally to the uterosacral ligament, up to the ureteric canal.
The uterine artery may be coagulated if needed to facilitate

dissection. Ureterolysis is considered to be complete when
the ureter has been freed from fibrotic tissue and when a
normal-looking ureter is visible proximally and distally to the
stricture. During dissection, ureteral devascularization must
be avoided, trying not to harm the ureteral adventitia. If, after
ureterolysis, the affected segment still looks stenotic or if
severe devascularization is still noticeable (wall discoloration,
absence of capillary refill, or lack of a bleeding edge)50
(Fig. 5.15b), it is recommended to insert a double-J stent
in order to decrease the risk of ureteral fistula formation. If
persistent stenosis inhibits the passage of a stent, a more
radical approach is indicated. In cases of iatrogenic ureteral
injury occurring during dissection, insertion of a double-J
stent is also indicated. To solve the problem, a simple suture
or a non-conservative technique can be applied. The main
limitation of ureterolysis is the risk of recurrent disease as a
result of incomplete surgery with persistence of endometrial
tissue.
In some cases of ureteral nodule removal, a partial breach of
the ureteral wall may occur and the defect must be repaired
with a 4-0 suture. The insertion of a double-J stent is also
recommended in these cases.
A radical surgical approach for UE may comprise ureteral
segmental resection. The main indications for this approach
are intrinsic UE and failure of conservative surgery. Ureteral
resection requires ureteral reconstruction with end-to-end
anastomosis or ureteroneocystostomy, as determined by the
location of the endometriotic lesion as well as the length of the
resected ureteral segment and remaining ureter. To facilitate
reconstruction, a double-J stent must be inserted.

Fig. 5.15a,b Ureterolysis of the right ureter
(a). Devascularization of the ureter (b).

a

b
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Ureteral resection with end-to-end anastomosis is a
radical technique most probably applied by the majority of
gynecologists. The ureter is transected obliquely with cold
scissors to excise the obstructed segment. The anastomosis
is performed over the ureteral stent by placing four interrupted
4-0 stitches at 3, 6, 9 and 12 o´clock to approximate the
proximal and distal ureteral segments using an intracorporeal
knotting technique. The ureteral stent helps the surgeon to
identify the two ends of the ureter and adds some rigidity to
the tissues. The latter has shown to be useful in adjusting the
depth of the suture (Figs. 5.16a–e).

a

b

d

e

c

Fig. 5.16a–e Suturing of the distal part of the ureter for ureteral end-to-end anastomosis (a). Suturing of the proximal part of the ureter for ureteral
end-to-end anastomosis (b). Intracorporeal knotting technique employed for ureteral end-to-end anastomosis (c). Ureteral end-to-end anastomosis.
Final result (d). Suturing for right ureteral end-to-end anastomosis, with the needle holder controlled by the right hand (e).
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Ureteral resection with ureteroneocystostomy (ureteral reimplantation) can be carried out when the lesion is located near
the ureterovesical junction or when a large segment in this area
is involved by the disease. This technique is commonly used
by urologists and, in most cases, a laparotomy approach is still
used for this purpose.21 In cases where the length of the ureter
is found to be insufficient, a vesico-psoas hitch suspension can
be carried out to assure a tension-free anastomosis (Figs. 5.17a–
i, 5.18). Many other techniques have been described.2,40,47,56,59 It
remains to be established which technique is most effective in
terms of endometriosis recurrence and functional results. The

major predictive factors contributing to the outcome of surgical treatment still remain the skills of the surgeon and the level
of difficulty associated with the case itself.44
In cases where loss of renal function is encountered despite
the use of the above surgical techniques, nephrectomy may
become necessary. However, evaluation of renal function is
always required before going ahead with the planned surgical
procedure. Care must be taken in the diagnostic assessment,
because sometimes the lesion can mimic an urothelial carcinoma.29,67

a

b

c

d

e

f

g

h

i

Fig. 5.17a–i Ureteral resection for ureteral reimplantation (a). Preparation of ureter for reimplantation (b). Fixation of bladder in psoas muscle (c).
Bladder opening for reimplantation (d). Reference stitch in the posterior part of the ureter (e). Introduction of double-J stent into the ureter (f).
Introduction of double-J stent into the bladder (g). The ureter is sutured to the bladder (h). Antireflux technique (i).

Fig. 5.18 Schematic drawing illustrating the psoas hitch technique.
(Drawing by Catherine Mennier-Cers, medical illustrator at IRCAD,
Strasbourg, France; modified by Rodrigo Fernandes, São Paulo, Brazil)
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Postoperative Management
The specific protocol to be employed for postoperative
management of ureteral endometriosis should include the
use of a double-J stent and a bladder catheter. The double-J
stent should be left in place for at least 6 weeks. If the bladder
wall needs to be incised, the catheter should be left in place
for at least one week. Before retrieving the bladder catheter,
the patient should be instructed to take part in re-educational
exercises, and a cystography should be performed to assess
the integrity of the anastomosis.
Results and Complications
Surgical treatment for UE has been found to be effective in
relieving pain symptoms, both urinary and non-specific ones,
and in restoring renal function, however long-term follow up is
required to check for potential recurrence of disease after this
highly demanding type of surgery that is often associated with
complications, even in the most experienced hands.42,57
The most frequent perioperative complication is ureteral
injury, with a rate of approximately 0.2–2 %.25,51,67 Provided
the injury is detected intra-operatively, a simple suture can
be placed to solve the problem. Nevertheless, about 70 % of
ureteral injuries are diagnosed postoperatively, mainly due to
fistula formation (uretero-vaginal and vesicovaginal). Among
the risk factors contributing to these major complications are
diathermy-related injuries, ischemia as a potential sequela
of surgery and the endometriotic involvement of other pelvic
structures like bowel, vagina and bladder. Unfortunately,
in more than two thirds of cases, conversion to laparotomy
is the first-line option in the management of these severe
complications.5,24,25,48,51,53 If, after radical surgery, voiding
dysfunction or even urinary retention persists, intermittend
self-catheterization can become necessary.22 It is important
to stress that patience, both from the patient and the doctor,
is necessary until urinary function has been restored.
A close collaboration between gynecologist and urologist is
advisable, particularly in specialized centers. This has proven
useful to avoid complications and to make sure that viable
and proven measures are taken, if required.

5.3.6 Conclusions

Ureteral endometriosis is an uncommon condition that is
often asymptomatic, but should always be reckoned with in
patients with deep infiltrating endometriosis (DIE), especially in
the presence of rectovaginal involvement. Surgical treatment
is the therapeutic modality of choice in the management of
DIE, and a laparoscopic approach is considered feasible
and appears to be safe. Nevertheless, explicit attention must
be paid to the fact that complications can occur, even in
experienced teams dealing with severe endometriosis on a
daily basis. The surgical technique must be chosen according
to the type of UE, the size and location of the lesions as well as
the distance to the ureteral orifices. Further scientific research
is necessary to compare the pros and cons of various surgical
approaches and to enable the operating surgeon to define a
treatment strategy that is tailored to the condition and needs
of each patient.
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Bladder Endometriosis
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5.4.1 Introduction and Prevalence

Urinary tract endometriosis, even though rare, comes
with its unique symptomatology as well as diagnostic and
therapeutic challenges. Traditionally reported in about 1–2 %
of women with symptomatic endometriosis,1,9,36 urinary tract
endometriosis can include endometrial tissue in and/or around
the bladder, ureters, urethra or kidneys – each variant with
its own presentation, symptoms and treatment.10,40,45 More
recent estimates of prevalence of urinary tract endometriosis
range from 0.3 to 6 % of cases.7,12
Bladder endometriosis is defined as endometriosis infiltrating
the detrusor muscle. This was first described by Judd in
1921.43 The bladder is the most common site of endometriotic
lesions of the urinary tract.1 Most reports quote bladder
involvement in about 84 % of patients with urinary tract
endometriosis compared to 15 % involving the ureters, 4 %
involving the kidneys and 2 % involving the urethra.1,35

5.4.2 Pathophysiology

Three individual theories for bladder endometriosis have been
described, although there is no consensus in the medical
community regarding the prevailing one. These include:
Trans-tubal menstrual reflux of endometrial cells onto the
peritoneal lining covering the dome of the bladder.41
 Metaplasia of müllerian remnants in the vesicovaginal
septum.11
 Extension of adenomyosis from anterior uterine wall into
the bladder.15


There is description of spontaneous and iatrogenic bladder
endometriosis, spontaneous variant of the disease as a
manifestation of generalized disease, whereas iatrogenic as a
result from implantation at time of cesarean delivery.41 On the
other hand, reports of bladder endometriosis in a male patient
give prime importance to the role of metaplasia of müllerian
remnants in the urogenital tract.27 The role of inflammatory

mediators and genetic variation is now also universally
accepted to play a pivotal role in the pathogenesis of this
multifactorial disease.46

5.4.3 Clinical Symptomatology

Endometriosis mainly affects the detrusor muscle of the
trigone and the bladder apex. Most patients with bladder
endometriosis have non-specific symptoms and almost a
third of patients are asymptomatic.19 Newer reports have
challenged these traditional numbers as being underestimated.
A latest report with a large sample size reported 68.8 % of
women with bladder endometriosis to have some urinary
symptoms.18 Symptoms usually depend on the location and
size of lesion.16,19 Hematuria with menstruation is seen in
only around 20–30 % of women since bladder mucosa is not
involved in the majority of cases.19,44 Similarly higher frequency
and severity of dysuria is seen in patients with nodules in the
bladder base (vs. dome) that are larger in diameter (Table 5.3).42
Other common symptoms include menstrual dysuria, urinary
frequency, suprapubic pain, urgency, nocturia and urge
incontinence (Table 5.3).9,11,35 The link between infertility and
isolated bladder endometriosis is yet to be established.2
Symptom

Frequency

Reference

Asymptomatic

~33 %

19

Symptomatic (any
symptom)

~68 %

18,19

Urinary frequency

41–71 %

9,16,44

Dysuria (any area of
involvement)
Bladder base
Bladder dome

11–27 %

9,16,18,44

~77 %

42

~34 %

42

Suprapubic pain

38–43 %

9,16,44

Dyspareunia

11–21 %

16,18,44

Urge incontinence

~21 %

44

Hematuria

0–30 %

18,19,44

Table 5.3 Symptoms of bladder endometriosis.
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5.4.4 Diagnosis

Clinical diagnosis of bladder endometriosis on history and
physical examination is often difficult given the non-specific
and subtle symptomatology. Since 50 % of patients with
bladder endometriosis have had some form of gynecologic
surgery, it becomes an important screening question.28
Physical examination can detect suprapubic and anterior
vaginal wall tenderness in around 50 % of patients.9 It is
however, a high index of suspicion that often leads to a timely
diagnosis in most cases.
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There is controversy about the ideal imaging modality for
diagnosis of bladder endometriosis. Pelvic ultrasonography
usually reveals bladder wall thickness with an occasional
protrusion into the blader lumen (Figs. 5.19–5.21).17 Lesions less
than 3 cm may be difficult to visualize with ultrasonography.19
Magnetic resonance imaging (MRI) can also be helpful with
sensitivity as high as 88 % and specificity higher than 98 % for
urinary tract endometriosis.22,30 Three-dimensional ultrasound
with color Doppler has also shown promising results
comparable to MRI for bladder endometriosis.39

Fig. 5.19 Pelvic ultrasound showing an endometriotic lesion of the
posterior wall of the bladder. Increased thickness in the posterior wall of
the bladder can be appreciated as well. This is characteristic of bladder
endometriosis; however differential diagnosis includes a bladder tumor.
Fig. 5.20a, b A lesion in the bladder with
polypoid protrusion noted on pelvic ultrasound
(a). Flow in the lesion noted when color
Doppler is used. Bladder tumor will again be an
important differential diagnosis to be ruled out
in this case scenario (b).

a

a

b

b

Fig. 5.21a, b A sagittal plane image of a
pelvic ultrasound showing a lesion that almost
arises in the uterus and erodes into the bladder.
This is another typical appearance of bladder
endometriosis. Cases like this give strength to
the theory of bladder endometriosis arising from
uterine adenomyotic lesions (a).
Same image as (a), but with color Doppler flow.
A clear vesicouterine border cannot be noted.
Surgical resection of such lesions is challenging
and will require extensive dissection in the
vesicouterine plane (b).
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principle of therapy is the same as in pelvic endometriosis
which is aimed at control of symptoms. An additional goal
in the treatment of bladder endometriosis is to relieve any
asymptomatic hydronephrosis if present. The choice of therapy
depends on multiple factors for example, patient’s age, fertility
desire, extent of bladder disease, symptomatology, history of
previous disease and most importantly patient’s choice.

Fig. 5.22 Cystoscopic view of bladder endometriosis. Edematous lesion
with characteristic bluish-black color typical of bladder endometriosis is
appreciated. The location of the lesion is in close proximity to the ureteral
orifice which would make surgery challenging in this particular case.

However, since endometriosis is typically diagnosed by direct
visualization of the implants, biopsy and histologic examination
is considered the gold standard for diagnosis. Likewise for
bladder endometriosis, cystoscopy with biopsy is usually
necessary for definitive diagnosis. Morphologic appearance
of endometriosis in the bladder at cystoscopy depends on
the phase of the menstrual cycle. The lesions can appear
edematous, bluish-red, bluish-black and/or bluish-brown and
have an irregular shape (Fig. 5.22).16,19 Adjunctive cystoscopy
helps in pre-operative planning as lesions within 2 cm of
the ureteral openings may also require ureteral replantation
surgery in addition to bladder resection.19
5.4.4.1 Differential Diagnosis
The non-specific symptoms of bladder endometriosis can
be caused by other causes of chronic bladder irritation and
inflammation. These can include chronic cystitis due to
infectious bacterial and parasitic organisms, post radiation
cystitis, interstitial cystitis overactive bladder and neoplastic
processes involving the bladder. A urine culture with cytology
and cystoscopy helps rule out these conditions in most cases.

5.4.5 Management

Treatment of bladder endometriosis is controversial as
randomized controlled trials are not feasible given the disease
prevalence. As a result, most treatment recommendations
come from case reports or small case series. Treatment of
bladder endometriosis can be either medical or surgical. The

a

b

5.4.5.1 Medical Management
Agents used for medical therapy for bladder endometriosis
are the same as those used for pelvic disease. However, since
medical therapy for pelvic endometriosis remains as elusive
as its etiology, current therapeutic strategies of enhancing
or eliminating sex steroids are often non-mechanistic and
unsatisfactory. Medical therapy for bladder endometriosis is
hence often considered palliative or is reserved for women
reluctant to surgical treatment. Sex hormone therapy in form of
low-dose combined oral contraceptives has shown promising
results in some reports.13,44 Likewise, gonadotropin releasing
hormone analogs (GnRH analogs) can also be used.19
Recently, the efficacy of dienogest (a synthetic oral progestin)23
has been reported for deep infiltrating endometriosis.37
Doses of 2 mg/day of dienogest have shown improvement
in symptoms from bladder endometriosis in a few case
reports and may be of benefit in women refusing to undergo
surgery.3,38
5.4.5.2 Surgical Management
Definitive management of bladder endometriosis entails
removal of the entire lesion. Full thickness resection of the
bladder wall at the site of lesion is considered the treatment
of choice for most women, given that most lesions are deeply
infiltrated (Figs. 5.23a, b).4,5,9,26 Very rarely, shaving of the bladder
without performing a resection yields a successful outcome.20
Typically, surgical resection can be carried out either
laparoscopically or with a laparotomy. The aim is to achieve
complete resection of the lesion considering that incomplete
removal can cause recurrence.33 Complete resection has led to
significant reduction in pain caused by bladder endometriosis
in women with a mean follow-up of 3.2 years in one report.8
Laparoscopic resection of bladder lesions has been well
described in several cases. An experienced surgeon is
essential for success of such cases. Most reports have shown
this approach to be safe and efficacious.25,26,33 On the bladder
dome resection may not require any preliminary dissection. In
contrast, nodules involving the posterior bladder or the vesicle
Fig. 5.23a, b Image at laparotomy from a
patient with extensive posterior bladder wall
endometriosis. An elective cystotomy has been
made. The Foley catheter can be seen entering
the bladder anteriorly. The vesicle base and
posterior wall is involved with a very large
deeply infiltrating endometriotic lesion.
Close-up view (b) of the bladder shown in (a).
The large endometriotic lesion can be
appreciated in greater magnification. On gross
inspection, this appearance can be confused
with necrotic tumor.
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base must be mobilized from the uterus by dissecting in the
vesicouterine space in order to remove it in its entirety and
hence decrease the risk of recurrence.6 In addition, for such
lesions resection of the underlying myometrium where the
bladder is apposed to the uterus has also shown to decrease
recurrence rates.14 In most cases, the bladder is closed in
double-layer technique using running 2-0 polyglactin (Vicryl™)
suture or the like, though single layer closure has also been
described.6,25 Postoperatively, a bladder catheter is left in
place for 7 to 10 days to prevent fistula formation. Similar to
conventional laparoscopy, robot-assisted bladder resection
has also been reported to be safe and efficacious.24
Transurethral resection is typically contraindicated for
bladder endometriosis, given the deep infiltrative nature of
these lesions. However, an alternative technique for surgical
resection is to perform cystoscopy and resect the nodule
cystoscopically, followed by suture closure of the bladder
defect via conventional or robot-assisted laparoscopy. This
procedure has been described in several reports.21,32,34
Preoperative characteristics that suggest the need of an
advanced procedure and the possibility of a multidisciplinary
approach include:
The endometriotic lesion being less than 2 cm away from
the inter-ureteric ridge.
 The patient is undergoing surgery for a recurrence
 Bladder endometriosis is associated with hydronephrosis
or possible ureteral endometriosis.


There is a strong recommendation for use of preoperative
ureteral stents by some authors for such cases (Figs. 5.24a, b).19

5.4.6 Surgical Complications and Outcomes

Due to the rare nature of bladder endometriosis most surgical
complications and long-term outcomes are evaluated from
case series or small cohorts with short-term follow-up. Other
than the usual complications that could occur with anesthesia,
laparoscopy and cystoscopy, the potential complications
reported to occur during bladder resection for endometriosis
include bladder or vesicovaginal hematoma,5 vesicovaginal
fistula5,29 and atonic bladder requiring long term urinary
catheterization (Table 5.4).29 Even though these complications
are very rare they should not be overlooked.
Most reports have reported very low rates of recurrence after
complete resection of disease.5,14,20,29,31 The largest cohort is
composed of 75 women followed for 60 months with over
70 % of them showing improvement of their symptoms.5
Others with substantial numbers include 47 women followed
for 36 months,14 and 21 women followed for 20 months
without a recurrence (Table 5.4).20

5.4.7 Conclusion

Endometriosis of the urinary bladder – though the most
common variant of endometriosis of the urinary tract – is a
rare disease. Given the non-specific symptomatology of the
disease, its diagnosis is not only difficult but also paramount,
as surgical resection can give definitive relief with few
postoperative complications.
Fig. 5.24a,b Given the close proximity to the
uretero vesicular junction, double-J stents are
used as discussed in the chapter (a).
After removal of the endometriotic tissue,
the bladder is reconstructed and
reapproximated in two layers using a running
suture. The ureter had to be reimplanted
via ureteroneocystostomy as seen in this
image (b).

a

b

Complications and Outcomes of Bladder Endometriosis after Surgical Resection
Reference
Number
Time period Intraoperative
Follow-up
Recurrence
of study
of study
complications
period
of symptoms
subjects
(months)
(%)
Chapron
75
1992–2007
none
59.9 ± 44.6*
2.7 %
et al. 2010 5
Kovoor
21
2006–2009
none
20 (5–38)∞
5.3 %
et al. 2010 20
Fedele
47
1989–2001
none
33.5 ± 20.1
17.5 %
et al. 2005 14
Rozsnyai
15
2006–2010
1 ureteral injury 24.9 ± 17.8
~46 %
et al. 2011 29
Schonman
69
2005–2011
none
60 (4–92)
7.3 %
et al. 2013 31
Table 5.4 Complications and outcomes of bladder endometriosis after surgical resection.
* (Mean ±SD), ∞ Median (range)

Recurrence symp- Long-term
toms requiring
complications
reoperation (%)
0%
1 vesicovaginal fistula
1 bladder hematoma
5.3 %
2 vesicovaginal fistula
2 bladder hematoma
10.9 %
none
0%
0%

1 vesicovaginal fistula
1 atonic bladder
none
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5.5

Surgical Treatment of Bladder Endometriosis

Basma Darwish a | Emanuela Stochino Loi a | Horace Roman a,b
5.5.1 Introduction

No substantive guidelines are available for the treatment of
urinary tract endometriosis. This condition is less frequent than
other forms of endometriosis, hence the inability to conduct
large randomized trials. In our series of patients managed for
deep infiltrating endometriosis from June, 2009, to October,
2015, we recorded 430 patients treated for deep infiltrating
colorectal endometriosis versus only 50 patients with bladder
involvement, resulting in a ratio of 9:1.
Surgery is the treatment option that offers a more complete
cure, long-term relief of symptoms, and a lower rate of
recurrence, especially in young patients far from menopause.
Several studies have shown high efficacy of surgery in
relieving symptoms, improving quality of life, and forestalling
recurrence.4,8,9,13 Medical therapy can halt the evolution
of deep endometriosis lesions5 and relieve symptoms by
suppressing menstrual cycles,11but the lesions will most likely
continue to grow after the cessation of medical therapy. As a
result, medical treatment may be considered in patients who
do not desire pregnancy or to prevent recurrence following
curative surgery.
Lesions in bladder endometriosis infiltrate the bladder from
the outside toward the mucosa, so they cannot always be

visualized by bladder endoscopy and cannot be completely
excised through the urethra by endoscopic procedures such
as transurethral resection of the bladder (TURB). For these
reasons, cystoscopy can be used to assess involvement
of the bladder mucosa, determine lesion distance from the
ureteral orifices, or simply to incise the mucosa around the
nodule prior to laparoscopic lesion removal.10
It is essential to perform appropriate preoperative imaging and
obtain good endoscopic visualization of lesions at the time
of surgery. It is also important to accurately evaluate the size
and location of endometriotic lesions in the bladder, including
their relation to the ureteral orifices, and to make a global
assessment of the upper urinary tract.

5.5.2 Preoperative Workup

Full bladder transabdominal and transvaginal ultrasonography
is widely considered to be the first-line imaging technique for
suspected bladder endometriosis owing to its high availability,
low cost, and easy access. Localized bladder wall thickening
is easily visualized with ultrasound, which can immediately
narrow the differential diagnosis of wall thickening to
bladder endometriosis. The specificity of a skilled ultrasound
examination approaches 100 %, although sensitivity may be
poorer for lesions smaller than 3 cm, in previously operated
patients, and in an empty bladder.
Thonnon et al.14 recently advocated the use of 3D ultrasound
for the assessment of bladder endometriosis, reporting
high sensibility and specificity and the accurate spatial
reconstruction of deep nodules.

Fig. 5.25 MRI demonstrates bladder nodules caused by endometriosis
(yellow arrows).
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But since bladder endometriosis rarely occurs in isolation,
magnetic resonance imaging (MRI) cannot only accurately
delineate the bladder lesion but can also potentially identify
additional sites of deep infiltrating endometriosis. Typical MRI
features include localized or diffuse bladder wall thickening
involving the dome or posterior bladder wall, heterogeneous
low T2-weighted signal intensity, and occasional T1
hyperintensity due to hemorrhage, which is highly sensitive
for the presence of endometriosis (Fig. 5.25).
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MRI may also help in defining the location of the nodule,
measuring its distance from the distal ureters, and depicting
ureteral obstruction, due more commonly to an associated
mass effect than direct invasion by endometriosis. This is relevant for surgical planning, as treatment may require the placement of ureteral double-J stents or ureteral reimplantation. It
also indicates whether the bladder nodule results from deep
progression of an endometriotic lesion on the peritoneum of
the anterior cul-de-sac (Fig. 5.26) or is merely the extension of

an anterior uterine adenomyoma (Fig. 5.27). In the latter case,
complete resection of the adenomyoma is unlikely to be
achieved unless hysterectomy is added to the procedure.
Cystoscopy is unnecessary and usually unrewarding in
the diagnosis of bladder endometriosis. Cystoscopy may
occasionally reveal a bluish tinge to the mucosa (Fig. 5.28), but
negative cystoscopy does not exclude significant invasion of
the muscularis.

Fig. 5.26 Laparoscopic view of bladder endometriosis in its peritoneal form.
Fig. 5.27a–d Preoperative sagittal MRI in a
patient with bladder endometriosis (a). Arrow
indicates the anterior uterine adenomyoma
extending to the bladder. Laparoscopic views
of bladder endometriosis resulting from
extension of an anterior uterine adenomyoma
(b–d).

a

b

c

d

Fig. 5.28 Cystoscopic view of bladder endometriosis.
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Urodynamic testing may be performed if there is clinical
suspicion of bladder dysfunction. This condition may result
from large, low endometriotic bladder nodules abutting
the urinary trigone, or it may occur in patients presenting
with associated large, deep endometriosis infiltrating both
uterosacral ligaments in contact with the inferior hypogastric
plexus and splanchnic nerves. In these cases, preoperative
awareness of bladder dysfunction may prompt a more
conservative surgical resection with the goal of avoiding
severe postoperative bladder dysfunction. Urologic MRI
or computed tomography may be performed if ureteral
involvement is suspected, eliminating the need for an
intravenous pyelogram. Even if the ureters are not infiltrated,
they may be injured during surgery in cases where large
anterior adenomyomas infiltrating the bladder have shortened
the distance between the uterine vascular pedicles and pelvic
portion of the ureters, placing them close to the lateral borders
of the adenomyoma.12

5.5.3 Surgical Treatment

The surgical treatment of bladder endometriosis is usually
performed by laparoscopy, which has become fairly routine
at many endometriosis treatment centers. There are several
reports on the high efficacy of laparoscopic partial cystectomy
in relieving symptoms, improving quality of life, and preventing
recurrence (Table 5.5).1–3,6,8,9,12,13The bladder is easily visualized
and accessible at laparoscopy, and laparoscopic bladder
surgery can be performed with low morbidity.
A low-residue diet designed to reduce the frequency and
volume of fecal output while prolonging intestinal transit time
is maintained for 4–7 days before surgery to aid intraoperative
exposure. Surgery is usually preceded by urinalysis to exclude
urinary tract infection.

5.5.3.1 Operative Technique
After induction of general anesthesia, the patient is placed
in a low lithotomy position with both arms next to the body.
The legs are semiflexed to allow optimal vaginal and urinary
access. After the patient is positioned, the abdomen, perineum
and vagina are prepared and draped. A Ch 16 or 18 Foley
catheter is placed in the bladder. A 3-way catheter may be
useful in cases where hematuria persists at the end of surgery.
Indeed, the continuous slow infusion of a saline solution into
the bladder will prevent clot formation that may obstruct the
catheter. An intrauterine manipulating device is introduced to
permit uterine manipulations during laparoscopy.
A 10-mm primary trocar is introduced at the umbilicus, then
three 5-mm secondary trocars are placed: one each in the left
and right iliac fossa, 2 cm superior to the anterosuperior iliac
spine, and one in the suprapubic midline.
First the pelvic cavity is explored. The bladder and vesicouterine
pouch are evaluated after retroflexion of the uterus with the
uterine cannula. Usually the bladder is firmly adherent to the
uterus, similar to the findings seen in women with a prior
cesarean section (Fig. 5.27). When bladder endometriosis results
from the extension of an anterior adenomyoma, the anterior
uterine wall is infolded around the nodule and the bladder may
be adherent to the uterus as high up as the uterine fundus. The
round ligaments may also be encased in the bladder nodule
(Fig. 5.27). Care should be taken not to injure the ureters during
dissection, as the distal part of the ureter is usually retracted
toward the midline, as previously mentioned.
Superficial peritoneal bladder endometriosis is treated either by
peritoneal resection of the involved area, in which lesions may
appear as dark blue, black or red implants or white fibrosis, or
by simple ablative techniques such as bipolar coagulation or
vaporization with a CO2 laser or plasma jet.
Deep infiltrating lesions may include partial-thickness lesions
limited to the bladder muscularis, which can be managed by
resecting the nodule without opening the bladder (shaving).
Full-thickness lesions with total infiltration of the muscularis
or mucosa would require a full-thickness resection that opens
the bladder. This can usually be accomplished by laparoscopy
alone. In cases where nodules are large, a combined
cystoscopy-guided laparoscopic approach is preferred to
economize the resection while achieving complete removal of
the nodule.10

Study

Nezhat et al., 19968
Chapronet al., 19992
Chapron et al., 20003
Nezhat et al., 20029
Antonelli et al., 20061
Frenna et al., 20076
Serracchioli et al., 201013
Rozsnyai et al., 201112

Number of
patients
28
8
13
15
31
45
56
30

Length of
follow-up (months)
22
31.6
29
15
58
9
36
25

Symptom recurrence
2
0
0
3
6
0
8
0

Table 5.5 Studies describing the conservative laparoscopic management of urinary tract endometriosis.

Anatomic
recurrence
0
0
0
0
5
4
0
0
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The procedure starts by opening the paravesical spaces
close to the lateral wall of the bladder on each side (Fig. 5.29a).
Once contact with the uterus is made, the nodule must be
separated from the anterior uterine wall (Fig. 5.29b). The
dissection proceeds in contact with the uterus by superficially
shaving the anterior uterine wall down to the vesicouterine
space (Fig. 5.29c). This can be accomplished by dissecting
the adherent tissue while the uterus is retroflexed and the
bladder dome is pulled upward with a grasper (Fig. 5.29c). It
is important to keep the dissection medial since the distal
portion of the ureters is in most cases retracted toward the
midline. Dissection should not go any lower than the superior
limit of the trigone to avoid bladder denervation. The plane of
dissection can be exposed by applying gentle traction. This
plane exists when the nodule originates in the anterior culde-sac, similar in some ways to a type 1 rectovaginal nodule
(Fig. 5.26).7 There is no dissection plane between the nodule
and uterus when the bladder is infiltrated by adenomyoma;
in this case dissecting inside the uterus may result in excising
part of the anterior uterine wall, which could adversely affect
fertility (Fig. 5.27).

a

The last step in the dissection aims at reaching the healthy
vesicovaginal space located beneath the nodule (Fig. 5.30a).
The surgeon can guide this step by intraoperative transvaginal
palpation of the anterior fornix (Fig. 5.30b). In our experience,
when dissection is performed with a PlasmaJet® device
(Plasma Surgical Inc., Roswell, GA, USA), the kinetic energy
of the plasma jet separates soft tissues located ahead
and enhances the dissection by identifying the underlying
vesicovaginal space (Fig. 5.30c). Care should be taken to avoid
inadvertent opening of the vagina, as this would increase the
risk of postoperative vesicovaginal fistula.
Once the bladder is completely freed, the limits of the
endometriotic nodule are defined by first dissecting into
normal soft tissue adjacent to the firmer nodule (Fig. 5.31a).
The nodule is then dissected along its circumference and
undermined by incising normal muscularis (Fig. 5.31b) until
complete removal is achieved in a partial-thickness or fullthickness resection (Fig. 5.32). Once the bladder is opened,
laparoscopic inspection can identify the limits of mucosal
infiltration along with the bladder trigone and ureteral orifices
(Fig. 5.33).

b

c

Fig. 5.29a–c Opening the paravesical space (a). The bladder nodule is dissected from the anterior uterine wall (b). Shaving of the anterior uterine wall.
This provides access to the vesicouterine space (c).

a

b

c

Fig. 5.30a–c Laparoscopic view of the healthy vesicovaginal space located beneath the dissected nodule (a). The vesicovaginal space is opened by
concurrent palpation of the anterior fornix (b). Dissection is performed using plasma energy (c).

a

b

Fig. 5.31a,b The nodule is identified, and normal bladder tissue adjacent to the nodule is incised (a).
The bladder nodule is dissected along its circumference and undermined to normal muscularis (b).
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These steps can be accomplished with a monopolar hook,
harmonic scalpel, plasma energy device, or bipolar forceps
and scissors. We routinely employ a plasma energy device,
which can enhance the dissection, free adhered tissues, and
provide a highly controlled, superficial-to-deep thermal effect
with no lateral diffusion.

When endometriotic lesions are large, located on the bladder
trigone, or in close contact with the ureteral orifices, we
place ureteral double-J stents before or during the procedure
(Fig. 5.34) to avoid direct ureteral injury and reduce the risk of
ureteral fistula due to thermal diffusion. Indeed, the major

Fig. 5.32 Complete excision of the bladder
nodule (a). Bladder nodule specimen following
resection (b). Histologic section from the
excised nodule (c).

a

b

c
Fig. 5.33 Laparoscopic view of the internal
bladder mucosa. The trigone area and ureteral
orifices are identified.

Fig. 5.34 Double-J stents are placed to
facilitate identification of the ureteral orifices
(a, c, d). Internal view of the bladder displaying
the ureteral orifice (arrow) (b).

a

b

c

d
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risk is damage to the distal, intramural segment of the ureter.
We employ a combined cystoscopic-laparoscopic approach
at these challenging sites (Fig. 5.35).10 This approach requires
a multidisciplinary team including a gynecologist and a
urologist. This strategy allows for complete resection of the
lesion while preserving a maximum amount of healthy bladder
tissue and avoiding ureteral injury. Cystoscopy is performed
by the urologist, who circumscribes the lesion with monopolar
or bipolar current, enabling a complete resection close to the
limits of bladder infiltration (Fig. 5.36). Subsequent steps are
performed by laparoscopy as described above.

The bladder is reapproximated in two layers with absorbable
running sutures (Fig. 5.37a). Prior to suturing, the retropubic
space (called also the space of Retzius) can be widely opened
to reduce traction on the suture line during healing (Fig. 5.37b).
The first suture line reapproximates the muscularis layer,
while the second suture line reinforces and supports the
area. While a running suture may be adequate in most cases,
interrupted sutures may sometimes be necessary to allow
better approximation of tissue margins. A running suture may
be placed transversally or longitudinally. The sutures can be
tied with intra- or extracorporeal knots (Fig. 5.38).
Finally the bladder is distended to confirm a watertight
seal. The uterus can then be anteverted to treat associated
endometriosis lesions.

Fig. 5.35 View of the OR team and external surgical field during a
combined cystoscopic-laparoscopic approach.

Fig. 5.36 The boundaries of the bladder nodule are delineated by
cystoscopy.
Fig. 5.37a,b The bladder is reapproximated
in two layers with absorbable running sutures
(a). In order to reduce traction on the suture line
during healing, the space of Retzius may be
widely opened before suturing is initiated (b).

a

b

Fig. 5.38 The sutures are tied with intra- or extracorporeal knots.

421

5.5 Surgical Treatment of Bladder Endometriosis

5.5.3.2 Postoperative Care
The urinary catheter should be closely monitored for patency
during the postoperative period, since catheter blockage and
bladder distention could cause suture dehiscence. A retrograde
cystogram is obtained at 7–10 days. If the bladder is watertight
at that time, the catheter can be removed. Post-void residual
urine volume is carefully assessed by a bedside bladder scan
following removal of the urinary catheter to rule out bladder
atony. Persistent residual volumes greater than 100cc would
necessitate temporary intermittent catheterization, which can
usually be discontinued within a few weeks. In our experience,
temporary treatment with an alpha-blocker (Xatral®, alfuzosin,
10 mg/day) is indicated during intermittent catheterization,
since ureteral sphincter tonus may be increased after surgery.
If the cystogram shows incomplete healing (Fig. 5.39), the
urinary catheter can be left in place for another 7 days and
another retrograde cystogram obtained before considering
catheter removal. If the bladder has not healed by one month,
a second surgery can be discussed depending on the size of

the bladder defect. However, the surgeon should note that this
procedure is usually challenging due to the friable consistency
of the bladder tissue. In performing a secondary bladder
closure, we use widely spaced interrupted sutures reinforced
by an anterior omentoplasty (Fig. 5.40).

5.5.4 Role of Robotic and Single-Port Surgery in the
Treatment of Bladder Endometriosis

Robotic assistance can facilitate some steps in the surgical
procedure, especially the placement of bladder sutures. For
skilled laparoscopic surgeons, however, no major benefit is
apparent. No study has documented a definite advantage of
robotic assistance over conventional laparoscopy in terms of
postoperative outcomes (Fig. 5.41). With regard to single-port
laparoscopy, our practice has shown that dissection is timeconsuming and bladder suturing is technically demanding
(Fig. 5.42). Our clinical experience and the literature to date do
not support a recommendation for single-port access surgery
in the treatment of endometriotic bladder nodules.

Fig. 5.39 The cystogram presents with signs of incomplete healing.

Fig. 5.40 In a secondary bladder closure, the authors prefer the use of
widely spaced interrupted sutures which are reinforced by an anterior
omentoplasty.

Fig. 5.41 Bladder endometriosis being managed via robotic-assisted
laparoscopy.

Fig. 5.42 Treatment of bladder endometriosis using a single-port
laparoscopic approach.
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5.5.5 Postoperative Complications

Complications may include infection and injury to adjacent
organs. There is a risk of injury to the ureter, especially the
distal intramural segment, which in most cases is retracted
medially by the fibrotic endometriosis mass. Intraoperative
injuries can be repaired either by direct suture of the ureter
or by reimplanting the ureter into the bladder. Delayed
complications may include ureteral fistula due to thermal
injury, vesicovaginal fistula, or bladder dysfunction. Each of
these complications requires specific management, and a
more detailed description would exceed our present scope.

5.5.6 Conclusion

Surgical treatment of bladder endometriosis is feasible for the
majority of laparoscopic surgeons and usually yields good
functional outcomes and symptom relief. In most cases the
surgical technique is reproducible, with an average operating
time of one hour. It is unnecessary to have a urologist on
the surgical team. Nevertheless, surgeons should be aware
of the technical difficulty of dealing with large, low nodules
in close proximity to the ureteral orifices and bladder trigone,
which are associated with a significant risk of complications.
Cases of this kind should be treated at tertiary referral centers
where experienced, multidisciplinary teams are available for
complex surgical procedures with substantially less risk of
delayed complications and unfavorable outcomes.
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6.1

Diagnosis of Bowel Endometriosis

Mathias S.S. Löhnert a | J. Marek Doniec b
6.1.1 Introduction

Endometriosis, one of the most common diseases in
gynecology, is often associated with therapeutic setbacks
or failures that can be very frustrating for patients and their
doctors. Almost 10 % of all menstruating females suffer from
endometriosis. Although it is a benign disease, pain and
discomfort can significantly compromise a patient’s quality of
life in the long term. The incidence of endometriosis in infertile
patients rises to 15–20 %.3
The staging of endometriosis is usually based on the fourpart classification of the American Society for Reproductive
Medicine (ASRM).7 Patients with stage IV disease often suffer
from dysmenorrhea, infertility, and diffuse abdominal, pelvic,
anal and lower back pain. Symptoms occur predominantly
during the menstrual or perimenstrual phase and may take
a chronic course. 1,4 If the gastrointestinal tract is involved,
endometriosis most commonly affects the rectum and is
often associated with anal bleeding and related pain,8 even
though transanal bleeding cannot be singled out as being
pathognomonic for bowel endometriosis. To date, the
recommended treatment option for rectal endometriosis is
still laparotomy with bowel resection, whereas a laparoscopic
approach is the preferred method for other cases of deep
infiltrating endometriosis. 1,4,6 This underscores the importance
of accurate preoperative staging, including the precise
localization of extragenital endometriotic foci and possible
involvement of the rectal wall.
6.1.1.1 Is Endoscopic Screening Sufficient?
Rectal endometriosis should be suspected in any woman
presenting with pelvic pain associated with defecation or rectal
filling and/or transanal bleeding, the latter sometimes occurring
synchronously with menstruation. Rectoscopy or colonoscopy
can detect intramucosal endometriosis, sometimes
accompanied by submucosal involvement, appearing as
protrusions of the mucosa caused by the presence of cystic
areas. Intramucosal or submucosal endometriosis accounts for
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20 % of all bowel involvement by endometriosis, because most
rectal endometriotic foci are located in the muscularis propria
or directly adjacent to the bowel wall. Thus, approximately
80 % of all bowel endometriosis is not accessible to digital
palpation or endoscopy, and pelvic imaging techniques are
necessary for further investigation in patients with suspected
rectal endometriosis.
MR and CT imaging of the pelvis are known to have an
accuracy of approximately 70 % in the diagnosis of rectal
endometriotic infiltration.5 Endorectal ultrasound (ERUS)
offers high resolution images of the rectal wall and perirectal
structures and can accurately depict each layer of the rectal
wall. Accordingly, ERUS has become a widely accepted
modality for the pretherapeutic staging of rectal and anal
cancer, with an accuracy of more than 85 % for the staging
of local intra- and extramural extension of malignant tumors.2
Detection of a discontinuity in the layered structure of the
bowel wall correlates strongly with involvement of the affected
layers. In cancer surgery, the greatest disadvantage of ERUS
is its inability to differentiate between direct cancer invasion
and perirectal inflammatory changes that mimic the malignant
invasion of deeper layers. Thus, approximately 10 % accuracy
is lost in detecting infiltration of the submucosa and muscularis
propria. In cancer treatment, of course, staging a lesion as T1
versus T2 has a direct impact on the surgical procedure of
choice, i.e., limited excision or radical surgery. But in the case
of endometriosis, poor discrimination between inflammatory
changes and endometriotic tissue has no impact on surgical
treatment as there is no need for the resection of perirectal
lymph nodes. Thus, ERUS can clearly identify affected bowel
wall layers to determine whether excision is feasible without
opening the bowel, or it would be better to proceed with a
segmental resection.
Gastroenterologists prefer endoluminal ultrasound with a
flexible probe mounted on the tip of a flexible fiberscope, as
commonly used in upper gastrointestinal (GI) endosonography.
The use of flexible ultrasound probes extends the access range
to the colon and has become a widely accepted modality
in gastroenterology units. Colorectal surgeons favor ERUS
using a rigid probe that can be introduced directly or through
a preplaced rectoscope. Rigid ERUS probes are cheaper, do
not require a videoendoscopy unit, provide accurate lesion
detection, and allow the surgeon to measure the distance to
the anal verge and sphincter muscles for planning a sphinctersparing procedure. In addition, 3D data acquisitions with rigid
probe units are simplifying the preoperative visualization of
endometriotic foci and their relation to the rectal wall.
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6.1.2 Endorectal Ultrasound – Anatomic Structures and
Findings in Endometriosis Patients

The rigid ultrasound probe is introduced via a rectoscope
positioned at the rectosigmoid junction. When a 7.5-, 10.0- or
20.0-MHz probe is used, the sonogram displays the bowel
wall with three anatomic layers and two artificial layers.
Starting from the innermost (luminal) aspect, the first layer is a
hyperechoic artificial ring formed by the interface between the
water-filled balloon covering the ERUS probe and the mucosa.
Next comes a hypoechoic ring (second layer) representing the

mucosa of the bowel wall. The second hyperechoic ring (third
layer of the wall) consists of the submucosa and a second
interface between the submucosa and muscularis propria. The
second hypoechoic ring (fourth layer of the wall) corresponds
to the muscularis propria and is surrounded by the outer (third)
artificial hyperechoic ring (fifth layer), which is formed by the
interface between the muscularis propria and perirectal fat or
serosa (Fig. 6.1).

Fig. 6.1 Normal endorectal sonogram:
Water (W); hyperechoic interface between water-filled balloon and
m
 ucosa (1); hypoechoic mucosa (2); hyperechoic submucosa and
interface between submucosa and muscularis propria (3);
hypoechoic muscularis propria (4); hyperechoic margin between
muscularis propria and perirectal region or serosa (5); fatty tissue (6).

Diagnostic modality
Endoscopy

Advantages
Reveals intraluminal findings with high accuracy.

X-ray

Reveals intraluminal findings with high accuracy.

CT

Reveals intra- and extraluminal findings.

MRI

Accurate depiction of tumor site and involved mural layers.
Both intra- and perimural masses are detectable.
Accurate depiction of tumor site and involved mural layers.
Both intra- and perimural masses are detectable. Permits
lesion detection into the colon.
Accurate depiction of tumor site and involved mural layers.
Both intra- and perimural masses are detectable. Low cost.
Accurate measurement of distance to anal canal.

Flexible ERUS
Rigid ERUS

Disadvantages
Peri- or intramural masses are detectable only by their visible
mass effect. No differentiation from adjacent and infiltrating
tumors.
Peri- or intramural masses are detectable only by their visible
mass effect.
Poor accuracy in differentiating between adjacent invading
perimural tumors.
Very high cost. Only intrarectal MRI probe provides accuracy
comparable to endosonography.
High cost, measurement of distance to anal canal is not accurate. Accuracy is examiner-dependent.
Accuracy is examiner-dependent. Scanning is limited to the
rectum and rectosigmoid.

Table 6.1 Diagnostic imaging modalities used in the preoperative assessment of pelvic endometriosis.
Key to acronyms: Computed Tomography (CT); Magnetic Resonance Imaging (MRI); Endorectal Ultrasound (ERUS).
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Fig. 6.2 ERUS image of an endometriotic mass (E) (approximately 2 cm)
in the cul-de-sac adjacent to the rectal wall. The third hyperechoic layer
) is
b etween the muscularis propria and perirectal region (
intact and not thickened. This finding excludes involvement of the rectal
wall.

Fig. 6.3 ERUS image of an endometriotic mass (E) (approximately
). The third hyperechoic
1.5 cm) infiltrating the rectal wall (between
), is thickened, indicating
layer, the muscularis propria (MP,
involvement, and cannot be differentiated from the mass. This finding
indicates rectal wall involvement with infiltration of the muscularis
p ropria. Normal muscularis propria (MP, second hypoechoic layer).

Fig. 6.4 ERUS image of an endometriotic mass (E) (approximately
). The third hyperechoic
2.5 cm) infiltrating the rectal wall (between
), is thickened, indicating
layer, the muscularis propria (MP,
involvement, and cannot be differentiated from the mass.
). These findings
The second hyperechoic layer is irregular (
indicate rectal wall involvement with infiltration of the muscularis propria
and submucosa. Normal muscularis propria (MP, third hypoechoic layer).

ERUS finding

Total

Laparotomy

Laparoscopy

Conservative treatment

No abnormalities

13

2

4

7

Pelvic mass not in contact with the rectal wall

21

6

10

5

Mass abutting the rectal wall

12

4

7

1

Rectal wall infiltration

39

25

7

7

M. propria

32

20

6

6

Submucosa

7

5

1

1

Table 6.2 Results of ERUS in 85 patients with suspected rectal involvement by endometriosis and correlation with treatment (conventional laparotomy,
laparoscopy, or no surgery). The overall sensitivity of ERUS for rectal wall involvement was 97 %.
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The imaging appearance of (para)rectal endometriosis
depends on the activity of the lesion. Active endometriotic
lesions are hypoechoic and include cystic changes, while
inactive lesions show heterogeneous echogenicity due to
fibrosis. It is very common to find coexisting active and
inactive lesions in one patient, so ERUS findings are normally
irregular with a mixed hypoechoic and hyperechoic pattern.
An asymmetric appearance of perirectal structures with mixed
echogenicity in premenopausal women is always suspicious
for perirectal endometriosis. This diagnosis can be established
by correlating ultrasound findings with the clinical presentation.

6.1.3 Management of Rectal Endometriosis

The staging of ERUS findings in endometriosis is outlined
below.

If ERUS demonstrates stage 1 or 2 endometriosis (unrelated
to the bowel wall or abutting the wall without disrupting
the outer hyperechoic layer), the treatment of first choice is
primary laparoscopy performed by a gynecologic surgeon
without colorectal assistance.

Stage 1: No relation to the rectal wall, pararectal endometriosis
without rectal involvement. ERUS shows asymmetric mixed
echogenicity in the perirectal fat. No direct contact with
bowel wall structures is observed. The outer hyperechoic
(fifth) layer of the bowel wall is not disrupted, and there is no
evidence of intramural infiltration.
Stage 2: Endometriotic tissue is in direct contact with
the bowel wall. ERUS shows no disruption of the outer
hyperechoic layer, which excludes involvement of the rectal
wall (Fig. 6.2).
Stage 3: Infiltration of the bowel wall is detectable by ERUS.
The depth of infiltration should be noted:
Infiltration into the muscularis propria is characterized
by disruption of the hyperechoic fifth layer and thickening
of the hypoechoic fourth layer (muscularis propria). The
hyperechoic third layer (interface) remains intact and is not
interrupted (Fig. 6.3).
 Infiltration
of the submucosa: The suspected
endometriotic tissue is in the third hyperechoic layer or has
spread directly through the outer layers into the third layer.
In this case, the submucosa, represented by the third
layer, shows an irregular shape with hypoechoic areas in
the hyperechoic layer (Fig. 6.4).
 Infiltration of the mucosa: Endometriosis directly involves
the mucosa (second hypoechoic layer) or the mucosa and
submucosa (disruption of the hyperechoic second layer by
a hypoechoic or heterogeneous structure). Full-thickness
infiltration through all the outer layers into the hypoechoic
second layer indicates involvement of the whole bowel
wall.


In our own series, the sensitivity of ERUS imaging for defining
the depth of rectal wall infiltration was 76 % percent (20/26).
Sensitivity for the muscularis propria was 97 % (26/27). Overall
sensitivity for rectal wall infiltration was 97 % (26/27).2

Every patient with transrectal bleeding should have a complete
colonoscopy to exclude cancer, polyps, and inflammatory
disease. If the history suggests external endometriosis as a
possible cause of symptoms (menstruation-associated rectal
bleeding, anal/pelvic pain, or suspicious pararectal findings by
bimanual examination and/or endovaginal ultrasound), ERUS
should be performed to detect or exclude endometriosis in the
pararectal region. ERUS results are correlated with examiner
experience, so the procedure requires an experienced
colorectal surgeon who is used to performing ERUS routinely.

If ERUS is suspicious for rectal infiltration (stage 3),
laparoscopic resection of a rectal wall segment should be
performed with the simultaneous help of a colorectal surgeon.
In some cases, if the endometriotic mass is less than 10 mm in
diameter, the resection can be performed with a linear stapler
to cut off a limited portion of the bowel wall and reapproximate
the wall in one step.
With an endometriotic mass larger than 10 mm, the
infiltration depth does not interfere with the type of resection.
In most cases, an anterior rectal resection is necessary for
the complete removal of all affected tissue. Experienced
colorectal surgeons can perform a low anterior rectal
resection laparoscopically, so the preferred approach will
depend largely on the skills of the surgeon. Conventional
resection can be considered in all advanced cases with
extensive involvement of the lower third of the rectum in order
to preserve the sphincter.
If ERUS confirms the presence of well-circumscribed
endometrial lesions that are confined to the mucosa and/
or submucosa without affecting the muscularis propria, an
endoscopic approach may be considered. A mucosal lesion
less than 3 cm in diameter can be treated by endoscopic
mucosal resection, similar to a polypectomy. If submucosal
spread is found, the authors recommend an endoscopic
submucosal dissection as the treatment of choice.

6.1.4 Conclusion

ERUS is a useful, noninvasive diagnostic tool in endometriosis,
especially in patients with proven or suspected endometriosis
involving the bowel wall.
ERUS can safely stratify cases that are appropriate for an
endoscopic approach, laparoscopy without bowel resection,
a laparoscopic segmental bowel resection, or conventional
rectal resection. ERUS provides high sensitivity and
specificity for rectal involvement by endometriosis and is
recommended in every patient with suspected extragenital
pelvic endometriosis.
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6.2

S
 urgical Management of Recto-Sigmoid Endometriosis –
Resection Using EEA Stapler

John E. Morrison

a

6.2.1 Introduction

Endometriosis can involve the distal sigmoid colon and rectum. Most patients with this problem will present with rectal
bleeding, tenesmus, urge and or pain with defecation raising
the index of suspicion for colon or rectal involvement. When
endometriosis is found to involve the distal sigmoid or rectum,
adequate treatment usually necessitates resection of any area
affected by the disease and this often includes the rectosigmoid area as the pouch of Douglas is frequently involved. The
involved area may either be resected primarily with primary
closure or – given more extensive involvement particularly
with stenosis of the bowel – segmental resection of the affected bowel may be preferable.
The decision on whether the area can be primarily closed or
resected is determined by the extent to which the bowel lumen is involved. Any resection to be performed in a patient
with over 50 % lumen involvement, requires segmental resection with primary anastomosis. Trying to close this primarily
will result in stenosis of the bowel lumen. When the involved
segment is the intraperitoneal colon, sigmoid or proximal
colon, standard techniques of anastamosis apply: either a
side-to-side functional end-to-end anastomosis stapled or
hand-sewn or end-to-end anastamosis can be performed
depending on the surgeons’ preference.
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Because of the presence of a serosal layer on the intraperitoneal colon, the potential risk for leak from the anastomosis is
reduced when compared to a rectal anastamosis because the
rectum does not have a serosal layer. 1,3,4 Prior to the development of stapling technology, resection with anastomosis deep
in the pelvis usually was technically difficult to accomplish.
Prior to the development of an end-to-end stapler in the early
1980’s, these low anastomoses were performed with handsewn techniques which was a difficult task as the surgeon
was placing sutures in a very deep site with little room to work.
The circular EEA stapler has made this a much easier feat to
accomplish, however there are several unique characteristics
of the stapler which are specific to the device. This chapter
will deal with the proper use of the stapler and give some
tips on how to increase the likelihood of a successful anastomosis. The EEA stapling device may be used in resecting
lesions involving less that 50 % of the bowel wall where formal
segmental bowel resection has not been carried out and the
following stapler principles still apply.
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6.2.2 Important Steps in Proper Function
of the EEA Stapler

There are several steps that are very important to insure that
the staple line is secure. This chapter will be discussing crucial
steps in using the stapler including:
the proper positioning of the patient,
proper alignment as well as firing of the staple device,
 and evaluation of the finished staple line.



These steps are critical to proper functioning of the EEA
stapler. There are two manufacturers of the device currently,
Ethicon Endo-Surgery and Covidien (Figs. 6.5a, b). There are
few differences between the two staplers and the following
discussion applies to both staplers with differences being
pointed out when important to the proper functioning of the
device.
6.2.2.1 Positioning of the Patient
For the stapler to be easily inserted and properly positioned in
the rectosigmoid colon, the patient must be positioned in the
lithotomy position. The patient’s buttocks also have to extend
several centimeters past the end of the table with the anorectum past the midline hole in the operating table (Fig. 6.6a).
Placement of the patient in this manner is necessary because
when the stapler is inserted into the rectum it must be angled
down at a very acute angle towards the operating room floor
in order to safely advance the device into the rectum and
sigmoid. Failure to do this will result in the inability to safely
advance the stapler with the possibility of bowel injury posteriorly as the stapler is advanced under tension. This is one
of the most crucial steps in preparing the patient for surgery
when a low anastomosis is anticipated.

There also has to be taken into account that the patient will be
in steep Trendelenberg position during the procedure (Fig. 6.6b)
and with this there usually will be some shifting of the patient
towards the head of the bed. If the buttocks slide up on the
table to the point that the coccyx is lying over the solid portion
of the bed, the surgeon will not be able to safely angle the
stapler down as he or she is advancing the stapler within the
lumen of the bowel without placing excessive tension on the
wall of the colon. This again can result in an injury to the wall
of the rectum or sigmoid that may go unrecognized.
Prior to surgery whether the patient needs to be placed on
mechanical and or antibiotic bowel prep is at the present time
a controversial issue. There are studies that support the use
of mechanical prep and those that on analysis do not support
the need for a prep. The use of oral antibiotics also is a topic
that is undergoing further discussion and change in the surgical literature. 2 Both of these decisions should be the choice
of the surgeon and are not within the scope of this chapter.
6.2.2.2 Mobilization of the Rectum/Sigmoid
The area of colon to be resected must be adequately mobilized and there must be a sufficient blood supply to the remaining proximal and distal segments that are to be reapproximated. Leaving a short distal segment of either rectum or
sigmoid for the stapled anastomosis is preferable. This makes
the advancement of the stapler much easier when reaching
the distal staple line.
The rectum lies in the sacral bed giving it its natural curve. The
end-to-end stapler also has a curve in order to accommodate
this anatomically without putting excessive tension on the
bowel as the anastomosis is being created. The length of the
staple devices, from the staple line to the mechanical handle

Fig. 6.5a,b Ethicon Endo-Surgery EEA
stapler (a). Covidien circular EEA stapler (b).

a

b
Fig. 6.6a,b The patient’s buttocks should
extend several centimeters past the end of
the table with the anorectum past the midline
hole in the operating table (a). Patient in steep
Trendelenberg position (b).

a

b
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ranges from 23 cm to 30 cm. depending on which stapler is
chosen (Fig. 6.7). The Ethicon stapler (on bottom of the figure)
measures 30 cm from staple line to handle while the Covidien
stapler (at the top of the figure) measures 23 cm.
The rectum proper ranges in length from 10 to 15 cm beginning at the anoderm line and ending just below the sacral
promontory and the anus adds another 2.5 cm to the total
length of bowel that the device must clear in order to reach
the staple line from transaction of the bowel. This leaves from
6 cm to 13 cm length on the stapler past the end of the true
rectum for accommodation of any distal sigmoid colon left.
Mobilization of the rectum from the sacral recess gives more
length for anastomosis as well as allowing easier alignment of
the stapler with proximal bowel for anastomosis. It also makes
available more stapler length for reaching the proximal bowel.
Consideration should be given to these points when mobilizing the distal bowel segment.
6.2.2.3 Mobilization of Proximal Bowel
The proximal bowel that is to be attached to the rectum must
be adequately mobilized so that there is no excessive tension
on the anastomosis. Usually, if the proximal bowel lies in the
pelvis after mobilization, with the patient still in Trendelenberg
position without retracting back above the sacral promontory,
this indicates adequate mobilization. In mobilizing the proximal bowel, the surgeon must keep in mind that there must
also be an adequate blood supply to the bowel. Lack of tension and an adequate blood supply are the two key points to a
successful outcome. A successfully completed anastamosis
in the presence of poor blood supply and or tension will result
in leak. Giving due attention to these two details is crucial in
obtaining a good outcome.
There are technologies available now involving the use of dyes
with special imaging and detection devices that evaluate the
perfusion in the remaining segment of bowel to be anastomosed. Despite the theoretical usefulness and advantage
over visualization of the bowel, there doesn’t seem to be a
significant reduction in leaks when using this technology.
Further studies will need to be done in order to determine the
usefulness of these techniques.

Fig. 6.7 The Ethicon stapler (@) measures
30  cm from staple line to handle while the
Covidien stapler (!) measures 23 cm.

6.2.2.4 Selection of Staple Size
Staplers for anastomosis are available in various sizes. The
sizes range from 21 mm to 33 mm. The operating surgeon
must be aware that the diameter of the anastomosis when
completed by the stapler is not the outside diameter of the
staple device itself.
Most surgeons when choosing an EEA stapler for colon anastomosis, use a 29 mm or greater size. The stated stapler size is
the outside diameter of the staple device and does not reflect
the inside luminal diameter when the anastomosis is complete.
The largest-diameter stapler measures 33 mm, which when
fired results in a luminal diameter of only 2.47 cm (Insert in
stapler device: EEA Stapler Covidien Inc., USA). This is the
maximal diameter available for circular staple devices, any stapler smaller than 29 mm may result in a stricture at a later date.
When choosing the appropriate staple size for anastomosis,
there are several things that need to be taken into consideration: first, the diameter of the proximal bowel that the anvil
(Fig. 6.8) will be placed into is usually the limiting factor on staple
choice.
The anvil is the backstop for the forming of the staples during
firing of the device. In narrowed bowel such as that seen in
diverticular disease, the lumen can be very stenotic and safely
placing the anvil in the bowel without tearing the wall of the colon may be difficult. If this is the case, the anvil may be placed
sideways in the bowel lumen instead of end-on, so that there is
no stretching of the bowel wall when the anvil is secured. This
results in an end-to-side anastomosis which functions just as
well as an end-to-end type and is preferable to injuring of the
bowel wall when trying to place an anvil that is too large for
the proximal bowel. In any instance, selecting the proper size
of staple for the bowel to be anastomosed cannot be emphasized too much.
Second consideration is the distal segment to be stapled to.
Since this is usually the rectum in cases of severe endometriosis, the staplers usually easily fit into the rectal vault without
tension. If the distal segment has sigmoid colon still present
and the surgeon wishes to evaluate the lumen of the bowel on
either end prior to choosing a stapler, there are sizers available
to accurately evaluate the lumen of the bowel and make staple
choice more accurate (Fig. 6.9). These sizers are helpful also in
dilating the anal sphincter prior to inserting the staple device
into the rectum.

Fig. 6.8 Anvil of the EEA™ stapler.

Fig. 6.9 EEA™ reusable stainless steel sizers
help evaluate the inner diameter of the bowel
segments to be anastomosed. The sizer heads
correspond to the diameter of the stapling device.
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The last consideration is the design of the staple device which
must allow the two bowel segments that will be stapled to be
safely compressed to 2 mm. This usually can easily be accomplished given a normal healthy bowel, but if the latter is
thickened or inflamed, the staples may not adequately secure
the anastamosis.

in choosing where the penetrating alignment post will come
through the distal staple line is that the post emerges as close
to the staple line as possible. This prevents leaving a band of
devascularized tissue between the final circular anastomosis
and the distal staple line which will result in a leak. An attempt
should be made to incorporate as much of the distal staple
line as possible in the circular stapled anastomosis (Fig. 6.11b).

6.2.2.5 Securing the Anvil
Once the staple size is determined, the anvil must be secured
into the lumen of the proximal bowel in order to guarantee a
secure staple line (Fig. 6.10a). The open end of the bowel must
be firmly secured around the anvil post so that when the stapler is closed there is no prolapse of mucosa out of the anvil
and staple line which will result in an incomplete anastomosis.
Instruments have been devised to facilitate placing the suture
around the anvil post, but this author and most colorectal surgeons prefer suturing the lumen closed with a monofilament
suture material; i.e. polypropylene in a running baseball type
of stitch around the shaft of the anvil. This helps insure that the
mucosa is inverted, the lumen closed tightly around the anvil
post and there is no extrusion of the proximal bowel through
the staple device when it is closed (Fig. 6.10b).

Both major stapler manufacturers have a circular opening
device at the end of the stapler which is clearly marked for
opening and closing the device. It must be stated here that
as the surgeon is opening the stapler, and as the penetrating alignment shaft is being deployed, the surgeon must be
watching closely so that the shaft does not injure any surrounding structures in the pelvis. This is assisted by angling
the end of the stapler as ventral as possible to avoid the sacral
promontory and vascular structures surrounding that area.

6.2.2.6 Placing and Opening the Stapler
The stapler is placed transrectally, advanced to the end of the
distal staple line and the penetrating alignment post is opened.
Fig. 6.11a demonstrates the anvil with the alignment shaft of the
stapler. Prior to opening the post, the surgeon must make sure
that the area on the distal bowel segment to be stapled is
clear of any other structures such as bladder or bowel, so that
they are not included in the staple line and to make sure that
when the stapler is closed the tissues that are brought together will be approximated adequately by the staples. A key point

6.2.2.7 Closing the Stapler
The anvil with attached proximal bowel is now aligned with
the penetrating shaft of the stapler and the two devices are
docked (Fig. 6.12a). As the anvil is secured firmly on the guide
post of the stapler, there is a mechanical click felt when the
anvil and stapler are attached properly. Also there is a colorcoded line on the alignment post of the stapler that, when
covered, indicates that the device is now ready to be closed
and fired (Fig. 6.12b). Failure to sense the click and cover the orange line on the stapling device with the anvil shaft will result
in the two ends not seating properly.
Prior to closing the stapler, the surgeon must make certain
that the proximal bowel is not twisted, aligned appropriately
and again that there will be no tension or other structures
included in the staple line.

Fig. 6.10a,b Bowel secured to anvil (a).
Securing bowel to anvil using 0-polypropylene
suture (b).

a

b
Fig. 6.11a,b The anvil with the alignment shaft
of the stapler (a). An attempt should be made to
incorporate as much of the distal staple line as
possible in the circular stapled anastomosis (b).

a

b
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Fig. 6.12a,b The anvil with attached proximal
bowel is now aligned with the penetrating shaft
of the stapler and the two devices are docked
(a). Once the color-coded line on the alignment
post of the stapler is covered, this indicates that
the device is ready to be closed and fired (b).

a

b

As the stapler is closed, and as the anvil approximates the
staple device, there should be some degree of resistance as
the anvil seats in the stapler. If there is no resistance, usually this means that the anvil has come apart from the guide
rod on the stapler and the stapler should be opened and the
anvil secured again on the stapler before attempting to fire
the device.
During this entire closing process the surgeon should be observing the closing of the stapler to assure that it is functioning
properly and that the two ends are coming together easily,
there are no other structures in the staple line and there is no
dehiscence of the proximal bowel off of the anvil.
There is an approximation indicator on each stapler close to
the closing mechanism which tells the surgeon when the device is properly closed. In the Covidien model there is a green
line which must be visible (Fig. 6.13a). The Ethicon model has a
small window with a red line that, when seen, indicates that the
staples will be deployed properly (Fig. 6.13b). The device should
not be fired if the indicators are not visible. Failure to see the
indicators will result in a misfire and inadequate staple line.

a

6.2.2.8 Firing the Stapler
After the surgeon is certain that the two ends of the stapler
are seated properly, and there are no other structures in the
stapler and the stapler appears to have closed properly, the
stapler is ready to be fired. In both manufacturers, there is a
safety mechanism which must be released prior to firing the
stapler. Fig. 6.14a demonstrates the white safety latch that must
be flipped up in order to fire the stapler and Fig. 6.14b shows
the red safety lever on the Ethicon stapler which must be
switched upfor the same purpose.
After releasing the safety the stapler is fired once. The handle
should not be closed twice, as the blade that cuts the tissue from the staple line, will be discharged each time that the
stapler is closed and this can result in injury to the bowel wall.
After firing the stapler, the stapler is opened and removed
slowly form the bowel again while watching the anastomosis
to make certain that undue tension is not being placed on the
staple line.

b

Fig. 6.13 Approximation indicator of the Ethicon (a) and Covidien (b)
stapler models.
Fig. 6.14a,b The white safety latch (pointer)
must be flipped up in order to fire the stapler
(Covidien) (a). The red safety lever (pointer)
must be switched up prior to firing the stapler
(Ethicon) (b).

a

b
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6.2.2.9 Evaluating the Anastomosis
There are several steps involved in evaluating the anastomosis. First, the stapler is removed and after removal of the
staple device, the anvil is detached and the tissue ‘donuts’ are
examined (Fig. 6.15). As shown in (Fig. 6.15), the circular tissue
on the left (!) is from the anvil side of the anastamosis. The
other tissue segment on the right (@) is from the distal margin.
If there is any suspicion of malignancy or other concerns for
abnormal pathology, the segments are sent separately to pathology for examination.
The following options are available:
1. Take down the anastomosis, resecure the distal segment
of bowel – since there is now a hole in that segment – and
replace the anvil in the proximal bowel. Subsequently, attempt to create the anastomosis again with a new stapler.
It is now even more important to make sure that there is no
tension on the anastomosis, because more bowel is being
resected and both segments are shorter. Here, there is the
potential for tension on the staple line where there may not
have been any on the first attempt.
2. Check the anastomosis with the leak test, which is done
routinely, and if the defect in the staple line is small, see
about suturing the defect and also consider proximal diversion i.e. (ileostomy) for protection of the repaired staple
line. Most colorectal surgeons in this instance would opt
for a diverting loop ileostomy if there is concern about the
integrity of the anastomosis.
The anastomosis should be evaluated regardless of whether
the surgeon feels the staple line is secure or not. Most surgeons use the leak test which consists of placing saline solution in the pelvis, then using either a bulb irrigating syringe
device filled with air, or rigid proctoscope or colonoscopic
evaluation. The bowel is filled with air while the anastamosis is
under saline which allows the surgeon to look for any air leaks.

Fig. 6.15 Macroscopic view of tissue ‘donuts’ following completion of
anastomosis.
The circular segments of proximal and distal bowel that are cut from the
inside of the staple line should be two complete donuts of tissue. If this is
not the case, then the staple line is considered disrupted and the surgeon
must decide what course of action to take.

If the colonoscope is used, which is the preference of the
author, this offers the advantage that the anastomosis can be
directly visualized, checked for bleeding and or leak (Fig. 6.16).
In this instance, a significant amount of air is used, which
usually requires the bowel proximal to the anastamosis to be
clamped in order to prevent over distention of the colon.
6.2.2.10 Covering or Sealing the Anastomosis
If the anastomosis is from colon to true rectum, below the
peritoneal reflection, the overlying peritoneum may be pulled
over the anastomosis loosely to aid in securing the staple
line. The use of antiadhesive agents is not recommended in
these types of anastomoses because of the absence of serosa on the rectal wall surface which makes the incidence of
leak higher than in colo-colo anastomosis. Because of this
fact, the surgeon relies on surrounding tissues to help seal the
staple line. Closing the peritoneum too tightly over the staple
line can also increase the risk of abscess formation and may
compromise the luminal diameter, which is why great care
must be exercised when choosing to close the peritoneum
over the staple line.
6.2.2.11 Retrieving Small Bowel From Under the Colon
After the anastamosis is complete, there is a large mesenteric
defect under the proximal colon which was brought down to
the pelvis for anastomosis. Most surgeons do not close this
defect. It is important to make certain that any small bowel
that may have slipped under the colon is brought out to the
midline to avoid an obstruction from a resulting internal hernia.
This is easily accomplished by grasping the small bowel and
gently pulling it medially until the mesenteric defect is visualized and there is no small bowel under the defect.

Fig. 6.16 The anastomosis is visually checked for bleeding and / or
leakage by use of a flexible colonoscope.

6.2 Surgical Management of Recto-Sigmoid Endometriosis – Resection Using EEA Stapler

6.2.3 Conclusions

The incidence of leak, the long-term durability and stricture
rates are comparable in sutured versus stapled anastomosis
in colo-rectal surgery. The two major principles that must be
observed in both methods are as follows:
Adequate blood supply.
 Lack of tension.


Use of circular staplers for creating these low ananstomoses
is a welcomed addition to the surgical armamentarium, but
there are several key points that are vital in the proper use of
these devices:











Proper positioning of the patient.
Adequate mobilization of the distal (rectal) segment and
proximal colon segments.
Choosing an adequate stapler size: 29 mm or larger.
Attention to detail that the proximal bowel is secured properly to the anvil.
Place the stapler and alignment shaft as close to the distal
resection line as possible when opening the stapler.
Close the stapler slowly, watching to insure no tension,
torsion on the bowel and to prevent other structures from
being included in the device.
Check for intact tissue donuts and integrity of the anastomosis with air-leak test.
The use of antiadhesive materials is contraindicated in
rectal anastamosis.
Retrieve the small bowel from under the colon to avoid
internal hernia.
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6.3

Bowel Surgery in Deep Infiltrating Endometriosis

Joël Leroy a,c | Antonio D’Urso b,c | Arthur R. Wijsmuller b,c | Frédéric Bretagnol b,d
6.3.1 Introduction

Endometriosis is a benign disease, defined as the presence
of ectopic endometrial gland tissue outside the uterine
cavity. Predilection sites of endometriotic bowel nodules
are the sigmoid colon and the rectum, as well as the ileum,
the appendix and the caecum.26 Most commonly, small
endometriotic lesions reaching only the subserosal fat
tissue, do not cause symptoms.27 Larger nodules infiltrating
the intestinal muscular layer may cause a wide range of
symptoms including dyschezia, constipation, diarrhea,
abdominal bloating, painful bowel movements, passage of
mucus in the stools and cyclical rectal bleeding.4,27 Deep
infiltrating endometriosis (DIE) can severely affect a patient’s
quality of life. Given involvement of the rectum, this may
result in obstructive symptoms, making it hard to differentiate
malignant from inflammatory disease.24 Bowel involvement
should be suggested in the presence of a palpable lesion
found in the rectovaginal septum or if the patient presents
with gastrointestinal symptoms. Even though there is still
controversy regarding the first-line therapeutic approach to
be adopted, it is widely accepted that surgical management is
the primary treatment for more severe forms of endometriosis,
such as symptomatic DIE with colorectal spread.9,10
Gastrointestinal involvement is one of the most challenging
manifestations of endometriosis a surgeon can be faced
with. Therefore, this pathology requires close collaboration
of a multidisciplinary team of specialists from the fields of
gynecology, urology and gastroenterology. The major objective
of surgical management is to remove all endometriotic
tissue with the primary intent of alleviating pain, preventing
recurrence, improving fecundity and managing complications
such as obstruction, stenosis or severe rectal hemorrhage.
Accordingly, an extensive dissection is often required. A
complete excision of DIE lesions enhances the prospects of
reliable and persistent relief of pain symptoms, improvement
of quality of life and acceptable postoperative fertility rates.

However, radical surgery excision is associated with a high
risk of severe morbidity.
Laparoscopic segmental bowel resection or excision of the
rectum and other types of colorectal surgeries, such as wedge
resection and superficial shaving, have become increasingly
popular, however, it still remains controversial which type of
surgical approach should be chosen in the treatment of this
challenging condition.13 A multitude of surgical procedures
have been proposed for the treament of endometriosis with
bowel involvement, such as laparoscopy, open surgery,
transvaginal / transanal approaches or a combined approach.
The amount of bowel that should be resected depends on
the extension of pathology. Bowel resection is performed in
compliance with best practice standards applicable in the
surgical treatment of benign disease.
The scope of surgical treatment options includes (Fig. 6.17):
Superficial shaving excision defined as superficial
peeling of the serosal and subserosal bowel layers affected
by endometriosis (with diathermy or laser) or selective
excision without creating an opening in the bowel wall.
 Partial full-thickness wedge resection defined as
selective excision of endometriotic deposits in the bowel
wall by extraluminal or endoluminal resection.
 Segmental bowel resection defined as resection of a
bowel segment affected by endometriosis and followed
by anastomosis.
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Fig. 6.17 Schematic drawing of the various types of conservative bowel
surgery available for “nodulectomy”.
Shaving ( ), mucosal skinning ( ) and discoid resection ( ).
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Specimen extraction may be accomplished by using a natural
orifice procedure (transvaginal or transanal) or through a
cosmetically acceptable atraumatic abdominal incision
(Pfannenstiel). The decision as to which operative technique
should be chosen is determined by extent of disease, depth
of bowel / pelvic infiltration, and by individual preferences / skills
of the surgeon. Once the patient has been counselled on the
nature, scope and risks of the surgical procedure, it is mandatory
that valid informed consent be obtained. The various types of
procedures should be explained in layman’s terms and include
the risks of postoperative leak / fistula formation, as well as the
risks of temporary stoma and urinary dysfunction.
6.3.1.1 Laparoscopy Versus Laparotomy
Nowadays, laparoscopic excision of DIE lesions is among the
most widely accepted treatment options. Over the last two
decades, laparoscopic treatment has been proposed as the
first-line operative therapy, even for advanced and complex
lesions. With the advent of a new generation of instruments
and medical devices (powered devices particularly),
and integration of HD video technology in laparoscopy,
considerable headway has been made in the standardization
of operative procedures. Due to the pressure provided by the
pneumoperitoneum, retraction is facilitated in all directions.
The use of dedicated endo-uterine manipulators and
laparoscopic retractors has proven to facilitate exposure.
6.3.1.2 Bowel Preparation
Provided that preoperative work-up, symptoms and/or clinical
signs strongly suggest a diagnosis of bowel involvement, a
low residue diet should be started one week before the
elective procedure. This preliminary measure helps the
patient to prepare psychologically for the forthcoming
surgery. Efficacy of bowel preparation in the prevention of
postoperative morbidity has not been demonstrated for open
surgery procedures. Even though the use of preoperative
mechanical bowel preparation (MBP) is common practice in
North America, neither meta-analyses28,30 nor randomized
controlled trials5,6,12,33 have furnished clear evidence of any
benefits for the patient. It should be noted that these studies
evaluated the use of MBP in open colorectal surgery. It is
unclear whether the outcomes inferred from these trials can
be extrapolated to laparoscopic colorectal surgery. Some
studies seem to suggest a lower rate of fistula formation
and postoperative infections after bowel preparation for left
colectomies and rectal resection.21,29 Based on reports in the
literature it is suggested that MBP facilitates manipulation
of the bowel during laparoscopic resection, and primes the
colon for intraoperative colonoscopy which may become
necessary to localize a lesion or to visually check the outcome
of anastomosis.17,19,23 If bowel preparation is decided upon
in the setting of a laparoscopic approach, the authors advise
against the use of polyethylene glycol (PEG) solution due
to the associated risk of small bowel dilatation. Preparatory
administration of sodium phosphate (Fleet Phospho-Soda,
Casen Recordati, Utebo, Spain) and sennoside (X-Prep
Liquid, Mudipharma Medical Company, Basel, Switzerland)
is tolerated well with superior efficacy. Given the use of
sodium phosphate, a test on blood ionic composition is

recommended, especially in patients with cardiac and hepatic
problems. Renal insufficiency is a contraindication for the
use of sodium phosphate. In case of laparoscopic resection,
the authors employ bowel preparation with a colonic enema
washout, using 2 liters of PEG administered the evening
before the operation and complemented by a Normacol®
washout, early on the day of the operation.
6.3.1.3 Antibiotic Prophylaxis
Prophylactic administration of antibiotics is part of a series of
measures that aim at reducing the risk of infection. Current
recommendations suggest the use of antibiotic prophylaxis
with a single intravenous injection given at the moment
of anesthesia induction, or 20–30 minutes before the first
surgical incision. If there is no major contamination occurring
during the operation, antibiotics should not be administered
in the postoperative period. In terms of antibiotic coverage,
there is no difference between laparotomy and a laparoscopic
approach.
6.3.1.4 Operating Room Setup
In the presence of colorectal lesions, the patient is placed in a
Lloyd-Davies position with a right tilt. The authors adhere to a
standard protocol that is based on a double-team approach.
The colorectal surgeon and first assistant are positioned on
the right side of the patient while the second assistant is
placed between the patient’s legs. The laparoscopic platform
is placed on the left side of the patient at the level of the legs.
The nurse assumes a place on the right side of the patient at
the level of the legs.
In patients with right colic lesions, the colorectal surgeon may
be positioned between the patient’s legs or on her left side,
the first and second assistant are placed on the patient’s left
side, the laparoscopic platform is placed on her right side, at
the level of the legs. The scrub nurse is positioned on the right
side of the patient close to the surgeon.

6.3.2 Surgical Strategy

Most patients with endometriosis of the rectal and rectovaginal
septum do not require bowel resection. In the presence of
obstruction or stenosis, severe rectal hemorrhage, or diffuse
full-thickness involvement, the authors endorse the use
of resection. The decision-making related to the amount
of bowel to be resected will depend on the depth of bowel
wall involvement. It is essential to preserve as much tissue
as possible, considering that adherence to the principles of
surgical oncology is not required here.
Surgical planning for laparoscopic treatment of rectosigmoid
DIE lesions can be divided in two subgroups, conservative
and segmental bowel resections.
Conservative bowel surgery (Fig. 6.17) may also be called
“nodulectomy” and implies resection of the intestinal DIE
implant. It can be achieved using the following techniques:
Rectal shaving.3,15
 Full-thickness wedge or discoid resection.3,8
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The nodule can be resected with scissors after which the
bowel wall is closed with sutures, however, the authors
advocate the use of a circular or linear stapler.
Segmental bowel surgery involves the following:


Complete segmental bowel resection and anastomosis.

The decision-making on the surgical technique to be adopted
is based partly on the characteristics of the intestinal lesions,
such as number / size of nodules, depth of infiltration of the
intestinal wall and the proportion to which the intestinal
circumference is infiltrated by endometriosis. In the end,
due consideration should be given to the surgeon’s level of
experience as well as to individual preferences, which may
also contribute to the final decision.

Fig. 6.18 Endolumenal wedge resection with a circular stapler.

6.3.2.1 Superficial Shaving Resection
Shaving may be performed on the bowel wall with a more or less
aggressive course of action (Fig. 6.17). Conventional shaving is
indicated in the presence of DIE lesions affecting the rectum up
to the muscular layer. The aim of the procedure is to develop a
plane that is interposed within the muscular layer of the rectum
where there is no more evidence of endometriotic glands. The
deeper the lesion, the higher the risk of intraoperative mucosal
perforation of the bowel during resection. Provided the lesion
has infiltrated the submucosal layer, shaving with mucosal
skinning can be a feasible option.16 Provided the technique is
performed as proposed, integrity of the mucosa is preserved
and the defect in the bowel wall is closed with a suture. Taking
into account that preservation of the mucosal layer is not a
straightforward task, there is an elevated risk of inadvertently
causing a full-thickness breach in the anterior rectal wall.

Endo-Rectal Wedge Resection with Circular Stapler  25,32
Once the rectum has been completely dissected and the
nodule is freed from the anterior wall, a rectal probe is inserted
to check the integrity of the rectal wall. Absorbable stitches
(3/0) are placed 1 cm laterally to the right and left of the lesion.
The circular stapler (sized larger than 31 mm) is then inserted
through the anal canal by the assistant standing between the
patient’s legs. The stapler is advanced proximally and opened
while mobilizing the anterior nodule with the sutures under
laparoscopic control until the nodule is placed between the
anvil and the stapling head. The stapler is then closed and
resection is performed (Fig. 6.18). An air / blue dye leak test
is performed to eliminate the risk of failure. The suture line
can be covered with omentum or with a peritoneal flap. The
authors do not use postoperative drains and the patient can
eat immediately in the postoperative period.

Once the endometriotic nodule has been identified on the
anterior rectosigmoid wall, a stay suture with a 3/0 absorbable
suture is placed on the lesion which allows to apply traction
and improves the angle of access for dissection of the anterior
wall. Resection is carried out with cold scissors in order to
prevent thermal injury to the bowel wall which can give rise to
the development of a postoperative leak. Once the nodule has
been completely resected, the serosal edges of the wall defect
are re-approximated with single or running 3/0 absorbable
sutures. An air/blue dye leak test is performed to assess
the fluid-tight seal of defect closure. No abdominal drain is
placed. The patient can eat immediately after the procedure.

Some authors have been using a double-stapling anterior disc
resection technique with the intent to resect larger lesions (up
to 60 mm in diameter) with good results.32 A margin of 1 cm
should be sufficient.

6.3.2.2 Partial Full-Thickness Wedge Resection
Full-thickness wall resection is another option for rectosigmoid
DIE lesions, especially in those cases where endometriotic
infiltration reaches beyond the muscular layer of the bowel
(Fig. 6.17). This type of resection can be employed in the
presence of an unifocal lesion, which does not exceed 3 cm
in size on the anterior rectosigmoid wall, and provided no
more than 30 % of the circumference are involved.20,25 It is not
known whether radicality of the resection is directly correlated
with a clinical improvement of symptoms. Recently, Mabrouk
et al.20 have shown that the presence of satellite lesions or
positive resection margins does not seem to adversely affect
clinical outcomes of segmental bowel resection.

Laparoscopic Wedge Resection with Linear Stapler
This approach can be technically less demanding provided
the endometriotic nodule is located more proximally on
the rectosigmoid wall. Dissection is performed in the same
fashion as described above. Once the sigmoid and rectum are
clearly prepared, two absorbable 3/0 sutures are applied to
both ends of the lesion in order to prevent the risk of stricture
formation after resection. These two stay sutures are then
pulled upwards in order to insert a linear stapler and resect
the anterior wall, but if the resected area is smaller than 4 cm
in size, the linear stapler can be inserted vertically without any
major risk of postoperative stricture formation.
Low Rectal Transanal “Pull-Through” Wedge Resection
In the presence of an endometriotic nodule involving the
anterior wall of the rectum close to the anal verge, the following
course of action is adopted. After mobilizing the rectovaginal
septum anteriorly, up to 2 cm or less from the anus, the nodule
is prolapsed through the anus and a linear stapler is applied
to the segment of the anterior rectal wall containing the lesion.
Occasionally, two applications are required to accomplish
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a complete resection. The nodule is then excised and two
absorbable 3/0 sutures are placed along the staple line. The
rectum is pushed back in the pelvis under direct vision and
fluid-tight seal of the staple line is confirmed by means of an
air/blue dye leak test.

Laparoscopic Wedge Resection with Scissors and Manual
Suture
After complete mobilization another option for full-thickness
excision is resection and subsequent closure by means of a
hand-sewn suture. Excision is started proximal to the area of
the visible nodule. Following identification of normal tissue, the
lesion is mobilized at its proximal end with a grasping forceps.
An incision is made with scissors cutting through the bowel
serosa and muscularis until the lumen is entered. The lesion
is completely excised from the anterior rectal wall. The bowel
defect is repaired transversely in one layer once two traction
sutures have been placed on the wound margins, resulting in
a transverse opening. A 3/0 absorbable interrupted or running
suture is applied. Upon completion of suturing, an air/blue
dye leak test is performed to check for a fluid-tight seal of the
closed defect.

6.3.3 Segmental Bowel Resections
Colonic Resections
Patients with more advanced and extended lesions of
the colon require a segmental resection. There is no need
to respect the oncological principles of dissection, since
endometriosis is a benign disease. Only the bowel segment
affected by endometriotic tissue should be resected. Prior to
commencing resection, the proximal and distal boundaries
of the affected segment are identified. In a first step, the
mesocolon is divided close to the bowel in order to prevent
devascularization of the distal and proximal bowel, followed by
mobilization of the proximal bowel (which may include the use
of splenic flexure mobilization in sigmoidectomy). Dissection
of the mesocolon is performed using either electrosurgical
bipolar devices (LigaSure™, Medtronic, Dublin, Ireland) or
ultrasonic devices (Sonicision™, Medtronic, Dublin, Ireland).
The next steps comprise resection of the colon or rectum

Fig. 6.19 Anastomosis according to the Knight-Griffen technique.

segment and anastomosis. For this purpose, one may choose
from various options available. Bowel anastomosis is usually
performed mechanically. Care must be taken that the 2
segments of bowel are well vascularized and anastomosed in
a tension-free fashion.

Standard Sigmoidectomy16,20
The procedure comprises resection of a sigmoid segment and
should include the rectosigmoid junction (in order to facilitate
end-to-end anastomosis and reduce the risk of postoperative
formation of a leak and/or fistula). Distal division is performed
with a 60-mm endoscopic linear stapler with a medium to
thick range staple size as determined by the thickness of
tissue (blue or purple cartridge Endo-GIA™, Medtronic,
Dublin, Ireland). Once the distal division has been completed,
the specimen is extracted through a suprapubic Pfannenstiel
incision, protected by a plastic wound protector. The segment
of sigmoid is pulled through the incision after which the
anvil of a 28-mm circular stapler (EEA™, Medtronic, Dublin,
Ireland) is delivered into the proximal colon. Anastomosis is
then performed under laparoscopic control according to the
Knight-Griffen technique (Fig. 6.19).
Natural Orifice Specimen Extraction (NOSE) Sigmoidectomy
The procedure comprises a sigmoidectomy under
laparoscopic control and involves extraction of the sigmoid
specimen through the opening of the rectal stump (transanal)
or an opening in the vagina (transvaginal) prior to proceeding
with anastomosis.1,11,18,22

a

b

c

e

f

g

d

Fig. 6.20a–g Transanal introduction of the anvil (a). The anvil is advanced beyond the endometriotic nodule (b). Division of the rectum distal and
proximal from the site of the nodule (c). Transvaginal specimen extraction (d). The “fishing” technique involves that the suture is picked up with a
hook that is passed through a small fenestration made with a hook electrode close to the corner of the staple line on the antimesenteric side (e).
Firing of the stapler and completion of anastomosis (f). Final aspect after vaginal closure (g).
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Transvaginal NOSE Sigmoidectomy
Transvaginal NOSE sigmoidectomy (with or without
sigmoid / rectal stenosis) (Fig. 6.20) is proposed in cases where
vaginal resection of an endometriotic nodule is indicated.1 In the
absence of stenosis, the assistant standing between the legs
introduces the anvil transanally into the lumen of the proximal
colon after mobilization of the sigmoid. In case of stenosis,
the sigmoid is exteriorized transvaginally after its mobilization
and distal division. The assistant standing between the legs
of the patient introduces a forceps through the vaginal orifice
to grasp the distal sigmoid which is exteriorized outside the
vagina until the stenotic segment is accessible. The anvil can
then be introduced into the lumen of the proximal colon via a
small colostomy (Fig. 6.21).
Prior to its insertion, a sturdy, long suture (decimal 2) is
attached to the anvil’s extremity. Advancement of the anvil in
the descending colon is checked laparoscopically (Fig. 6.21).
Once the anvil has been placed in the proximal colon, the
proximal sigmoid is divided with a linear stapler (EndoGIA™

60 mm/Blue size) cutting the colon and mesocolon away
from the shaft of the anvil that has been secured by a suture
(Fig. 6.22).
Prior to proceeding with the anastomosis, the vagina is closed
with care and hemostasis is completed, if necessary. In order
to complete the anastomosis, the anvil is exteriorized applying
traction to the suture which has been trapped in the staple line
during proximal division of the sigmoid. For that purpose, a
small transmural opening is made with a hook electrode at the
corner of the staple line on the anti-mesenteric side in order
to open the lumen of the colon and to pick up the suture with
a hook (fishing technique) (Fig. 6.24). Next, the anvil is passed
through the proximal open end of the bowel which is secured
with a single suture and fixed to the base of the anvil.
The anastomosis is then completed with a circular stapler
according to the standard operative steps of the KnightGriffen technique1 (Fig. 6.19).

Fig. 6.21 Transanal introduction of the anvil.

Fig. 6.22 Advancement of the anvil in the descending colon under
laparoscopic vision.

Fig. 6.23 Transanal introduction of the anvil.

Fig. 6.24 “Fishing” technique, as illustrated in Fig. 6.21e.
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Transanal NOSE Sigmoidectomy
Transanal NOSE sigmoidectomy (without sigmoid/rectal
stenosis) (Fig. 6.25) is a technique the authors first described
in sigmoidectomy for sigmoiditis.18 The procedure can be
performed provided there is no need to create an opening in
the vagina. In the case of natural orifice specimen extraction,
a # 2 suture is attached to the anvil which is then advanced
into the proximal colon via the transanal route (given the
absence of stenosis). Once the anvil is placed in the proximal
colon, the bowel is ligated distally to the anvil with a suture
before proceeding to divide the distal segment after transanal
cleaning. Through the rectal stump, which is kept open, the
proximal colon is delivered through the anus until the area
affected by endometriosis is accessible. The colon is divided
under laparoscopic vision, distally to the shaft of the anvil, and
the specimen is extracted via the anal canal (Fig. 6.26). Upon
closure of the rectal stump with a linear stapler, the anvil of
the circular stapler is retrieved close to the antimesenteric
aspect of the suture line using the “fishing” technique. The
anvil is then withdrawn from the bowel and secured with a
purse string suture before completing the anastomosis
according to the standard operative steps of the KnightGriffen technique.11,18,22 (Fig. 6.19).

Protective Ileostomy
A protective ileostomy should be considered in cases where
anastomosis is performed at a low level, because the lower
the anastomosis needs to be made, the higher the risk of
leakage. This measure is recommended for anastomoses
made at 5 cm or less from the anal verge and strongly
recommended for anastomoses made at 2 cm or less from the
anal verge. A defunctioning stoma does not reliably prevent
the occurrence of adverse effects resulting from leakage, but
can greatly reduce such a risk. It is justified in case of a large
rectal resection in patients with a poor local and/or general
status, with previous radiotherapy and/or radiochemotherapy
(RCT). Morbidities represent 10 % to 20 % of re-admissions
for dehydration7,31 with a total complication rate as high as
35 %.14 It should not be performed routinely but selectively in
patients with significant comorbidities or in those identified to
have a high-risk anastomosis.2

In all procedures, an air / blue dye leak test is performed to
ensure a fluid-tight seal of the anastomosis.
Fig. 6.25a–d Exclusion of the stenotic distal
segment (a) and cleansing (b). Transanal
extraction of the colon and introduction of
the anvil through a fenestration made distally
to the area of stenosis (b). Division of the
proximal colon, extraction of the specimen,
and closure of the rectal stump (c). Retrieval
of the anvil and completion of anastomosis (d).

a

b

c

d

Fig. 6.26 The specimen is extracted through the anal canal after division
of the colon distally to the anvil.

442

Endometriosis – A Concise Practical Guide to Current Diagnosis and Treatment

Small Bowel Resection Anastomosis
After isolation of the anticipated area of resection, the small
bowel is divided proximally and distally with an endoscopic
linear stapler (white cartridge Endo-GIA™, Medtronic,
Dublin, Ireland). The length of bowel to be resected should
be kept as short as possible considering the benign nature
of disease. Anastomosis can be performed mechanically or
hand-sewn in a side-to-side or in an end-to-side fashion.
Frequently, a mechanical side-to-side anastomosis is made.
Two enterotomies are performed with scissors or with a
hook electrode after approximation of the two segments.
Anastomosis is usually performed in an isoperistaltic fashion
with a 60-mm cartridge. The entry site of the stapler is closed
with a 3/0 absorbable running suture.

3. Bailey HR, Ott MT, Hartendorp P. Aggressive surgical
management for advanced colorectal endometriosis.
Dis Colon Rectum 1994;37(8):747–53.

Ileocaecal Resection
Provided an ileocecal resection is performed, dissection of the
last small bowel loop is carried out in order to mobilize the
caecum. Dissection is accomplished starting from the lower
part and proceeding to the lateral side in the right fossa. Once
the caecum has been completely mobilized, the mesentery
is dissected and the ascending colon is transected with the
60-mm endoscopic linear stapler (blue cartridge Endo-GIA™,
Medtronic, Dublin, Ireland). A stapled side-to-side ileocolic
anastomosis is made in an isoperistaltic fashion between the
ascending colon and distal ileum. This can be accomplished
using an intracorporeal or extracorporeal technique through
a mini-laparotomy following adequate submesocolic
mobilization. Enterotomy and colotomy are performed after
approximation of the two segments. A 60-mm endoscopic
linear stapler (blue cartridge Endo-GIA™, Medtronic, Dublin,
Ireland) is used and the entry site of the cartridge is closed
with a 3/0 absorbable running suture. The NOSE technique
may also be used if the vagina or rectum are opened.

7. Duchesne JC, Wang YZ, Weintraub SL, Boyle M, Hunt JP.
Stoma complications: a multivariate analysis.
Am Surg 2002;68(11):961-6; discussion 966.

6.3.4 Conclusions

Surgical management of DIE lesions is among the topics of
major interest increasingly debated in the current literature,
considering that the procedure requires a multidisciplinary
approach through close collaboration of surgical teams
from the fields of gynecology, urology and gastroenterology
. Bowel surgery can be broadly divided into conservative
bowel surgery and segmental bowel surgery with resection.
There is a wide range of conservative and advanced surgical
treatment options available to remove all endometriotic tissue
and to restore integrity and function of anatomical structures
distorted by the disease. Finally, the current trend is to
customize the treatment strategy, including surgery, to obtain
the best clinical results with minimal surgical trauma.
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HOPKINS® Telescopes
Diameter 10 mm, length 31 cm and 32 cm
Trocar size 11 mm

26003 AA

26003 AA

HOPKINS® Straight Forward Telescope 0º,
enlarged view, diameter 10 mm, length 31 cm,
autoclavable,
fiber optic light transmission incorporated,
color code: green

26003 BA

HOPKINS® Forward-Oblique Telescope 30º,
enlarged view, diameter 10 mm, length 31 cm,
autoclavable,
fiber optic light transmission incorporated,
color code: red

26003 AE

26003 AE

EndoCAMeleon® HOPKINS® Telescope,
diameter 10 mm, length 32 cm,
autoclavable,
variable direction of view from 0° – 120°,
adjustment knob for selecting the desired direction of view,
fiber optic light transmission incorporated,
color code: gold

VERESS Pneumoperitoneum Needle

26120 JL

26120 JL

VERESS Pneumoperitoneum Needle,
with spring-loaded blunt inner cannula, LUER-Lock,
autoclavable, diameter 2.1 mm, length 13 cm

It is recommended to check the suitability of the product for the intended procedure prior to use.

Recommended Instruments and Endoscopic Imaging Systems from the Product Range of KARL STORZ Tuttlingen, Germany

Plastic Container for Sterilizing and S
 torage of Two Telescopes

39301 A – D

Plastic Container for Sterilization
and Storage of two Telescopes,
perforated, with transparent lid,
with silicone telescope holder,
external dimensions (w x d x h): 520 x 90 x 45 mm,
for 10 mm Laparoscopy Telescopes and similar,
including:
Bottom Part
	Lid
Silicone Telescope Holder

39301 C

Silicone Telescope Holder

39301 CH

39301 CH

Silicone Telescope Holder, for two telescopes,
up to size 10 mm,
i. e. for use with p
 lastic containers 39301 B to D
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Trocars and Accessories
Size 6 mm and 11 mm, working length 10.5 cm

30103 MC

30103 MC

Trocar, with conical tip, with insufflation stopcock,
size 11 mm, working length 10.5 cm,
color code: green,
including:
Cannula, without valve
Trocar only
Multifunctional Valve

30160 MC

30160 MC

Trocar, with conical tip, insufflation stopcock,
size 6 mm, working length 10.5 cm,
color code: black,
including:
Cannula, without valve
Trocar only
Multifunctional Valve

30160 MC

30160 S

Thread Sleeve, for trocar size 6 mm,
color code: black

30103 MTR

30103 MTR TERNAMIAN EndoTIP® Cannula,
with thread and rotatable insufflation stopcock,
size 11 mm, working length 10.5 cm,
color code: green,
including:
Cannula
Multifunctional Valve
Telescope Stopper, sterile, package of 12
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Trocars
Size 6 mm and 11 mm, working length 10.5 cm and 10 cm

30160 TMR

30160 TMR TERNAMIAN EndoTIP® Cannula,
with thread and rotatable insufflation stopcock,
size 6 mm, working length 10.5 cm,
color code: black,
including:
Cannula
Multifunctional Valve
Telescope Stopper, sterile, package of 12

30103 GYG

30103 GYG Trocar, with conical tip,
with LUER-Lock connector for insufflation,
size 11 mm length 10 cm,
color code: green,
including:
Cannula
Trocar only
Valve Seal

30160 GYG

30160 GYG Trocar, with conical tip,
with LUER-Lock connector for insufflation,
size 6 mm, length 10 cm,
color code: black,
including:
Cannula
Trocar only
Valve Seal
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CLICKLINE Grasping Forceps
unipolar

33351 ME

33351 ME

CLICKLINE MANHES Grasping Forceps,
rotating, dismantling, insulated,
with connector pin for unipolar coagulation,
with LUER-Lock irrigation
connector for cleaning,
single action jaws, multiple teeth,
width of jaws 4.8 mm,
for atraumatic and accurate grasping,
size 5 mm, length 36 cm,
including:
Plastic Handle, without ratchet, with larger contact area
Metal Outer Sheath, insulated
Forceps Insert

33351 MG

CLICKLINE MANHES Grasping Forceps,
“tiger jaws”, rotating, dismantling, insulated,
with connector pin for unipolar coagulation,
with LUER-Lock irrigation connector for cleaning,
single action jaws, 2 x 4 teeth,
size 5 mm, length 36 cm,
including:
Plastic Handle, without ratchet, with larger contact area
Metal Outer Sheath, insulated
Forceps Insert

33351 MA

CLICKLINE MANHES Grasping Forceps, “cobra jaws”,
rotating, dismantling, insulated,
with connector pin for unipolar coagulation,
with LUER-Lock irrigation connector for cleaning,
single action jaws, 1 x 2 teeth,
size 5 mm, length 36 cm,
including:
Plastic Handle, without ratchet, with larger contact area
Metal Outer Sheath, insulated
Forceps Insert

33361 ON

33361 ON

CLICKLINE Grasping Forceps,
rotating, dismantling,
without connector pin for unipolar coagulation,
with LUER-Lock irrigation connector for cleaning,
single action jaws,
with especially fine atraumatic serration, fenestrated,
size 5 mm, length 36 cm,
including:
Metal Handle, without ratchet, with larger contact area
Metal Outer Sheath, insulated
Forceps Insert
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CLICKLINE Grasping Forceps and Scissors
unipolar

34351 MS

33351 ML

CLICKLINE KELLY Dissecting and
Grasping Forceps,
rotating, dismantling, insulated,
with connector pin for unipolar coagulation,
LUER-Lock connector for cleaning,
double action jaws, long,
size 5 mm, length 36 cm,
including:
Plastic Handle, without ratchet, with larger contact area
Metal Outer Sheath, insulated
Forceps Insert

34351 MS

CLICKLINE METZENBAUM Scissors,
rotating, dismantling, with connector pin for unipolar coagulation,
with LUER-Lock irrigation connector for cleaning,
double action jaws, curved, length of jaws 15 mm,
size 5 mm, length 36 cm,
including:
Plastic Handle, without ratchet, with larger contact area
Metal Outer Sheath, insulated
Scissors Insert

34351 MD

CLICKLINE Scissors,
rotating, dismantling, insulated,
with connector pin for unipolar coagulation,
with LUER-Lock irrigation connector for cleaning,
double action jaws, straight,
size 5 mm, length 36 cm,
including:
Plastic Handle, without ratchet, with larger contact area
Metal Outer Sheath, insulated
Scissors Insert

34351 EH

CLICKLINE Hook Scissors,
rotating, dismantling, insulated,
with connector pin for unipolar coagulation,
with LUER-Lock connector for cleaning,
single action jaws,
size 5 mm, length 36 cm,
including:
Plastic Handle, without ratchet, with larger contact area
Metal Outer Sheath, insulated
Scissors Insert
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CLICKLINE Single use Scissors
unipolar

34310 MA-D

34310 MA-D CLICKLINE Scissors Insert,
with Outer Sheath, curved,
double action jaws, spoon-shaped jaws,
length of blades 17 mm,
size 5 mm, length 36 cm,
sterile, for single use, package of 10
34310 MS-D CLICKLINE METZENBAUM Scissors,
curved, length of blades 12 mm,
double action jaws, size 5 mm, length 36 cm,
sterile, for single use, package of 10

RoBi Grasping Forceps
bipolar

38651 MD

38651 MD

ROBI KELLY Grasping Forceps,
CLERMONT-FERRAND model, rotating,
dismantling, with connector pin for bipolar
coagulation, especially suitable for dissection,
double action jaws,
size 5 mm, length 36 cm,
color code: light blue,
including:
ROBI Plastic Handle, without ratchet
ROBI Metal Outer Sheath
ROBI Forceps Insert

38651 ML

ROBI KELLY Grasping Forceps,
CLERMONT-FERRAND model, rotating, dismantling,
with connector pin for bipolar coagulation, double action jaws,
especially suitable for dissection, size 5 mm, length 36 cm,
color code: light blue,
including:
ROBI Plastic Handle, without ratchet
ROBI Metal Outer Sheath
ROBI Forceps Insert

38651 ON

ROBI Grasping Forceps,
CLERMONT-FERRAND model, rotating, dismantling,
with connector pin for bipolar coagulation,
with especially fine atraumatic serration, fenestrated jaws,
double action jaws, size 5 mm, length 36 cm,
color code: light blue,
including:
ROBI Plastic Handle, without ratchet
ROBI Metal Outer Sheath
ROBI Forceps Insert
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Suction and Irrigation Tube

26173 BN

26173 BN

Suction and Irrigation Tube, with lateral holes,
anti-reflex surface, with two-way stopcock for
single hand control, size 5 mm, length 36 cm

GORDTS and CAMPO Coagulating Suction and Irrigation Cannula

37370 GC

37370 GC

GORDTS and CAMPO Coagulation Suction
and Irrigation Tube,
bipolar, diameter 5 mm, length 36 cm,
for use with suction and irrigation handles

MANHES High Frequency Needle
unipolar

30675 ND

30675 ND

MANHES High Frequency Needle,
for splitting and coagulation, insulated, retractable,
with connector pin for unipolar coagulation,
length 31 cm
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Coagulating and Dissecting Electrodes

26775 UF

26775 UF

Coagulating and Dissecting Electrode,
L-shaped, with connector pin for unipolar coagulation,
size 5 mm, length 36 cm

26775 UE

Coagulating and Dissecting Electrode,
insulated sheath,
with connector pin for unipolar coagulation,
spatula-shaped, blunt, size 5 mm, length 36 cm

26005 M

Unipolar High Frequency Cord, with 5 mm plug, length 300 cm,
for AUTOCON® II 400 SCB system (111, 115, 122, 125),
AUTOCON® II 200, AUTOCON® II 80, KARL STORZ AUTOCON®
system (50, 200, 350) and Erbe type ICC

26176 LE

Bipolar High Frequency Cord, for AUTOCON® II 400 SCB
system (111, 113, 115, 122, 125), AUTOCON® II 200,
AUTOCON® II 80, KARL STORZ Coagulator 26021 B/C/D,
860021 B/C/D, 27810 B/C/D, 28810 B/C/D, AUTOCON® series
(50, 200, 350), Erbe-Coagulator, T and ICC series, length 300 cm

High Frequency Cords
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KOH Macro Needle Holders
KOH Assistant Needle Holder
Size 5 mm
Operating instruments, lengths 33 and 43 cm,
for use with trocars size 6 mm
Length

Instrument

33 cm

43 cm

Instrument

Distal tip
26173 KAF
26178 KAF
26173 KAL
26178 KAL
26173 KAR
26178 KAR

KOH Macro Needle Holder, with tungsten carbide insert,
ergonomic straight handle with disengageable ratchet,
ratchet position right, jaws straight
KOH Macro Needle Holder, with tungsten carbide insert,
ergonomic straight handle with disengageable ratchet,
ratchet position right, jaws curved to left
KOH Macro Needle Holder, with tungsten carbide insert,
ergonomic straight handle with disengageable ratchet,
ratchet position left, jaws curved to right

Size 5 mm
Operating instruments, lengths 33 and 43 cm, with pistol handle
for use with trocars size 6 mm
Length

Instrument

33 cm

43 cm

Instrument

Distal tip
26173 KPF
26178 KPF
26173 KPL
26178 KPL
26173 KPR
26178 KPR

n

26173 KG

KOH Macro Needle Holder, with tungsten carbide insert,
ergonomic pistol handle with disengageable ratchet,
ratchet position left, jaws straight
KOH Macro Needle Holder, with tungsten carbide insert,
ergonomic pistol handle with disengageable ratchet,
ratchet position left, jaws curved to left
KOH Macro Needle Holder, with tungsten carbide insert,
ergonomic pistol handle with disengageable ratchet,
ratchet position right, jaws curved to right
KOH Assistant Needle Holder, ergonomic pistol handle
with disengageable ratchet, ratchet position left,
straight jaws with distal hole
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KOH Macro Needle Holder
dismantling
Size 5 mm
Operating instruments, lengths 33 and 43 cm,
for use with trocars size 6 mm

Length

Handle
30173 AR

30173 AL

30173 AO

33 cm

43 cm

Single-action jaws
Working Insert

Complete Instrument

30173 R

30173 RAR

30173 RAL

30173 RAO

30178 R

30178 RAR

30178 RAL

30178 RAO

KOH Macro Needle Holder, jaws curved to right,
with tungsten carbide inserts, for use with suture material size 0/0 – 7/0

30173 L

30173 LAR

30173 LAL

30173 LAO

30178 L

30178 LAR

30178 LAL

30178 LAO

KOH Macro Needle Holder, jaws curved to left,
with tungsten carbide inserts, for use with suture material size 0/0 – 7

30173 F

30173 FAR

30173 FAL

30173 FAO

30178 F

30178 FAR

30178 FAL

30178 FAO

KOH Macro Needle Holder, straight jaws,
with tungsten carbide inserts, for use with suture material size 0/0 – 7/0

30173 G

n

30173 GAR

30173 GAL

KOH Macro Assistant Needle Holder, straight jaws

30173 GAO
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KOH Macro Needle Holder
dismantling
Size 5 mm
Operating instruments, lengths 33 and 43 cm,
for use with trocars size 6 mm

Length

Handle
30173 PR

30173 PL

30173 PO

33 cm

43 cm

Single-action jaws
Working Insert

Complete Instrument

30173 R

30173 RPR

30173 RPL

30173 RPO

30178 R

30178 RPR

30178 RPL

30178 RPO

KOH Macro Needle Holder, jaws curved to right,
with tungsten carbide inserts, for use with suture material size 0/0 – 7/0

30173 L

30173 LPR

30173 LPL

30173 LPO

30178 L

30178 LPR

30178 LPL

30178 LPO

KOH Macro Needle Holder, jaws curved to left,
with tungsten carbide inserts, for use with suture material size 0/0 – 7/0

30173 F

30173 FPR

30173 FPL

30173 FPO

30178 F

30178 FPR

30178 FPL

30178 FPO

KOH Macro Needle Holder, straight jaws,
with tungsten carbide inserts, for use with suture material size 0/0 – 7/0

30173 G

n

30173 GPR

30173 GPL

KOH Macro Assistant Needle Holder, straight jaws

30173 GPO
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SZABO-BERCI Needle Holders “PARROT-JAW®”
Size 5 mm
Operating instruments, lengths 33 and 43 cm,
for use with trocars size 6 mm

Length

Instrument

33 cm

Distal tip

Instrument
26173 SC

SZABO-BERCI Needle Holder “PARROT-JAW®”,
straight handle, with ratchet, for suture material 2/0 – 4/0,
needle sizes SH (Ethicon), EN-S (Ski), V-20 (USSC)

26173 SE

SZABO-BERCI Needle Holder “PARROT-JAW®”,
jaws with tungsten carbide inserts, straight handle,
with ratchet, for suture material 2/0 – 4/0,
needle sizes SH (Ethicon), EN-S (Ski), V-20 (USSC)

26173 CQ

SZABO-BERCI Needle Holder “PARROT-JAW®”,
straight handle, with ratchet, for suture material 4/0 – 6/0,
needle sizes RB (Ethicon), CV-23 (USSC

26173 CE

SZABO-BERCI Needle Holder “PARROT-JAW®”,
jaws with tungsten carbide inserts, straight handle,
with ratchet, for suture material 4/0 – 6/0,
needle sizes RB (Ethicon), CV-23 (USSC))

with diamond coated jaws
Length

Instrument

33 cm

Distal tip

Instrument
26173 SP

SZABO-BERCI Needle Holder “PARROT-JAW®”,
with diamond coated jaws, straight handle, with ratchet,
for suture material 2/0 – 4/0, needle sizes SH (Ethicon),
EN-S (Ski), V 20 (USSC)
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Knot Tier and Palpation Probe

26596 D

26596 D

Knot Tier, for extracorporeal knotting,
with open and closed end, size 5 mm,
length 36 cm

26596 SM

26596 SM

Knot Tier and Palpation Probe,
size 5 mm, length 50 cm

Uterine Manipulator

26168 Z

26168 Z

KECKSTEIN Uterine Manipulator, complete,
including:
Handle
Manipulator Sheath
Cap, diameter 37 mm, length 30 mm
Cap, diameter 42 mm, length 30 mm
Spiral Insert, diameter 15 mm
Spiral Insert, diameter 20 mm
Working Insert, length 60 mm
Working Insert, length 40 mm
Y-Tube Connector, length 190 mm
2x LUER-Lock Tube Connector
Seal
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ALKATOUT Retractor

30623 AR

30623 AR

ALKATOUT Retractor,
size 10 mm, length 43 cm

30623 ARS

30623 ARS ALKATOUT Retractor,
size 5 mm, length 43 cm
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IMAGE1 S – A System for all Requirements

10 mm 3D
video laparoscope

VITOM® 3D

e.g.,
4K/UHD

4 mm 3D
video endoscope

Flexible video
endoscopes

3D
endoscopy
IMAGE1 S
D3-LINK™

Open to
future
technologies

Connects all
technologies
IMAGE1 S
CONNECT™

2D
endoscopy
IMAGE1 S
H3-LINK

3-chip
camera heads

2D
endoscopy
IMAGE1 S
X-LINK
Near Infrared
(NIR/ICG) 3-chip
camera head FI

1-chip
camera heads

PDD camera
heads

Microscopy
camera head
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IMAGE1 S
As individual as your requirements

With the IMAGE1 S camera platform, KARL STORZ once again sets a new milestone in endoscopic
imaging, consolidating their reputation as an innovative leader in minimally invasive surgery.
The IMAGE1 S camera platform offers surgeons a single system for all applications. As a modular
camera platform, IMAGE1 S combines various technologies (e.g., rigid, flexible and 3D endoscopy)
in one system and can therefore be adapted to individual customer needs. Furthermore,
near infrared (NIR/ICG) for fluorescence imaging, the integration of operating microscopes and the
use of VITOM® 3D exoscopes is possible via the camera platform.

Brilliant imaging
• Versatile visualization options
for diagnosis and therapy

CLARA + CHROMA: Homogeneous
illumination + contrast enhancement

• Innovative S-Technologies for easy
differentiation of tissue structures
• Clear and razor-sharp imaging
• Natural color rendition
• Automatic light source control

CLARA: Homogeneous illumination

Standard Image

CLARA

CHROMA: Contrast enhancement

Standard Image

CHROMA

Standard Image

CLARA + CHROMA

*SPECTRA A: Color hue shift and
exchange (filtering reds)

Standard Image

*SPECTRA A

*SPECTRA B: Spectral color shift
(intensification of greens and blues)

Standard Image

*SPECTRA B

* SPECTRA A: Not for sale in the U.S.
* SPECTRA B: Not for sale in the U.S.
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IMAGE1 S
As individual as your requirements

Innovative Design
• Side-by-side View: Parallel display of standard
image and visualization mode possible
• Multiple source management:
Simultaneous control, display and
documentation of two image sources possible
(e.g., hybrid procedures)
• Intuitive user guidance
(dashboard, live menu and setup menu)
Side-by-side View:

Parallel display of standard image and *SPECTRA B

• Intelligent icons display settings and status
• Individual presets possible
• 50 patient data records can be archived

Status indication icons

Dashboard

Economical and futureproof
• Modular platform: Rigid, flexible and
3D technology can be selected according
to individual preferences
• Easy integration of new technologies
• Forward and backward compatibility
• No additional equipment (e.g., special light
sources) required for S-Technologies

* SPECTRA A: Not for sale in the U.S.
* SPECTRA B: Not for sale in the U.S.
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IMAGE1 S
As individual as your requirements

IMAGE1 S 3D
IMAGE1 S 3D is a further component in the
IMAGE1 S camera platform. The 3D system
provides surgeons with excellent depth
perception. Furthermore, the 3D stereoscopic
imaging system is particularly valuable for
activities that demand a high degree of spatial
perception. The 3D camera platform from
KARL STORZ impresses with its wide range of
applications – from laparoscopy, gynecology,
ENT to microsurgical interventions.

Benefits of IMAGE1 S 3D
• Brilliant and razor-sharp imaging in
2D and 3D

Benefits of 3D integration into the
IMAGE1 S camera platform
• Communication between all units

• Switchover from 3D to 2D at the
touch of a button

• One system for multiple applications

• Easy integration into the
IMAGE1 S platform

• One user interface for all applications

• CLARA, CHROMA, SPECTRA* in 2D and 3D
• 3D system with video endoscopes with
diameters of 10 mm and 4 mm as well as
VITOM® 3D

• Reduced space requirements
• Synergy effects between the OR workflow
and financing

Available in 0°/30°
Autoclavable

Optimal sharpness in the
working area

* SPECTRA: Not for sale in the U.S.

Easy switchover
from 3D to 2D

Lightweight and
ergonomic design

Programmable
camera head buttons

CLARA,
CHROMA,
SPECTRA* in
2D and 3D

Easy documentation
in 2D via USB flash drive
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IMAGE1 S Camera System

TC 200EN*

IMAGE1 S CONNECT, connect module, for use with up to
3 link modules, resolution 1920 x 1080 pixels, with integrated
KARL STORZ-SCB and digital Image Processing Module,
power supply 100 – 120 VAC/200 – 240 VAC, 50/60 Hz
including:
Mains Cord, length 300 cm
DVI-D Connecting Cable, length 300 cm
SCB Connecting Cable, length 100 cm
USB Flash Drive, 32 GB, USB silicone keyboard, with touchpad, US
* Available in the following languages: DE, ES, FR, IT, PT, RU

Specifications:
HD video outputs

- 2x DVI-D
- 1x 3G-SDI

Power supply

100 – 120 VAC/200 – 240 VAC

Format signal outputs

1920 x 1080p, 50/60 Hz

Power frequency

50/60 Hz

LINK video inputs

3x

Protection class

I, CF-Defib

USB interface
SCB interface

4x USB, (2x front, 2x rear)
2x 6-pin mini-DIN

Dimensions w x h x d

305 x 54 x 320 mm

Weight

2.1 kg

For use with IMAGE1 S
IMAGE1 S CONNECT Module TC 200EN

IMAGE1 S H3-LINK, link module, for use with
IMAGE1 FULL HD three-chip camera heads,
power supply 100 – 120 VAC/200 – 240 VAC, 50/60 Hz,
for use with IMAGE1 S CONNECT TC 200EN
including:
Mains Cord, length 300 cm
	Link Cable, length 20 cm

TC 300

Specifications:
Camera System

TC 300 (H3-Link)

Supported camera heads/video endoscopes

TH 100, TH 101, TH 102, TH 103, TH 104, TH 106
(fully compatible with IMAGE1 S)
22 2200 55-3, 22 2200 56-3, 22 2200 53-3, 22 2200 60-3, 22 2200 61-3,
22 2200 54-3, 22 2200 85-3
(compatible without IMAGE1 S technologies CLARA, CHROMA, SPECTRA*)

LINK video outputs

1x

Power supply

100 – 120 VAC/200 – 240 VAC

Power frequency

50/60 Hz

Protection class

I, CF-Defib

Dimensions w x h x d

305 x 54 x 320 mm

Weight

1.86 kg

* SPECTRA A : Not for sale in the U.S.
** SPECTRA B : Not for sale in the U.S.
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IMAGE1 S Camera Heads

For use with IMAGE1 S Camera System
IMAGE1 S CONNECT Module TC 200EN, IMAGE1 S H3-LINK Module TC 300
and with all IMAGE 1 HUB™ HD Camera Control Units

TH 100	
IMAGE1 S H3-Z Three-Chip FULL HD Camera Head,
50/60 Hz, IMAGE1 S compatible, progressive scan,
soakable, gas- and plasma-sterilizable, with integrated
Parfocal Zoom Lens, focal length f = 15 – 31 mm (2x),
2 freely programmable camera head buttons,
for use with IMAGE1 S and IMAGE 1 HUB™ HD/HD

TH 103	
IMAGE1 S H3-P Three-Chip FULL HD Pendulum Camera Head,
50/60 Hz, IMAGE1 S compatible, with pendulum system and
fixed focus, progressive scan, soakable, gas- and plasma-sterilizable,
focal length f = 16 mm, 2 freely programmable camera head buttons,
for use with IMAGE1 S and IMAGE 1 HUB™ HD/HD

Specifications:
IMAGE1 FULL HD Camera Heads

IMAGE1 S H3-Z

IMAGE1 S H3-P

Product no.

TH 100

TH 103

Image sensor

3x 1/3" CCD chip

3x 1/3" CCD chip

Dimensions w x h x d

39 x 49 x 114 mm

35 x 47 x 88 mm

Weight

270 g

226 g

Optical interface

integrated Parfocal Zoom Lens,
f = 15–31 mm (2x)

pendulum system,
fixed focus f = 16 mm

Min. sensitivity

F 1.4/1.17 Lux

F 1.4/1.17 Lux

Grip mechanism

standard eyepiece adaptor

standard eyepiece adaptor

Cable

non-detachable

non-detachable

Cable length

300 cm

300 cm
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IMAGE1 S Camera Heads

For use with IMAGE1 S Camera System
IMAGE1 S CONNECT Module TC 200EN, IMAGE1 S H3-LINK Module TC 300
and with all IMAGE 1 HUB™ HD Camera Control Units

TH 104

IMAGE1 S H3-ZA Three-Chip FULL HD Camera Head,
50/60 Hz, IMAGE1 S compatible, autoclavable,
progressive scan, soakable, gas- and plasma-sterilizable,
with integrated Parfocal Zoom Lens, focal length
f = 15 – 31 mm (2x), 2 freely programmable camera head
buttons, for use with IMAGE1 S and IMAGE 1 HUB™ HD/HD

Specifications:
IMAGE1 FULL HD Camera Heads

IMAGE1 S H3-ZA

Product no.

TH 104

Image sensor

3x 1/3" CCD chip

Dimensions w x h x d

39 x 49 x 100 mm

Weight

299 g

Optical interface

integrated Parfocal Zoom Lens,
f = 15 – 31 mm (2x)

Min. sensitivity

F 1.4/1.17 Lux

Grip mechanism

standard eyepiece adaptor

Cable

non-detachable

Cable length

300 cm

39301 Z3TS

Plastic Container for Sterilization and Storage
of camera heads IMAGE1 H3-Z, H3-ZA, H3-FA,
IMAGE1 S H3-Z, H3-ZA and H3-FA, autoclavable,
suitable for use with steam, gas and hydrogen
peroxide sterilization, Sterrad® compatible,
external dimensions (w x d x h): 385 x 255 x 75 mm
Please note: The instrument displayed is not
included in the plastic container.
Only camera heads marked “autoclave” can be
placed in the tray for steam sterilization.

39301 PHTS

Plastic Container for Sterilization and Storage
of camera heads IMAGE1 H3-P, H3-ZI,
IMAGE1 S H3-P and H3-ZI, autoclavable,
suitable for use with steam, gas and hydrogen
peroxide sterilization, Sterrad® compatible,
external dimensions (w x d x h): 385 x 255 x 75 mm
Please note: The instrument displayed is not
included in the plastic container.
Only camera heads marked “autoclave” can be
placed in the tray for steam sterilization.
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Monitors

9619 NB

19" HD Monitor,
color systems PAL/NTSC, max. screen
resolution 1280 x 1024, image format 4:3,
power supply 100 – 240 VAC, 50/60 Hz,
wall-mounted with VESA 100 adaption,
including:
External 24 VDC Power Supply
Mains Cord

9826 NB

26" FULL HD Monitor,
wall-mounted with VESA 100 adaption,
color systems PAL/NTSC,
max. screen resolution 1920 x 1080,
image format 16:9,
power supply 100 – 240 VAC, 50/60 Hz
including:
External 24 VDC Power Supply
Mains Cord
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Monitors

KARL STORZ HD and FULL HD Monitors

19"

26"

9619 NB

9826 NB

DVI-D

l

l

Fibre Optic

–

–

3G-SDI

–

RGBS (VGA)

l
l
l

l
l
l
l

Wall-mounted with VESA 100 adaption
Inputs:

S-Video
Composite/FBAS
Outputs:
DVI-D

l

RGBS (VGA)

l
l
l
l

3G-SDI

–

l

l
l
l
l
l

l
l
l
l
l

S-Video
Composite/FBAS

–

l
–

Signal Format Display:
4:3
5:4
16:9
Picture-in-Picture
PAL/NTSC compatible

Optional accessories:
9826 SF
Pedestal, for monitor 9826 NB
9626 SF
Pedestal, for monitor 9619 NB

Specifications:
KARL STORZ HD and FULL HD Monitors

19"

26"

Desktop with pedestal

optional

optional

Product no.

9619 NB

9826 NB

Brightness

200 cd/m2 (type)

500 cd/m2 (type)

Max. viewing angle

178° vertical

178° vertical

Pixel distance

0.29 mm

0.3 mm

Reaction time

5 ms

8 ms

Contrast ratio

700:1

1400:1

Mount

100 mm VESA

100 mm VESA

Weight

7.6 kg

7.7 kg

Rated power

28 W

72 W

Operating conditions

0 – 40°C

5 – 35°C

Storage

-20 – 60°C

-20 – 60°C

Rel. humidity

max. 85%

max. 85%

Dimensions w x h x d

469.5 x 416 x 75.5 mm

643 x 396 x 87 mm

Power supply

100 – 240 VAC

100 – 240 VAC

Certified to

EN 60601-1,
protection class IPX0

EN 60601-1, UL 60601-1,
MDD93/42/EEC,
protection class IPX2
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Cold Light Fountain Power LED 300 SCB n
TL 300

Cold Light Fountain Power LED 300
with integrated KARL STORZ-SCB,
high-performance LED module and
one KARL STORZ light outlet,
power supply:
100 –240 VAC, 50/60 Hz
including:
Mains Cord

495 NCSC

Fiber Optic Light Cable,
with straight connector,
extremely heat-resistant, with safety lock,
diameter 4.8 mm, length 250 cm
Fiber Optic Light Cable,
with straight connector,
extremely heat-resistant,
enhanced light transmission,
diameter 4.8 mm, length 300 cm,
for use with TIPCAM®

Fiber Optic Light Cable

495 TIP

AUTOCON® III 400 SCB n
UH 400

AUTOCON® III 400 High-End, Set,
with KARL STORZ SCB control NEO,
power supply 220–240 VAC, 50/60 Hz,
HF connecting sockets unipolar:
2 x 3-pin US type, 5 mm connector
KARL STORZ/Erbe VIO, 2 x 4 mm connector
(via footswitch), BOVIE (via footswitch)
bipolar:
2 x 2-pin US type (28.58), 3x KARL STORZ/
Erbe VIO, neutral electrode 2-pol.
System requirements: SCB-R-UI Software
Release 20090001-46 or higher
including:
Mains Cord
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ENDOFLATOR® 40 SCB

n

Recommended System Configuration
Special Features:
## High degree of patient safety due to
CF application part
## Ease of use thanks to touch screen control
## Clear, adjacent displays for set value and
actual value facilitate monitoring of the
insufflation process
## Fast and reliable insufflation via an adjustable
flow rate up to 40 l/min
## Innovative sensitive mode with special safety
limits for sensitive applications

UI400 S1

## Automatic

adjustment of insufflation rate to
diverse instrument resistance values ensures the
fastest possible insufflation
## Fully automatic, electronically controlled gas
refill (e. g. in case of gas loss when changing
instruments)
## SECUVENT® Safety System: Constant monitoring
of intraabdominal pressure; any overpressure is
reduced immediately
## SCB model with connections to the KARL STORZ
Communication Bus (KARL STORZ-SCB)

ENDOFLATOR® 40 SCB, with integrated SCB module,
power supply 100 – 240 VAC, 50/60 Hz
including:
Mains Cord, length 300 cm
SCB Connecting Cable, length 100 cm
Universal Wrench
Insufflation Tubing Set*, with gas filter, sterile,
for single use, package of 5

Specifications:
Operating mode


- high-flow mode
- sensitive mode

SECUVENT®
safety system

l

Gas flow


- sensitive mode: 0.1–15 l/min
- high-flow mode: 1–40 l/min

Power supply

100–240 VAC, 50/60 Hz

Pressure

- sensitive mode: 1–15 mmHg
- high-flow mode: 1–30 mmHg

Dimensions
wxhxd

305 x 164 x 315 mm

Gas

CO2

Measuring/control
system

electronic

Parameter display

- set pressure
- actual pressure (intraabdominal)
- gas flow
- gas consumption: 0–999 l
- status indicator for gas supply

*

Weight

6 kg

Certified to

IEC 601-1, CE acc. to MDD
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ENDOFLATOR® 50 SCB

n

with Speed-flow Insufflation (50 l/min),
Recommended Standard Set Configuration
Special Features:
## Ease of use due to large, color 7" touch screen
## Simultaneous display of set values and actual
values facilitate monitoring of the insufflation
process
## Automatic adjustment of insufflation rate to
diverse instrument resistance values ensures
the fastest possible insufflation
## Fully automatic, electronically controlled gas
refill (e.g. in case of gas loss when changing
instruments)
## SECUVENT® Safety System: Constant
monitoring of intraabdominal pressure
## Very high gas flow capacity of up to 50 l/min

UI500 S1

## Especially

suitable for providing a high gas flow
when using smoke generating techniques
## Powerful high-flow mode for fast insufflation
of large gas volumes up to 50 l/min
## A High-Capability Trocar (HiCap®) is a
recommended option
## Tubing set with integrated heating element for
preheating gas to body temperature to prevent
peritoneum from cooling down
## SCB model with connections to the KARL STORZ
Communication Bus (KARL STORZ-SCB)

ENDOFLATOR® 50 SCB, with integrated SCB module,
power supply 100 – 240 VAC, 50/60 Hz
including:
Mains Cord, length 300 cm
3x Insufflation Tubing Set*, with integrated gas heater
and gas filter, for single use, sterile
5x Insufflation Tubing Set*, with gas filter, for single use, sterile
Universal Wrench
SCB Connecting Cable, length 100 cm

Specifications:
Operating mode


- high-flow mode
- sensitive mode

SECUVENT®
safety system

l

Gas flow


- sensitive mode: 0.1–15 l/min
- high-flow mode: 1–40 l/min

Gas heating

l

Pressure

- sensitive mode: 1–15 mmHg
- high-flow mode: 1–30 mmHg

Power supply

100–240 VAC, 50/60 Hz

Gas

CO2

Dimensions
wxhxd

305 x 164 x 315 mm

Measuring/control
system

electronic

Parameter display

- set pressure
- actual pressure (intraabdominal)
- gas flow
- gas consumption: 0–999 l
- status display gas consumption

*

Weight

7.7 kg

Certified to

IEC 601-1, CE acc. to MDD
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HYSTEROMAT E.A.S.I™

26 3400 01-1 HYSTEROMAT E.A.S.I.™ Set,
power supply 100 – 240 VAC, 50/60 Hz,
HYSTEROMAT E.A.S.I.™: SCB ready,
compatible from RUI Release 44,
including:
Mains Cord
SCB Connecting Cable, length 100 cm
* Basic Tubing Set, for single use
Recommended accessories:
* 031717-10	IRRIGATION tubing set,
for single use, sterile,
package of 10, for use with
KARL STORZ HYSTEROMAT E.A.S.I.™
* 031217-10	SUCTION tubing set,
for single use,
sterile, package of 10, for use with
KARL STORZ HYSTEROMAT E.A.S.I.™

*

Optional accessories:
26 3403 30	Two-Pedal Footswitch, one-stage, digital,
for use with Hysteromat E.A.S.I.™

HAMOU® ENDOMAT® with KARL STORZ SCB
Suction and Irrigation System

26 3311 01-1 HAMOU® ENDOMAT® SCB,
power supply 100 – 240 VAC, 50/60 Hz
including:
Mains Cord
5x HYST Tubing Set*, for single use
5x LAP Tubing Set*, for single use
SCB Connecting Cable, length 100 cm
VACUsafe Promotion Pack Suction*, 2 l

*

Recommended accessories:
*031517-10 Cassette Tubing Set, Hysteroscopy,
Hysteroscopy,
with two puncture needles,
for single use, sterile, package of 10
*031518-10 Cassette Tubing Set, Laparoscopy,
with two puncture needles,
for single use, sterile, package of 10
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ENDOMAT® SELECT SCB
Roller Pump – Suction / Irrigation System,
Recommended System Configuration
Special Features:
pressure-/flow-regulated roller
pump system, for suction / irrigation
## Activation via footswitch of UNIDRIVE® S III
motor system
## Interdisciplinary application combined with userfriendly interface and convenient handling of
accessories
## Easy-to-use

## SCB

model with connections to the KARL STORZ
Communication Bus (KARL STORZ-SCB)
## Upgradeable via Ethernet-interface

ENDOMAT® Select SCB
with integrated KARL STORZ-SCB module,
suction and irrigation pump,
power supply 100 – 240 VAC, 50/60 Hz
including:
Mains Cord
Surgery, Software, License for selection of
„LAP“, „THOR“ and „PROCTO“ procedures
Hysteroscopy, Software,
License for selection of „HYS“ procedure
IBS® Shaver, Software,
License for selection of „IBS®-Shaver“ procedure
Advanced Package, Software, License,
extends functions of installed software packages,
for use with ENDOMAT® SELECT UP 210

UP 210

UP 601
UP 602
UP 603
UP 609

Recommended optional accessories (Plural):
*031523-10
*031524-10
*030647-10

Tubing Set, Irrigation, PC, for single use,
sterile, package of 10
Tubing Set, Irrigation, FC, for single use,
Tubing Set, Suction, DS, for single use

Specifications:
HYS Procedure:
(Pressure-regulated)

- Pressure
- Flow

Max. 150 mmHg
200 / 400 / 600 ml/min

Dimensions
wxhxd

IBS® Procedure
(Suction)

- Suction


Max. 1800 ml/min

Weight

4.7 kg

LAP Procedure
(Flow-regulated)

- Flow
- Pressure

Max. 3500 ml/min
100 / 300 / 500 mmHg

Certified to

IEC 601-1, CE acc. to MDD

*

305 x 110 x 260 mm
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Data Management and Documentation
KARL STORZ AIDA® – Exceptional documentation

The name AIDA stands for the comprehensive implementation
of all documentation requirements arising in surgical procedures:
A tailored solution that flexibly adapts to the needs of every
specialty and thereby allows for the greatest degree of
customization.
This customization is achieved in accordance with existing
clinical standards to guarantee a reliable and safe solution.
Proven functionalities merge with the latest trends and
developments in medicine to create a fully new documentation
experience – AIDA.
AIDA seamlessly integrates into existing infrastructures and
exchanges data with other systems using common standard
interfaces.

WD 200-XX*		 AIDA Documentation System,
for recording still images and videos,
dual channel up to FULL HD, 2D/3D,
power supply 100-240 VAC, 50/60 Hz
		including:
		
USB Silicone Keyboard, with touchpad
		 ACC Connecting Cable
		 DVI Connecting Cable, length 200 cm
		 HDMI-DVI Cable, length 200 cm
		 Mains Cord, length 300 cm

WD 250-XX*		AIDA Documentation System,
for recording still images and videos,
dual channel up to FULL HD, 2D/3D,
including SmartScreen® (touch screen),
power supply 100-240 VAC, 50/60 Hz
including:
USB Silicone Keyboard, with touchpad
ACC Connecting Cable
DVI Connecting Cable, length 200 cm
HDMI-DVI Cable, length 200 cm
Mains Cord, length 300 cm

*XX Please indicate the relevant country code
(DE, EN, ES, FR, IT, PT, RU) when placing your order.
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Workflow-oriented use
Patient
Entering patient data has never been this easy. AIDA seamlessly
integrates into the existing infrastructure such as HIS and PACS.
Data can be entered manually or via a DICOM worklist.
All important patient information is just a click away.

Checklist
Central administration and documentation of time-out. The checklist
simplifies the documentation of all critical steps in accordance with
clinical standards. All checklists can be adapted to individual needs
for sustainably increasing patient safety.

Record
High-quality documentation, with still images and videos being
recorded in FULL HD and 3D. The Dual Capture function allows for
the parallel (synchronous or independent) recording of two sources.
All recorded media can be marked for further processing with just
one click.

Edit
With the Edit module, simple adjustments to recorded still images
and videos can be very rapidly completed. Recordings can be quickly
optimized and then directly placed in the report.
In addition, freeze frames can be cut out of videos and edited and
saved. Existing markings from the Record module can be used for
quick selection.

Complete
Completing a procedure has never been easier. AIDA offers a large
selection of storage locations. The data exported to each storage
location can be defined. The Intelligent Export Manager (IEM) then
carries out the export in the background. To prevent data loss,
the system keeps the data until they have been successfully exported.

Reference
All important patient information is always available and easy to access.
Completed procedures including all information, still images, videos,
and the checklist report can be easily retrieved from the Reference module.
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Equipment Cart

UG 220

UG 220

UG 540

UG 540

Equipment cart
wide, high, rides on 4 antistatic dual wheels
equipped with locking brakes 3 shelves,
mains switch on top cover,
central beam with integrated electrical subdistributors
with 12 sockets, holder for power supplies,
potential earth connectors and cable winding
on the outside,
Dimensions:
Equipment cart: 830 x 1474 x 730 mm (w x h x d),
shelf: 630 x 510 mm (w x d),
caster diameter: 150 mm
including:
Base module equipment cart, wide
Cover equipment, equipment cart wide
Beam package equipment, equipment cart high
3x Shelf, wide
Drawer unit with lock, wide
2x Equipment rail, long
Camera holder

Monitor swifel arm,
height and side adjustable,
can be turned to the left or the right side,
swivel range 180°, overhang 780 mm,
overhang from centre 1170 mm,
load capacity max. 15 kg,
with monitor fixation VESA 5/100,
for usage with equipment carts UG xxx
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Recommended Accessories for Equipment Cart

UG 310

Isolation Transformer,
200 V – 240 V; 2000 VA with 3 special mains socket,
expulsion fuses, 3 grounding plugs,
dimensions: 330 x 90 x 495 mm (w x h x d),
for usage with equipment carts UG xxx

UG 410

Earth leakage monitor,
200 V – 240 V, for mounting at equipment cart,
control panel dimensions: 44 x 80 x 29 mm (w x h x d),
for usage with isolation transformer UG 310

UG 310

UG 410

UG 510	Monitor holding arm,
height adjustable, inclinable,
mountable on left or right,
turning radius approx. 320°, overhang 530 mm,
load capacity max. 15 kg,
monitor fixation VESA 75/100,
for usage with equipment carts UG xxx

UG 510
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Voluntary Appeal for Donations to the
“Stiftung St. Franziskus Heiligenbronn”
[St. Francis Foundation, Heiligenbronn, Germany]
DONATE TO CHILDREN WITH SENSORY DISABILITIES
A PERSPECTIVE
Children want to make something of themselves, even if they have sensory
disabilities, are blind, hearing impaired, or deaf-blind. Unfortunately, these
children’s disabilities are often severe enough to keep them from attending
“normal” schools.
The “stiftung st. franziskus heiligenbronn“ is building two new schools for
children with sensory disabilities to give these boys and girls a future and the
opportunity to lead a successful life. You can help – with your donation for
children with sensory disabilities.

KARL STORZ will help, too.
As an ambassador for the fundraising campaign “Wir machen Schule. Machen
Sie mit!” [We set an example. Get involved!], KARL STORZ is again taking
social responsibility. We have made it our mission to help children with
sensory disabilities throughout the German state of Baden-Wuerttemberg,
and to familiarize our customers and business partners with this fundraising
campaign’s worthy cause.
Please help support the fundraising campaign
“Wir machen Schule. Machen Sie mit.”
For additional information, go to www.wir-machen-schule-machen-sie-mit.de
For bank transfers from abroad:
IBAN: DE56642500400000540340
SWIFT/BIC-Code: SOLA DE S1 RWL
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Notes
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