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Foreword

Every person in the world is likely to have their life touched in some way by endo-
metriosis or adenomyosis, so wide ranging is the suffering of almost 200 million 
souls on our globe who currently endure the ravages of these diseases, for some, 
every single day of their lives. This wonderful book, Endometriosis & Adenomyosis: 
Across the Lifespan – Global Aspects, is in every regard global. It is a global revela-
tion of all that we know about endometriosis and adenomyosis – and much that we 
are yet to fully comprehend – and a global journey of an endometriosis/adenomyo-
sis sufferer’s lifespan. This book is written by an author group that represents the 
giants of our globe in this field, and is skilfully crafted and weaved together by 
gifted editor Engin Oral for us to enjoy and to learn. Like you, I cannot wait to 
dive in.

 Neil Johnson
Professor of Reproductive Health, Robinson Research Institute

Adelaide, SA, Australia

Gynaecologist and REI Subspecialist, Auckland Gynaecology Group and 
Repromed, Auckland, New Zealand

NZ Representative and Executive Board Member, ASPIRE
Auckland, New Zealand

Past President, World Endometriosis Society
Vancouver, Canada

The original version of this chapter was revised to reflect a correction to Dr Hanan Alsalem’s name 
which was misspelled in the initial publication as Hanan Amsalem. An erratum to this chapter can 
be found at https://doi.org/10.1007/978-3-030-97236-3_45
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Foreword

Endometriosis as a disease has many faces. That might explain why it is called a 
chameleon. And once suspected or diagnosed, it is hard to estimate the extent of the 
disease; thus, it has been compared with an iceberg as a major part of the tumor is 
hiding under the surface.

Endometriosis is benign but infiltrating; even though infiltration rarely turns 
malignant, it is hormone dependent yet cannot be cured by hormones.

Hypotheses of its origin are multifold, and treatment options are very limited. 
Unfortunately, the interval from onset of symptoms to diagnosis of endometriosis 
on average takes years which is by far too long and effectively means suffering of 
predominantly young women in the prime years of their lives. In association with 
underdiagnosing and under treatment are negative impacts on performance at work, 
school and university, sexual life, family relationship, and social activities.

Once diagnosed, the dilemma continues as medical treatment of endometriosis 
often interferes with family planning for couples because most hormonal therapies 
exert contraceptive effects, often requiring assisted reproductive technologies. This 
is particularly true as in most developed countries couples desiring a child are 
beyond their thirties, which adds another fertility-reducing factor to endometriosis.

Following an often-unsuccessful medical treatment of endometriosis surgery 
remains the only choice for reducing pain and invasion into other organs. However, 
since the difficulty of surgery exponentially increases with the extent of the disease, 
severe stages of endometriosis and adenomyosis require experts not only for diag-
nosis but also for treatment.

The editor of this textbook, Prof. Engin Oral, has dedicated part of his life to 
increase awareness, understanding, and cognizance of medical specialists as well as 
the public about problems related to endometriosis. He has successfully motivated 
a group of renowned experts in the field of endometriosis and adenomyosis to com-
pile this up-to-date manual. The careful reader will find a comprehensive collection 
of chapters which in total cover the entire field and allows for a holistic view on 
endometriosis and adenomyosis.
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This book provides valuable information for anyone interested in in-depth 
knowledge regarding all aspects associated with endometriosis, offering practical 
application for daily practice.

Hans-Rudolf Tinneberg, MD, PhD
Frauenklinik Nordwest Krankenhaus

Frankfurt, Germany

Foreword
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Foreword

Endometriosis is among the most common gynecologic disorders associated with 
infertility and pelvic pain; therefore, it represents a major personal and public health 
concern. Pathogenesis of endometriosis and adenomyosis has puzzled researchers 
for more than a century and still remains one of the most enigmatic disorders in 
gynecology. In the last decade alone more than 5000 articles on endometriosis and 
adenomyosis appeared in the world scientific literature, many of them contradic-
tory, reflecting our difficulties in deciphering this disorder.

More recently, the application of cellular and molecular biology techniques to 
the study of endometriosis allowed us to better understand the pathogenesis and 
pathophysiology of endometriosis and helped us to develop new therapeutic 
approaches. Major advances in the understanding of endometrial biology and simul-
taneous advances in surgical instrumentation are critical elements fueling the endo-
metriosis/adenomyosis renaissance.

This book, edited by Professor Engin Oral, is designed to present both cellular 
and molecular aspects and clinical management of endometriosis and adenomyosis. 
It represents the culmination of the clinical experiences, basic research, and consen-
sus opinions of experts in the field of endometriosis and adenomyosis. A diverse 
group of internationally recognized experts have come together to provide a detailed 
discussion of various aspects of endometriosis and adenomyosis. I would like to 
express my gratitude to Professor Oral for asking me to write a foreword to this 
book. Our interaction began in 1994 as a mentor, but he became eventually a very 
valuable colleague and a friend. As one of the international experts in endometriosis 
and adenomyosis, he has been a leader in the field, bringing awareness of these 
diseases to the public in general.

I do hope that this book will serve women, their physicians, and investigators 
well in the ongoing battle against this enigmatic disease.

 Aydin Arici, MD 
Professor of Obstetrics, Gynecology and Reproductive Sciences  

Yale University School of Medicine
New Haven, CT, USA
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Preface

Hello to all readers,
I think I was introduced to endometriosis, also known as “chocolate cyst” dis-

ease, while I was studying medicine at Istanbul Medical Faculty. At that time the 
name sounded a bit strange to me. Later, when I chose obstetrics and gynecology, 
we came across endometriosis patients at Istanbul University Cerrahpaşa Medical 
Faculty, but now when I look at it, little did we know about the disease itself. Patients 
were coming, saying “I have pain” or “I can’t get pregnant,” and sometimes we gave 
medical treatment, but mostly we performed surgery. The person who made me 
realize this disease is my dear mentor from the USA, one of the foreword writers of 
this book, Prof. Dr. Aydin Arici. When I was accepted as a postdoctoral fellow to 
Yale University Obstetrics and Gynecology Department of Reproductive 
Endocrinology and Infertility in 1995, I realized that Prof. Arici was dealing mainly 
with endometriosis patients. Thus, I joined his team and became acquainted with 
this disease. I never knew about the research aspect of the disease, but during my 
time at Yale, as a team, my friends and I, under the leadership of Aydın Arici and 
now deceased David Olive, conducted both research and clinical studies that had 
contributed to the literature. The first study we did was a clinical study, we looked 
at the effect of endometriosis on implantation, and when that study was accepted in 
the F&S journal, the head of the department at that time (Frederick Naftolin) and 
Aydın Arıcı sent me to the “Endometriosis 2000” meeting in May 1995, where 
important scientists were found. I attended this meeting with Aydın Arıcı. At that 
time, I had the opportunity to meet important people dealing with this issue in the 
USA, and this motivated me even more. For the next 2 years, I dealt almost exclu-
sively with this disease both in the laboratory and clinics. I watched surgeries at 
Yale, had the opportunity to watch in vitro fertilization cases, and in the laboratory, 
we worked on molecules such as growth factors, cytokines in endometriosis tissue 
samples, and cell cultures. When I returned to Turkey, my goal was to “provide bet-
ter solutions to people suffering from this disease.” During this period, after becom-
ing associate professor and professor, I had the chance to see many clinical cases at 
Istanbul University Cerrahpaşa Medical Faculty. The years progressed rapidly, and 
in 2009, I decided to establish an association that provides academic education on 
this disease as well as increases the awareness of it among the public. In retrospect, 
this was truly one of the best things I’ve ever done. The association, which we estab-
lished with 14 people, has now become a recognized and respected association not 
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only in Turkey but also throughout Europe and even worldwide. This is the 12th 
year of the association, and if they were asked in these 12 years “What did you work 
for the most? What did you spend most of your time on? My answer will probably 
be the Endometriosis and Adenomyosis Society. With this association, we primarily 
aimed to increase the knowledge and training of doctors on this subject. In the fol-
lowing years, we tried to increase the public’s knowledge and awareness of the 
disease. In 2012, we held the second meeting of the “Asian Endometriosis and 
Adenomyosis Association” in Istanbul. The first took place in China and the second 
in Turkey under my presidency. Just 2 years later, in 2014, under my chairmanship, 
we held a meeting on deep endometriosis in Istanbul, where international experts 
gave lectures on both theoretical and surgical cases. In 2016, it was time to open our 
doors to Europe, and we were invited to Budapest for the meeting of the European 
Endometriosis Society, with the invitation of Dr. Tinneberg and Dr. Renner, found-
ers of the “European Endometriosis Society.” There, Dr. Taner Usta, who I’ve been 
always proud of as mentor and who is the current president of the Endometriosis 
and Adenomyosis Society, Turkey, and has been with me since almost the founda-
tion of the association, and I were elected to the board of directors. In 2018, I 
became the elected president of the European Endometriosis Society, and during 
this period, we organized the annual meetings of the European Endometriosis 
Society in Vienna and Prague. In 2019, I was selected as a senior ambassador of the 
World Endometriosis Association. In 2020, we faced COVID facts and we still have 
been struggling to live under pandemic. As for the Endometriosis and Adenomyosis 
Association, we have mostly shifted our meetings online. Since the last 2 years, we 
have been having only online meetings, webinars, etc.

As for the story of this book (what you have read so far is the story of me and the 
association), the idea of this book was seeded when my dear friend Prof. Dr. Orhan 
Bukulmez introduced me to Kristoffer Springer from Springer Nature during ASRM 
2019 meeting. After that meeting, Springer Nature officially invited me to edit an 
endometriosis book, and I gladly accepted this offer. Our aim in this book was to 
create a bedside classic that covers the basics of endometriosis and adenomyosis. 
When you see the chapters and topics, I think you will agree with me. This book is 
the result of the joint effort of 87 authors from 19 diffferent countries who contrib-
uted in teams to create the 44 chapters of this book. This book has been written by 
several experts on endometriosis from all over the world, but especially from 
Europe, who are the founders and/or members of the European Endometriosis 
Society. I thank them all one by one.

At the beginning of this book, I would like to thank dear Orhan Bukulmez (USA), 
who helped to determine the topics, and dear Ertan Saridogan (England), one of the 
most hardworking and reliable people I know, with whom I always work with 
pleasure.

During the writing and editing phase, two of my students, who also have chapters 
in this book, contributed more than me. My heartfelt thanks to my dear Nura Fitnat 
Topbas Selcuki (she has now started her PhD at Oxford University, Department of 
Women’s and Reproductive Health) and dear Ezgi Darici (she will start the ESHRE 
Travelling Fellowship Universitair Ziekenhuis Brussels – Reproductive Endocrinology 

Preface
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and Infertility clinical – research fellowship program in Belgium in February). Also, I 
would like to thank all the members of the board of directors of the European 
Endometriosis Association (Founding President: Hans-Rudolf Tinneberg; President: 
Harald Krentel; Treasurer: Stefan P Renner; and Board Members: Horace Roman, 
Caterina Exacoustos, and Attila Bokor).

Special thanks to Sangeetha Annaswamy, Shirly Christina, and Kristoffer 
Springer at Springer Nature.

Many thanks to Yale University lecturer Aydin Arici; Hans-Rudolf Tinneberg, 
founding president of the European Endometriosis Association; and Neil Johnson 
from New Zealand, former president of the World Endometriosis Association, who 
all kindly accepted my request to write for forewords to this book.

I would like to thank my wife and both my daughters for all the time I stole from 
my family, including my first day working on endometriosis and adenomyosis, and 
writing this book.

Last but not least, I hope this book will be a useful guide for all healthcare pro-
fessionals, especially physicians, who work for the diagnosis and treatment of endo-
metriosis and adenomyosis and who try to learn, try to help patients, and want to do 
research.

Best Regards,
Prof. Engin Oral, MD
Past President, Executive Board Member of European Endometriosis League
Senior Ambassador of World Endometriosis Society
Founder President, Executive Board Member of Endometriosis & Adenomyosis 

Association, Turkey

Istanbul, Turkey Engin Oral, MD 
November 2021

Preface
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1.1  Introduction

Different accounts have been provided of the history of the condition we today call 
endometriosis. The use of different terminology may have contributed to the diffi-
culty in tracing early literature describing the condition. Literature that did not con-
tribute to progressive knowledge is more likely to be of interest to those concerned 
with understanding the dynamics of scientific progress, rather than those concerned 
with the evolution of our understanding of endometriosis. This is because endome-
triosis is a specific disease condition with characteristic histological features but 
without pathognomonic clinical features. Symptoms linked to endometriosis include 
cyclical pelvic pain and infertility which are common to range of other conditions. 
Endometriosis can also be asymptomatic. Thus, a history of endometriosis is neces-
sarily distinct from a history of pelvic pain or infertility, as well as from a narrative 
of how medicine or society addressed affections or manifestations of diseases of 
women. A history specific to endometriosis needs to be based on clear evidence of 
the identification of the condition. The insistence on disease “identification” is nec-
essary for there to be a history specific to endometriosis. We can find no reason in 
the literature to justify doubt about the existence of endometriosis in earlier human 
history. What did not happen until some 150 years ago was the recognition and 
description of a disease linked to characteristic histological features. Such descrip-
tion is essential for developing a classification and clinical correlates, and this is 
why it has been argued that when starting to draw a history of a disease, it is neces-
sary to outline the specific methodological approach adopted [1].

We believe that the choice is between constructing a history of how symptoms 
that could be associated with endometriosis were addressed by societies over human 
history or, alternatively, constructing a history of the progress in recognizing the 
specific condition as revealed through descriptions in scientific papers that incorpo-
rated pathological features typical of the various phenotypes of endometriosis. In 
choosing between these two options, we must be aware that even today with the 
wide availability of modern imaging techniques (some of which, like magnetic res-
onance and elastography, look promising), it is considered impossible to arrive at a 
definitive diagnosis of superficial peritoneal disease without histological 
confirmation.

The first of these choices can be informative of the way science and society have 
progressed over time, but cannot constitute a history of the specific condition. It is 
for this reason that we opted for a historical account centered on the presently 
agreed definition of endometriosis as characterized by “the presence of functional 
endometrial-like tissue outside the uterus, but in the pelvic cavity, or even outside, 
with evidence that lesions are cellularly active, or have an effect on normal physiol-
ogy” [2].

Broadening this approach, we argue that the history of endometriosis starts with 
the first description of “reddish/bluish” spots in the peritoneal cavity, chocolate 
cysts in the ovary, or rectovaginal nodules. It is perhaps surprising, but to our knowl-
edge there is no account from older text that describes the macroscopic features of 
endometriosis. In 1999, Vincent J.  Knapp [3] unearthed from the US National 

D. Lippi et al.



5

Library of Medicine a number of old dissertations dating back to the seventeenth 
and the eighteenth centuries. These are purported to describe the characteristic clini-
cal features of endometriosis linked to lesions that range from ulcers to inflamma-
tions of the uterus. Knapp expressed his conviction that already in 1690, Daniel 
Schrön [4] described ulcers on the peritoneum that were prominent in the bladder, 
the intestines, the broad ligament, and the outside of the uterus and the cervix. 
Although Schrön refers to these as inflammatory, Knapp prefered to interpret them 
as evidence of non-ovarian endometriosis. This is curious because Schrön described 
lesions that could  become pus filled and that could form abscesses. Knapp also 
claims that in 1739 Crell [5] had described “ovarian endometriotic cysts” with the 
words: “Tumorem fundo uteri externe adherentem describit.” We have analyzed the 
texts he quoted in detail but concluded that, with the possible exception of the report 
by Crell, the other cases are not consistent with the macroscopic features of endo-
metriosis [6].

More recently, Nezhat et al. [7] went further in their review of ancient texts. They 
adopted a broad view of representations of pelvic pain as being evidence of endo-
metriosis even though menstrual pain was rarely ever chronicled. The depictions 
they gathered included of women who are unwell, or who were attended by medical 
personnel or by other healers of the time. Nezhat et  al. interpreted a mention of 
“hysteria” as an indication of endometriosis. Despite the vast effort they expended, 
this approach does not focus on the characteristic symptom of cyclical pain and was 
only able to take account of the pathognomonic histological features when consid-
ering the contributions of authors from the mid-nineteenth century onward. We 
believe that when Nezhat et  al. stated that they were “filtering all histories and 
ancient reports through the lens of modern understandings,” they made the classic 
error of presuming a knowledge in ancient physicians that they simply could not 
have had.

To trace the beginning of its identification as a specific condition and not a 
description of symptoms that can only be loosely linked to endometriosis, we need 
to search for early microscopical descriptions of heterotopic endometrial cells and 
stroma. This will naturally be linked to developments in microscopy, the invention 
of the microtome, and the introduction of microscopic examination of excised tis-
sues or organs. It is because of the importance of this paradigm that endometriosis 
has been referred to as a “modern disease” [8]; the adjective in no way implies that 
the condition did not exist in ancient times. It simply emphasizes the relatively 
recent recognition of the nature of the condition.

Roland Batt attempted to place the discovery of adenomyosis and endometriosis 
in the context of the prevailing scientific trends of the time of the first observations 
[9]. The approach is illuminating as it demonstrates the important influence of atti-
tudes and circumstances on scientific progress. The narrative provided by Batt is as 
much a history of the evolution of histopathology in the late nineteenth century, as 
it is about endometriosis.

One final point is the idea of attributing the exclusivity of a scientific discovery 
should be demystified: almost 60 years ago, Clarke [10] argued against searching 
for “forerunners” or “anticipators” and viewed such an effort to be rooted in a 
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concept of historical reversibility which destroys the very object of the history of 
science. This is especially true when discussing endometriosis, because of a heated 
debate, starting toward the end of the nineteenth century and ending only in 1920, 
on the nature of the epithelial cells found in the peritoneal cavity. For this reason, 
while it is apt to acknowledge the role of all those who contributed to the debate, 
emphasis should be made on contributions which eventually led to the identification 
of a hitherto unrecognized condition.

1.2  The Identification of Adenomyoma

The starting point when describing the events leading to the identification of the 
condition we call today endometriosis is one of nomenclature. Until the 1920s all 
mucosal invasions of peritoneal organs, including the myometrium, were referred 
to under the common name adenomyoma. This word was coined around the end of 
the nineteenth century: in 1896, both Cullen and von Recklinghausen described the 
presence of adenomyomas [11, 12]. They were followed by Pick [13] and Rolly [14, 
15] in 1897. Further details of reports on adenomyomas, the findings by Carl 
Rokitansky [16], and the comprehensive definition of adenomyoma by Lockyer 
[17] are provided in Chap. 25.

Early investigators  focussed on the nature of the “epithelial invasions” they 
observed, and up until the publication of two seminal articles by Thomas Cullen in 
1903 and 1920 [18, 19], the majority of pathologists and gynecologists rejected the 
hypothesis that the glands were endometrial. As an example, in his early writings, 
von Recklinghausen [12] argued that adenomyomas were the result of displacement 
of Wolffian (mesonephric) remnants, and, as late as 1918, Lockyer wrote: Nothing 
but the topography of the tumour, nothing but laborious research entailing the cut-
ting of serial sections in great numbers, can settle the question as to the starting 
point of the glandular inclusions for many of the cases of adenomyoma [17].

As mentioned, the clearest description of the morphological and clinical features 
of adenomyomas was made by Thomas Cullen. He collected 90 uteri with adeno-
myomas and described their various features; his specimens were from the myome-
trial wall (where he appreciated the continuity between eutopic endometrial glands 
and the nests in the myometrium), uterine horns, the subserosa, uterine ligaments, 
ovaries, and even the umbilicus. Cullen considered intrauterine and peritoneal 
“invasion” by endometrial cells as one disease; the adenomyoma [17].

1.3  Adenomyosis and Endometriosis

Once the endometrial nature of mucosal invasions of intraperitoneal organs became 
generally accepted, its two variants (intra- and extra-myometrial) came to be 
regarded as distinct entities.

In 1925, Oskar Frankl [20] described the anatomical features of what would later 
be named endometriosis interna to distinguish it from endometriosis externa (peri-
toneal, or deep lesions). He coined the expression adenomyosis uteri, which he 
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chose in order to stress the absence of any inflammatory origin. He also specified 
the criteria for differentiating adenomyosis from adenomyoma (the various pheno-
types of endometriosis).

In the same year in which Frankl published his seminal paper, Sampson intro-
duced the term endometriosis, although he also utilized the term implantation ade-
nomyoma [21]. His view was that the term Müllerian, as advocated by Bailey [22], 
would have been inclusive and correct, but he feared that it may imply an embryonic 
origin. He was also opposed to terms such as endometriomyoma, or endometrioma 
as advocated by Blair Bell [23].

Clements [24], who reconstructed the history of gynecological pathology in a 
series of articles, mentions that Sampson was not initially comfortable with the term 
and felt the necessity (as did Frankl [20] when advocating the term adenomyosis) to 
explain his choice of nomenclature. Then, in 1927, Sampson asserted the “birth of 
endometriosis” with the words: The histologic study of the ectopic endometrial tis-
sue in a direct or primary endometriosis (so-called adenomyoma of mucosal origin) 
shows that this tissue contains venous capillaries similar to those of the mucosa 
lining the uterine cavity [25].

1.4  Identifying the Various Phenotypes of Endometriosis

It is probable that the first variant to be described of what we today call endometrio-
sis is the affection of the ovaries. With few exceptions [26], this phenotype was not 
described under the name adenomyoma, and, from its early description, it was con-
sidered a separate entity. What is not clear is whether the endometrial nature and its 
implications were recognized in early descriptions of these lesions. In terms of pri-
ority, Roland Batt [9, 27] staunchly defended the view that Carl Rokitansky was the 
first to describe an ovarian endometrioma. However, Rokitansky’s own contempo-
raries hardly acknowledged that he had described an ovarian endometrioma (or, 
more exactly, a “tarry or chocolate cyst of the ovary,” or an “ovarian hematoma,” or 
a “hemorrhagic cyst of the ovary” as they were variably described at the end of the 
nineteenth century). Batt [9] attempted to explain the reason for this neglect by 
arguing that Rokitansky utilized a personal definition of tumors, coining sarcomas 
for the benign growths and leaving for malignancies “their ancient characteristic 
appellation cancer, carcinoma.” When, in 1860, Rokitansky published his cases 
[16], he did that under the title On the neoplasm of uterus glands, on uterine and 
ovarian sarcomas, and there he described “an ovarian cystosarcoma.” A careful 
reading of the article leaves little doubt that Rokitansky identified epithelial struc-
tures in this tumor and considered these as endometrial in nature. However, the case 
in question was that of a 66-year-old woman who had a fist-sized ovarian tumor. 
The description may fit with what is now recognized as a serous or mucous multi-
cystic lesion, but almost certainly not an endometrioma.

We found no reference to the work of Rokitansky in any of the articles published 
around the turn of the nineteenth century when discussing the presence of hemor-
rhagic cysts of the ovary. The explanation may rest in the simple fact that the fea-
tures he described in the case of the ovary, irrespective of the terminology used, 
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were too different from the ovarian hematomas, or chocolate/tarry cysts to be taken 
into consideration. Emge [28], who analyzed Rokitansky’s work, reached the con-
clusion that he used the word sarcoma to indicate an abnormally active proliferation 
of the stroma; if so, abnormal and active proliferation of glandular tissue in a multi-
cystic tumor of the ovary of a 66-year-old marasmic woman could hardly be sugges-
tive of endometriosis.

1.4.1  The Ovarian Endometrioma

Leaving this controversy aside, the first unequivocal description of the presence of 
endometrial tissue within an ovary was that provided by Russel in 1899 [29] who 
presented a case in which, under the microscope, he observed a number of “areas, 
which were an exact prototype of the uterine glands and interglandular connective 
tissue.” These glands “were arranged as in normal uterine mucous membrane and 
opened into spaces, their epithelium being continuous with its lining membrane.” 
Of importance is that glands and interglandular connective tissue were occasionally 
surrounded by bundles of smooth muscle. This description is similar to the observa-
tion made by Hughesdon [30] in his report on endometriotic cysts. Hughesdon 
noted the presence of smooth muscle fibers surrounding the cysts. A similar obser-
vation was made recently by Fukunaga [31] and is likely to be related to smooth 
muscle metaplasia.

A few additional cases were published within a few years [32–41], and around 
1920 researchers began to identify the lining of these cysts with the endometrium: 
Casler [38] reported on a woman who – after hysterectomy – “consistently main-
tained that, at regular monthly intervals, she menstruated for a part of one day each 
month.” The author specified that the “the entire cyst, or uterine cavity as it really 
is, is lined throughout by a single layer of tall columnar epithelium of the uterine 
type, and in places cilia can be made out.” It is noteworthy that Casler found “inter-
lacing bundles or columns of smooth muscle tissue.” It is possible that the repeated 
presence of muscular tissue convinced researchers that this was a variety of adeno-
myoma. Cullen [19] published three cases: the first featured a cyst with a brownish 
membrane and an inner lining of cylindrical epithelium; in the second, the right 
ovary looked like a miniature uterine cavity. In this latter case, the ovarian cyst was 
associated with a widespread adenomyoma of the recto-vaginal septum. Cullen 
interpreted this to indicate that the uterine mucosa on the surface of the ovary was 
due to an overflow of the adenomyoma of the recto-vaginal septum. The third case 
featured an ovary containing several cavities filled with partially coagulated blood.

In 1921, Donald [26] published a clear description of “ovarian adenomyomas” 
and observed that they contain endometrial stroma and smooth muscle, that the lin-
ing can exhibit changes similar to the endometrium and a decidual-like reaction in 
pregnancy. He noted a frequent association with lesions in the rectovaginal space, 
bilaterality, and that they are not malignant. Of interest is his comment that this type 
of cyst was long known to all gynecologists but that its true nature had only recently 
been discovered.
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1.4.2  Deep Endometriotic Nodules

The work of Donald [26] seems to have established a connection between “ovarian 
adenomyomas” and lesions that we would call today deep endometriosis. In earlier 
days this type of pathology may have been described as  posterior parametritis. 
Interestingly, reference to this condition exists in literature from the late nineteenth 
century [42, 43] and perhaps earlier, but it was not attributed to the presence of 
endometrial epithelium. In 1909, Meyer [44] established a link between these 
lesions and the one he called parametritis nodosa posterior. Subsequently, Eden and 
Lockyer [45] further described these lesions, drawing a distinction between this 
type of lesion which they refer to as adenomyoma and which does not lead to sup-
puration and other causes of pelvic cellulitis, which are mostly related to peripartum 
sepsis. Eden and Lockyer included in their paper a reproduction of the image pub-
lished by Kleinhans [46] in 1904 of an adenomyoma affecting the so-called recto-
genital septum. In his early work, Cullen [18] does not include description of disease 
affecting the pouch of Douglas, but this entity becomes a major focus of his article 
published in 1920 [19] where he credits Lockyer [47], with enabling him to recog-
nize that his first cases belonged to this disease category. In his book of 1918, 
Lockyer [17] refers as the earliest description the two cases by Pfannenstiel [48] and 
one case by von Herff [49].

1.4.3  Superficial Peritoneal Lesions

The identification of peritoneal lesions seems to have occurred at the same time as 
that of “adenomyomas.” These were initially reported as lesions of the organs cov-
ered by the peritoneum. The work of both Lockyer [17] and Cullen [19] included 
descriptions of lesions affecting extrauterine locations (e.g., the fallopian tubes, 
ovaries, round ligament). There is considerable debate in the early literature about 
the origin of these lesions. Iwanoff [50] proposed that they arise through metaplasia; 
others viewed the glands as derived from remnants of Gartner’s duct. Meyer [44] 
held the view that the glands develop in response to a sequence of inflammation, 
induration, and epithelial hypertrophy and that the source of the epithelium is the 
overlying peritoneum. He also maintained  that the surrounding mantle originates 
from original connective tissue that exhibited a response to inflammation. Lockyer 
concluded that it had not been proven that mature uterine mucosa provided any 
gland tissue for any extrauterine growth and maked a clear distinction between an 
origin from dystopic (congenital) or orthotopic (mature) mucosa [47].

1.5  The Work of Sampson

Today, the vast majority of investigators adopted the theory of retrograde menstrua-
tion favored by Sampson [25] to explain the pathogenesis of endometriosis. 
However, his contribution to the study of endometriosis preceded the enunciation of 
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the theory that is commonly linked to his name. In 1921, Sampson [41] described 
23 cases of “perforating hemorrhagic cysts of the ovary” which he also called choc-
olate cysts. The cysts varied in diameter from 1 to 9 cm; mostly they ranged from 2 
to 4 cm. Sampson described the presence of a perforation on the lateral or on the 
free surface of the ovary and instances where ovarian lesions coexisted with lesions 
in the pouch of Douglas. He went on to suggest that the latter arise secondary to 
leakage of irritating content from the ovarian cysts. He speculated as to the origin of 
pelvic lesions outside the ovary and wrote: The question naturally arises: In what 
way do the contents of the cyst or ovary cause the development of these adenomas? 
Is it due to some ‘specific’ irritant present in the cyst contents which stimulates the 
peritoneal ‘endothelium’, thus causing a metaplasia and the development of ‘endo-
metrial’ tissue typical both in structure and in function? Some may assert that dor-
mant ‘endometrial’ epithelium may be present in the tissues soiled by the contents 
of the cyst and this is stimulated to further growth. It seems to me that the condition 
found in many of these specimens is analogous to the implantation of ovarian papil-
loma or cancer on the peritoneal surface of the pelvis from the rupture of an ovarian 
tumor containing these growths.

The theory of ovarian lesions as a source of pelvic affections has in the view of 
Bailey [22]: revolutionized all pre-existing theories as to the etiology of pelvic 
growths of adenomyomatous nature by pointing out their obvious relationship to the 
so-called chocolate cysts found in the ovaries. But Bailey, who performed serial 
sections of ovarian lesions, disagreed with Sampson’s description [51], as he 
believed that a chocolate cysts is best described as a cavity and that such lesions 
don’t form a cyst; rather, the invading endometrium erodes the ovary, and the mouth 
of the cavity becomes obstructed by adhesion to its surroundings. In addition, he did 
not accept the view of the ovary as an incubator, hot bed, or intermediary host in the 
development of pelvic implantation of adenomas of endometrial type. Bailey 
believed that there is no in-out perforation of the ovarian lesion, since these develop 
from outside the ovary. Bailey’s view eventually prevailed, and the theory that endo-
metriotic lesions on the cortex invade the ovary is today widely recognised [52]. It 
was only some 30 years later that Hughesdon [30] could demonstrate that in 90% of 
the cases, the wall of the cyst is made up of ovarian cortex and that its active invagi-
nation is followed by a more or less abortive attempt at creating a muscular wall. 
The end result is a pseudo-uterus, to which follows a more or less abortive attempt 
at a muscular wall.

In conclusion, it is through his work on “adenomas of endometrial (Müllerian) 
type” that Sampson focused attention on peritoneal endometriosis and, in 1927, 
enunciated the theory, still considered the most likely explanation, that peritoneal 
endometriosis is due to the menstrual dissemination of endometrial tissue into the 
peritoneal cavity. In subsequent years, a number of investigations provided evi-
dence that added weight to his hypothesis.
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2.1  Overview

Epidemiological data suggests that one in ten women will be diagnosed with endo-
metriosis in their lifetime. A 10% prevalence for endometriosis dates back to the 
1980s and was based on a US study that examined the hospital records of women 
undergoing hysterectomies. Recent Australian data suggests that this figure remains 
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relevant, albeit somewhat higher at 11%, but is largely dependent on the method of 
diagnosis [1]. The 10% prevalence estimate continues to prevail within the clinical, 
research and lay literature. However, estimates of prevalence and incidence of endo-
metriosis across studies and countries paint a very inconsistent picture of the epide-
miology of the disease. This chapter will review global estimates of the prevalence 
and incidence of endometriosis. In doing so, we discuss the wide variations in esti-
mates according to the study design and geographical location of the research. We 
preface this chapter by discussing the challenges associated with diagnosing endo-
metriosis, including the individual, social and healthcare determinants of receiving 
a diagnosis, and the consequences for estimating the epidemiology of 
endometriosis.

2.2  The Diagnosis of Endometriosis and the Dilemma 
for Epidemiology

A major challenge in studying the epidemiology of endometriosis is identifying 
women with the disease. Currently, the only method of definitively diagnosing 
endometriosis is via surgery followed by histological confirmation [2]. Historically, 
the surgical approach has been regarded as the ‘gold standard’ for the diagnosis of 
endometriosis, but even this method has its pitfalls leading some to argue that we 
haven’t yet reached that gold standard [3]. Surgery relies on visual confirmation of 
the disease and depends on the skills and expertise of the operating surgeon. Even 
when surgery is supplemented with histology, the quality and size of the biopsy 
taken at the time of surgery influences the histological outcome [4]. Consequently, 
the surgical and histological diagnoses may not always be compatible.

Surgery to diagnose endometriosis is invasive and may not be necessary, desired 
or even geographically or financially possible for many women [5]. Owing to the 
problems with surgical diagnosis of endometriosis, there has been a recent shift in 
the diagnostic paradigm for endometriosis [6] away from the surgical approach, to 
recognise the value of the clinical diagnosis that prioritises women’s symptoms [7]. 
Clinical practice has long supported the conservative treatment of endometriosis, 
with several professional bodies advocating for treatment of endometriosis prior to 
surgical confirmation [4, 6]. Early diagnosis is paramount to providing women with 
specialised, interdisciplinary care to maintain or improve quality of life. Yet ten-
sions remain about best practice methods for diagnosing endometriosis [6, 8], 
amidst rapid advances in imaging of the disease [9], which has implications for 
estimating the epidemiology of the disease. Although improved diagnosis of endo-
metriosis is vital, discussions about the diagnosis of endometriosis rarely address 
the broader social and healthcare disparities that often create insurmountable barri-
ers for women to receive a diagnosis. The epidemiology of endometriosis will only 
be as good as the underlying sample population.
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2.3  Individual, Social and Medical Determinants 
of an Endometriosis Diagnosis

In diagnosing endometriosis, the focus is largely on individuals within medical set-
tings. Symptoms, scans and surgery often dictate who receives a diagnosis. The 
diagnosis of endometriosis is however more complex, incorporating an intercon-
necting web of social, healthcare, economic, cultural and political factors that deter-
mine who receives a diagnosis (see Fig. 2.1). Women often have to navigate their 
way through the multiple layers to receive a diagnosis, rendering a diagnosis of 
endometriosis inaccessible to many women. The challenges for women receiving a 
diagnosis have significant ramifications for estimating the epidemiology of the dis-
ease. Social and healthcare disparities have prevented an accurate picture of the 
epidemiology of endometriosis, by biasing estimates in favour of those who have 
financial and geographical access to healthcare [5].

2.3.1  Individual Determinants of Diagnosis

Age is an important determinant of endometriosis. Although peak incidence is 
between 30 and 34 years [1, 10], symptoms of endometriosis can emerge during 
adolescence following the onset of menarche. Lengthy diagnostic delays of between 
7 and 12  years [11–13] mean that the vast majority of studies estimating the 

Socio-economic, cultural 
and political 

Access to, and availability of,  
healthcare 

Social disadvatage and 
discrimination 

Social and political investment 
into endometriosis

Social and medical 

Menstruation stigma

Normalisation of 
menstrual pain 

Health professional  
awareness 

Individual 
Age, symptoms, 

fertility intentions

Fig. 2.1 Individual, social, medical, socio-economic, cultural and political factors that influence 
the diagnosis of endometriosis
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prevalence of endometriosis are based on adult women presenting for surgery. 
Studies focusing on the prevalence and incidence of endometriosis in adolescents 
are limited but report high prevalence rates [14–16]. In a systematic review based on 
15 studies largely from the USA, Janssen and colleagues reported that 62% of ado-
lescents undergoing surgery for chronic pelvic pain or dysmenorrhea had endome-
triosis [16]. A more recent review of the literature identified only four new studies 
but reported similarly high prevalence rates [15]. The percentage of adolescents 
with endometriosis in this review varied from 36% to 100% [15]. These findings are 
largely due to the reliance on small, hospital-based samples of adolescents undergo-
ing surgical investigation for chronic pelvic pain, at ‘high risk’ for endometriosis. 
Population-based studies of endometriosis in adolescents, which may be more rep-
resentative of the population, are currently absent from the literature.

2.3.2  Symptoms

Endometriosis is often synonymous with severe period pain (dysmenorrhea), but 
there is a broad experience of symptoms including pain during sex, urination, def-
ecation and gastrointestinal symptoms [2]. Women can report complex symptom 
combinations of varying severity throughout the menstrual cycle, although some 
women will remain asymptomatic. The unpredictability of symptoms and overlap 
with other conditions make it incredibly challenging to distinguish endometriosis 
from other conditions [17]. High rates of endometriosis among asymptomatic 
women with infertility suggest that infertility may be a potential marker of the dis-
ease [18]. Women’s symptomatology is increasingly valued in the clinical diagnosis 
of endometriosis [6, 8]. Statistical algorithms for the diagnosis of endometriosis 
based on the common symptoms have been examined, but are not reliable enough 
to replace surgical methods of diagnosis [19].

2.3.3  Social and Medical Constructions of Endometriosis

The stigmatisation, normalisation and dismissal of women’s symptoms of endome-
triosis in social and medical contexts are significant barriers to diagnosis [20]. 
Women are often socialised to feel considerable shame and embarrassment related 
to menstruation, described as ‘menstruation stigma’ [21, 22]. In most cultures, men-
struation is constructed as a ‘dirty’ process that needs to be concealed and not 
socially discussed [22]. Some cultures and religions ascribe considerable taboo 
related to menstruation, such that girls and women are separated from the commu-
nity during menstruation [23, 24]. These practices generate a culture of secrecy 
about normal, biological processes that are important to women’s reproductive 
health. Consequently, across cultures, adolescents and women may have limited 
knowledge about what is and is not ‘normal’ regarding menstruation [25].

The normalisation of women’s menstrual pain often contributes to diagnostic 
delay [11]. This may begin in the family context where mothers and sisters 
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construct the pain of menstruation as a rite of passage, synonymous with being a 
‘woman’. Reassurance from family that menstrual pain is a normal part of ‘woman-
hood’ may discourage women from seeking support for pain or heavy bleeding, 
even when symptoms progress, further delaying diagnosis [21]. Unfortunately, 
when women do seek professional support, health professionals may similarly con-
struct a discourse of women’s menstrual pain as a normal, biological imperative. 
Qualitative research with women with endometriosis has extensively described how 
health professionals dismiss the severity of women’s pain and symptoms as ‘nor-
mal’ [26, 27]. Women may feel stigmatised by health professionals who invalidate 
their experience by describing their symptoms as ‘psychologically’ constructed 
[28]. Women’s attempts to manage the disease for years without professional guid-
ance can disrupt their self-concept, intimate relationships and broader social lives 
[20, 26, 29]. The limited awareness of endometriosis among the social and medical 
community remains a significant challenge in the diagnosis and management of the 
disease. Long diagnostic delays for endometriosis creates bias by producing low 
incidence and prevalence rates, particularly among adolescent and among young 
women because of the difficulties accessing a diagnosis.

2.3.4  Socio-economic, Cultural and Political Context

A major challenge to the diagnosis of endometriosis is that socio-economic dispari-
ties often determine who receives a surgical diagnosis of endometriosis [5]. Women 
from socially disadvantaged backgrounds typically have poor access to health ser-
vices and may be less likely to seek professional support, forming a barrier to diag-
nosis [30, 31]. As the diagnosis of endometriosis necessitates surgical confirmation, 
research is largely based on women attending hospital who have good access to 
healthcare [32]. Clinical stereotypes of women with endometriosis as ‘white, lean, 
middle class, career-driven women’ typify the bias in the research samples [32]. 
Women who are obese may face considerable difficulty receiving a diagnosis of 
surgically confirmed endometriosis due to social and medical reasons [33, 34]. A 
previous multi-country study of women with surgically confirmed endometriosis 
reported increasing diagnostic delays with increasing body mass index [33]. 
Evidence from a systematic review also suggests that ethnic disparities exist in the 
diagnosis of endometriosis, with Black women less likely to be diagnosed with 
endometriosis than White women [35]. These disparities sum up the long-standing 
inherent diagnostic biases in the research related to endometriosis.

Socio-economic disparities are inextricably linked to the political and cultural 
context in which individuals live. Political and cultural responses to endometriosis 
vary considerably across countries, but are constantly evolving, and have the poten-
tial to drive significant changes in prevalence and incidence rates for the disease. 
Greater political investment into endometriosis helps to build research, education 
and healthcare initiatives that improve care for women living with endometriosis. 
Endometriosis support groups in several high-income countries have been central to 
mobilising social and political awareness of the disease. Advocacy groups have 
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voiced women’s concerns, validated their pain and experiences and advocated for 
improved healthcare treatment and funding into endometriosis. The 2020 national 
inquiry into endometriosis in the UK reported an average of 8 years to diagnosis, 
suggesting there has been no reduction in diagnostic times for women in the last 
decade [36]. In Australia, decades of lobbying from endometriosis advocacy groups 
led to the initiation of the Federal Government’s 2018 National Action Plan for 
Endometriosis [37]. Almost $13 million has been invested to improve social aware-
ness, medical diagnosis and treatment and research [37].

The impact of increasing awareness of endometriosis and a focus on education 
can be positive, and has been reported to have an effect, with two Australian studies 
reporting a decrease in time to diagnosis to 4.9 and 6.4 years [38, 39]. More recently 
in the USA, lobbying from the Endometriosis Foundation of America generated 
increased federal research funding for endometriosis from $13 million in 2019 to 
$26 million in 2020 [40]. Increased international awareness of endometriosis will 
inevitably change what we know about the disease and its epidemiology. Countries 
that invest in ongoing surveillance of endometriosis by ensuring that high-quality 
data is collected will significantly expand knowledge on the aetiology and progres-
sion of the disease.

2.4  Epidemiology of Endometriosis

Epidemiology is concerned with identifying the distribution and determinants of 
disease in specific populations. Epidemiologists can examine the distribution of dis-
ease in different ways, often by estimating both the incidence and the prevalence of 
the disease. Incidence refers to the number of new cases identified in the population 
during a specific period. Prevalence refers to the total number of people affected 
with the disease at one time point or during a specific period [41]. The number of 
new cases of disease in the population (incidence) over time can provide an estimate 
of the total number of cases within the population during a period of time (preva-
lence). Prevalence and incidence are therefore complementary, but are two different 
frequency measures that cannot be used interchangeably. In comparing incidence 
and prevalence across studies, it can often be difficult even if the same disease defi-
nition is used [41]. Variations in study designs including the size and type of sample 
and the sources used to identify women with endometriosis can yield substantially 
different estimates.

2.4.1  Incidence

Annual incidence rates for endometriosis are largely based on studies using hospital 
or insurance claims databases and vary anywhere from 0.97 to 1.87 cases per 1000 
person-years or 0.72 to 3.5 per 1000 women [42–46]. Variations in the historical 
timing of these studies that cannot account for changes to the clinical diagnosis and 
classification of endometriosis and the increased social and health professional 
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awareness of the disease over time are likely to explain the heterogeneity in inci-
dence rates.

Historically, endometriosis is characterised as a disease affecting women of 
‘reproductive age’, with peaks in incidence often reported between the ages of 30 
and 34 years (see Fig. 2.2). Peaks in incidence of endometriosis may reflect the tim-
ing of the first surgical diagnosis, which may be delayed due to social, medical and 
financial reasons or only prioritised when women experience problems becoming 
pregnant. Hysterectomy for the treatment of endometriosis may also contribute to 
peaks in incidence, but published data are lacking.

The natural incidence of the disease is limited due to the lack of longitudinal data 
available. However, endometriosis does occur in adolescents, with some reporting 
pain commencing at the time of menarche [2]. Menarche may be an important 
marker of onset, but inflammatory processes that give rise to endometriosis may 
begin from birth [48]. Life course data on endometriosis would significantly add to 
the evidence base.

2.4.2  Prevalence

2.4.2.1  Hospital/Clinic Samples
The literature related to the prevalence of endometriosis has historically relied on 
hospital-based samples of women attending surgery. These studies rely on small 
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samples of women with underlying pathology and pain who are at ‘high risk’ of 
endometriosis. Prevalence in these studies range anywhere from 0.2% to 71.4% but 
was estimated to be 22.9% overall in a review of the literature [14]. The proportion 
of women with endometriosis was higher among women undergoing surgery for 
chronic pelvic pain (29.1%) and infertility (26.8%), and to a lesser extent a hyster-
ectomy (15.6%), surgery for ovarian cancer (10.0%) and tubal sterilisation (5%) 
[14]. Studies based on women presenting for surgery often represent women with 
more severe forms of endometriosis, who may have better access to health services, 
which introduces selection bias into the study design. Estimates using small, clini-
cal samples are therefore unlikely to translate well to the larger population of women 
living with endometriosis.

2.4.2.2  General Population Samples: Hospital Records/Insurance 
Claims Databases

To obtain larger, more nationally representative samples of women with endome-
triosis, several studies have used hospital records or insurance claims databases to 
identify women with disease, often via International Classification of Diseases 
(ICD) diagnostic coding. These studies offer a different perspective on the preva-
lence of endometriosis by looking at extent of the disease within larger samples, 
often at the population level. Relative to the hospital-based samples of women with 
endometriosis, prevalence rates tend to be lower in studies relying on hospital and 
insurance databases. A review of the literature estimated a 5% endometriosis preva-
lence rate among samples from hospital and insurance databases, but crude percent-
ages ranged from 0.8% to 23.2% [14]. The availability of data in these studies 
ranged from 5 to 15 years [14]. However, some studies estimated prevalence at one 
time point during this period, known as ‘point prevalence’, often yielding low prev-
alence estimates. A point prevalence may underestimate the prevalence of endome-
triosis because the data only captures a select group of women diagnosed at a single 
point in time. Certain groups may be underestimated using this approach, including 
young women who may be less often referred for surgery, contributing to biased 
estimates. The alternative approach is to look at a ‘cumulative’ or ‘period’ preva-
lence for the population over the entire period available. Given the long diagnostic 
delays experienced by women with endometriosis, a period prevalence will be more 
robust than a point prevalence.

2.4.2.3  General Population Samples: Self-Reported Endometriosis
While the literature largely focuses on women with surgically confirmed endome-
triosis, there has been a recent shift in the diagnostic paradigm [6] to recognise the 
value of the clinical diagnosis and the importance of women’s symptoms [7]. The 
prevalence of endometriosis in studies based on general population samples where 
endometriosis is largely self-reported ranges from 0.7% to 8.6%, with an estimated 
overall prevalence of 3.4% [14], which is only slightly higher than studies relying 
on endometriosis diagnoses from hospital or insurance databases. Most studies rely-
ing on women’s self-reported endometriosis do not clinically confirm diagnoses of 
endometriosis, potentially limiting the validity of the studies. However, the value of 
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these estimates from these studies lies in capturing women who are treated more 
conservatively, who cannot access or afford surgery or who decide against surgical 
intervention. These are most likely to be younger women, women from disadvan-
taged backgrounds and those residing outside of metropolitan areas where access to 
clinical expertise for endometriosis may be limited.

2.4.2.4  Geographical Variations in Prevalence
Global data on endometriosis are largely from high-income countries, with low- 
income countries underrepresented in the literature. The 2013 Global Burden of 
Diseases Study estimated the global prevalence of endometriosis was 4.8% during 
2006 and 2013 [49] and more recently estimated a 3.0% decline in age-standardised 
rates from 2007 to 2017 [50]. A recent review of the literature during 1989 and 2019 
identified 69 studies estimating the prevalence and incidence of endometriosis, with 
most originating in Europe (38%) followed by Asia (27%), North America (22%) 
and to a much lesser extent Africa (10%) [14]. Only two studies from Australia were 
identified [14]. Wide variations in the prevalence of endometriosis were reported 
both within and across regions, largely due to the methodological heterogeneity 
across the studies (see Fig. 2.3). The prevalence of endometriosis was highest for 
Asia at 20.7% but dropped to less than 1% when weighting by study sample size 
[14]. Moderately high prevalence rates were reported in the Americas (13.0%), fol-
lowed by Europe (11.5%) and Africa (10.6%), with substantially lower rates 
reported in Australia (3.6%). A more recent estimate of endometriosis prevalence in 

Fig. 2.3 Global geographic spread and variation in endometriosis prevalence [14]. Darker colours 
represent higher prevalence

2 Global Epidemiological Data on Endometriosis
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Australia was 11%, based on nationally representative self-reported diagnosis com-
bined with ICD diagnoses from national hospital databases [1].

2.4.2.5  Is the Prevalence of Endometriosis Increasing?
Identifying potential changes in disease over time helps determine whether there is 
increasing burden in the population. Ongoing surveillance of endometriosis has 
been largely neglected despite the severity and chronicity of the disease. A review 
of the literature related to the epidemiology of endometriosis did not find consistent 
evidence that the prevalence or incidence of endometriosis was changing over time 
[14]. True changes in the prevalence of endometriosis are difficult to identify 
because of the large methodological variations between studies and countries, in 
addition to the changing social and medical landscape related to the diagnosis and 
treatment of endometriosis. The limited availability of high-quality, longitudinal 
research on endometriosis also prevents meaningful conclusions to be made about 
changes in prevalence and incidence over time.

Recent data from a longitudinal, population-based Australian study reported evi-
dence of generational differences in the prevalence of endometriosis [51]. Women 
with endometriosis were identified using multiple data sources including self- 
reported physician diagnoses of endometriosis and administrative health records 
including hospital databases. The prevalence of endometriosis was estimated in two 
separate cohorts of women born in 1973–1978 and 1989–1995, who were first sur-
veyed when both aged 18–23  years. When both cohorts of women were aged 
25–29  years, the prevalence of endometriosis was almost double among women 
born in the 1989–1995 cohort (6.6%) compared to women born in 1973–1978 (4%) 
(see Fig. 2.4) [51]. Recent shifts in the sociocultural and diagnostic context related 
to endometriosis, producing increased social and health professional awareness of 
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Fig. 2.4 Cumulative prevalence of endometriosis among two cohorts of young women from the 
Australian Longitudinal Study on Women’s Health, by age. (Source: Australian Institute of Health 
and Welfare [51])
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endometriosis, may explain these findings. A recent Australian study found that 
women diagnosed with endometriosis after 2005 when there was a change in clini-
cal guidelines had fewer visits to a doctor before receiving a diagnosis and experi-
enced shorter diagnostic delays than women diagnosed prior to 2005 [38]. The 
increased political investment in endometriosis in Australia has also prioritised the 
need for high-quality epidemiological data on endometriosis [37], which is likely to 
accelerate changes in the prevalence of endometriosis in future generations 
of women.

2.4.3  The Epidemiology of Endometriosis: Where to Next?

2.4.3.1  Endometriosis Diagnosis: Stages, Subtypes or Syndrome?
There is active, ongoing debate about faster, less invasive methods of diagnosis [6, 
8, 52]. Shifts in how endometriosis is diagnosed from the surgical diagnosis to the 
clinical diagnosis based on symptom profiles and ultrasound will inevitably influ-
ence the epidemiology of endometriosis. There are increasing data reporting the 
reliability of sonography for diagnosing endometriosis, and staging systems that 
predict the severity of disease, within an interdisciplinary environment of endome-
triosis specialists [53]. Symptom-specific systems have been successful for predict-
ing fertility outcomes for people with endometriosis, with the Endometriosis 
Fertility Index being a reliable and reproducible tool for this purpose [54]. Symptoms 
such as pain and systemic features including fatigue are yet to have similar systems 
that determine outcome, although the publication of core outcome sets for research 
may improve these factors in the future [55].

The classification of endometriosis is ongoing with the traditional revised 
American Society for Reproductive Medicine (rASRM) staging system challenged 
due to its poor prediction of clinically meaningful outcomes [2]. There is recogni-
tion that a life course approach is important to identifying, managing and aligning 
an endometriosis diagnosis with the individual’s symptoms and goals [52]. Staging 
methods that reflect severity of the disease, and not the person’s lived experiences, 
have prompted a re-evaluation of how to classify the disease [8]. Future research 
may lead to more symptom-specific methods of classification that take these param-
eters into consideration and can be translated into clinical practice. Recognition that 
subtypes of the disease are likely to occur, and may impact response and non- 
response to different treatments, is likely to direct and determine future manage-
ment options. Challenging long-held dogma around endometriosis being a ‘disease’ 
and consideration of the presence of lesions and symptoms as a syndrome [8] may 
further refine what we are seeing and treating and how best to care for women with 
such broad-ranging problems and needs.

2 Global Epidemiological Data on Endometriosis
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3.1  Introduction

3.1.1  Endometriotic Concerns

Endometriosis theories start with a cell of origin. The cell of origin is accompanied 
by a method of dissemination (metastasis) or in situ development during embryonic 
or fetal development or after birth; a force of stimulation, activation, or induction of 
the transition from a cell of origin to endometriosis; and mechanisms for growth, 
inactivation, and clearance to explain observed behavior of the various phenotypes 
of endometriosis [1, 2]. Research aimed at the cell of origin and the method of dis-
semination rather than the transition from a cell of origin to endometriosis or how 
to remove late forms of deep infiltrating endometriosis may produce targets that 
might contribute to medical care and our understanding of endometriosis. If endo-
metriosis can be controlled or inactivated before it develops into deep infiltrating, 
ovarian, or severely adhesive disease, surgery may be avoided or the degree of sur-
gery that is needed decreased [3], (Wattiez 2021, p. 2739). Early treatment could be 
aimed at inflammation, pain, activation of transformation, estrogenic stimulation, 
immune dysfunction, overload of the immune system, comorbidities, decreasing 
delayed care, and quality of life. Although this chapter focuses on cells of origin and 
methods of dissemination, that is not meant to detract from research on activation, 
transition, and inactivation.

Although the cell of origin and method of dissemination of precursors of endo-
metriosis and endometriosis itself may, at first, seem to be a niche concern with at 
least 18 overlapping concerns and concepts [1], in some circumstances, these may 
be clinically significant and may be used to develop treatment protocols. Many cur-
rent treatment protocols of endometriosis are directed at late endometriotic disease, 
which develops after average delays of 7 and 8.3 years [4, 5] with a 75th percentile 
of 14.1 years [5]. With late fibrotic forms of endometriosis, even excision in tertiary 
and quaternary centers does not control all pain. After “complete” laparoscopic 
excision, pain and possibly endometriosis persisted in 47–55% of patients [6–8]. 
The ongoing pain may be due to unrecognized endometriosis. Remorgida et  al. 
documented that simple nodulectomy does not remove all bowel endometriosis in at 
least 40% of the cases [9, 10]. This was followed by Badescu et  al. who found 
unrecognized lesions as small as 0.1 mm in all 26 bowel resections they studied 
[11]. More recently Roman et al. palpated non-visualized nodules as small at 2 mm 
in 25.5% of bowel resections. Most notably, 14% of women had nodules at or 
beyond the planned staple line [7].

Declaring that surgery for early surgical diagnosis is needed based on tertiary or 
quaternary center data on women with a delay to a diagnosis that can exceed 
14.1 years [5] is not scientific. Knox et al., in a tertiary pediatric referral practice, 
found that only 18.6% of adolescents developed only mild endometriosis over 
10.2 years of follow-up. None developed later stages [3]. More prospective studies 
are needed on the results of early treatment of symptoms suggesting endometriosis 
[3] or of surgical approaches in adolescents and adults with the delay interval docu-
mented to separate those treated early from those with delayed treatment. Before an 
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early diagnosis is a reasonable goal, we need medical or surgical treatment proto-
cols that are proven to work [12].

This chapter focuses on the cells of origin and methods of dissemination or 
metastasis. The discussion will not seek to define the difference between a cell of 
origin and endometriosis or when a cell of origin becomes endometriosis. It will 
focus on Müllerian and non-Müllerian cells of origin and how they might arrive in 
pelvic and more distal sites outside the uterus. Müllerian cells include endometrium 
and embryonic remnants. Non-Müllerian cells include bone marrow stem cells, 
mesenchymal stem cells, endothelial progenitor cells, pelvic peritoneum, and 
pleura [1, 2].

Prior to 1925, endometriosis was commonly discussed as an adenomyoma. For 
this chapter, the term adenomyoma is avoided and replaced by the term endometrio-
sis, where this appears reasonable [1, 13]. Also, dissemination is used as synony-
mous with metastasis.

Some of the theories of the cell of origin and dissemination are currently of his-
torical interest. The popularity of others has waxed and waned. All are reviewed in 
their approximate chronological order as some that are obsolete now may be resur-
rected with scientific advances.

3.1.2  Theoretical Concerns

Theories can be useful in education, guiding research, understanding concepts, pos-
tulating physiology, and discussing why therapy might work [1]. But theory requires 
little more than imagination. As Ridley noted in 1968, “thought and theory may 
originate and become accepted in the absence of positive evidence to the contrary” 
[14]. This chapter reviews theories that have persisted and those that faded over the 
past 150 years [15, 16].

Theories can create a false narrative and should not be used to guide treatment. 
The use of theory to guide therapy can interfere with medical care. Goodwin and 
Goodwin called the problem of theory interfering with medical care the tomato 
effect [17]. The tomato effect was named because of the understanding in the 
Americas of tomatoes as a poisonous plant belonging to the deadly nightshade 
(Solanaceae) family. It was only after tomatoes were exported to Spain in the six-
teenth century that they became a staple crop [17]. A possible example of the tomato 
effect in the treatment of endometriosis is Karnaky’s theory that diethylstilbestrol 
(DES), an estrogen, restores hormonal balance and can cause necrosis of endome-
triosis [18] (Karnaky 1969, p. 52). However, it is difficult to determine if Karnaky 
began the use of DES based on theory and subsequently made inadequate observa-
tions of lesions disappearing or necrosing or if the observation came first. If the 
observation came first, then Karnaky’s observations fit more under medical reversal 
than theory-based medicine. Medical reversal occurs when treatments accepted on 
the basis of  incomplete or incorrect research are found to be inadequate or detrimen-
tal [1, 19]. In either scenario, the use of DES for endometriosis underwent medical 
reversal when it was discovered that estrogens are detrimental in the treatment of 
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endometriosis and are associated with increased endometriosis in the offspring of 
endometriosis patients [20, 21]. Even worse, when used in pregnant patients to treat 
diabetes, DES is associated with congenital anomalies and cancer [22].

3.1.3  Müllerian Cells of Origin

The reproductive system develops from ducts derived from mesoderm. The initial 
indifference stage involves the mesonephric (Wolffian) ducts and the parameso-
nephric (Müllerian) ducts. In the female, the uterus, uterine tubes, and upper vagina 
are derived from the paramesonephric ducts [23]. The potential sources of Müllerian 
cells of origin for endometriosis are endometrium and Müllerian rests [1, 2, 24]. 
Endometrial cells can be disseminated by retrograde menstruation, venous dissemi-
nation, lymphatic dissemination, uterocervical extension, or surgical transplanta-
tion [2, 25, 26]. Müllerian rests are disseminated during organogenesis and can 
result in endometriosis, adenomyosis, endosalpingiosis, and endocervicosis [24].

Historically the ability of a whole tissue endometrial fragments to pass through 
the tubes, survive, and grow was questioned [27]. More recently, it has been realized 
that stem cells and not whole tissue fragments are likely the form of the cell of ori-
gin [2]. Even harvested stromal cells can be used to develop three-dimensional, in 
vitro, self-organizing cultures of epithelial cells called organoids. Organoids can be 
used as in vitro models in drug and toxicity testing and disease modeling and sub-
stitutes for animal models [28–30].

3.1.4  Non-Müllerian Cells of Origin

Non-Müllerian cells of origin can be in situ or disseminated. The in situ non- 
Müllerian theories include coelomic metaplasia [14, 23, 31], ovarian germinal epi-
thelium [15, 16], and extension of tubal epithelium [15, 32, 33].

Coelomic metaplasia relies on metaplasia or differentiation of peritoneal, pleu-
ral, or pericardial mesothelial coelomic cells [14, 23, 31] and is discussed later. 
Recent markers suggest that metaplasia may be a factor in both female and male 
endometriosis [31, 34]. Although coelomic metaplasia may be an explanation for 
peritoneal and pleural endometriosis, it does not explain bowel or pulmonary paren-
chymal involvement [23]. Redwine has recently expanded coelomic metaplasia to 
mesodermal metaplasia [35, 36].

The non-Müllerian dissemination theories are based on venous dissemination of 
bone marrow stem cells, including mesenchymal, hematopoietic, and endothelial 
stem cells that can engraft into preexistent endometrium or endometriosis. Progenitor 
cells may also be disseminated [2, 37].
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3.1.5  Activation, Transition, and Inactivation

Although this chapter focuses on cells of origin and methods of dissemination, that 
is not meant to detract from research on activation, transition, and inactivation. The 
question of when a cell of origin, whether endometrial, peritoneal, congenital rest, 
or others, becomes endometriosis or when in development they should be consid-
ered as a disease is unanswered. Also unknown is when in the development can 
inactivation or clearance occur. Although growth occurs in some patients, other 
patients have endometriosis that stabilizes or regresses [38]. Small lesions can be 
associated with pain [39], and large lesions [40] may be asymptomatic. The limits 
of small are not defined. Until those are defined, any treatment that is effective in 
stopping the development of fibrosis and encouraging regression or clearance 
appears beneficial.

3.2  Cells of Origin

3.2.1  Ovarian Germinal Epithelium

Although retrograde menstruation is the most accepted theory, it was not the first to 
be discussed. Russell reviewed the theories that had been promoted in 1899. He 
discussed several that begin with [16] theory of origin from the germinal epithelium 
of the ovarian Graafian follicles. This included a short-lived theory of the germinal 
epithelium penetrating the ovary and being isolated by connective tissue or so- 
called Pflüger ducts [15, 16]. This was revised, and it was concluded that these were 
embryonic or acquired inclusions.

Waldeyer considered the epithelial ovarian cysts (endometriomas) to arise from 
metaplasia (metamorphosis) in nests of germinal epithelium cells of an ovary. His 
appears to be the first recognition of a progenitor cell that differentiates into endo-
metriosis [15, 16].

Barker’s discussion of Russell’s paper pointed out the differences between the 
components of the urogenital embryonic development with the pronephros develop-
ing the ureters, the mesonephros (Wolffian ducts), the male ducts (vas deferens, 
epididymis, ejaculatory ducts, and seminal vesicles), and the paramesonephric 
(Müllerian ducts) into the upper vagina, uterus, and tubes [15]. Nagel expanded the 
germinal theory to include that it resulted from an inflammatory reaction [15, 41].

3.2.2  Extension of Tubal Epithelium

Marchand and Russell added that the proximity of the tube to the ovary suggested a 
common origin and suggested that tubal epithelium could penetrate the ovarian 
stroma. The penetration could extend out of the tube and then produce tubules like 
the Pflüger ducts previously attributed to germinal inclusions. Marchland also 

3 Pathogenesis of Endometriosis: Theories of the Cells of Origin and Methods…



34

speculated that the cysts could include histology of mucous membrane of the tube 
and papillary tumors of the ovary [15, 42].

Kossmann argued that not only was the tubal epithelium involved in production 
of Müllerian remnant cysts but also that these did not come from mature epithelial 
elements. Rather, they came from the germinal epithelium that developed into the 
tubes. This is an early understanding that it is differentiation rather than transdif-
ferentiation that is the process of conversion from a normal Müllerian or non- 
Müllerian precursor (stem cell) to endometriosis. This implied that it was the 
differentiation of the germinal epithelium into endometriosis [15, 32, 33].

3.2.3  Müllerian Rests

The growth of endometriosis from Müllerian cellular rests was suggested as early as 
1896 by Cullen, who discussed the striking resemblance of the glandular elements 
of adenomyomata (endometriosis) to those of the uterine mucosa. Cullen suggested 
that adenomyomata (endometriosis) may be an “abnormal embryonic deposit of a 
portion of Müller’s duct” in or near the area of normal embryologic Müllerian 
development. This was reinforced in Russell’s publication of endometriosis hidden 
within an ovary and behind adhesions in an otherwise normal ovary [15, 32].

Batt expanded Cullen’s and Russell’s [15, 32] observations into a theory of con-
genital Müllerianosis. Batt’s Müllerianosis concluded that four congenital Müllerian 
diseases paralleled the four acquired diseases endometriosis, endosalpingiosis, ade-
nomyosis, and endosalpingiosis [24]. Müllerianosis was due to tissue misplaced 
during organogenesis. The four acquired diseases of the same name were due to 
retrograde menstrual, venous, or lymphatic dissemination. Müllerianosis might also 
include organoid diseases such as accessory and cavitated uterine masses [43] and 
ovarian [44], broad ligament [44], inguinal [45], or rectal endomyometriosis [46]. 
As in endometriosis, there is a debate of whether these are one or two diseases and 
if either or both are congenital [47, 48].

Redwine focuses on endometriosis in his theory that began as Mülleriosis, not 
Müllerianosis, focusing on Müllerian rests and more recently expanded to 
Mülleriotic mesodermal disease to cover distal sites of endometriosis [35, 36, 49]. 
This converts his theory from an aberrant placement of Müllerian tissue during 
organogenesis to an in situ metaplasia theory. As mesoderm is the source not only 
of Müllerian tissue but also the endothelial vascular lining, then endometriosis can 
form by metaplasia anywhere in the body that has a vascular supply [35]. His 
Mülleriotic mesodermal disease theory concludes, with no data, that mesodermal 
derivatives can only develop into endometriosis if they are present at the end of 
organogenesis and cannot be disseminated after birth. He considers incisional endo-
metriosis as a form of induced mesodermal metaplasia, not surgical 
transplantation.
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3.2.4  Endometriosis as a Cell of Origin

Sampson suggested that pelvis endometriosis resulted from intra-abdominal spill of 
endometriotic tissue from the ovaries [50]. Transplantation of endometriosis at the 
time of surgery into the abdominal wall is not uncommon. Fragments of pelvic 
endometriosis are considered the source of this surgical transplantation [51].

3.2.5  Wolffian (Mesonephric) Duct Remnants

Batt cited von Recklinghausen as suggesting the displacement of Wolffian (meso-
nephric) duct remnants as a source of endometriosis in 1896 [52] (Batt 2011, p. 
2708). Stevens described isolated small vaginal wall nodules with characters of 
diffuse adenomyoma of the uterus. He contended that a Wolffian origin was more 
than likely for the small adenomyoma than Müllerian origin [53].

3.2.6  Coelomic Metaplasia

Lockyer quotes Klages as considering coelomic metaplasia and inflammatory 
induction as early as 1912 [54]. Coelomic metaplasia is the differentiation of peri-
toneal, pleural, pericardial, or omental stem cells [23] into endometriosis. Coelomic 
metaplasia is based on a common mesothelial precursor of the Müllerian ducts and 
the coelomic surfaces that include the peritoneum, pleura, and pericardium in 
embryonic development [14, 23]. Novak concluded that the mucosa of the genital 
organs represented only varying modifications of coelomic epithelium, the primi-
tive peritoneum, and could be responsible for endometriosis and endosalpingiosis. 
Novak’s conclusions were a modification of Iwanoff, who concentrated on the uter-
ine serosa, and Meyer, who considered metaplasia to be an inflammatory process. 
Novak rejected the inflammatory theory and replaced it with an unknown endocrine 
origin but understood that the theories were not facts [14, 55]. In 1968, Ridley sum-
marized the possible initiating events as hormonal stimulation, inflammation, or 
biochemical or immunologic factors [14, 31]. The biochemical or immunologic 
products may be due to retrograde, venous, or lymphatic dissemination [31].

Although Ridley concluded that Iwanoff’s and Meyer’s theories of metaplasia of 
the coelomic epithelium, the primitive peritoneum, championed by Novak had its 
origin by evolution and not proof [14], recent markers suggest that metaplasia may 
be a factor in both female and male endometriosis [31, 34]. Although coelomic 
metaplasia may be an explanation for peritoneal and pleural endometriosis, it does 
not explain bowel or pulmonary parenchymal involvement [23].
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3.2.7  Endometrium (Acquired Müllerian Disease)

Endometrium was first considered as the origin in 1921 [50]. The endometrium is 
one of the Müllerian derivatives that includes the uterus, tubes, and upper vagina. It 
was suggested as the cell of origin in retrograde [50, 56, 57], venous [58], and lym-
phatic [56] dissemination theories of acquired endometriosis. Those theories are 
covered later in this chapter.

3.2.8  Bone Marrow Stem Cells

Bone marrow-derived stem cells (BMDSCs) and possibly progenitor cells can 
migrate to the endometrium and incorporate and grow in endometriosis [2, 37]. 
BMDSCs can increase the growth of endometriosis in association with previous 
endometriotic lesions, particularly in the endometrial stromal cell population. 
Research suggests that endometrial cell proliferation results from stem cell-derived 
trophic factors that lead to the growth of endometriosis [59]. However, there is no 
current evidence that BMDSCs can cause de novo growth of endometriosis.

3.3  Methods of Dissemination

3.3.1  Retrograde Menstruation

Retrograde menstruation theory was first discussed by Sampson in 1921 at a meet-
ing of the American Gynecologic Society. It is noted that near-duplicate versions 
were in Archives of Surgery [60] and Transactions of the American Gynecological 
Society [50]. The Transactions version includes “Two possible sources of the origin 
of these small tubules or cysts of endometrial type in the ovary present themselves: 
first, congenital, and second, acquired from the implantation of epithelium escaping 
from the tube during menstruation and its subsequent invasion of the ovary.” It was 
later expanded into a full theory in 1927 [57]. Although Sampson proposed the ret-
rograde menstruation theory, he also realized that this was inadequate to explain all 
endometriosis. He also published his venous dissemination study in 1927 [58] and 
multiple other possibilities in his lifetime [1]. Although he is sometimes only cred-
ited for retrograde flow, he also discussed that endometrium and endometriosis were 
different in “structure and in function” and this may have resulted from metaplasia 
[60]. Dr. Sampson also pointed out the inflammatory nature of endometriosis [61]. 
Like many of the study theory, he knew that theory was of secondary importance. 
The care of patients, the need to solve unsolved problems of endometriosis, and the 
acquisition of knowledge were primary [62].

The growth of autotransplants of the endometrium to produce endometriosis was 
confirmed in 1925 in animal models [63]. But the ability of a whole tissue endome-
trial fragments to pass through the tubes and to survive and grow was questioned 
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[27]. More recently, it has been realized that stem cells and not whole tissue frag-
ments are likely the form of the cell of origin [2]. Even harvested stromal cells can 
be used to develop three-dimensional, in vitro, self-organizing cultures of epithelial 
cells called organoids. Organoids can be incorporated as in vitro models in drug and 
toxicity testing and disease modeling and substitutes for animal models [28–30].

3.3.2  Retrograde Menstruation Model

Sampson’s theories did not explain all of the recent advances in science. To explain 
those, Wang et  al. have suggested a retrograde menstruation model that would 
incorporate the molecular genetic findings, clonality immune surveillance con-
cepts, chronic inflammation, receptors pathways, dysregulated inflammation–hor-
monal loop, and cancer-associated mutations associated with developing 
endometriosis [2].

3.3.3  Hematogenous/Venous Dissemination

Hematogenous dissemination of intrauterine contents into the vascular tree which 
was proposed by Sampson in 1918 is a concept to explain puerperal infection [64]. 
Sampson later expanded this to be a potential source of endometrium in endome-
triosis [58]. More recently, this has been suggested as a potential source of pulmo-
nary and more distal endometriosis [65].

3.3.4  Lymphatic Dissemination

The presence of endometrial tissue and lymph nodes was published as early as 1906 
by Taussig according to Javert. Taussig is said to have reported endometrial tissue in 
1 of the 26 lymph nodes in dissection for cervical carcinoma [56]. Lymphatics have 
been suggested as a source of pulmonary [65] and abdominal wall endometrio-
sis [51].

Lenz et al. examined immunophenotype in cases with and without node involve-
ment and found that they were similar in the proliferative phase. They found strong 
nuclear estrogen receptor (ER) and progestogen receptor expression in more than 
90% of endometrial glandular and stromal cells. In the late secretory phase, there 
was a significant decrease of ER expression only in cases without nodal involve-
ment. There was a perineural spread with neural hypertrophy, hyperplasia, and 
involvement of the ganglia. Histologically and immunohistochemically, deep infil-
trating endometriosis and lymph node endometriosis appear to be the same. The 
marked endometriosis-associated neural changes (endometriotic neuropathy) could 
be a cause of impaired function of the affected organs and a cause of pain [66].
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3.3.5  Surgical Transplantation

Transplantation of endometriosis at the time of surgery into the abdominal wall is 
not uncommon. Fragments of pelvic endometriosis are considered the source of this 
surgical transplantation [51].

3.3.6  Embryonic Development

Müllerian rests can be disseminated during embryonic development due to devia-
tion in Müllerian development. Signorile et al., using immunohistochemical stains 
for CD10 and cytokeratin 7, characterized fetal ectopic endometrium and demon-
strated that it displays the morphological phenotype of the fetal endometrium. This 
was found in the area of the rectovaginal pouch and septum [67, 68]. This is the 
same area as type III deep infiltrating endometriosis that was considered as a pos-
sible embryonic rest by Koninckx and Martin [69]. Koninckx’s image of a non- 
visualized example is associated with a flat pouch of Douglas and no discernable 
uterosacrals suggestive of a congenital anomaly [70].

3.3.7  Direct Extension

In 1916, Stevens noted adenomyomatous growths arising from the uterus and invad-
ing the rectum, sigmoid, and other parts. These could be traced by serial sections 
from the uterine mucous membrane to the growth [53]. Donnez et  al. have con-
cluded that adenomyosis externa is a retrocervical or retrouterine extension of ade-
nomyosis to deep endometriotic nodules. They may also be the cause of deep 
anterior endometriosis (bladder adenomyotic nodules) [26]. Direct infiltration 
through the diaphragm after retrograde menstruation and intraperitoneal spread 
may be a source of pulmonary endometriosis [31].

3.4  Conclusion

Theories can be useful in education, guiding research, understanding concepts, pos-
tulating physiology, and discussing why therapy might work. However, theory can 
create a false narrative and should not be used to guide treatment. The inappropriate 
application of theory to guide medical care can result in the tomato effect or medical 
reversal.

A cell of origin is needed to begin any theory of endometriosis. That cell must be 
accompanied by a method of dissemination (metastasis) or in situ development dur-
ing embryonic or fetal development or after birth; a force of stimulation, activation, 
or induction of the transition from a cell of origin to endometriosis; and mechanisms 
for growth to become endometriosis. Inactivation and clearance can potentially 
limit the growth.
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Research should be directed at early events in the development of endometriosis 
to prevent the development of fibrosis, which may only respond to surgery or natu-
ral inactivation. Those early events include the dissemination of the cell of origin, 
activation, and growth. In the retrograde theory, this also includes attachment and 
infiltration. If endometriosis can be controlled or inactivated before it develops into 
deep infiltrating, ovarian, or severely adhesive disease, surgery may be avoided, or 
the degree of surgery that is needed may be decreased.

Early treatment could be aimed at inflammation, pain, activation of transforma-
tion, estrogenic stimulation, immune dysfunction, an overload of the immune sys-
tem, comorbidities, decreasing delayed care, and quality of life. Although this 
chapter focuses on cells of origin and methods of dissemination, that is not meant to 
detract from research on activation, transition, and inactivation.

Declaring that surgery for early surgical diagnosis is needed based on tertiary or 
quaternary center data on women with a long delay to a diagnosis is not scientific. 
Data are needed on the results of early treatment of symptoms suggesting endome-
triosis or of surgical approaches in adolescents and adults with the delay interval 
documented to separate those treated early from those with delayed treatment. 
Before an early diagnosis is a reasonable goal, we need medical or surgical treat-
ment protocols that are proven to work.
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4.1  Introduction

It is often said that endometriosis shares several similarities with cancer, such as 
invasion and recurrence. At the cellular level, endometriotic lesions are also similar 
to cancer cells, as manifested in increased proliferation [1], resistance to apoptosis 
[2], inflammation [3, 4], angiogenesis [5], epigenetic aberration [6], and even 
cancer- driver mutations [7, 8]. Despite all these similarities with cancer, it is evident 
that endometriotic lesions differ drastically from malignant tumors in many ways. 
Aside from the lack of fatality, the most notable is the fact that, unlike cancer, 
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endometriotic lesions do not grow unbridled. In fact, the most glaring feature of 
endometriotic lesions is cyclic bleeding [9], so much so that one salient commonal-
ity seemingly shared by all hormonal drugs for treating endometriosis is that they 
stop cyclic bleeding [9]. Yet bleeding is a quintessential hallmark of vascular injury 
and thus tissue injury. Once there is a tissue injury, the evolutionarily conserved 
program in all organisms would initiate tissue repair. In other words, endometriotic 
lesions thus resemble wounds. As such, they would experience the well-known four, 
somewhat overlapping, phases in tissue repair: hemostasis, inflammation, prolifera-
tion, and remodeling. Among all these phases, platelets are the first responder [10]. 
Thus, it is pertinent to review the roles of platelets in endometriosis, especially in its 
progression.

4.2  A Primer on Platelets

Platelets are anucleated cells originating from cytoplasmic fragmentation of mega-
karyocytes mostly in the bone marrow and contain a plethora of pre-synthesized 
bioactive molecules, stored in at least three major types of granules: α-granules, 
dense granules, and lysosomes. Their roles are best known in hemostasis in tissue 
repair and thrombosis [11]. In many ways, platelets are at pivotal nexus of tissue 
injury/damage and inflammatory response, destined to initiate the repair of injured 
tissues. If, however, platelet activation is erratic or uncontrolled, it leads to chronic 
inflammation associated with numeric pathological conditions, including cancer 
[12], fibrosis [13], and atherothrombosis [14].

4.3  Role of Platelets in Endometriosis Progression

Traditionally, endometriosis is viewed as an estrogen-dependent disease, character-
ized by the increased local production of estrogens due to molecular aberrations in 
steroidogenesis [15] and estrogen-dependent growth of endometriotic lesions. 
Increasingly, it also has been recognized as a pelvic inflammatory condition [16], 
characterized by the overexpression of inflammatory genes, the release of proin-
flammatory cytokines (especially tumor necrosis factor-α (TNF-α) and interleukin-1β 
(IL-1β)) [17, 18], NF-κB activation [4, 19, 20], and the infiltration of macrophages 
and lymphocytes [21–23]. Yet extensive research in the last two decades clearly 
indicates that inflammation and coagulation are intimately intertwined. In fact, 
emerging evidence indicates that inflammation also activates the coagulation cas-
cade and coagulation modulates the inflammatory activity [24, 25]. Platelets are 
now increasingly viewed as inflammatory effector cells involved in the activities 
across the spectrum from acute inflammation to adaptive immunity [26, 27]. In fact, 
activated platelets are found to play a critical role in initiating inflammation [28].

In the last 5–6 years, the role of platelets in the development of endometriosis has 
been gradually revealed and recognized. This starts with the realization that 
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endometriotic lesions are practically and fundamentally wounds undergoing 
repeated tissue injury and repair.

4.3.1  Platelet Activation by Thrombin/Thromboxane

Cyclic bleeding [9] would inevitably lead to platelet aggregation, but there is evi-
dence also for extravasated platelets in endometriosis [29]. This raises a question as 
whether endometriotic lesions themselves secrete any inducers of platelet activa-
tion. In fact, it has been reported that increased production of thromboxane (TX) B2 
(TXB2), a metabolite of TXA2, by endometriotic stromal cells stimulated with 
IL-1β, increases tissue factor (TF) expression as well as thrombin concentration in 
peritoneal fluid (PF) from women with endometriosis [29], suggesting that endome-
triotic lesion and its microenvironment are conducive to platelet activation and 
aggregation.

Indeed, it has been reported that endometriotic stromal cells secrete thrombin 
and TXA2 and induce platelet activation and aggregation in a density-dependent 
fashion [30]. More specifically, co-culture of platelets with endometriotic stromal 
cells results in increased concentration of TXB2, thrombin, and transforming growth 
factor β1 (TGF-β1) in a density-dependent manner [30]. Treatment of endometriotic 
stromal cells with hirudin (a specific thrombin inhibitor) and ozagrel (a TXA2 syn-
thase inhibitor), but not apyrase (an adenosine diphosphate (ADP) pathway inhibi-
tor), resulted in significant and substantial suppression of platelet aggregation [30]. 
Thus, platelets and endometriotic cells mutually affect the functions of the other, 
collectively promoting the progression of endometriotic lesions.

4.3.2  Platelets-Mediated Suppression of Cytotoxicity in NK Cells 
in Endometriosis

It has long been suspected that a deficient immune system may be involved in the 
pathogenesis and pathophysiology of endometriosis [31, 32]. In women with endo-
metriosis, the decreased NK cell cytotoxicity is reported as early as the 1990s [33–
36]. The reduced cytotoxicity may play an essential role in the formation of lesions 
by permitting the survival, implantation, and proliferation of endometrial cells [37, 
38]. Later research indicates the increased expression of some killer cell 
immunoglobulin- like receptors (KIRs), such as KIR two Ig domains and long cyto-
plasmic tail 1 (KIR2DL1) [39–41], KIR2DL4 [42], KIR3DL1 [39], and NKG2A 
[43], and the reduced expression of natural killer cell p46-related protein (NKp46), 
an activating receptor on NK cells [44], which may be responsible for decreased NK 
cell cytotoxicity in women with endometriosis.

As a key component of the innate immune system, NK cells are a subset of lym-
phocytes that provide the first-line defense against pathogens or transformed cells 
by exerting cytotoxicity and the regulation of cytokine producing effector functions 
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[45, 46]. The function of NK cells is tightly regulated by a plethora of functionally 
opposing surface receptors (inhibitory) that bind major histocompatibility complex 
(MHC) class I molecules and protect “self” and activating receptors that bind 
ligands on virus-infected or tumor cells [47]. Activating and inhibitory receptors 
can transduce, respectively, positive and negative signals to regulate NK cell cyto-
toxicity and cytokine release [48]. NK cells may play an important role in peritoneal 
immune surveillance, possibly eliminating endometrial cells that have been regurgi-
tated into the pelvic cavity through retrograde menstruation, with low or absent 
expression of MHC class I and stress-induced expression for activating NK recep-
tors in women without endometriosis.

NKG2D or natural killer group 2, member D, which is encoded by killer cell 
lectin-like receptor subfamily K, member 1 (KLRK1) gene, provides costimulatory 
signals to CD8αβ T cells and potently activates NK cells, so potent that it can even 
override inhibitory signals by MHC class I molecules or “self” signals [49, 50]. It is 
one of the best characterized activating receptors expressed by NK and T cells and 
binds to several ligands in human and mouse [51]. NKG2D ligands (NKG2DLs) 
include MHC class I chain-related proteins A (MICA) and B (MICB) and UL16- 
binding protein (ULBP) 1–6.

In endometriosis, it has been reported that the platelet count, WBC count, MPV, 
platelet activation rate, and the TGF-β1 concentration in the peritoneal fluid (PF)  of 
women with endometriosis are significantly elevated when compared to those of 
women without endometriosis [52]. In addition, the TGF-β1 concentration corre-
lated positively with the platelet activation rate, suggesting that activated platelets 
could be accountable, at least in part, for the increased TGF-β1 concentration [52]. 
The cytotoxicity of freshly isolated NK cells treated with PF of women with endo-
metriosis is significantly reduced as compared with that of women without endome-
triosis, consistent with previously reported data [34, 36, 53]. Consistent with the 
report that TGF-β1 suppresses KLRK1 expression and cytotoxicity of NK cells 
[54–56], it is found that the platelet activation rate and the TGF-β1 concentration in 
the PF correlate negatively with the NKG2D expression in NK cells isolated from 
the PF of women with endometriosis [52]. Moreover, it has been demonstrated that 
the NKG2D expression level and the cytotoxicity in NK cells freshly isolated from 
healthy male volunteers are found to be significantly reduced if co-cultured with PF 
from women with endometriosis, but the TGF-β1 blockade attenuates this effect 
[52]. Taken together, these data suggest that platelet-derived TGF-β1 may be 
responsible for reduced NKG2D expression as well as reduced cytotoxicity of NK 
cells in women with endometriosis.

In addition, in vivo data indicate that anti-endometriosis effect of platelet deple-
tion is mediated, at least in part, by increased NK cell cytotoxicity against endome-
triotic cells [57]. In fact, platelet coating, as could happen following menstruation, 
provides coated cells a physical shield against NK cells as well as increased MHC-I 
expression, effectively providing a cloak of “pseudo-self” to coated cells to shield 
against NK cell lysis [57]. Co-incubation of target cells with platelets reduces the 
expression of NKG2D ligands MICA and MICB and reduces the NK cell cytotoxic-
ity. In addition, co-incubation of NK cells with platelets also impairs the NK cell 
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cytotoxicity. And this impaired NK cell cytotoxicity is not due to the increased NK 
cell apoptosis, but, rather, through reduced NK cell degranulation and IFN-γ pro-
duction, and reduced expression of activating receptors NKG2D and NKp46 and 
increased expression of inhibitory receptor KIR2DL1 in NK cells [57]. On the other 
hand, TGF-β1 neutralization abolishes the aberrant expression of NKG2D, NKp46, 
and KIR2DL1 and partially restores the impaired NK cell cytotoxicity induced by 
activated platelets and their releasates [57]. Taken together, these data provide a 
strong piece of evidence that activated platelets, which are aggregated in ectopic 
endometrium following cyclic bleeding or simply due to the release of platelet- 
activating molecules by endometriotic stromal cells [30], impair NK cell cytotoxic-
ity in endometriosis through multiple mechanisms and both soluble and 
membrane-bound factors are required for NK cell evasion of endometriotic cells.

These data are consistent with the previous report that platelet-derived soluble 
factors do not induce NK cell death [58]. They are also consistent with the report 
that platelet-derived TGF-β1 suppresses the expression of NKG2D on NK cells, 
resulting in reduced cytotoxicity in women with endometriosis, but inhibition of 
TGF-β1 signaling reverses the reduction [52].

4.3.3  Platelets Promote Progression of Endometriotic Lesions

Inspired by the glaring hallmark of endometriotic lesions, i.e., cyclic bleeding, it has 
been reported that the involvement of platelets in the development of endometriosis 
has been reported [29, 59, 60]. Incidentally or not, platelets release copious amount 
of TGF-β1 upon activation [61]. In fact, platelets release far more TGF-β1 than most 
cell types [62]. Yet TGF-β1 is a prototypical factor in epithelial-mesenchymal tran-
sition (EMT) [63], fibroblast-to-myofibroblast transdifferentiation (FMT) [64, 65], 
and subsequent fibrogenesis [66]. Platelet-derived TGF-β and direct platelet-tumor 
cell contacts also have been shown to synergistically activate the TGF-β/Smad and 
NF-κB pathways in cancer cells, resulting in EMT and enhanced metastasis [67]. 
More importantly, as endometriotic lesions undergo cyclic and repeated bleeding 
(and thus injury) and repair reminiscent of fibrogenesis in other organs, it also ulti-
mately leads to fibrosis in endometriotic lesions [29]. As such, the core pathways 
underlying fibrogenesis in endometriosis are likely to be similar to other organ types 
[68]. That is, endometriotic lesions are fundamentally wounds that undergo cyclic 
or repeated tissue injury and repair (ReTIAR), prompting EMT and FMT and 
resulting in smooth muscle metaplasia (SMM) and ultimately fibrosis.

Activated platelets, through the release of TGF-β1 and the induction of TGF-β/
Smad signaling pathway, promote EMT, FMT, and differentiation to smooth muscle 
cells (SMCs) in endometriosis, resulting in increased cell contractility, collagen 
production, and ultimately to fibrosis. TGF-β blockade, however, reverses these pro-
cesses. Prolonged exposure to activated platelets further turned endometriotic stro-
mal cells into differentiated SMCs, giving rise to SMM as seen in endometriosis, 
especially deep endometriosis and adenomyosis. These data, taken together, pro-
vide a strong piece of evidence that endometriotic lesions and their 
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microenvironment have all the necessary molecular machinery that gives rise to 
SMM and promotes fibrogenesis [69–71].

Traditionally, different subtypes of endometriosis, such as ovarian endometrio-
mas (OE) and deep endometriosis (DE), are thought to have different pathogenesis 
and even pathophysiology [72]. Viewed with the ReTIAR prism, both OE and DE 
lesions are found to exhibit cellular changes consistent with EMT, FMT, SMM, and 
fibrosis [73]. Compared with OE, DE lesions appeared to have undergone more 
thorough and extensive EMT, FMT, and SMM and, consequently, displayed signifi-
cantly higher fibrotic content but less vascularity and more aberrant expression of 
hormonal receptors [73]. In addition, DE lesions seem to have more epigenetic 
aberrations [73]. These findings would provide an explanation as why DE is more 
likely to defy medical treatment, simply because drug delivery to the target tissues 
becomes more difficult and because DE lesions would be less likely to respond to 
hormonal treatment and less likely to change at the transcriptional level due to epi-
genetic aberrations.

Remarkably, EMT, FMT, SMM, and fibrogenesis appear to constitute major 
molecular events underpinning the progression of endometriosis. In fact, alterna-
tively activated macrophages [74] and other immune cells [75] and even sensory 
nerve fibers within lesions [76, 77] all participate in the promotion of lesional pro-
gression ostensibly through these molecular events. More remarkably, activated 
platelets also turn endothelial and mesothelial cells into collagen-producing myofi-
broblasts through endothelial-mesenchymal transition (EndoMT) and mesothelial- 
mesenchymal transition (MMT) [78, 79].

4.3.4  Platelets, Estrogen Production, and Ovarian 
Steroid Receptor

In endometriosis, a well-known and perhaps also a widely accepted model that 
encompasses various mechanisms underlying both elevated 17β-estradiol (E2) pro-
duction and increased of proinflammatory cytokines and chemokines is the feed- 
forward model proposed by Bulun et al. [15], in which proinflammatory cytokines 
activate cyclooxygenase-2 (COX-2), resulting in increased production of prosta-
glandin E2 (PGE2), which, in turn, stimulates some key genes involved in the pro-
duction of E2, such as steroidogenic acute regulatory protein (StAR), aromatase, 
and 17β-hydroxysteroid dehydrogenase type-1 (HSD17B1), resulting in elevated 
production of E2, the most potent estrogen. The increased E2 further induces estro-
gen receptor β (ERβ), yielding further induction of COX-2. This positive feedback 
process, once initiated, supposedly perpetuates if untamed, resulting in increased 
inflammation due to elevated PGE2 levels and increased growth because of potent 
mitogenic effect of E2 [15].

PGE2 can activate the protein kinase A (PKA) signaling pathway via raising the 
intracellular levels of cyclic adenosine 3′,5′-monophosphate (cAMP) [80–82], 
which could enhance the binding of steroidogenic factor-1 (SF-1) to promoters of 
these steroidogenic genes [83], and induce phosphorylation of the transcriptional 
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activator cAMP-response element-binding protein (CREB) [84]. The binding of 
SF-1 and CREB to the promoters of steroidogenic genes is responsible for inducing 
the expression levels and activity of these enzymes, thus promoting the estrogen 
biosynthesis in endometriotic stromal cells [15, 85, 86].

In wound healing, estrogen has been well documented to be actively involved 
[87, 88]. Numerous studies have shown that estrogen is important to wound healing 
and its deficiency delays or impairs wound healing [89–93]. In fact, estrogen is 
found to be involved in all phases of wound healing [87]. One gene expression pro-
filing study of wound tissues from young and elder men found that among genes 
that were differentially expressed, 78% of them were estrogen-regulated and only 
3% were age-related [94], suggesting that estrogen is more important than intrinsic 
aging in wound healing. Remarkably, in striking similarity to endometriotic lesions 
in which ERβ is shown to be overexpressed [95, 96], ERβ has been shown to play a 
critical role in wound healing [97, 98]. It turns out that the co-culture of endometri-
otic stromal cells with activated platelets can upregulate ERβ [60].

It also has been reported that activated platelets increase the E2 production in 
endometriotic stromal cells through upregulation of StAR, HSD3B2, aromatase, 
and HSD17B1 [99]. In addition, platelets activate these genes critically involved in 
estrogen biosynthesis through the activation of NF-κB and/or TGF-β1, and antago-
nism of either signaling pathway can abolish the induction of the four genes and 
thus the estrogen production [99]. Platelets also induce HIF-1α, SF-1, and p-CREB, 
suggesting that the platelet-induced estrogen overproduction can be achieved in 
multiple pathways [99]. Remarkably, the product of the fold increase of the four 
proteins after platelet stimulation is nearly equal to the fold increase in E2 produc-
tion in endometriotic stromal cells, suggesting that the activated platelets are indeed 
responsible for the increased E2 production through activation of these four 
genes [99].

Taken together, platelets appear to be a new yet unappreciated player in Bulun’s 
feed-forward model, and this underscores the fact that endometriotic lesions are 
indeed fundamentally wounds undergoing ReTIAR.

4.3.5  Endometriosis and Hypercoagulability

While elevated platelet counts and increased plasma fibrinogen levels have been 
reported previously, but somewhat inconsistently [100–103], Wu et al. reported in 
2015 that women with endometriosis are in a hypercoagulant state, featuring short-
ened thrombin time (TT) and activated partial thromboplastin time (aPTT) values, 
as well as elevated platelet activation rate and plasma fibrinogen levels [104]. These 
findings are in line with growing evidence demonstrating the important role of 
platelets in the progression of endometriosis [29, 30, 52, 59].

Nonetheless, the notion of hypercoagulability is subsequently questioned by 
another study, which only found shortened aPTT but failed to find shortened TT 
[105]. However, an expanded study further confirmed the shortened TT values in 
women with OE, along with elevated values of other coagulation measurements, 
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such as fibrinogen, D-dimer, and fibrinogen-degradation products [106]. More 
remarkably, 3 months after the surgical removal of OE lesions, the hypercoagulable 
state was nearly resolved and addressed to homeostasis [106]. The different results 
found by other authors [105] may depend, at least in part, by the different choice of 
controls [106].

The finding of shortened TT values, along with elevated fibrinogen levels, is 
consistent with previous reports by our group [104, 106] and others [107]. The dis-
crepancy found in other studies [105, 108] is mostly likely due to the selection of 
patients, as controls, with a diagnosis of gynecologic diseases other than endome-
triosis but nonetheless required surgery. This may have caused a potential bias, 
since these non-endometriosis gynecologic diseases may also be in a hypercoagu-
lable state more or less, and this could be responsible for the somewhat conflicting 
results.

Indeed, even in healthy subjects, acute mental stress has been reported to elevate 
the levels of factor VIII, fibrinogen, von Willebrand factor [109], and also platelet 
aggregability [110], potentially forming a hypercoagulable state  – even if tran-
siently. It is conceivable that anxiety, nervousness, or even worry over the uncer-
tainty of surgical outcome, finance, etc. can arise to a woman who is about to receive 
a major operation. This, coupled with other discomfort or even pain that is associ-
ated with her gynecologic condition, could heighten the tendency of hypercoagula-
bility and may obscure the genuine difference with women with OE or endometriosis 
in general. It should be noted that in all studies that reported shortened TT values 
[104, 106, 107], the bulk of the control group were healthy women without any 
gynecologic conditions.

4.3.6  Therapeutic Implications

Given the promotional role of platelets in endometriosis, it is only natural to specu-
late that antiplatelet therapy may be effective in treating endometriosis. In fact, in 
traditional Chinese medicine (TCM), the treatment of endometriosis-related symp-
toms such as dysmenorrhea, pain, and infertility has always been the use of herbs, 
in various concoctions, that are now known to be antiplatelet or antithrombotic, 
even though there is no official name for endometriosis. Indeed, it has been reported 
that platelet depletion resulted in significantly reduced lesion size and improved 
hyperalgesia in mice with induced endometriosis [29]. The treatment with a recom-
binant P-selectin in mouse with induced endometriosis resulted in soluble P-selectin 
treatment which markedly reduced the lesion size in mouse through decreased 
platelet aggregation and angiogenesis, improved general hyperalgesia, and reduced 
the extent of macrophages infiltration, resulting in reduced fibrotic tissue content 
[59]. In addition, treatment with ozagrel, a TXA2 synthase inhibitor, yields signifi-
cant reduction in lesion growth along with improved hyperalgesia in mice with 
induced endometriosis [111]. Other antiplatelet compounds, such as scutellarin 
[112], andrographolide [113], and sodium tanshinone IIA [114], also show thera-
peutic potentials in preclinical studies.
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4.4  Summary and Perspective

Platelets are the first cells to go to and aggregate at the wounding site to initiate 
hemostasis, inaugurating the tissue repair process of inflammation, proliferation, 
and tissue remodeling [115]. Activated platelets secrete a plethora of bioactive mol-
ecules, including various cytokines/chemokines and growth factors, including 
PDGF and TGF-β1 [62]. As such, the involvement of platelets in endometriosis 
seems to be beyond any doubt. Yet platelets are not just passively impact on endo-
metriotic lesions. In fact, endometriotic stromal cells also produce potent platelet- 
activating molecules such as thrombin and TXA2 [30] and collagens [69], which, 
coupled with increased angiogenesis and thus vascular permeability, may further 
lead to platelet aggregation. Consequently, endometriotic lesions and platelets 
engage active cross-talks to maintain lesion growth and facilitate lesional progres-
sion and fibrogenesis [29, 69, 70].

Due, at least in part, to the involvement of platelets in endometriosis, women 
with endometriosis are in hypercoagulable state, and this may be one of the reasons 
for increased risk of coronary heart disease in these women [116]. Once endometri-
otic lesions are surgically removed, the hypercoagulable state appears to be normal-
ized [106]. This seems to suggest that endometriotic lesions and platelet activation 
are mutually causative, or at least they are intimately entwined.

While the involvement of platelets in the progression of endometriosis is certain, 
their roles in interacting with other immune cells in the context of lesional progres-
sion are still poorly understood. For example, platelets seem to work with regula-
tory T (Treg) cells to form a type 2 immunity in lesional microenvironment that is 
conducive to lesional progression and fibrogenesis [75]. In other words, we have 
just scratched the surface. How platelets work with other immune cells, what their 
underlying molecular mechanisms are, and how to devise novel therapeutics to treat 
endometriosis more effectively are unresolved questions that warrant future 
research.
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5.1  Introduction

Endometriosis, the presence of functional endometrium outside of the uterine cav-
ity, is a common disease, causing abdominal pain, dysmenorrhea, dyspareunia, and 
infertility in about 10% of the female population [1]. Even after 300 years, most of 
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the literature still claim that pathogenesis and/or pathophysiology of endometriosis 
is unclear [2, 3]. Besides metaplastic transformation of endometrial and peritoneal 
mesothelial cells, the transplantation, implantation, and growth of exfoliated men-
strual debris on the peritoneal and ovarian surfaces are the widely accepted mecha-
nisms of endometriosis [1–3]. A number of literature have already demonstrated the 
potential role of ovarian steroid hormones in the regeneration of endometrium after 
menstruation and the growth of endometriosis [4, 5]. However, as a nonself lesion 
in pelvic environment, the growth or persistence of endometriosis can also be regu-
lated by innate immune system. The mitogenesis or angiogenesis of eutopic and 
ectopic endometrium possibly involves an extensive interplay between endometrial 
cells, inflammatory cells, ovarian hormones, soluble factors, and the extracellular 
matrix [6].

As a cell component of innate immune system, peritoneal fluid (PF) and intact 
tissue derived from women with endometriosis have been shown to contain higher 
number of activated macrophages than that found in women without endometriosis 
[7]. This results in the secretion of higher concentrations of growth factors including 
hepatocyte growth factor (HGF) and other cytokines in PF as produced by the stim-
ulated- Macrophages (Mφ) in these patients [8, 9]. This indicates that the growth or 
persistence of endometriosis is a normal inflammatory response, and this was estab-
lished by the accumulation of inflammatory cells in grafted endometriotic lesions in 
mouse endometriosis model [10].

Since mesenchymal cells retain estrogen receptor, production of different cyto-
kines by endometrial stromal cells and its modulation by estrogen has been demon-
strated [11]. Considering that infiltrated Mφ is one of the cell components of 
endometriotic lesion in pelvic environment, reports describing expression of steroid 
receptors by Mφ and the secretion of different macromolecules in response to ste-
roid hormones are scanty. Here, we discussed the orchestrated role of Mφ, LPS, 
HGF, and ovarian steroid hormones in inducing pelvic inflammation and conse-
quent development of pelvic endometriosis. We also discussed the possible effect of 
estrogen-suppressing agent, GnRHa, on inflammation.

5.2  Fundamentals of Macrophages

Macrophages (Mφ) are phagocytic cells of the immune system that distribute in 
various tissues and play a critical role in various diseases such as inflammatory 
disorders and growth of tumors [12]. Macrophages are critical for the growth, devel-
opment, vascularization, and innervation of lesions as well as generation of pain 
symptoms in women suffering from endometriosis. The functional roles of Mφ 
include phagocytizing pathogens, apoptosis of cells and debris, antigen presenta-
tion, and modulation of other leukocyte populations [12]. Much of our knowledge 
regarding Mφ ontogeny is derived from studies conducted in mice. Macrophages 
are derived from three key populations: yolk sac of the embryo, the fetal liver, and 
postnatally, hematopoiesis in the bone marrow. Biologically, there are two variants 
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of Mφ, resident tissue Mφ and bone marrow-derived Mφ. Tissue macrophages are 
seeded during fetal life from the fetal liver and yolk sac and undergo self-renewal. 
In adults, monocyte precursors extravasate from the bone marrow into the circula-
tion, where they can undergo differentiation into macrophages and then infiltrate 
into the tissue [13]. Once peripheral blood monocytes are recruited to local tissue 
environment in response to ovarian steroid and chemokines, they undergo differen-
tiation into Mφ by initial inflammatory mediator derived from bacterial ligands such 
as lipopolysaccharide (LPS) [7]. A small amount of LPS persists in pelvis as a 
source of gut microbiota and as a result of gut wall transmigration [14]. In tissues, 
Mφ modulate their phenotype dependent on local cytokines and growth factors to 
specific tissue or disease-associated phenotypes. LPS activates local tissue Mφ for 
the production of different secondary inflammatory mediators such as cytokines, 
growth factors, and chemokines. These chemokines together with estrogen recruit 
more monocytes from the peripheral blood, and a vicious cycle of tissue accumula-
tion and subsequent differentiation into Mφ continues with the production of differ-
ent macromolecules in pelvic environment (Fig. 5.1).

Based on functional roles, Mφ are broadly classified into M1 macrophages 
(known as classically activated Mφ) and M2 macrophages (known as alternatively 
activated Mφ) [15]. M1 macrophages that express specific proinflammatory bio-
markers (CD40, CD68, CD80, and CD86) are potent effector cells to eliminate 
invading microorganisms and secrete proinflammatory cytokines (IL-1β, IL-6, 
IL-12, and TNFα). In contrast, M2 macrophages that express specific markers, 
CD163 and CD206, ameliorate inflammation and produce anti-inflammatory fac-
tors such as IL-10, TGF-β, and IL-1 receptor antagonist, but very low levels of 
proinflammatory cytokines. In addition, M2 macrophages are involved in tissue 
remodeling, angiogenesis, and tumor progression. Macrophages are a group of het-
erogeneous and plastic cells that switch from M1 to M2 phenotype, and vice versa, 
upon the induction of specific signals. M1 macrophages can be directly driven to the 
M2 phenotype by canonical exposure to IL-4 and IL-10 [5, 16]. Moreover, several 
pathways have been implicated in the M1/M2 polarization of macrophages [17].

Despite the importance of uterine Mφ, little is known about the influence of 
uterine Mφ and their distribution in pelvis in order to maintain uterine endometrial 
function and development of chronic inflammatory disorder such as endometriosis. 
Only a few studies have described polarization of the Mφ phenotypes M1 and M2 in 
the human endometrium and endometriosis. While Jansen et al. [18] demonstrated 
that human endometrial Mφ are predominantly M2 macrophages, other reports 
described contradictory results. A subsequent study indicated a significantly higher 
number of M1 macrophages in the endometria of women with endometriosis across 
the phases of menstrual cycle. The ratios of M2 macrophages in pan-macrophages 
(CD68+ Mφ) were significantly lower in all menstrual phases in the endometriosis 
group [19]. The distribution of pan-macrophages in early and advanced endometrio-
sis and in different color appearances of peritoneal endometriosis and their pattern 
of change after hormonal treatment is not well described.
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5.3  Macrophages and Innate Immune Cells

As a component of innate immune system, an increase in the infiltration of Mφ was 
found in normal endometrium and also in the endometria of women with different 
reproductive diseases such as endometriosis, adenomyosis, and uterine leiomyoma 
[20–22]. Innate (natural or constitutive) immunity in our body depends on toll-like 
receptors. From flies to mammals, these proteins provide a first line defense and are 
implicated in infectious and autoimmune diseases. While scientists have been 
studying the adaptive (acquired) immune response for several decades, the recogni-
tion of the importance of innate immunity was established only during the past few 
years to understand the association between adaptive and innate immune system. 
Why is innate immunity necessary for our body? There was always a question of 
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Fig. 5.1 (a) Shows source of two different variants of macrophages (Mφ), resident tissue Mφ 
derived from yolk sac/fetal liver and bone marrow-derived circulating monocytes. These mono-
cytes can infiltrate into tissues and differentiate into activated Mφ. (b) The fate of peripheral blood 
mononuclear cell (monocytes) after their recruitment into tissues and peritoneal environment in 
response to the secretion of chemokines by LPS-stimulated Mφ. Estrogen itself also acts as a che-
mokine. The gut origin of LPS and its persistence in pelvis stimulates activated Mφ for the secre-
tion of different cytokines, growth factors, chemokines, and other macromolecules. A vicious 
cycle of this cascade is involved in the growth, persistence, and progression of endometriosis. The 
details of this cascade are described in the text. LPS, lipopolyssachoride; TNF-α, tumor necrosis 
factor-alpha; IL, interleukin; EGF, epidermal growth factors; TGF-β, transforming growth factor- 
beta; VEGF, vascular endothelial cell growth factor; HGF, hepatocyte growth factor; PG, prosta-
glandin, a pain mediator; ROS, reactive oxygen species, a cytotoxic molecule; MCP-1, monocyte 
chemoattractant protein; MIP-2α, Mφ inflammatory protein-2alpha; and IP-10, interferon gamma- 
induced protein-10. LPS acts as initial inflammatory mediator, and all cytokines, growth factors, 
and chemokines act as secondary inflammatory mediators
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how adaptive immune system could defend us if it were alone, because adaptive 
immunity depends on the multiplication of host cells with a generation time of at 
least 12 h, whereas microbes can divide every 20 min. To cover this lag, the rapidly 
reactive innate immune system responds immediately to infectious agents, protect-
ing the host until slower adaptive system kicks in and eventually makes memory 
cells for long-term response [23, 24].

Functional characterization of Toll-like receptors (TLRs) has established that 
innate immunity is a skillful system that detects invasion of microbial pathogens. 
Mammalian innate immune cells such as Mφ and dendritic cells can be activated by 
microbial components (nonself) such as endotoxin or lipopolysaccharide (LPS) 
from Gram-negative bacteria. TLRs are one group of pattern recognition receptors 
that are expressed on Mφ, dendritic cells, and as more recently shown, on neutro-
phils, natural killer (NK) cells, and endometrial epithelial/stromal cells [25, 26]. 
Treatment of Mφ and endometrial stromal cells with LPS significantly increased the 
production of a number of macromolecules such as HGF, VEGF, IL-6, IL-8, and 
TNFα in a dose-dependent fashion [27–29]. Among them, HGF plays a crucial role 
in the growth of both eutopic and ectopic endometrial cells. A significantly more 
growth-promoting effect of LPS was observed on endometrial cells derived from 
women with endometriosis when compared with similar cells derived from control 
women [28, 29]. The stimulatory effect of LPS was inhibited by the addition of 
neutralizing antibody for TLR4 and also by an LPS antagonist, polymyxin B [30]. 
These results indicate that as a component of innate immune system, macrophages 
are involved in TLR4-mediated production of proinflammatory cytokine as well as 
growth of endometriosis.

5.3.1  Role of Macrophages/NK Cells in Endometriosis

There are inconsistent reports in terms of the leukocyte population in the female 
reproductive tract. This discrepancy comes from the differences in the sampling 
phase in the menstrual cycle, the sample size, the analytical methods, and the anti-
bodies used to determine immune cells. These immune cells in the reproductive 
tract are distributed in either an aggregated or a dispersed form in the epithelial 
layer, lamina propria, and stroma. Immune cells are differentially distributed in each 
organ of the reproductive tract. The predominant immune cells are T cells, macro-
phages, dendritic cells, NK cells, neutrophils, and mast cells. B cells are rare in the 
female reproductive tract [31]. PF from women with endometriosis has shown to 
contain higher numbers of activated Mφ than found in women without endometrio-
sis [7]. Tissue infiltration of Mφ has a crucial role in enhancing the growth of endo-
metriosis or in causing infertility [20]. The higher concentrations of growth factors 
and cytokines are released by activated Mφ in these patients. This indicates that 
growth and persistence of endometriosis is a normal inflammatory response. The 
increased levels of cytokines and growth factors in the PF may reflect increased 
synthesis of these macromolecules by the peritoneal Mφ, eutopic and ectopic 
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endometrium, and/or mesothelial cells of the peritoneum, all of which have been 
shown to be capable of cytokine synthesis [11, 32].

Similar to Mφ, NK cells are important components of innate immune system and 
exhibit significant role in the growth of endometriosis. Uterine NK cells have also 
been called large granular lymphocytes, endometrial granulocytes, K cells, endome-
trial granulated lymphocytes, and decidual granulated lymphocytes [33]. The major 
phenotype of endometrial NK cells is CD3−CD56brightCD16−, which distinguishes 
this cell subset from CD3−CD56dimCD16+ NK cells in the peripheral blood [31, 33]. 
In the proliferative phase, only a few NK cells are scattered throughout the stroma 
of functional layer. In contrast, the NK cells show a dramatic increase in number 
after ovulation and continue to increase until a few days prior to menstruation [31].

Impaired natural killer (NK) activity in women with endometriosis is thought to 
promote implantation and progression of endometrial tissue. The expression of 
human leukocyte antigen (HLA)-G, a ligand of NK receptors, was identified on 
eutopic endometrium only in the menstrual phase but not in the proliferative or 
secretory phases. Furthermore, HLA-G-expressing cells were also detected in peri-
toneal fluid during the menstrual period. During retrograde menstruation, HLA-G 
expressing endometrial tissue may enter the peritoneal cavity and may be reduced 
by immunosurveillance system. Although peritoneal NK cells play an important 
role in this system, impairment of NK cytotoxicity via HLA-G may allow peritoneal 
endometrial cell survival and implantation [34]. It has been reported that there is 
increased platelet aggregation in endometriotic lesions and increased activation rate 
in the peripheral blood in women with endometriosis. Once these platelets are acti-
vated, they release copious amount of TGF-β, a molecule that suppresses NK cell 
function and NK Group 2, Member D (NKG2D) expression on NK cells [35]. The 
TGF-β1 concentration in PF carries a positive correlation with the platelet activation 
rate indicating that activated platelets are responsible, at least in part, for the 
increased TGF-β1 concentration. The cytotoxicity of freshly isolated NK cells 
treated with PF of women with endometriosis was significantly reduced when com-
pared with that of women without endometriosis. Both the platelet activation rate 
and TGF-β1 concentration in the PF correlated negatively with the NKG2D expres-
sion in NK cells isolated from the PF. These results suggested a potential role of 
platelets and TGF-β1 in the impairment of NK cytotoxicity and consequent survival 
of endometrial cells in pelvis of women with endometriosis [35]. Another recent 
report from the same group provided further evidence that platelets impair NK reac-
tivity and function in women with endometriosis through multiple mechanisms [36].

5.3.2  Macrophages and Fibrogenesis in Endometriosis

Biomaterial-mediated inflammation and fibrosis remain a prominent challenge in 
designing material to support tissue repair and regeneration. The primary cells 
involved in biomaterial-mediated fibrosis are macrophages, which modulate inflam-
mation, fibrosis, and primarily lay down new extracellular matrix [37]. While mac-
rophages and fibroblasts are implicated in driving biomaterial-mediated fibrosis, the 
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signaling pathways and spatiotemporal crosstalk between these cell types remain 
poorly defined. In addition to pathogen scavenger activity and production of differ-
ent macromolecules, Mφ are known to be a key regulator of tissue repair and 
fibrogenesis.

Recent report has shown that endometriotic lesions are essentially wounds that 
undergo repeated tissue injury and repair in response to cyclic bleeding. These 
events result in epithelial-mesenchymal transition (EMT), fibroblast-to- 
myofibroblast transdifferentiation (FMT), smooth muscle metaplasia (SMM), and 
ultimately fibrosis [38]. Macrophages may play some remarkable role in the fibro-
genesis of endometriosis. While M1 macrophages mediate inflammation, M2 mac-
rophages are involved in reparative anti-inflammation, tissue remodeling, and 
profibrotic activity [39]. On the basis of their activators, markers of activation and 
function, secreted cytokines, and chemokines, M2 macrophages can be further clas-
sified into four subtypes: M2a, M2b, M2c, and M2d [40]. M1 macrophages are 
found to be involved in early stages of wound healing whereas M2 macrophages are 
involved in middle stages. Although preemptive Mφ depletion before induction of 
endometriosis did not greatly affect lesion weight, Mφ depletion after induction 
resulted in reduced lesional growth and vascularization suggesting a possible role of 
M2 macrophages in the development of endometriosis [41].

In a mouse model of endometriosis, Duan et al. [42] demonstrated that lesional 
infiltration of M2 macrophages increased progressively as lesions progressed undis-
turbed, concomitant with progressive EMT, FMT, and fibrosis. In a separate experi-
ment in mice, they found that diphtheria toxin-mediated Mφ depletion after 
induction of endometriosis significantly reduced lesional infiltration of pan- 
macrophages, M2 macrophages with significant reduction in fibrotic content and 
lesion weight. Furthermore, adoptive transfer of M2a but not M1 or M2c macro-
phages, after Mφ depletion, significantly increased the extent of fibrosis in endome-
triotic lesions [42]. The authors emphasized that a particular submit of M2 
macrophage (M2a) may be involved in the growth and fibrogenesis of 
endometriosis.

5.4  Macrophages in Early and Advanced Endometriosis

The retrograde reflux of menstrual debris into the pelvic cavity can induce a normal 
inflammatory response and release different chemoattractant proteins, which in turn 
recruit peripheral blood mononuclear cells (PBMCs) into the peritoneal environ-
ment. These PBMCs time-dependently mature into macrophages (Mφ). The mature 
Mφ could be harbored either in the PF or in intact tissue, and they can produce 
proinflammatory mediators in response to any exogenous or endogenous stimuli 
[7]. As a component of the innate immune system, the activated Mφ with their liber-
ated cytokines and growth factors are suitable for the growth of endometriosis [7, 
43]. Although a link between the severity of endometriosis and Mφ activation has 
been reported in 1995 [44], several subsequent studies informed us regarding the 
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tissue infiltration of these inflammatory cells and their relationship with the staging 
and morphologic appearances of endometriosis [45–47].

5.4.1  Mφ Infiltration in Eutopic and Ectopic Endometrium

In a case control study with eutopic and ectopic endometrial biopsy samples derived 
from women with and without endometriosis, we found that the tissue infiltration of 
CD68-stained pan-macrophages (Mφ) in the eutopic endometria was significantly 
higher in women with endometriosis than in women without endometriosis [47]. 
When we evaluated the distribution pattern of Mφ infiltration in the eutopic and 
ectopic endometria based on revised-ASRM staging of endometriosis, we found 
that women with stage I-II endometriosis harbored significantly more Mφ in their 
eutopic endometria than in women with stage III-IV endometriosis, and this was 
more marked in the secretory phase than in the proliferative phase of the menstrual 
cycle. The ectopic endometriotic lesions in the peritoneal cavity in women having 
stage I-II endometriosis also displayed higher Mφ accumulation, and this was pre-
dominant in the secretory phase [47]. These results indicate that activity status of 
endometriotic lesions is more dominant in early endometriosis than in advanced 
endometriosis.

5.4.2  Mφ Infiltration Based on Phases of Menstrual Cycle

The distribution of tissue infiltration of endometriosis according to the phases of the 
menstrual cycle is variable as reported by different studies. Braun et al. [48] reported 
that number of Mφ is decreased only in the early proliferative phase and was not 
significantly different in other phases of endometriotic patients. Another subsequent 
study reported that Mφ numbers increased in the whole proliferative phase of endo-
metriotic patients. They counted cells that were positive for CD68, a marker of 
matured and activated pan-macrophages [49]. In a separate study, a higher distribu-
tion of these inflammatory cells was found in the secretory phase of the menstrual 
cycle [47]. Comparing to control women without endometriosis, tissue infiltration 
of Mφ was significantly higher in both proliferative and secretory phases in women 
with endometriosis. Although an apparent increase of Mφ infiltration was observed 
in the secretory phase, no significant difference was found between proliferative and 
secretory phases in women without endometriosis [47]. We examined the distribu-
tion of Mφ infiltration in the early, mid, and late proliferative phase and correspond-
ing secretory phase of the menstrual cycle. We found that Mφ infiltration of the 
endometrium increased steadily throughout the cycle in both proliferative and 
secretory phases. In fact, a transitional increase in the accumulation of Mφ was 
noted from the early, mid, to late phases of the respective menstrual cycle [47].
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5.4.3  Mφ Infiltration Based on Morphologic Appearance 
of Lesions

We examined the tissue infiltration of Mφ in different peritoneal lesions based on 
their color appearance and in their corresponding adjacent peritoneum. We found 
that red lesions and their adjacent peritoneum harbored more Mφ than in either 
black lesions or white lesions. The infiltrated Mφ number in the peritoneum col-
lected from control women was not different from that of black lesions [47]. These 
results indicate that early endometriosis with red peritoneal lesions induces a higher 
inflammatory response in the pelvic cavity than advanced endometriosis by the 
increased recruitment and accumulation of Mφ in these tissues. These findings were 
coincided with a significant correlation between CD68-positive Mφ number and 
monocyte chemoattractant protein-1 (MCP-1) concentration in the PF of women 
with endometriosis. No positive correlation was found between isolated Mφ and 
MCP-1 levels in women without endometriosis [47].

5.4.4  Correlation Between Mφ Infiltration and HGF 
Expression/MVD

HGF was discovered as a mitogen for adult hepatocytes and is identical to scatter 
factor [50, 51]. Several lines of evidence have implied that HGF, produced by mes-
enchymal cells and macrophages, exerts mitogenic, motogenic (migration), mor-
phogenic, and angiogenic activity after binding with its receptor, c-Met, on various 
epithelial cells derived from rodents and humans [50, 51]. The role of HGF on the 
proliferation, migration, and metaplastic transformation of endometrial tissue has 
been demonstrated both in vitro and in vivo [29, 52]. We examined the relationship 
between Mφ infiltration and immunoreaction of HGF in the eutopic endometrium 
of women with and without endometriosis and in different peritoneal lesions. We 
found a significant correlation between them in women with endometriosis and in 
those containing red peritoneal lesions [47]. We also found a similar significant 
association between tissue accumulation of Mφ and microvessel density (MVD) as 
measured by total microvessel number in the eutopic endometrium of women with 
endometriosis and in red lesions [47]. No relationship was found between them in 
control women or in other peritoneal lesions.

Collectively, our findings indicated that the growth of endometriosis is not only 
affected by the increased production of different mitogenic and angiogenic factors 
by the endometriotic tissues themselves but is also affected by the infiltrated Mφ, 
which is markedly accumulated in peritoneal endometriosis tissues and adjacent 
peritoneum. The peritoneum, which is adjacent to active endometriotic lesions, is 
also responsive to similar pelvic inflammation and harbors a substantial amount of 
Mφ. We previously reported from our laboratory that immunoexpression of HGF 
and its receptor, c-Met, was stronger in early endometriosis and was manifested by 
a strong immunoreaction in active red lesions and the corresponding eutopic endo-
metrium of women with endometriosis than other peritoneal lesions or in control 
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women [46]. These overexpressions of HGF and c-Met were associated with the 
tissue proliferation and angiogenesis as defined by the coexpression of proliferating 
cell nuclear antigen and von-Willbrand factor (VWF) in the same tissues [46].

Our findings suggest that growth of endometriosis does not depend on the fibrotic 
extension of disease, rather it depends on the tissue activity of endometriosis. We 
presume that extension of disease could be related to pelvic pain, but higher activity 
of endometriosis associated with abundant recruitment and infiltration of Mφ could 
be related to infertility. Our results agree with those of Donnez et al. [53, 54] and 
indicate that the increased tissue activity of endometriosis is associated with an 
increased pelvic inflammatory response.

5.5  Regulation of HGF by Basal and Stimulated Mφ

We already came to learn that different macromolecules as secreted by Mφ in the 
pelvic environment are involved in the growth of endometriosis. The possible medi-
ator that stimulated Mφ for the production of different growth factors including 
HGF is not well known. We demonstrated that menstrual fluid and PF of women 
with endometriosis contains higher concentration of LPS (endotoxin) than that of 
those without endometriosis [30]. It is possible that as an initial inflammatory medi-
ator, LPS could stimulate peritoneal Mφ for the production of HGF. HGF is a pleio-
tropic growth factor and is traditionally believed to be a source of mesenchymal 
cells. The possible production of HGF by the basal and LPS-stimulated Mφ derived 
from women with and without endometriosis was unknown.

A significant increase in the proliferation of peritoneal Mφ derived from women 
with endometriosis and particularly of those harboring red lesions was observed 
after treatment with LPS. A fourfold and threefold increase in the production of 
HGF was observed by the LPS-treated Mφ derived from women with revised- 
ASRM stage I-II endometriosis and stage III-IV endometriosis, respectively, when 
compared with non-LPS-treated Mφ [28]. At the transcriptional level, we found a 
fivefold increase in HGF mRNA expression in LPS-treated peritoneal Mφ versus 
basal (LPS-untreated) Mφ in women with endometriosis. The bromodeoxyuridine 
(BrdU) incorporation study indicated that 10–100  ng/mL of HGF enhanced the 
growth of endometrial epithelial cells, stromal cells, and Mφ (~50% increase) 
derived from women with endometriosis [28]. These results suggest that LPS could 
be an inflammatory mediator of Mφ stimulation in the pelvic microenvironment. 
Besides mesenchymal cells, HGF is also produced by peritoneal Mφ and is possibly 
involved in the growth or persistence of endometriosis. Besides ovarian steroid hor-
mones, the role of innate immune system in the regulation of endometriosis is also 
important. Since peritoneal Mφ retain the receptor (TLR4) for LPS derived from 
Gram-negative bacteria [30], we can speculate that a subclinical concentration of 
endotoxin in pelvis could stimulate Mφ, produce different cytokines and growth 
factors, and interact with its neighboring cells in the pathogenesis of 
endometriosis.

K. N. Khan



67

5.6  ER/PR Expression in Mφ and Role of Ovarian Steroids

A number of publications have demonstrated the potential role of ovarian steroid 
hormones in the regeneration of endometrium after menstruation and the growth of 
endometriosis [4, 5, 55, 56]. However, as a nonself lesion in pelvic environment, the 
growth and/or persistence of endometriosis can also be regulated by the innate 
immune system. The mitogenesis or angiogenesis of eutopic and ectopic endome-
trium possibly involves an extensive interplay between endometrial cells, inflamma-
tory cells, ovarian hormones, soluble factors, and the extracellular matrix [6, 49]. 
Since mesenchymal cells retain estrogen receptor, production of different cytokines 
by endometrial stromal cells and its modulation by estrogen has been demonstrated 
[11]. Considering that infiltrated Mφ are one of the cell components of endometri-
otic lesions in the pelvic environment, information of the expression of ovarian 
steroid receptors by macrophages and the secretion of different macromolecules in 
response to steroid hormones deserves attention.

RT-PCR and immunohistochemical analysis revealed that estrogen and proges-
terone receptors (ER/PR) were expressed in isolated peritoneal Mφ and intact tissue 
at the protein and mRNA levels. Macrophages derived from women with endome-
triosis produced significantly higher concentrations of HGF in conditioned media 
after treatment with estradiol (10−8 M) than that of basal Mφ or women without 
endometriosis. These effects were less evident after treatment with progesterone 
[57]. It was interesting to observe that treatment with antiestrogenic agent, tamoxi-
fen (10−6 M), reversed the production of HGF and other macromolecules. Secretion 
of HGF in response to ovarian steroids was further enhanced after activation of Mφ 
with LPS. The mRNA expression of HGF and its receptor, c-Met, were also detected 
in Mφ and stroma in response to estrogen, suggesting an autocrine regulation. HGF 
mRNA expression was higher in cells of women with endometriosis than nonendo-
metriosis women. Bromodeoxyuridine incorporation assay indicated that exoge-
nous stimulation with HGF and estrogen, either alone or in combination, significantly 
increased cell proliferation of both endometrial stromal cells and peritoneal Mφ 
compared to that of nonendometriosis or nontreated cells [57].

These results suggest that besides other inflammatory mediators, ovarian steroids 
also participate in the production of HGF by peritoneal Mφ and may be involved in 
the growth of endometriosis either alone or in combination with LPS. These find-
ings of a persistent inflammatory response in women with endometriosis and 
estrogen- regulated production of HGF by activated and nonactivated peritoneal Mφ 
further confirmed that the growth of endometriosis possibly depends on a mutual 
interaction between the innate immune system and ovarian steroid hormones in the 
pelvic microenvironment. The current therapeutic strategy of hypoestrogenic medi-
cation in women with endometriosis can also be explained by its effect on innate 
immune system, which may suppress different cytokines and growth factors and 
thereby improve the growth of endometriosis or other reproductive diseases.
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5.7  Crosstalk Between Inflammation and Ovarian Steroids

Basically endometriosis is an estrogen-dependent disease and induces an inflamma-
tory reaction in pelvic environment. An abundant number of literatures have already 
demonstrated individual effect of estrogen and effect of initial or secondary inflam-
matory mediators in the growth regulation of endometriosis [57–60]. An additive 
effect between inflammation and stress reaction on the growth of endometriosis has 
been demonstrated [61]. Therefore, it is important to know the combined effect of 
estrogen and inflammation in the growth of endometriosis.

In an attempt to explore the combined effect between inflammation and ovarian 
steroids, we demonstrated that Mφ-mediated production of HGF/VEGF/IL-6/TNFα 
in response to ovarian steroids was further enhanced after treatment with LPS [57]. 
An additive effect was observed between E2 and LPS on promoting pelvic inflam-
mation and on the proliferation of eutopic and ectopic endometrial stromal cells 
when compared with their single treatment. This effect of E2+LPS on cell growth 
and peritoneal Mφ-mediated inflammation was markedly abrogated after pretreat-
ment of cells with anti-TLR4 antibody and ICI 182720, an ER antagonist [3, 62, 
63]. These findings suggest that E2 exhibits proinflammatory response, and an 
immuno-endocrine crosstalk between estrogen and inflammation in pelvic environ-
ment may be involved in additive inflammatory response in pelvic environment and 
growth of endometriosis. Another published report on this issue supported our find-
ings [64].

5.8  Effect of GnRHa on Tissue Inflammation

With the advent of isolation and synthesis of gonadotropin-releasing hormone 
(GnRH) by Schally in the early 1970s [65], interest in the clinical application of 
GnRH agonist (GnRHa) has grown. Now in clinical practice, GnRHa has been used 
for the medical treatment of prostate cancer, precocious puberty, endometriosis, 
adenomyosis, and uterine myoma. Traditionally, the effect of GnRHa is mediated 
by competitive downregulation of pituitary GnRH receptors (GnRHR), causing a 
state of hypoestrogenemia resulting in the resolution of pain symptoms and regres-
sion of disease.

Endogenous GnRH (GnRH I and GnRH II) and exogenous GnRHa have been 
demonstrated to exert antiproliferative and apoptotic effects on cultured endometri-
otic cells and some cancer cells derived from reproductive organs [66, 67]. The 
response of this hormonal medication to reproductive diseases is variable depending 
on the type of the medication, patients background, and GnRH receptor-ligand 
binding affinity for individual cells or tissues [68, 69]. In addition to central effect, 
multiple biological functions of GnRHa, such as in decreasing tissue inflammation, 
cell proliferation, and angiogenesis and in promoting cellular apoptosis, in intact 
tissues of women with different reproductive diseases have been demonstrated 
[22, 70].
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Considering the effect of GnRHa on peripheral tissues, immunohistochemical 
analysis showed that tissue infiltration of CD68-positive Mφ and VWF-positive 
microvessel density were significantly decreased in the endometria of women with 
endometriosis, adenomyosis, and uterine myoma in the GnRHa-treated group (for a 
variable period of 3–6 months) when compared with that in the nontreated group 
[22]. A marked decrease in inflammatory and angiogenic responses was observed in 
lesions and myometria of these diseases. When compared with nontreated group, a 
significant increase in apoptotic index (apoptotic cells per 10  mm2 area) and 
quantitative- histogram (Q-H) scores of activated caspase-3 after GnRHa therapy 
was observed in the eutopic endometria, pathological lesions, and myometria of 
these diseases [22]. These results suggest that GnRH agonist was able to markedly 
reduce the inflammatory reaction and angiogenesis and significantly induce apopto-
sis in tissues derived from women with endometriosis, adenomyosis, and uterine 
myoma. These multiple local biological effects of GnRHa may be involved in the 
regression of these reproductive diseases with consequent resolution of symptoms 
suffering from these hazardous diseases.

5.9  Summary and Perspective

We now know that besides steroid hormones, innate immunity plays a pivotal role 
in the initiation of an array of inflammatory reactions against regurgitated endome-
trial cells and subsequent development of peritoneal endometriosis. Currently, prev-
alent concepts on the genesis of endometriosis are retrograde dissemination of 
eutopic endometrial tissues during menstruation, coelomic metaplasia of the perito-
neum, and compromised immuno-surveillance. However, none of these theories can 
explain the pathogenesis of endometriosis uniformly. A number of widely accepted 
mechanisms involved in the development or pathogenesis of endometriosis are sum-
marized in Fig. 5.2. Based on our serial studies on the etiological role of bacterial 
endotoxin (LPS), we would propose a novel concept for the genesis of pelvic endo-
metriosis via LPS/TLR4/Mφ-mediated engagement of innate immune response.

According to this concept, it would appear possible to integrate two conflicting 
thoughts of transplantation and metaplasia as reflecting the different phases of ini-
tiation and progression of pelvic endometriosis. Transplantation and consequent 
implantation of regurgitated endometrial cells during menstruation may trigger 
strong inflammatory reaction in early endometriosis. In addition, a variety of proin-
flammatory factors are also secreted from the infiltrated Mφ of innate immune sys-
tem. During progression of the affected lesion, cellular changes of juxtaposed 
mesothelium into endometrioid cells and gland-like structures subsequently ensue 
and were described as metaplasia of peritoneal mesothelium [52, 71]. As a pleiotro-
pic growth factor, HGF being produced by Mφ and stromal cells has been shown to 
serve this unique role. The multifunctional role of HGF can be performed with the 
aid of systemic or focal hormonal environment characterized by consistent estrogen 
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synthesis. Our presenting findings demonstrate that besides other proinflammatory 
mediators, ovarian steroids also participate in the generation of a pelvic inflamma-
tory response by producing different macromolecules including HGF by peritoneal 
Mφ. These proinflammatory mediators including HGF may be involved in the 
growth of endometriosis either alone or in combination with estrogen. A complete 
understanding of the mechanisms of endocrine-immune crosstalk in the mammalian 
species and the function of innate immunity via toll-like receptor system will be 
helpful for the future development of innovative therapies for manipulation of 
endometriosis.
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Fig. 5.2 Shows proposed concepts on the immunopathogenesis of pelvic endometriosis by hepa-
tocyte growth factor, bacterial endotoxin (LPS) via toll-like receptor 4 (TLR4), macrophages 
(Mφ), and ovarian steroid hormone (estrogen, E2)) and their crosstalk in the development, persis-
tence, and progression of endometriosis (Refs. [3, 62]). The details of the development of endome-
triosis, the immuno-endocrine relationship, and engagement of innate immune system in 
endometriosis are described in the text
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6.1  Introduction

Endometriosis is a common complex condition that is caused by the interplay of 
multiple genetic and environmental factors. The genetic risk variants for the condi-
tion only present part of the disease risk, and environmental factors also a play an 
important role in disease pathogenesis either independently or through interaction 
with genetic factors [1]. The heritability that is the proportion of disease risk due to 
genetic factors for endometriosis has been estimated in two large twin studies [2, 3]  
that arrived at very similar estimates (49–51%). A separate study estimated 26% to 
be due to common genetic variation (DNA variants with a frequency >1% in the 
population) [4]. As the underlying pathology of endometriosis is not well under-
stood, one way to explore underlying mechanisms is to investigate the genetic fac-
tors and their functions that are causal for the disease. For complex diseases such as 
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endometriosis, the most powerful and appropriate study design to detect genetic risk 
factors is that of a genetic association study, in which the frequencies of variants are 
compared between cases and controls, similar to an epidemiological case control 
study in which the frequency of risk-factor exposures is compared. For situations in 
which a disease shows a very strong pattern of familial inheritance (e.g., “mono-
genic” familial breast or ovarian cancer), family-based approaches are more appro-
priate, which we do not cover here.

6.2  Discovery of Endometriosis Genetic 
Susceptibility Variants

In population-based study designs, genetic variants can be investigated using 
hypothesis-driven or hypothesis-free association methods. The hypothesis-driven 
approach, candidate gene association studies, relies on prior biological understand-
ing of the condition and testing for association in these regions that are prioritized 
based on previous knowledge. Similar to other complex diseases, candidate gene 
association studies have not generally been successful in identifying robust results 
for endometriosis [5]. For the results to be robust, identified associations need to be 
replicated in an independent study in individuals of similar ancestral background. 
The reason for general failure of candidate gene association studies is manyfold: (1) 
The prior biological knowledge on the tested regions for association may not be 
relevant to the disease in question; (2) the coverage of common genetic variation in 
candidate gene regions is often limited and does not allow the testing of all potential 
common genetic risk variants in these regions (either directly, or indirectly through 
linkage disequilibrium with other variants); (3) the number of genes included in the 
study are often limited to a few that make up only a small part of a potentially causal 
underlying pathway; (4) and the sample sizes of candidate gene studies have often 
been insufficient to detect common genetic variants for common complex condi-
tions. The standard approach now to identify common genetic variants for common 
complex conditions is a hypothesis-free method, namely the genome-wide associa-
tion study (GWAS).

6.3  Genome-Wide Association Studies

GWAS have been very successful in the identification of common genetic variants 
underlying complex conditions. In a GWAS, typically at least 2000 cases and 2000 
controls are genotyped at a genome-wide level using an “off the shelf” microarray 
containing probes that capture 100,000s of single nucleotide polymorphisms 
(SNPs) – single base-pair DNA variants. After extensive quality control, the geno-
types of SNPs nearby that are not directly genotyped can be imputed, using a refer-
ence panel that includes a comprehensive catalogue of common genetic variants in 
the relevant ancestry population. Subsequently, the frequency of common SNPs is 
tested for differences between the case and control groups. Owing to the millions of 
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statistical tests conducted across the genome, a stringent significance threshold 
needs to be adopted to reduce the number of false positive findings. The standard 
threshold used for genome-wide significance is p < 5 × 10−8. A detailed overview of 
GWAS design is given in Zondervan and Cardon [6]. All common genome-wide 
significant variants identified for common complex diseases and traits through 
GWAS are documented in the National Human Genome Research Institute (NHGRI) 
GWA Catalogue (www.genome.gov/GWAStudies). This catalogue demonstrates 
how successful the GWAS approach has been in identifying common variants 
underlying complex diseases and traits: To date, the catalogue includes data on 
255,015 SNP-disease associations (25 April 2021).

To date, 10 GWAS in women of European and East Asian ancestry have been 
published for endometriosis, varying from 171 to 58,115 included cases (Table 6.1). 
The largest is a meta-analysis led by the International Endogene Genomics 
Consortium (IEGC), for which interim results were released in 2018, comprising of 
15 GWAS and a replication analysis including a total of 58,115 cases and 733,480 

Table 6.1 Summary of 10 GWAS investigating associations with endometriosis

GWAS

Case and controls Number of 
genome-wide 
significant 
loci ReferenceAncestry Number Ascertainment

Adachi et al. Japanese 696: 825 Surgically 
confirmed and 
medical records

0 Adachi et al. [7]

Uno et al. Japanese 1423: 
1318

Medical records 1 Uno et al. [8]

Painter et al. European 3194: 
7060

Surgically 
confirmed, medical 
records

1 Painter et al. [9]

Albertsen et al. European 2019: 
14,471

Surgically 
confirmed

3 Albertsen et al. 
[10]

Nyholt et al. European 
and 
Japanese

4604: 
9393

Surgically 
confirmed, medical 
records

3 Nyholt et al. 
[11]

Steinthorsdottir 
et al.

European 1840: 
129,016

Surgically 
confirmed

3 Steinthorsdottir 
et al. [12]

Sapkota et al. European 
and 
Japanese

17,045: 
191,596

Surgically 
confirmed, medical 
records, and 
self-reported

14 Sapkota et al. 
[13]

Sobalska et al. European 171: 
2934

Surgically 
confirmed

3 Sobalska- 
Kwapis et al. 
[14]

Galarneau et al. European 37,183: 
251,258

Self-reported 14 Galarneau [15]

Rahmioglu 
et al.

European 
and 
Japanese

58,115: 
733,480

Surgically 
confirmed, medical 
records, and 
self-reported

27 Rahmioglu [16]
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controls [16]. An early GWAS had analyzed the effect of all SNPs combined by 
rASRM stage, showing a significantly higher genetic contribution to rASRM stage 
III/IV versus stage I/II disease (Proportion of endometriosis variation explained by 
common SNPs = 0.34, SD: 0.04 vs. 0.15, SD = 0.15) [9]. Therefore, subsequent 
GWAS meta-analyses were conducted separately for stage III/IV disease; the larg-
est IEGC-led GWAS meta-analysis (2018) investigated association with rASRM 
stage III/IV disease, rASRM stage I/II disease (for the first time), and infertility- 
associated endometriosis subphenotypes, in addition to overall endometriosis. This 
study revealed 27 loci genome-wide significantly associated with endometriosis, 13 
of which were novel (Table  6.2). Positionally, the lead SNPs for the identified 
genetic loci reside near genes that are involved in sex-steroid hormone, WNT sig-
naling, cell adhesion/migration, cell growth/carcinogenesis, and inflammation- 
related pathways.

In subphenotype genome-wide association analyses, eight genome-wide signifi-
cant signals were associated with stage III/IV disease and one genome-wide signifi-
cant signal with infertility-associated endometriosis. Moreover, 21 of the 27 loci 
had larger effect sizes for stage III/IV compared to stage I/II disease (Table 6.2) 
suggesting that specific variants may confer risk for different subtypes of endome-
triosis through distinct pathways. Further studies with more detailed phenotypic 
data on endometriosis are needed to decipher the genetic variants that may be asso-
ciated with different subtypes of the disease, and the identity of these subtypes 
beyond ASRM staging.

6.4  Conclusions and Future Work

The variance explained by the 27 loci together is 2.15% for overall endometriosis 
and 3.83% for rASRM stage III/IV disease [16], which shows that there are many 
more genetic susceptibility loci to be uncovered for endometriosis in larger, deeply 
phenotyped datasets. The most up-to-date findings show that genetic mechanisms 
underlying endometriosis implicate metabolic, reproductive, inflammatory, and 
pain-related pathways, although these are based on “nearest gene” assumptions (the 
notion that the gene nearest the risk variant is affected by the risk variant in terms of 
expression). Furthermore, the stronger associations observed with infertile endome-
triosis or stage III/IV endometriosis strengthen the fact that specific variants may 
confer risk for different subtypes of endometriosis through distinct pathways. Fine- 
mapping analyses are needed to identify the causal variants for each of the 27 loci. 
In particular, functional follow-up of identified variants is vitally important, exam-
ining their effects on transcriptomic, proteomic, metabolomic, and epigenomic data 
in tissues and cells relevant to endometriosis, i.e., endometrium and its cellular 
components.

As an example, WNT4/1p36.12 is a well-established locus associated with endo-
metriosis, and the gene that sits nearest to the identified genome-wide significant 
variant is the WNT4 gene. However, this positional evidence is not enough to deter-
mine whether this is the gene that involved functionally in endometriosis pathology. 
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Powell et al. investigated the gene expression profile around this 1p36.12 cytoband 
and identified that the endometriosis associated variant is a significant eQTL in 
whole blood decreasing expression of LINC00339 and increasing expression of 
CDC42. The eQTL for LINC00339 was also observed in endometrium tissue with 
same direction of effect. However, no evidence for eQTL effects of WNT4 was iden-
tified highlighting the importance and need for these functional studies to under-
stand the disease-relevant mechanisms of the identified genetic risk variants [17].

Tissue-based molecular phenotyping data (transcriptomics, proteomics, and 
metabolomics) are not available for endometrium or its relevant cellular compo-
nents in sufficiently large sample sizes from publicly available databases (e.g., the 
Genotype-Tissue Expression (GTEx) project [18, 19]). Two recent studies investi-
gated the whole-transcriptome profiles utilizing RNA-sequencing (N  =  206) and 
microarray- based gene expression (N = 123) in endometrium tissue and generated 
expression-quantitative trait loci (eQTL) maps to determine the genetic variants that 
regulate gene expression in endometrium tissue [20, 21]. The microarray-based and 
RNAseq-based eQTL maps identified variants that regulate expression of 198 and 
327 unique genes, respectively. Such studies are very important to better understand 
the effect genetic risk variants have on gene expression in endometrium; however, 
similar profiling studies need to be conducted using other “omics” data (epigenom-
ics, proteomics, and metabolomics). There is also need for collection of these tissue 
and cell types utilizing standardized protocols that will allow for collaboration 
between study centers to reach samples size needed for these functional investiga-
tions. The Endometriosis Phenome and Biobanking Harmonisation Project of the 
World Endometriosis Research Foundation has provided globally standardized pro-
tocols for data and sample collection in studies of endometriosis [22–25]. At the 
time of writing, 47 centers are using the standards for data and/or sample collection, 
with many 10,000s of samples already stored for research purposes in local study 
repositories. More large-scale integrated omics studies in deeply phenotyped 
patients are needed to understand the underlying causal mechanisms for endome-
triosis and dissect subtypes of this complex condition, leading to the discovery of 
novel, better targeted treatments.
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7.1  Introduction

Endometriosis has been demonstrated to be an estrogen-dependent disease, and 
dysregulation of steroid action appears to be one of the key pathogenetic factors in 
altered cellular function in the endometrium as well as in lesions in women suffer-
ing from endometriosis. The high recurrence rate in women following surgery and 
medical therapies provides evidence for the need to develop new modalities with 
long- term efficacy. In addition to various other mechanisms, resistance to progester-
one plays a major role not only in the pathogenesis of this enigmatic disease but also 
in regard to failure of long-term treatment for pain and infertility. In order to develop 
novel approaches to overcome resistance to therapy, detailed understanding of the 
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mechanisms of dysregulation in the endometrium and in endometriotic lesions in 
women diagnosed with endometriosis is required.

7.2  Mechanisms of Progesterone Resistance 
in Endometriosis

In normal endometrium, steroid action is highly regulated and balanced during pro-
liferative and secretory phase [1]. In endometriosis, however, this balance and 
homeostasis are disturbed with increased estrogen activity and progesterone resis-
tance [2]. In endometriosis, there is an increased activity of the enzyme aromatase 
and a decreased expression of 17β-hydroxysteroid-dehydrogenase (17β-HSD-2) 
(Fig. 7.1). This results in an enhanced bioavailability of estradiol and further stimu-
lation of aromatase [2]. Estrogen plays an important role in endometriotic tissue 
survival, inflammatory response, and cell proliferation. Progesterone induces endo-
metrial differentiation and transition from the proliferative to the secretory phase. It 
stimulates the expression of the enzyme 17ß-HSD-2 which converts estradiol to its 
inactive form estrone [2].

In addition to hormonal imbalance, signaling factors are dysregulated in endo-
metriosis, affecting progesterone and estrogen pathways likewise: While estradiol 
signaling factors are increased, progesterone signaling factors are decreased [3]  
(Fig. 7.2). This results in a lack of downregulation of genes that are required for 

Fig. 7.1 The 
downregulation of 
17-ßHSD-2 leads to an 
excess of estradiol

Fig. 7.2 The upregulation of E2 and downregulation of progesterone signaling lead to excessive 
proliferation of the cells in endometriotic lesions
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decidualization, resulting in the excessive proliferation of cells. Besides, it has been 
reported that the loss of responsiveness to progesterone is closely linked to low 
numbers of progesterone receptors PR-A and PR-B. A reduced number of proges-
terone receptors, increased cellular estradiol levels, and altered signaling pathways 
cause relative progesterone resistance [3].

7.2.1  Altered Steroid Receptor Levels in Endometriosis

Endometriotic cells express estrogen receptors (ER-alpha, ER-beta, and GPER) and 
progesterone receptors (PR-A and PR-B) [4]. Estrogen levels can be modulated 
through the ER-alpha and ER-beta receptors, whereby estradiol targets the ER-alpha 
expression in the endometrium. Both receptors are encoded by the genes ESR1 and 
ESR2. It has been reported that the ratio of these two receptors is altered in endome-
triotic tissue with elevated ER-beta receptor levels as compared to those in normal 
tissue [5]. Since ER-beta suppresses ER-alpha in endometriosis, the low number of 
ER-alpha receptors in endometriosis may result in lower progesterone receptor lev-
els due to the failure of estradiol to induce progesterone receptor expression. In 
addition, the elevated ER-beta receptor levels are linked to inflammation, hyperal-
gesia, apoptosis inhibition, and proliferation in endometriotic tissue [5].

In normal endometrium, PR-A and PR-B levels are usually increased during the 
proliferative phase and reach a maximum just before ovulation (Fig.  7.3). Some 
studies have shown that levels of PR in endometriotic lesions are reduced in com-
parison to those in endometrial tissue. Other investigators demonstrated that in 
endometriosis, PR-A expression is greatly reduced while PR-B receptors are absent 
in endometriosis [3]. This results in a reduction of the expression of 17ß-HSD-2 and 
estradiol conversion to estrone, with an excess of estradiol [4].

In endometriosis, progesterone signaling pathways in mesenchymal stem cells 
(MSCs) are altered [6]. This affects not only the nuclear-, but also membrane-bound 
progesterone receptors and G-protein-coupled estrogen receptors [7] (Fig.  7.4). 
Both progesterone synthesis and the expression of the PR-A and -B are regulated by 
DNA methylation and the posttranscriptional silencing by miRNA [8]. In a primate 
model, it has been shown that progesterone resistance in endometriosis occurs due 
to the expression of miRNA-29c and by alteration of its targets [9]. Furthermore, the 
excision of endometriotic lesions decreased the expression of miRNA-29c in MSCs 

Fig. 7.3 The expression of progesterone receptors is suppressed in ectopic lesions
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and endometrial stem cells (EnSCs) [9]. Additional studies have revealed that low 
levels of PR-B might induce an increase in proliferation and apoptosis- related resis-
tance [10].

Altered gene expression in endometriosis has been shown to be related to meth-
ylation of homeobox protein A10 (HOXA10) and A11 (HOXA11) [11]. The devel-
opment of an altered response to progesterone in some endometriosis patients is 
also due to the lack of suppression of estrogen-responsive genes in the endometrial 
stromal cells during the secretory phase [3, 8]. Various mechanisms involved in 
progesterone resistance are summarized in Fig. 7.5.

7.3  Clinical Relevance of Progesterone Resistance

Progesterone resistance is a major factor not only in regard of the pathogenesis of 
endometriosis but is also relevant for the response to therapy in patients. Patients 
treated with progestins relapse or develop resistance to therapy in approximately 
30% of the cases [6]. This includes either partial improvement while on medication 
or the lack of remission of endometriotic lesions (Table 7.1).

7.3.1  Prediction of Resistance to Progestin Therapy

Flores and coworkers conducted a study analyzing the histopathology in relation to 
response to therapy [19]. The group demonstrated that the progesterone receptor 
levels were significantly reduced in nonresponsive patients compared to responsive 

Fig. 7.4 Differences in mesenchymal stem cell progenitors lead to an impaired decidualization in 
endometriosis

L. Kiesel et al.
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patients. This further supports the earlier hypothesis that insufficient PR-B tran-
scription and activity are clinically relevant for the patients’ low response to proges-
tins. The authors suggest that the use of H(Histo)-Score could help to predict 
progesterone resistance in patients [19].

7.3.2  Treatment Options in Patients 
with Progesterone Resistance

Since progesterone resistance plays a major role in affected patients, drugs that 
overcome resistance are needed to be taken under consideration. In resistant patients, 
the use of progestins may have additional effects on targets. The progestin dieno-
gest, for example, downregulates proinflammatory cytokines, downregulates 
ER-beta, and increases the PR-B:PR-A RNA ratio in endometriotic tissue. This 
reestablishment of progesterone sensitivity may result in improved therapy out-
comes in patients suffering from progesterone resistance [20]. This notion has been 
supported by others suggesting changing the type of drug itself, since different pro-
gestins target different mechanisms of action and therefore help reduce symptoms 
[21]. In addition, avoiding estrogens could be helpful for lowering symptoms in the 
same way that inhibiting estrogen synthesis might be beneficial. Another novel 
treatment option for patients who are resistant to therapy are selective progesterone 
receptor modulators (SPRMs). They have a strong affinity to the progesterone 
receptors and act as isolated agonists or antagonists. They thereby inhibit endome-
trial proliferation while at the same time not presenting many side effects [21]. By 
directly affecting downstream effects of the progesterone receptors, proliferation 
and prostaglandin production are altered. Mifepristone has been shown to effec-
tively improve the patients’ pain and reduce the lesion size in different trials [3]. 

Fig. 7.5 Various mechanisms lead to the onset of progesterone resistance in endometriosis
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Other alternatives are changing the route of administration by considering high 
potency progestins, depot formulations, or levonorgestrel intrauterine systems 
(LNG-IUS) [20]. Brown et al. proposed to combine NSAIDs and progestins to fur-
ther reduce the inflammatory response and avoid the progression of progesterone 
resistance [22].

Future treatment options could include novel hormonal and nonhormonal agents 
with tissue selective potential in endometriosis patients. Antioxidants containing 
N-acetyl cysteine may also have the potential to reduce symptoms [23]. Further 
therapeutic perspectives seem to be offered in regard to MSCs and EnSCs [24]. The 
use of tyrosinkinase inhibitors has been investigated to prevent further proliferative 
and invasive traits of endometrial MSCs in difficult courses of the disease [25]. 
Targeting PTEN and MiR-92a or epigenetic drivers are presently under consider-
ation in the search for novel approaches for treatment options.
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8.1  Introduction

It was K. Rokitansky in 1860 [1] who was one of the first to describe endometriosis 
in detail. A large number of further publications showed how complex endometrio-
sis is and that it is a disease with a wide variety of forms and localizations of mani-
festation. Many attempts have been made to describe the anatomical extent of the 
disease and also to classify it. The secondary adhesions caused by endometriosis 
have also been considered to some extent. The attempt was made to take into 
account the different regions or organs affected to be able to make a statement about 
the severity of the disease using a score. Until a few years ago, the disease was 
mainly assessed by surgical intervention. Primarily, the classification focused on the 
changes of the internal genital organs and peritoneum, but none of the systems 
includes a comprehensive representation of both peritoneal, ovarian, and deep endo-
metriosis and adhesions in one system. Currently, the most commonly used AFS/
rASRM classification is also used primarily with regard to fertility [2, 3].

Due to the inadequacy of the existing systems, especially because of the enor-
mously improved surgical therapy and the much more differentiated diagnostics, 
attempts have been made in the past to redefine the assessment, description, and 
classification of endometriosis. Based on recommendations, several attempts were 
made to evaluate the advantages and disadvantages of the classifications most com-
monly used at present, so that they can be applied in the combined form if neces-
sary [4–6].

Taking into account the existing literature and evidence, these are the revised 
American Society for Reproductive Medicine (rASRM) classification, the Enzian 
classification, and the Endometriosis Fertility Index (EFI) [7]. The consensus clearly 
showed the various advantages and disadvantages of the systems mentioned. A clas-
sification should allow an accurate comparison of the results of reproductive, medi-
cal, and surgical interventions.

It also became obvious that a correct morphological-anatomical description of 
endometriosis is an indispensable prerequisite for the comparison of different enti-
ties of the disease and therapeutic outcomes.

The analyses available to date show that the rASRM classification, with a rela-
tively imprecise grading of findings into four stages, does not comprehensibly rep-
resent the complexity of the disease [7]. Thus, the validity of many studies is limited.

The need for an alternative or additional classification system, particularly 
regarding DE, is a matter of constant debate [8–21].

An ideal classification system should provide not only information about the 
general severity of the disease, but also a detailed description of the extent of the 
various lesions.

In addition, noninvasive, i.e., sonographic and MR tomographic, as well as inva-
sive methods should be included in the description/classification.

Of course, it would be very helpful with these classifications to be able to predict 
correlations between the extent/localization of pathological findings and prognosis, 
symptoms, difficulties in surgery, and thus risk of complications.

J. Keckstein et al.



95

The diagnosis and treatment of endometriosis are now increasingly performed 
by multidisciplinary teams like radiologists, sonographers, and various surgical spe-
cialties involving gynecological, colorectal, and urological surgeons. It is this mul-
timodality approach that now requires the most uniform language possible in the 
use of classification systems for peritoneal and ovarian endometriosis including 
adhesions and/or deep endometriosis (DE) and adenomyosis. Currently, the rASRM, 
EFI, and ENZIAN classifications are used differently in a mixed or modular way to 
meet the needs of the sonographer and the radiologist of the specialist in reproduc-
tive medicine and the gynecological surgeon.

8.2  The rASRM Score

The American Fertility Society (AFS) first published the score in 1979 [3] with 
further revisions in 1985 (rAFS score) and 1996, and it is now used in revised form 
as the American Society for Reproductive Medicine (rASRM) score [3]. The extent 
of endometriosis is assessed primarily by diagnostic laparoscopy to evaluate, in 
particular, the lesions on the peritoneum, tube, ovary, and sacrouterina ligaments 
and Douglas(POD). Using a numerical scoring system for points corresponding to 
the size of the endometriotic lesion as well as the grade of the foci, a classification 
of four severity grades, namely minimal, mild, moderate, and severe endometriosis 
(Figs. 8.1 and 8.2) is made.

In rASRM classification, endometriosis is mainly classified by invasive proce-
dures [3, 4].

It has been used worldwide for over 40 years for clinical and scientific publica-
tions to describe and compare clinical findings [5].

The application of the system is very sophisticated to then ultimately reduce the 
stages to only four categories. The classification primarily considers endometriosis 
at the peritoneum and ovary and adhesions but ignores DE and adenomyosis. 
Extragenital structures such as the bowel, bladder, rectovaginal septum (RVS), or 
ureter are not considered by the rASRM score. In a study by Wustlich and al., based 
on 63 patients with DE including recto-sigmoid endometriosis, 21% were found to 
have only stage 1 or 2 according to the r-ASRM scoring system [22].

During the last decade, important developments in the field of noninvasive diag-
nostics open new aspects in terms of accurate classification.

Few studies attempted to evaluate the applicability of transvaginal ultrasound 
(TVS) or magnetic resonance imaging (MRI) for noninvasive use of rASRM clas-
sification. Leonardi et  al. [6, 23] Williams et  al. [24] investigated the diagnostic 
accuracy of TVS for predicting surgically verified stages of rASRM endometriosis. 
Holland et al. [25] found good agreement between TVS findings and the surgical 
rASRM stage. Large prospective studies on the accuracy of TVS- or MRI-based 
endometriosis classification using the noninvasive rASRM score are lacking.

The severity of various pain symptoms caused by endometriosis with differ-
ent stages of disease categorized by the rASRM score has been studied by 
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AMERICAN SOCIETY FOR REPRODUCTIVE MEDICINE
REVISED CLASSIFICATION OF ENDOMETRIOSIS
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percent of total described as R        %, W       %, and B       % Total should equal 100%.

Fig. 8.1 rASRM classification of endometriosis. The evaluation is performed through surgery. 
The stages result from the addition of points determined in particular according to the findings at 
the adnexa and cul-de-sac

Vercellini et  al. [26] and Fedele et  al. [27]. The association between rASRM 
stages and the degree and type of pelvic symptoms was inconsistent [28]. Little 
correlation between the r-ASRM stage and pain symptoms may be explained by 
the unclear pathophysiological behavior of the disease itself, but possibly also 
by the lack of a correct classification of the complex deep infiltrating disease. 
Chapron et al. [29] showed a correlation between the severity of dysmenorrhea 
and the presence of posterior deep infiltrating endometriosis (DE). There was no 
correlation between rASRM stages and pain symptoms in women with DE, and 
no correlations between the rASRM stage and postoperative natural pregnancy 
rates [10, 30].
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Fig. 8.2 rASRM classification. Classification into four stages by a very complex scoring system 
including adhesions. Mainly intraperitoneal foci are considered; the deep infiltrating foci and 
extragenital localizations are only minimally taken into account, if at all

Similar inconsistent results are found in the correlation of the rASRM stage and 
the incidence of operative difficulties and complications.

Poupon, using a nomogram, could not observe a clear correlation between 
rASRM stages and the occurrence of various complications [31, 32].

A problem that should not be underestimated also lies in the methodology and 
practical implementation of an accurate classification.

The very complex system of ASRM classification with its various exceptions is 
extremely error-prone and thus unreliable if not used digitally. Metzemaker [33] 
compared rASRM, Enzian, and EFI in paper and digital applications (EQUSUM). 
Not all exception rules are applied by expert endometriosis surgeons, leading to 
incorrect scoring.

The EQUSUM, a worldwide web-based dynamic registration and classification/
scoring system for (deep) endometriosis, improves correct classification/scoring of 
the currently recommended rASRM, Enzian, and EFI score and is more user- 
friendly compared to nondigital classification.

8.3  The EFI (Endometriosis Fertility Index) 

The Endometriosis Fertility Index (EFI) (Fig. 8.3) published in 2010 by Adamson 
et al. [17] is used to predict fertility outcomes in relation to natural conception prob-
abilities after surgical intervention.
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3
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+

+

=

=

Fig. 8.3 EFI endometriosis fertility index

The EFI, a mathematical model, is based on a 10-point scoring system that 
includes factors such as patient age, duration of infertility and previous pregnancy, 
rASRM classification, and postoperative adnexal status. This is defined by a visual 
assessment of tubo-ovarian function by the least function (LF) score after surgery 
(including fallopian tubes, tubal fimbriae, and ovaries) (Fig. 8.3).
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Its clinical applicability and value have been confirmed by several studies in 
which the validity of the external application of the EFI has been tested and posi-
tively confirmed [34, 35].

The use of the EFI has gained wide acceptance among reproductive surgeons and 
clinicians involved in MAR and is supported by the WES (World Endometriosis 
Society) for use in the classification of endometriosis [2] and an international con-
sensus group on the recording of deep endometriosis surgery (CORDES) [21].

The following aspects should be considered:

 1. EFI is a multifactorial calculation system.
 2. Out of the 10 points to be calculated, only a maximum of 2 points are directly 

attributed to endometriosis.
 3. The pathological change in the condition of the fallopian tube may also not be 

endometriosis-related.
 4. EFI does not consider DE, extrapelvic endometriosis, or adenomyosis.

EFI is a useful model for calculating the probability of pregnancy in endometrio-
sis or after surgical treatment of endometriosis. It cannot be described as a classifi-
cation for endometriosis.

To date, only a single study has evaluated whether EFI can be used via noninva-
sive methods [36] Future studies will be required, possibly also using other 
classifications.

8.4  The Enzian Classification

Due to the problem of incomplete coverage of endometriosis using rASRM classi-
fication (deep infiltrating disease not adequately taken into account), the Scientific 
Endometriosis Foundation (SEF) created the ENZIAN classification in 2003 [37–
39]. It accurately describes DE and can be used in combination with the r-ASRM 
classification. The Enzian classification, revised in 2009, classifies the various 
localizations of DE (vagina, uterosacral ligaments (USL), bladder, ureter, bowel, the 
uterus, and other extragenital locations) and the dimension of the lesions. For the 
complete description, a detailed code is used [40].

The Enzian classification for deep endometriosis is part of the new #Enzian clas-
sification. In Fig. 8.4, the different anatomical compartments for deep endometrio-
sis (DE) are illustrated in red color.

The pelvis is divided into three compartments:

 1. Compartment A: rectovaginal space (RVS), the vagina, and torus uterinus (cra-
niocaudal axis).

 2. Compartment B: USLs, the cardinal ligaments, the parametric space, and the 
pelvic sidewall (mediolateral axis).

 3. Compartment C: Bowel (rectum and sigmoid) affects up to 16 cm from the anal 
verge, (ventrodorsal axis).

8 Classification and Clinical Staging of Endometriosis
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Fig. 8.4 #Enzian classification: an overview with potentially affected organs and compartments. 
The individual compartments are designate with the capital letters, and the various lesion sizes are 
numbered 1, 2, and 3 [51]

Severity is defined as follows (peritoneal lesions less than 5 mm depth of infiltra-
tion are excluded):

 1. Grade 1: invasion <1 cm
 2. Grade 2: invasion 1–3 cm
 3. Grade 3: invasion >3 cm

Adenomyosis and other extragenital sites (F) are described as follows: 
Adenomyosis (FA); bladder DE (FB), extrinsic and/or intrinsic ureteric involve-
ment with signs of obstruction (FU), bowel DE (FI) cranial to the rectosigmoid 
junction (>16 cm from anal verge; upper sigmoid, transverse colon, caecum, appen-
dix, and small bowel), and other sites (FO) such as the abdominal wall, diaphragm, 
and involvement of nerves / sacral roots.

The description of the lesions was also primarily done by surgical procedures.
Several studies have now demonstrated the applicability of TVS or magnetic 

resonance imaging (MRI) for noninvasive use of the ENZIAN classification. Di 
Paola et al. [41] and Burla et al. [42] showed high rates of agreement between MRI- 
based and surgical findings. Thomassin-Naggara et al. [43] identified a significant 
correlation between the surgical findings and length of hospital stay using the 
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Enzian classification. Hudelist and Montanari et al. [28, 44] proved the high correla-
tion between TVS findings and surgically determined DE localization and lesion 
size using the Enzian classification, especially for the compartments A, C, and FB 
described in the Enzian classification. In contrast to the rASRM score, the different 
DE localization correlated with the severity of the different preoperative pain symp-
toms [45, 46].

The Enzian classification allows a prediction of the complexity of surgical pro-
cedures: surgery duration and the risk of complications [31, 47]. A study by Roman 
and colleagues [48], evaluating three different surgical approaches for the treatment 
of intestinal endometriosis, proved that surgery times, as well as complication rates 
and improvement of symptoms, correlate with the classification according to the C 
compartment.

The nomogram developed by Poupon [32] allows prognostic calculation of the 
expected complications during surgery using the Enzian classification. No such cor-
relation concerning complication rates was observed between rASRM stages I and 
II or between ASRM stages III and IV.

Imboden et al. [49] identified increased postoperative bladder dysfunction with 
radical surgery for extensive endometriosis in the Enzian B compartment.

The extent of symptoms was shown to indeed correlate with the extent of DE as 
classified by the Enzian score [46]. In an analysis based on 156 patients with DE 
and bowel involvement, Mutuku et al. [50] demonstrated a clear association between 
preoperative and intraoperative findings evaluated with the Enzian scoring system 
with a significant correlation between the extent of DE and the presence of dyspa-
reunia. Montanari and coworkers [45] found also that disease extent depicted by the 
Enzian classification is associated and correlated with the presence and severity of 
different preoperative pain symptoms.

8.4.1  The #Enzian Classification

The Enzian classification has been objected to for various reasons and criticizations, 
mainly in Europe. One criticism was the necessity to use different systems at the 
same time, which complicates the documentation process itself.

To overcome this, the Enzian classification has recently been further developed 
into a comprehensive classification system, the #Enzian Classification, in the con-
text of a consensus process of a group of experts in 2019 and 2020 [51].

The #Enzian classification is based on the known Enzian classification [40] for 
DE using three compartments (A, B, and C) as well the bladder (FB) the ureters 
(FU), other intestinal locations (sigmoid colon, small bowel, etc. FI), and other 
extragenital lesions (FO). To have comprehensive coverage of endometriosis, the 
involvement of the peritoneum (P), ovary (O), and adhesions is now also classified 
(T), including the tubal patency.

8 Classification and Clinical Staging of Endometriosis
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8.4.2  Coding of the #Enzian Classification

 
# _, _/ _, _/ _, _, _/ _, _, _EnzianP O T A B C F ×( )¼¼  

• Individual compartments or organ involvement are identified with capital letters 
(P, O, T, A, B, C, F).

• The extent of endometriosis is represented by the numbers 1, 2, and 3 in compart-
ment P, O, T, A, B, and C.

• Paired organs (ovary, tube, uterosacral ligament (USL), parametrium, and ure-
ter). The severity is arranged separately after the letter (left / right).

• Missing / invisible ovary or tube is described with suffix (m  – missing; x, 
unknown).

• Tubal patency (optionally) can be annotated with “+” (patent) or “-” not patent.

Example:
#Enzian summarized in the code:

• Superficial endometriosis on the peritoneum 4 cm (P) = P2
• Ovarian endometriosis, right 4 cm(O) = O0/2
•  No adhesions on the tubo-ovarian unit (T) Adhesions left ovary/pelvic 

side wall; both tubes patent
= T1+/0+

• No lesion in the A compartment = A0
• Deep endometriosis left USL 2 cm, right USL 3 cm (B) = B2/2
• Deep endometriosis in the rectum 2 cm (C) = C2
• Hydroureter right (FU) = FU(r)
• Endometriosis in the appendix (FI) = FI (App.)

Only affected compartments and organs should be listed:

 
# , / , / , / , , ,EnzianP O T B C FU FI2 0 2 1 0 2 2 2+ + ( ) ( )r Appendix  

The unique novelty of the #Enzian classification lies in the possibility of both 
surgical and noninvasive staging, combined with high accuracy, and serves as a 
common unifying language for all clinical specialties, including sonographers, radi-
ologists, and surgeons [40, 51]. Typical sonographic features of the different pheno-
types of DE, described by the IDEA [52] (International Deep Endometriosis 
Analysis group), are taken into account and incorporated into the #ENZIAN system.

It should be used independently of the imaging modality (TVS, MRI) and type 
of surgery. A prefix can be used optionally in brackets following the word #Enzian 
(i.e., #Enzian(s) P1, … ) to depict the modality of evaluation of the disease when 
using the #Enzian:

• #Enzian(u) assessment by ultrasound
• #Enzian(m) assessment by MRI
• #Enzian(s) assessment by surgery
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For the sonographic description, the proposal of IDEA [35] (International Deep 
Endometriosis Analysis Group) is taken into account and included in the # ENZIAN 
system. It describes the findings (localization and size) very accurately.

DiGiovanni et al. [53] recently demonstrated in a retrospective analysis of 93 
women undergoing TVS and surgery for DE that preoperative evaluation of local-
ization and size of DE lesions in different #Enzian compartments by an expert gyne-
cological sonography is very accurate, with high sensitivity and specificity. It is the 
first study showing that the #Enzian classification can be applied to describe disease 
extent both at TVS and surgery, offering an accurate descriptive system for both 
noninvasive and invasive specialties. This has been confirmed by the prospective 
Study on 745 Patients of Montanari et al. [54].

Example:

• Superficial endometriosis on the peritoneum >7 cm (P) = P3
• Ovarian endometriosis, left 4 cm, right normal (O) = O2/0
•  No adhesions on the tubo-ovarian unit (T) both tubes patent = T0+/0+
•  Deep endometriosis, left USL normal, right USL 2.5 cm (B) = B0/2
• Rectum, extent not clearly visible (C) = Cx

• #Enzian(s) P3, O2/0, T0+/0+,B0/2, Cx,  

• Rectum, length of the nodule 2.4 cm(C) = C2
• Uterus (adenomyosis) = FA

Final coding with #Enzian classification, merging both, the laparoscopic and 
ultrasound findings (Figs. 8.5, 8.6, and 8.7):

Fig. 8.5 Example of surgical classification of endometriosis; visible lesions on the peritoneum, 
left ovary, right USL, and rectum (#Enzian (s))

8 Classification and Clinical Staging of Endometriosis
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Fig. 8.6 TVS imaging of 
the rectal endometriosis of 
the same patient as in 
Fig. 8.5. (besides 
adenomyosis, ovarian and 
USL involvement)

Fig. 8.7 TVS imaging of 
adenomyosis of the same 
patient as in Fig. 8.5 
(besides rectal, ovarian, 
and USL involvement)

• #Enzian(s,u) P3, O2/0, T0+/0+, B0/2, C2(u), FA(u)  

8.5  Conclusion

The treatment of endometriosis has completely changed in the last years due to 
enormous progress in surgical therapy, but especially due to the improvement of 
noninvasive diagnostics. Classification of the disease has been used primarily for 
the postoperative staging of the disease. Unfortunately, the most commonly used 
rASRM classification does not correlate with symptoms, or other important param-
eters, and cannot be used for noninvasive diagnostics. Moreover, it does not take 
into account deep infiltrating endometriosis and extra pelvic endometriosis.

The EFI is better than the rASRM classification for calculating the probability of 
pregnancy.

It does not contain differential information on the location and extent of lesions, 
especially DE.

The ENZIAN classification is predominantly used to describe DE. The applica-
bility of the Enzian classification with MRI and TVS is possible and allows to assess 
the difficulty of the surgical procedure and the risk of complications in surgical 
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procedures. Whether the ENZIAN can be used to predict fertility outcomes remains 
to be determined.

The recently released updated version, called the #ENZIAN classification, repre-
sents a comprehensive description of peritoneal and ovarian endometriosis as well 
as adnexal adhesions in addition to deep endometriosis. #Enzian system is anatomi-
cally logical, easy to use, and reproducible providing clinicians with a reproducible 
image of the disease. The correlation between preoperative and surgical staging, 
namely classification of the extent of disease obtained based on the #Enzian scheme 
allows for consistent and clear classification of endometriosis, especially DE but 
also secondary adhesions. Endometriosis can be mapped completely with one sin-
gle classification system applicable by preinvasive and invasive methods thereby 
enabling the use of one common language for describing endometriosis. In the same 
way as patients with cancer are described using the TNM classification, the 
#ENZIAN classification can be used to supplement the descriptive terms of endo-
metriosis. The exact structural allocation of the compartments and exact description 
of affected organ structures may enable doctors to obtain a virtual picture of the 
extent of endometriosis.
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9.1  Introduction

Transvaginal ultrasound (TVS) is considered the primary not invasive choice in 
patient assessment with suspected deep endometriosis [1–3]. There are three princi-
pal types of endometriotic lesions: peritoneal or superficial endometriosis, ovarian 
endometriosis, and deep infiltrating endometriosis (DIE). Transvaginal ultrasound 
has high diagnostic accuracy for endometriomas, deep endometriotic lesions, and 
pelvic adhesions. However, superficial endometriotic implants are not detectable 
through this diagnostic tool [3]. The relevance of pelvic sonographic examination 
has been introduced for the first time in 2008 in the American National Guidelines 
(ACOG committee opinion) [4], regardless of the general pelvic examination out-
comes. In fact, sonographic examination should always be performed in patient 
with secondary dysmenorrhea. Simultaneously, SIGO guidelines (Italian Society of 
Gynaecology and Obstetrics) highlighted ultrasound specific role in this diagnostic 
pathway [5]. Laparoscopy as the only diagnostic tool, instead, produces a sizable 
diagnostic delay, precisely 12 years of delay in young women [6]. For these reasons, 
a group of North-American experts of DIE [7] suggest to perform or order imaging 
to evaluate the presence of endometrioma, the presence of adenomyosis, the pres-
ence of soft markers, and the presence of nodules and masses in association with the 
history of patient to obtain a clinical diagnosis of endometriosis. This approach is 
defined as a fundamental step to reduce the delay in this chronic and invalidating 
disease.

The overall diagnostic performance of ultrasound for DIE lesions in rectosig-
moid localization is good, as demonstrated in recent meta-analysis, with high sensi-
tivity (91%, with 95%CI, 85–94%) and high specificity (97%, with 95%CI, 95–98%) 
[8], and it was significantly higher than the overall diagnostic performance of TVS 
for assessing DIE in USLs (Uterosacral Ligaments), RVS (Rectovaginal Septum), 
vaginal wall, and bladder [9]. Moreover, a recent meta-analysis has compared the 
diagnostic performance of TVS and MRI, respectively, concluding that it is similar 
to assess DIE lesions in rectosigmoid, USLs, and RVS [10]. In 2016, the IDEA 
(International Deep Endometriosis Analysis) group, consisting of some expert 
gynecological sonographers, surgeons, and radiologists, have introduced a system-
atic sonographic approach about the assessment in women with clinical suspicion of 
deep endometriosis. The purpose of IDEA consensus was the standardization of 
terminology, definition of anatomic localizations, and measurement lesions modal-
ity. The IDEA approach counts of four systematic steps [11]. The first step provides 
a routine assessment of uterus and adnexa; the principal aim is to detect adenomyo-
sis and/or endometriomas. The second step is related to the TVS “soft markers” 
(site-specific tenderness and ovarian mobility). The third step provides the sliding 
sign used to assess the pouch of Douglas. Last, the fourth step provides a systematic 
evaluation of the anterior and posterior compartment for the detection of endome-
triosis nodules.
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9.2  Uterus Assessment

During the sonographic examination, it is important to define the uterus orientation 
(anteverted, retroverted, or in axis), its mobility (normal, reduced, or absent, and 
question mark sign [12]), or other anomalies [11]. In addition, it is important to 
assess the adenomyosis signs and describe them with terms and definitions from the 
MUSA consensus (Morphological Uterus Sonographic Assessment). This is a cru-
cial point because adenomyosis is commonly associated with deep endometriosis 
[13]. Adenomyosis is the presence of endometrial glands and stroma in the contest 
of the myometrium, and usually there are some specific sonographic signs: asym-
metrical myometrial thickening (Fig. 9.1), several myometrial cysts (a typical myo-
metrium cyst has a hyperechoic margin due to the presence of endometrial tissue), 
hyperechoic island with variable profile (not defined, irregular, and regular), pres-
ence of multiple fan-shaped shadows (Fig. 9.2), and subendometrial hyperechoic 
lines, irregular or interruption of the myometrial-endometrial junction. The 
myometrial- endometrial junction can be studied with two-dimension views; how-
ever, the 3D assessment, particularly with the VCI (volume contrast imaging) 

Fig. 9.1 Asymmetrical 
myometrium thickening

Fig. 9.2 Fan-shaped 
shadowing
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technique set to 2 mm [14], allows a more accurate analysis. Adenomyosis might be 
diffuse or localized according to the myometrium involvement (respectively inferior 
or superior to 25%) [15].

9.3  Adnexal Assessment

Endometriomas are frequently associated with deep endometriosis [16]. A typical 
endometrioma (73–82% [17, 18]) is a cystic lesion with ground glass content 
(homogeneous hypoechoic content corresponding to the presence of blood in the 
cystic cavity) with a well define ovarian parenchyma, without papillary projections 
and solid vascularized areas [18–20] (Fig. 9.3). Less common characteristics include 
the following: multiple lobulations (nearly 85% <5 lobulations), hyperechoic wall 
foci, solid-cystic lesion (15%), and solid lesion (1%) [19–22]. The average diameter 
(nearly 50 mm) is almost the same in women of different age. Unilocular cysts are 
less common according to the increasing of age, as well as the “ground glass” con-
tent, in particular after 35 years old. Color score is similar in the different women 

Fig. 9.3 Two examples of 
typical endometrioma
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ages, and in most of cases color is absent or poor (color score 1–2). Sonographic 
accuracy is higher in younger patient with a sensibility of 90% and specific-
ity of 97%.

9.4  Ovarian Position Assessment (Soft Markers)

The ovary visualization is followed by its position assessment. Dynamic sono-
graphic “soft markers” are essential in this step together with the site-specific ten-
derness, ovarian mobility, and chiefly the ovarian adhesion to the uterus [11–21]. 
“Soft markers” are sonographic features suggestive of endometriosis. Using a 
steady and light pressure between the uterus and the ovary, the sonographer assesses 
possible adhesion to the uterus (Fig. 9.4), to the pelvic wall, or to the uterosacral 
ligaments. The kissing ovaries sign, characterized by close proximity of both ova-
ries, represents another sonographic feature suggestive of severe pelvic adhesions 
(Fig. 9.5).

9.5  Pouch of Douglas Assessment

The “sliding sign” is a new dynamic sonographic technique to appraise the pouch of 
Douglas. Depending on the uterus orientation, it is possible to describe two different 
techniques [11–24]. In case of anteverted uterus, the sliding sign can be considered 
positive if the rectum anterior wall slides in the posterior cervical and vaginal wall, 
applying a light pressure in the cervix with the TV probe. The absence of sliding 
between these anatomic structures can be considered as a negative sliding sign. In 
addition, it is possible to evaluate if the small bowel walls can freely slide to the 
posterior uterine wall (positive “sliding sign”). This can be evocated using the free 
hand throughout a gentle pelvic pressure, aiming the uterus mobilization [11–24]. 
The obliteration of the pouch of Douglas is due by a negative sliding sign in the 
posterior compartment.

Fig. 9.4 Ovary fixed to 
the uterus
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In case of retroverted uterus, the sliding sign is assessed throughout a gentle 
pressure exerted with the transvaginal probe to the posterior uterus wall. The pur-
pose is to slide the rectum anterior wall to the uterus wall. During this maneuver, the 
free hand carries out a gentle pressure on the abdominal wall, thus to facilitate the 
sliding between these anatomic structures. If the slide happens, the sliding sign can 
be considered positive. The pouch of Douglas, otherwise, is considered obliterated 
if this sign is negative [11–24]. The presence or absence of this sign needs to be 
written in the report. The presurgical assessment is a simple method to assess adhe-
sions and pelvic endometriosis in the posterior compartment, notably with the 
pouch of Douglas obliteration with high sensibility and specificity, respectively, of 
83% and 97% [23, 24].

9.6  Deep Endometriosis Assessment

The sonographer has to look for endometriosis nodules in the anterior, posterior, 
and lateral compartment using the IDEA consensus model [11]. The anterior com-
partment is made by the uterus, the bladder, and the vesico-uterine pouch. According 

Fig. 9.5 Two examples of 
kissing ovaries
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to the IDEA consensus [11] for the assessment of the anterior compart, the sonog-
rapher has to place the probe in the anterior fornix and a minimal vesical filling is 
required (100–150 ml of urine). Vesical endometriosis nodules appear as hypoechoic 
linear or spherical lesions [25–26] (Fig. 9.6), with or without utero-vesical adhe-
sions assessed throughout the “sliding sign” [11].

The lateral pelvic lesions can involve the uterosacral ligaments, parameters, the 
pelvic lateral wall, and above all the ureters. The typical sonographic appearance of 
endometriotic nodules in the posterior and lateral wall is represented by hypoechoic 
incompressible avascular lesions (Figs.  9.7 and 9.8). The assessment of ureters 
juxta-vesical portion is crucial. Moreover, the view of the renal calyxes is essential 
to highlight possible hydronephrosis in the light of ureteral stenosis even if clini-
cally silent.

For the posterior compartment assessment, the probe has to be placed in the pos-
terior vaginal fornix [22–25]. The sonographer looks for hypoechoic incompress-
ible avascular lesions in the rectovaginal septum, in the posterior fornix, in the 
pouch of Douglas / in the retrocervical region, in the anterior rectum wall/sigma- 
rectum, and in the para-rectal region [22–25]. The IDEA consensus has defined the 

Fig. 9.6 Endometriotic 
vesical nodule

Fig. 9.7 Endometriotic 
nodules involving the 
ureter (arrow)
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clinical and anatomic meaning of the rectovaginal septum. Actually, deep endome-
triosis seldom involves only the rectovaginal septum (which includes the vagina, the 
rectum, and the septum). Under those circumstances, the lesion appears as a retro-
peritoneal nodule in the rectovaginal area, under the posterior inferior cervical wall 
[7–25] (Fig. 9.9).

The endometriotic nodule involving the wall or the posterior vaginal fornix is 
generally a hypoechoic avascular lesion comparing to the vaginal mucosa. It can be 
extended to the vaginal cavity and be visible during the speculum examination [11] 
(Fig. 9.10a, b).

The sonographer assesses the uterosacral ligaments lesions in the retro-uterine 
medio-sagittal area, which are usually visualized as hypoechoic thickening with 
regular or irregular margins (Fig. 9.11). Commonly, lesions of the uterosacral liga-
ments are localized at the torus uterinus, and the typical sonographic vision is a 

Fig. 9.8 Endometriotic 
nodule involving the 
dilated ureter (arrow)

Fig. 9.9 Rectovaginal 
septum nodule
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a

b

Fig. 9.10 Posterior 
vaginal fornix 
endometriotic nodule (a), 
vaginal view at speculum 
examination (b)

Fig. 9.11 Endometriotic 
nodule of uterosacral 
ligament
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retrocervical thickening [22–25]. When endometriosis involves the rectum and/or 
the sigma-rectum, the sonographer has to assess the anterior rectal wall, the recto-
sigmoid junction, and the sigmoid-colon for possible multifocal lesions. The typical 
aspect is a hypoechoic thickening of the muscular layer or a hypoechoic nodule with 
or without hyperechoic foci [22–25] (Fig. 9.12a, b). In some particular severe cases, 
it is possible to assess the “Diablo like” nodule, which is made by two closely fixed 
nodules: The first originates from the vaginal fornix and the second from the sigma- 
rectum. Regarding the necessity of a bowel preparation before TVS examination, a 
recent paper suggests that it can be avoided without the reduction of the accuracy 
but with a sure improvement of the compliance of the patient [27].

Despite the persistent idea about the learning curve difficulties for endometriosis 
sonographic diagnosis [28], some authors have recently pointed out that only after 
40 examinations performed in 1 week of training, it is possible to reach the same 
diagnostic accuracy of centers of excellence [29]. Other groups [30] demonstrated 
that an expert gynecological sonographer can learn how to asses deep endometriosis 
with the sonographic examination of less than 50 patients. It has also been observed 
that a 2-weeks training program, based on a mix of virtual imaging navigation of 

a

b

Fig. 9.12 (a, b) Bowel 
endometriotic nodules
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patient with or without endometriosis and sonographic real session, allows a signifi-
cant improvement in the diagnostic process [31].

9.7  Tenderness-Guided Transvaginal Ultrasonography

For vaginally located DIE, the use of tenderness-guided ultrasound examination is 
recommended [32]. In this modality, an increased amount of ultrasound gel is 
inserted into the transvaginal probe cover (but using only a finger glove). This 
“standoff” technique creates a gap between the tip of the transvaginal probe and 
surrounding vaginal fornices. The transvaginal probe is gently inserted into the 
vagina to avoid obliteration of the gel. The gradual introduction of the probe to the 
level of the posterior fornix may assist to visualize lesions previously not detected. 
During this initial ultrasound evaluation, the patient should be asked to inform the 
operator about the onset and the site of any tenderness experienced during the 
probe’s placement in the posterior vaginal fornix. Particular attention must be noted 
to the indicated painful site which may reveal adjacent endometriosis lesions [33]. 
Using this modality, a better visualization of the lesion has been demonstrated [33].

9.8  Gel Sonovaginography

The sonovaginography is a sonographic transvaginal examination that allows a 
completion of the standard transvaginal ultrasound. Through the use of a conical tip 
syringe, the gel is introduced in the vagina, thus creating a better acoustic window 
between the transvaginal probe and the anatomic structure surrounding the vagina. 
This technique improves the visualization of the vaginal walls and of the anterior 
and posterior fornixes [34, 35]. It should be offered in circumstances of endometrio-
sis suspicion of the posterior compartment, in particular of vaginal fornixes and 
rectovaginal septum involvement (Fig. 9.13).

9.9  Rectal Water-Contrast Transvaginal Ultrasonography

Similar to the vaginosonography, the introduction of water in the rectal ampule 
allows a distention of the rectal wall, thus improving the quality of sonographic 
images obtained. This technique should be offered in case of clinical suspicion of 
endometriotic lesions involving the rectum, the sigma-rectum, but above all to 
assess the local extension and possible stenosis created by the lesions. In fact, it is 
possible to asses with a better accuracy the bowel wall in detail: The serous layer 
appears thin and hyperechoic, the muscular layer is hyperechoic, and the external 
longitudinal smooth muscle and the internal circular smooth muscle are separated 
by a thin hyperechoic line (Fig. 9.14); the submucosal layer appears hyperechoic 
and the mucosa hypoechoic [36].
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9.10  Three-Dimensional Ultrasonography

The use of three-dimensional (3D) image rendering has been suggested to allow a 
different analysis of the endometriotic nodule using new planes as coronal and lat-
eral; this reconstruction seems to clearly show the irregular shapes and borders of 
the lesions [22–37]. This technique allows unrestricted access to an infinite number 

Fig. 9.13 Forniceal lesion at sonovaginography and speculum visualization of the same lesion
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of viewing planes, which can be very useful for correctly locating lesions within the 
pelvis and evaluating the relationship with other organs. In addition, the stored 3D 
volumes can be reassessed and compared by the same or different examiners over 
time and also used for teaching purpose (Fig. 9.15). Guerriero et al. [26] found that 
the AUCs for endometriosis of intestinal location were similar for two-dimensional 
ultrasound and 3D. The AUCs for endometriosis of other posterior locations were 
significantly different (0.891, 95% CI 0.839–0.943 for 3D versus 0.789, 95% CI 

Fig. 9.14 An example of 
rectal water-contrast 
transvaginal 
ultrasonography

Fig. 9.15 Three-dimensional rendering of a rectosigmoid nodule
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0.720–0.858 for 2D; P = 0.0193). For the intestinal involvement, the specificity, 
sensitivity, positive and negative predictive value, and LR+ and LR- were 93% 
(89–95%), 95% (88–98%), 89% (83–92%), 97% (93–99%), 13, and 0.06, respec-
tively, for 2D ultrasound and 97% (93–99%), 91% (84–94%), 95% (88–98%), 95% 
(91–96%), 25, and 0.09, respectively, for 3D ultrasound. For other posterior loca-
tions as fornix and utero-sacral ligaments, the specificity, sensitivity, positive and 
negative predictive value, and LR+ and LR- were 88% (82–93%), 71% (64–77%), 
83% (75–90%), 79% (74–83%), 6.10, and 0.32, respectively, for 2D ultrasound and 
94% (89–97%), 87% (81–91%), 92% (86–96%), 90% (85–93%), 14.0, and 0.14, 
respectively, for 3D ultrasound. Intraobserver agreement was substantial for both 
examiners (kappa 0.8754, for operator A and 0.7087, for operator B, respectively). 
Interobserver agreement was also substantial.

9.11  Comparison with Other Imaging Techniques

Magnetic resonance imaging (MRI) has also been used in the diagnosis of DIE. In 
this particular location, the diagnostic performance of TVS and MRI is similar for 
detecting DIE involving rectosigmoid when including only studies in which patients 
underwent both techniques [10]. In a recent meta-analysis of six studies (for a total 
424 patients), MRI in the detection of DIE in the rectosigmoid showed a pooled 
sensitivity of 85% and a specificity of 95% while TVS showed a pooled sensitivity 
of 85% and a specificity of 96% [10]. Another meta-analysis with more cases 
included showed similar results [38].

9.12  Conclusion

As suggested in an editorial by Dr. Piessens [39] from Australia, it is difficult to 
understand why despite good test characteristics and an acceptable learning curve, 
even after 12 years, the ultrasound assessment of DIE is still considered a specialist 
assessment. Even though a “PCO assessment,” a “polyp assessment,” a “fibroid 
assessment,” and an “ovarian cyst assessment” are all part of a routine examination, 
this is not the case for an “endometriosis assessment.”

This study was partly supported by Fondazione di Sardegna grant 
F74I19001010007.
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10.1  Introduction

Endometriosis has been called one of the evil quadruplets [1] because it often coex-
ists with other conditions causing chronic pelvic pain. By itself, endometriosis pro-
duces pain in well-described mechanisms of local inflammation mediated through 
cytokines, direct pressure of implants on the surrounding organs, and scarring 
around nerve endings [2] (Fig. 10.1). Endometriosis through nerve-mediated mech-
anisms explained below may also lead to other pain conditions such as bladder pain 
syndrome/interstitial cystitis, irritable bowel syndrome, and pelvic floor muscle 
spasm [6]. When pain from endometriosis coexists with pain from those other con-
ditions, it significantly augments the total pain that patient perceives and makes 
treatment even more difficult. In order to successfully treat endometriosis, it is 
important to recognize and address all the pain generators. In fact, in many patients 
treated for endometriosis either medically or surgically who continue to have pain, 
their pain is often due to those coexisting conditions and not because treatment of 
endometriosis have failed. One may perform the most complete surgery for endo-
metriosis, but if muscles spasm or bladder pain is not addressed, patient will con-
tinue to be in pain.

Fig. 10.1 Coexisting conditions – endometriosis, bladder pain syndrome, IBS, and spastic pelvic 
floor syndrome (pelvic floor tension myalgia) [3–5]
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10.2  Mechanism of Coexisting Conditions

Most endometriotic implants occur on the surface of the visceral organs in the pel-
vis and abdomen. Pain caused by endometriosis in the peritoneal lining travels 
through visceral afferent fibers to the lumbosacral spinal cord. Second-order spinal 
neurons which receive the visceral input also receive input from other visceral 
nerves as well. That connection between different visceral organs at the level of 
spinal cord is called a viscero-visceral convergence [7] (Fig. 10.2). It explains why 
patients with visceral pain from endometriosis implants located on the surface of the 
bowel or fallopian tubes may develop pain in their bladder. This leads to so-called 
cross-organ sensitization between pelvic visceral organs.

The same level of spinal cord which receives visceral afferent fibers also receives 
convergent efferent somatic nerve fibers. This connection may lead to onset of pain 
in the process called viscero-somatic convergence [8] (Fig. 10.3). In this mecha-
nism, activation of visceral fibers by endometriosis implants may lead to somatic 
pain located in the skin or muscle, as well as to muscle spasm mediated by efferent 
motor fibers. Muscle spasm in the pelvic floor may cause urinary retention and 
obstructive voiding [9] as well as constipation. Patients with pelvic floor muscle 
spasm experience pain during and after urination and bowel movement further 
potentiating pelvic pain. This further worsens pelvic floor muscle spasm creating a 
positive feedback loop of pelvic pain and spasm.

There are multiple neurotransmitters and receptors involved in the mechanisms 
of viscero-visceral and viscero-somatic convergence, but one with potential thera-
peutic implications is an N-methyl-D-aspartate (NMDA) receptor. This receptor is 

Fig. 10.2 Viscero-visceral convergence. Mechanism in which pain in one visceral organ may 
cause pain in another visceral organ
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expressed in primary afferents and dorsal horn neurons and is activated during 
transmission of visceral pain. Ketamine is one of the best-known NMDA receptor 
agonists, and it can be used in treatment of visceral pain and visceral conver-
gence [10].

10.3  Bladder Pain Syndrome/Interstitial Cystitis

Interstitial cystitis/bladder pain syndrome is a condition which is characterized by 
the pain of the bladder during filling phase. This condition has been called by mul-
tiple different names such as interstitial cystitis (IC), bladder pain syndrome (BPS), 
painful bladder syndrome (PBS), and hypersensitive bladder syndrome (HBS). 
Even though interstitial cystitis is the most commonly used name, bladder pain 
syndrome was coined by NIDDK and considered the most proper name. It will be 
therefore used in this chapter. In 2009, Society for Urodynamics and Female 
Urology defined PBS as an (1) unpleasant sensation (pain, pressure, and discom-
fort) perceived to be related to urinary bladder (2) associated with lower urinary 
tract symptoms of more than 6-week duration (3) in the absence of infection or 
other identifiable cause [11].

Fig. 10.3 Viscero-somatic convergence. Mechanism in which a visceral organ may cause pain in 
a somatic organ
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10.3.1  Pathophysiology

Pathophysiology of bladder pain syndrome is not completely clear. Patients with 
this condition are known to have a deficiency of the glycosaminoglycan (GAG) 
layer of the bladder epithelium. This defect allows the irritants present in urine to 
penetrate bladder epithelium and cause localized inflammatory reaction in the blad-
der wall. This in turn leads to the release of inflammatory cytokines and nerve 
growth factors. Inflammation caused by this process causes mast cell activation as 
well as activation of capsaicin-activated nerve fibers (Fig. 10.4). This positive feed-
back loop causes further damage to the GAG layer allowing for more irritants to 
enter the bladder wall. All those inflammatory changes lead to central sensitization. 
In this process, NMDA receptors in the dorsal horn become activated. This leads to 
the decreased inhibition of dorsal horn neurons and therefore to lowering the thresh-
old to painful stimuli not only from the bladder, but also from the surrounding 
organs. Researchers disagree on what is the inciting event leading to the develop-
ment of bladder pain syndrome. The potential initial insult may be a bacterial infec-
tion, environmental factors, diet, stress, or autoimmune disorders [12]. Since BPS 
coincides with other painful conditions, it is likely that genetic factors also play a 
role [13]. It is thought that in patients with endometriosis it may be viscero-visceral 
and viscero-somatic convergence which lead to the symptoms of painful bladder 
syndrome.
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10.3.2  Epidemiology

It is difficult to estimate the prevalence of bladder pain syndrome since different 
practitioners use different criteria to diagnose this condition. It is estimated however 
that when using SUFU criteria, 2.7–6.5% of women in the United States have BPS 
which corresponds to 1–3% of the general population. There are therefore approxi-
mately three to eight million women in the United States suffering from bladder 
pain syndrome. Unfortunately, less than 50% of patients with symptoms of BPS are 
accurately diagnosed with this condition. Majority of patients are diagnosed in the 
fourth decade of life with the median age being 43. It is estimated that if the patient 
has chronic pelvic pain and bladder symptoms, there is 96% chance that she has 
BPS [14]. Patients with endometriosis are four times likely than controls to have 
bladder pain syndrome.

10.3.3  Symptoms

Patients with BPS typically complain of pain during filling phase of the bladder 
[15]. Approximately 92% of women with BPS have frequency, and 84% have 
urgency. Patients also frequently complain of nocturia and multiple sexual symp-
toms [14]. Nocturia in patients with BPS is caused by the need to avoid overfilling 
of the bladder. This is different from nocturia in patients with pelvic floor muscle 
spasm. In those patients, nocturia is caused by incomplete emptying; therefore, 
patient is not using the entire volume of her bladder. Pain with intercourse is most 
prominent in quadripedic position. In that position, patient’s bladder is directly hit 
by the partner’s penis leading to irritation and pain. Patients would frequently 
choose intercourse in the position on top where she controls the depth and the angle 
of penetration. Some patients experience lower abdominal pressure instead of pain, 
but in 15% of cases pain may be the only symptom of BPS in the absence of any 
urinary symptoms. Patients with this condition may also experience pain outside of 
the bladder, commonly in the vulva, lower back, and abdomen. Those may often be 
mistaken for other pelvic pain conditions such as vulvar vestibulitis. Symptoms of 
bladder pain syndrome worsen with filling of the bladder and improve with voiding 
which explains the symptom of frequency. It is therefore important to distinguish 
frequency in patients with bladder pain syndrome from frequency with pain patients 
with overactive bladder. Patients with overactive bladder urinate frequently because 
of uncontrolled bladder contractions, and patients with bladder pain syndrome uri-
nate frequently to avoid pain. Urgency and patients with overactive bladder are 
generally intermittent, and in patients with BPS it is continuous. Certain foods and 
drinks, especially acidic, spicy, containing caffeine or alcohol, are known to trigger 
pain and urgency in patients with bladder pain syndrome [16]. Drinks include coffee 
and tea (both caffeinated and decaffeinated), soda, alcohol, citrus juices, and cran-
berry juice. Fruits which acidify urine are lemons, limes, oranges, grapefruit, 
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pineapple, and kiwi fruit as well as vegetables such as chili peppers, onions, sauer-
kraut, tomato products, and pickles worsened BPS symptoms. Processed cheese, 
dark chocolate, yogurt, and sell products are also known to aggravate the bladder.

10.3.4  Diagnosis

There is a disagreement between providers and how to accurately diagnose bladder 
pain syndrome, and because this condition may range from mild symptoms to very 
severe, it is difficult to establish at which point on the spectrum of the disease the 
diagnoses should be made.

One of the most important aspects for diagnosing interstitial cystitis is good his-
tory consistent with symptoms outlined above [15]. Pain/urgency/frequency (PUF) 
questionnaire developed by Dr. Parson serves as a screening tool to aid physicians, 
especially those in primary care settings, to identify patients who will need to be 
referred to a specialist for treatment of BPS [17]. On pelvic exam, patients with 
bladder pain syndrome will typically have tenderness at the base of the bladder; 
however, lack of tenderness does not rule out bladder pain syndrome. Most of the 
patients with BPS exhibit spasm of the pelvic floor muscles, and it is not known if 
bladder pain or pelvic floor muscle spasm comes first. Another important sign 
appreciated on pelvic exam in patients with BPS is urethral burning elicited by light 
touch above urethral meatus.

Second very important step in diagnosing BPS is ruling out other conditions that 
are known to cause bladder pain. Patients will therefore require urine analysis and 
urine culture. Patients demonstrating microhematuria should be further evaluated 
for bladder malignancy with urine cytology. If pain begins after an encounter with 
the new sexual partner, patient will need vaginal culture for the presence of 
Mycoplasma or Ureaplasma.

Cystoscopy is required to meet the strict research criteria for diagnosing BPS, 
but it is not necessary in everyday clinical practice. Glomerulations seen on cystos-
copy may be seen in patients without BPS, and conversely many patients with BPS 
may not have glomerulations. Cystoscopy is important though to rule out other 
causes of bladder pain and important to rule out the presence of Hunner’s ulcers. 
Likewise, urodynamics, even though not necessary to diagnose BPS, may rule out 
other etiologies such as detrusor overactivity or bladder outlet obstruction. One 
needs to be careful though in diagnosis bladder outlet obstruction since muscle 
spasm in patients with BPS often causes uretheral pressures to be elevated (greater 
than 130 cm of H2O).

Potassium sensitivity test, so commonly used in the past, should not be used, 
since in many patients without BPS test has been found to be positive [18]. The last 
part of the test which involves placing local anesthetic in the bladder may be helpful 
though. This part called bladder-anesthetic challenge test involves placing 20 mL of 
2% lidocaine with 20,000 units of heparin into the bladder. Significant improvement 
of pain is consistent with diagnosis of BPS.
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10.3.5  Treatment

When treating patients with BPS, it is particularly important to identify all the other 
pain generators and treat all of them appropriately. Because patients with BPS 
almost always demonstrate the spasm of pelvic floor muscles, which leads to 
obstructive voiding, the treatment of pelvic floor is an absolute must. Pain manage-
ment is equally important in BPS patients since it disrupts the positive feedback 
between the muscles and the bladder described above. It also provides patients with 
overall improved quality-of-life and function.

The recommended treatment of BPS has been divided into six lines of 
intervention.

10.3.5.1  First-Line Interventions
Patients with bladder pain syndrome should be educated on the triggers which 
aggravate their bladder pain [15]. This may include information on foods and other 
activities (Table 10.1). It is also important to discuss with a patient that BPS is a 
chronic condition which may be asymptomatic with periodic flareups. Those flare-
ups may be confused with urinary tract infection, and if urine analysis is not pre-
formed, patients may be unnecessarily treated for UTI.  Patients should also be 
educated on stress management techniques, coping mechanisms, and relaxation 
exercises. Reducing stress has been shown effective since reducing stress helps 
relax pelvic floor muscles and decrease obstructive voiding.

10.3.5.2  Second-Line Interventions
One of the most effective treatments in patients with BPS is pelvic floor physical 
therapy [19]. Over 80% of patients with BPS demonstrate pelvic floor muscle spasm 
which in addition to myofascial pain leads to voiding dysfunction. Pelvic floor 
physical therapy consists of myofascial release as well as other techniques such as 
biofeedback and dry needling. Physical therapists also educate patients on proper 
breathing techniques and posture. Oral medications which belong in the second-line 
interventions are amitriptyline, cimetidine, hydroxyzine, and pentosanpolysulfate 
(PPS). Some practitioners including the author of this chapter believe that PPS only 
has a marginal effect in treating BPS. Intravesical therapy consists of dimethyl sulf-
oxide instillations, and installations with heparin and/or lidocaine. The combination 
of heparin with alkalinized lidocaine and pH buffer is called Parsons solution and is 
widely used in treatment of bladder pain syndrome. This solution can be used with 
or without the addition of steroids such as hydrocortisone or triamcinolone. Pain 
management including narcotics is also a second-line intervention. Pain medica-
tions should only be used in conjunction with treatment specific to BPS, and use of 
narcotics should be cautious and closely monitored by a physician.

10.3.5.3  Third-Line Intervention
Cystoscopy with bladder hydrodistension may be a helpful diagnostic tool, but it is 
also an effective treatment in patients with BPS [15]. Hydrodistension should be 
performed with a pressure of 80 cm of H2O for a period lasting from 1 to 10 min; 
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Table 10.1 Safe and nonsafe foods in patients with bladder pain syndrome

Food group Safe Not safe
Beverages Water

Juice – blueberry, pear
Milk substitutes
Milk shakes
Tea – chamomile, peppermint
Non diary creamers

Alcohol
Carbonated water
Juice – cranberry, orange
Chocolate milk
Coffee
Tea – black, green
Sodas
Sport and energy drinks

Grains Breads – corn, oat, whole wheat
Cereals – most are safe
Grains – couscous, quinoa
Rice

Breads – heavily processed
Cereals – heavily processes
Pasta in box dishes
Rice in box dishes

Fats and nuts Nuts – almonds
Oils – canola, olive, peanut, corn
Margarine
Lard
Homemade salad dressing with safe 
ingredients

Nuts – hazelnuts, pecans, pistachios
Salad dressing – commercially 
available

Eggs, meet
Fish and 
poultry

Eggs
Poultry
Fish
Beef
Seafood – not canned
Lamb
Pork
Protein powder

Cured meats
Canned crab meat
Hot dogs
Sausage
Smoked fish
Soy products

Dairy, 
cheeses
Frozen 
Desserts

Cheeses – American, mozzarella, 
cheddar, Feta, ricotta, string cheese
Cream cheese
Cottage cheese
Ice cream
Whipped cream

Cheeses – processed, Cheez Whiz
Ice cream – citrus, chocolate
Soy products

Fruits Apples, apple sauce, blueberries, 
coconut, dates, pears, watermelon

Berries, citrus, dried fruit, grapes, 
guava, kiwi, melons, nectarines, 
passion fruit, papaya, pineapple, 
strawberries, raisins

Vegetables Asparagus, avocado, beans, beets, 
broccoli, brussels sprouts, cabbage, 
carrots, cauliflower, celery, chives, corn, 
cucumber, eggplant, green beans, 
greens, lettuce, mushrooms, olives, 
parsley, pears, bell peppers, potatoes, 
pumpkin, radishes, squash, turnips

Chili peppers, onions, pickles, 
sauerkraut, soy beans, tofu

Soups Homemade soup from safe ingredients Bouillon, canned soups, packaged 
soups

Snacks Almonds, carrots, celery, plain chips, 
crackers, fruit bars, vanilla milkshake, 
oatmeal bars, peanuts, peanut butter, 
popcorn, plain pretzels

Seasoned or barbecued chips
Dessert cakes – in restaurant

(continued)
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however, longer protocols are used by many practitioners. In patients with Hunner’s 
ulcers, fulguration of those ulcers has been shown to be highly effective in more 
than 75% of patients.

10.3.5.4  Fourth-Line Intervention
Neuromodulation such as Interstim and other nerve stimulators are not approved by 
FDA for treatment of BPS. Its response rate though ranges from 66% to 94%, but 
28% of patients at some point demand removal due to ineffectiveness of the treat-
ment or side effects [20].

10.3.5.5  Fifth-Line Intervention
This group consists of treatments such as botulinum toxin A injections into the 
detrusor muscle and cyclosporine A.  This latter treatment has been found to be 
highly effective in patients with ulcerative form of bladder pain syndrome. Likewise, 
botulinum toxin A detrusor injections in some studies have been shown to be 86% 
effective, but they carry a significant risk of urinary retention.

Table 10.1 (continued)

Food group Safe Not safe
Desserts and 
sweets

Blueberries
Homemade cake
Frostings
Cookies – oatmeal, shortbread
Muffins – carrot
Cheesecake
Crème brûlée
Custards
Pie – homemade
Sweet bread
Candy – licorice
Maple syrup
Pastries
Ice cream – vanilla
Pudding – tapioca, vanilla, rice
Milkshake – vanilla
Sweeteners – sugar, honey

Artificial sweeteners
Chocolate
Ice cream – chocolate
Sorbets with safe fruits
Pie – pecan
Fruitcakes

Condiments, 
seasonings
Flavor 
enhancers

Allspice, almond extract, anise, basil, 
coriander, dill, fennel, garlic, marjoram, 
oregano, poppy seed, rosemary, sage, 
salt, thyme, tarragon, vanilla extract

Ascorbic acid, benzoates, ketchup, 
cayenne pepper, cloves, chili powder, 
horseradish, hot curry, meat 
tenderizes, miso, mustard, paprika. 
Pickles, red pepper, soy sauce, tamari, 
vinegar, Worcestershire sauce, MSG, 
sulfites

Fiber Benefiber, plain Metamucil, bulk 
psyllium fiber without artificial 
sweetener

Metamucil with orange or berries, 
psyllium fiber with sugar fee 
sweetener, senna
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10.3.5.6  Sixth-Line Intervention
Major surgery such as diversion with or without cystectomy should only be reserved 
for patients in whom all the other treatments have failed. The decision to have her 
bladder permanently removed is extremely difficult for any patient especially in 
light that it may not relieve the pain. Substitution cystoplasty performed to enlarge 
the bladder is another surgical option in patients with BPS and may be effective in 
patients with Hunner’s ulcers.

10.3.6  Treatments That Should Not Be Offered

Several treatments used previously have been found to be ineffective for bladder 
pain syndrome [15]. They include prolonged antibiotic treatments, intravesical 
Bacillus Calmette-Guerin (BCG), high pressure/long-duration hydrodistention, and 
long-term systemic glucocorticoids. Some of those treatments in addition to being 
ineffective may also be harmful.

10.4  Spastic Pelvic Floor Syndrome

Patients with significant endometriosis will often present with spasm of the pelvic 
floor muscles [21]. Generally in patients with endometriosis, it takes time to develop 
pelvic floor muscle spasm, so patients with new onset disease may not have any 
symptoms of pelvic floor dysfunction. Surgical procedures and manipulation of pel-
vic organs in those patients may further irritate pelvic muscles and increase spasm.

10.4.1  Pathophysiology

Pelvic floor muscle spasm in patients with endometriosis occurs in the previously 
described mechanism of viscero-somatic convergence. In this mechanism, the pain-
ful impulse from the visceral organ or peritoneal surface travels to the dorsal horn 
of the spinal cord through the afferent fibers. Those neurons “converge” with the 
nuclei of the efferent motor fibers innervating pelvic floor. The painful visceral 
stimulus therefore leads to spasm of pelvic floor muscles [21].

Not all the patients with pelvic floor muscle spasm have endometriosis or other 
painful intraperitoneal process. There are numerous patients who have developed 
pelvic floor muscle spasm as a result of physical trauma to the pelvis (accidents, 
vaginal delivery, or pelvic surgery), psychological trauma such as sexual or domes-
tic violence, or having spasm without any preceding event or condition [22].
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10.4.2  Epidemiology

The incidence of pelvic floor muscle spasm in patients with endometriosis is not 
well known. The likelihood of pelvic muscles going into spasm depends on the 
severity of the disease, amount of pain it is causing, and age at onset of endometrio-
sis as well as the number of previous surgical interventions. Patients with endome-
triosis managed by general OB/GYN practitioners may have lower incidence of 
pelvic floor muscle spasm than those cared for by pelvic pain specialists. In highly 
specialized pain practices, the incidence of pelvic floor muscle spasm in patients 
with endometriosis may be much higher due to the fact that patients have already 
failed treatments with other providers.

10.4.3  Diagnosis

Pelvic floor muscle spasm can be easily appreciated on pelvic exam. Superficial 
muscles which include the ischiocavernosus, bulbospongiosus, and transversus per-
ineal muscle are palpated during single digit exam with patient in dorsal lithotomy 
position. Transvaginal or transrectal palpation allows to assess deeper muscles such 
as pubococcygeus, puborectalis, and iliococcygeus. Those muscles are collectively 
known as levator ani muscles. The obturator internus muscle is palpated against the 
posterior surface of the pubic bone while patient presses her ipsilateral knee against 
the nonexamining hand of the provider (Fig. 10.5).

Digital rectal exam will aid not only with assessment of the anal sphincter but 
also coccyx, coccygeal muscles and attachment of pubococcygeus and iliococcy-
geus to coccyx.

Fig. 10.5 Examination of 
obturator internus muscle
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During the exam, patient may be asked to squeeze and relax the pelvic floor, and 
lack of relaxation is consistent with pelvic floor muscle spasm. This exam may be 
extremely uncomfortable to patient and elicit significant amounts of pain and should 
always be performed with one finger.

10.4.4  Treatment

The mainstay of treatment of pelvic floor spasm is pelvic floor physical therapy 
[22]. Pelvic floor physical therapists not only provide manual treatments, but also 
education important to those patients. It consists of proper breathing techniques, 
proper posture, sitting as well as learning the relaxation techniques. Manual therapy 
includes trigger point massage, trigger point release, and joint mobilization. 
Strengthening of the core muscles is equally important in patients with pelvic floor 
muscle spasm. Biofeedback in addition to manual techniques is used to teach 
patients to relax pelvic floor.

Medical treatments consist of various muscle relaxants. No particular oral mus-
cle relaxant is preferred in patients with pelvic floor muscle spasm; however, vagi-
nal or rectal suppositories containing muscle relaxants seem to work better than oral 
formulations. Medications such as diazepam, baclofen, gabapentin, lidocaine, and 
ketamine have been used in suppository formulations. Because compounded medi-
cations may be expensive, and usually not covered by insurance, an alternative may 
be to use valium oral tablets vaginally.

Patients who have failed muscle relaxants and pelvic floor physical therapy may 
benefit from injection of botulinum toxin into pelvic floor muscles [23]. Different 
toxins are available commercially, but onabotulinum toxin A (Botox) is the most 
commonly used. Doses of onabotulinum toxin A range from 100 to 400 units, and 
most providers use 200 units diluted in 20 ml of normal sterile saline. This injection 
is best done transvaginally using pudendal nerve block needle in volumes of 1 ml 
per injection. Some physicians choose to do those injections under CT or ultrasound 
guidance, but doing them transvaginally allows for palpation of spasming muscles. 
Regardless of the route, this injection is very painful, so it should be done with some 
level of sedation or anesthesia. Most commonly injected muscles are pubococ-
cygeus, obturator internus, transversus perineal, and bulbocavernosus. In patients 
with endometriosis, spasm is usually bilateral, and therefore injections are done 
bilaterally. Immediately after the injection, pain may increase before botulinum 
toxin takes effect. Onabotulinum toxin A takes 5–7 days to start working, but it may 
take 2 weeks for patients to feel a relief of pain. When the toxin starts working, 
patients often notice that they have less hesitancy, and they are able to empty their 
bladder more completely. If patient does not report any relief of pain 2–3 weeks 
after the injection, she needs to be examined to assess the degree of muscle spasm. 
If there is still spasm, patient did not get enough onanbotulinum toxin A or it was 
not injected in the correct location. If there is a relaxation of the muscle, but patient 
still reports pain, it must be caused by something else than muscle spasm. It is 
important to emphasize that patient after botulinum toxin A injection needs to 
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continue pelvic floor physical therapy since ultimately it is the therapy that will 
cause the muscles to stay in the relaxed stage.

10.5  Irritable Bowel Syndrome

Irritable bowel syndrome (IBS) is defined as presence of abdominal pain in associa-
tion with change of bowel habits and in the absence of detecting any organic dis-
ease. IBS may present with predominance of constipation (IBS-C), diarrhea 
(IBS-D), or mixed symptoms with alternating constipation and diarrhea (IBS-M). It 
has been estimated that up to 30% of patients develop IBS symptoms after enteric 
infection (IBS-PI).

10.5.1  Epidemiology

Prevalence of IBS in different countries varies from 7% to 21%, and in North 
America it is estimated to be 12% [24]. This disease is more commonly found in 
younger women, and after age 50 the prevalence drops by 25%. IBS has significant 
impact on the economy costing over $20 billion annually.

10.5.2  Pathophysiology

Pathophysiology of IBS is very complex. Potential causes include motility of the 
G.I. tract, visceral hypersensitivity, inflammation, bacterial overgrowth, and food 
sensitivity [25]. Genetics may also play a role.

10.5.3  Diagnosis

Diagnosis of IBS is based on the symptom-based criteria. Pain in patients with IBS 
is generally diffuse and intermittent. It may range from mild to severe and lasting 
from minutes to days. In order to diagnose patients with IBS, Rome IV criteria were 
developed, and the hallmark of this criteria is that abdominal pain must be associ-
ated with at least two of the following: defecation, change in stool frequency, or 
change in stool form [26] (Table 10.2).

Table 10.2 Rome IV criteria

Rome IV criteria for diagnosing IBS
Recurrent abdominal pain, on average, at least 1 day/week in the prior 3 months, associated 
with two or more of the following criteria:
   Related to defecation
   Associated with a change in frequency of stool
   Associated with a change in form (appearance) of stool
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Physical exam is helpful to rule out an acute process in the abdomen such as 
appendicitis or diverticulitis. Patients with IBS may be diffusely tender but, gener-
ally, do not have rebound or guarding. Additional tests such as laboratory evalua-
tion, radiological tests, and endoscopic evaluation are helpful in ruling out any other 
condition that would explain pain.

10.5.4  Treatment

Treatment is based on which symptom is predominant, and diet may be one of the 
most important factors.

10.5.4.1  Diet
In order to find the proper diet, certain foods have to be eliminated in the process. 
Patients with lactose intolerance have symptoms resembling IBS; therefore, this 
condition should be ruled out first [27]. Short chain carbohydrates are completely 
absorbed in the small bowel, leading to fermentation and gas production. Foods 
such as legumes, lactose, fructose, and sorbitol should be therefore eliminated for 
several weeks. This includes many different fruits and vegetables as well as ice 
cream and yogurt. Patients with IBS may be inclined to increase the consumption of 
fiber; however, fiber has not been shown to improve symptoms of this disease.

10.5.4.2  Probiotics
Probiotics may be beneficial in treatment of IBS, and single strain probiotics seem 
to be more effective than multistrain. No single brand has been found to be more 
effective than any other though [28].

10.5.4.3  Gluten
Patients without celiac disease who choose to go on gluten-free diet often experi-
ence significant improvement in GI symptoms [29].

10.5.4.4  IBS-C
Patients with IBS-C type of the disease experience infrequent and hard stools. 
Treatment of those patients include medications that decrease intestinal transit as 
well as antispasmodics to relieve intestinal cramping. The first-line treatment rec-
ommended is polyethylene glycol, an osmotic laxative. Bisacodyl and senna which 
are stimulant laxatives are not recommended for prolonged use due to possible 
dependency.

10.5.4.5  IBS-D
Patients with this form of IBS may be limited with the daily activities due to signifi-
cant diarrhea. One of the most common treatments for this condition are over the 
counter antidiarrhea medications such as the loperamide. It works by slowing down 
the gut motility, allowing for greater absorption of liquid from the stool. Prescription 
medications such alosteron, rifaximin, and eluxadoline are also helpful in treatment 
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of this form of IBS [30]. Antispasmodics such as dicoclymine and hyoscamine 
when used on as-needed basis help with relief of symptoms. Patients also benefit 
from psychotherapeutic interventions to help manage stress, anxiety, and depression 
so frequently displayed in this disease.

10.6  Suggestions from the Author

Successful treatment of pain in patients with endometriosis depends on addressing 
all the sources of pain. Patients with endometriosis often have multiple sources of 
pain including pelvic floor muscle spasm, bladder pain, and abdominal pain caused 
by irritable bowel syndrome. They can usually tell the difference between those 
pains, but if they cannot, pain from the muscles and pain from the bladder can be 
demonstrated to the patient during pelvic exam. Palpation of the muscles and blad-
der in those cases will elicit pain, and the provider can ask a question “is this the 
pain you are usually feeling?” Treatment of those additional sources of pain can be 
done prior to treatment of endometriosis, concurrently or after endometriosis has 
been addressed. This choice of treatment should be based on predominant symp-
toms and patient’s wishes. Likewise, patients who underwent surgery for endome-
triosis and continue to be in pain may have pain originating in the pelvic floor 
muscles or/and bladder.

If the provider decides to proceed with treatment of pelvic floor muscle spasm, it 
is absolutely necessary to work in conjunction with pelvic floor physical therapist. 
They can be found on the website of International Pelvic Pain Society (pelvicpain.
org), Women’s Section of American Physical Therapy Association (aptapelvi-
chealth.org), or Hermann and Wallace Pelvic Rehabilitation Institute (hermanwal-
lace.com). Medical treatments of pelvic floor muscle spasm without concurrent 
pelvic floor physical therapy will most likely fail as muscles have to learn to stay in 
the relaxed state.

Bladder pain syndrome/interstitial cystitis is best managed by a pelvic pain spe-
cialist or urogynecologist. In my practice, I find that most of my patients develop 
bladder pain in response to pelvic floor muscle spasm; therefore, treatment of pelvic 
floor muscle spasm is one of the most important steps in treatment of bladder pain 
syndrome. In my practice, I use vaginal suppositories with muscle relaxants, ona-
botulinum toxin A injection to pelvic floor muscles, and pelvic floor physical ther-
apy. I am also a big proponent of 30-minutes bladder hydrodistension in those 
patients.

Irritable Bowel Syndrome (IBS) is best managed by a GI specialist. Diagnosis of 
this conditions requires ruling out other gastrointestinal conditions which may 
require preforming colonoscopy or EGD. For that reason, IBS should be managed 
by someone who is equipped and privileged to preform those procedures.

To summarize, patients with endometriosis often have multiple sources of pain 
in addition to endometriosis pain. The best course of action for those patients is to 
identify all the sources of pain prior to surgical treatment of endometriosis. Patients 
who are undergoing surgical resection of endometriosis can have onabotulinum 
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toxin A injection to pelvic floor muscles and cystoscopy with 30 min bladder hydro-
distension done at the time of endometriosis surgery. Patients will then need to 
continue pelvic floor physical therapy to retrain the muscles to stay in the 
relaxed state.

References

 1. Chung MK, Chung RP, Gordon D.  Interstitial cystitis and endometriosis in patients with 
chronic pelvic pain: the “Evil Twins” syndrome. JSLS. 2005;9(1):25–9. http://www.pubmed-
central.nih.gov/articlerender.fcgi?artid=3015562&tool=pmcentrez&rendertype=abstract.

 2. Morotti M, Vincent K, Becker CM.  Mechanisms of pain in endometriosis. Eur J Obstet 
Gynecol Reprod Biol. 2017; https://doi.org/10.1016/j.ejogrb.2016.07.497.

 3. Longstreth GF, Preskill DB, Youkeles L. Irritable bowel syndrome in women having diagnos-
tic laparoscopy or hysterectomy. Relation to gynecologic features and outcome. Dig Dis Sci. 
1990;35(10):1285–90. https://doi.org/10.1007/BF01536421. PMID: 2145139

 4. Howard FM.  Surgical treatment of endometriosis. Obstet Gynecol Clin North Am. 
2011;38(4):677–86. https://doi.org/10.1016/j.ogc.2011.09.004. PMID: 22134016

 5. Koziol JA.  Epidemiology of interstitial cystitis. Urol Clin North Am. 1994;21(1):7–20. 
PMID: 8284848

 6. Butrick CW.  Patients with chronic pelvic pain: endometriosis or interstitial cystitis/painful 
bladder syndrome? J Soc Laparoendosc Surg. 2007;11(2):182–9. http://www.pubmedcentral.
nih.gov/articlerender.fcgi?artid=3015726&tool=pmcentrez&rendertype=abstract.

 7. Giamberardino MA, Costantini R, Affaitati G, et al. Viscero-visceral hyperalgesia: charac-
terization in different clinical models. Pain. 2010;151(2):307–22. https://doi.org/10.1016/j.
pain.2010.06.023.

 8. Issa B, Onon TS, Agrawal A, et al. Visceral hypersensitivity in endometriosis: a new target for 
treatment? Gut. 2012;61(3):367–72. https://doi.org/10.1136/gutjnl-2011-300306.

 9. Kuo TLC, Ng LG, Chapple CR. Pelvic floor spasm as a cause of voiding dysfunction. Curr 
Opin Urol. 2015; https://doi.org/10.1097/MOU.0000000000000174.

 10. Visser E, Schug SA. The role of ketamine in pain management. Biomed Pharmacother. 2006; 
https://doi.org/10.1016/j.biopha.2006.06.021.

 11. Hanno P, Dmochowski R. Status of international consensus on interstitial cystitis/bladder pain 
syndrome/painful bladder syndrome: 2008 snapshot. Neurourol Urodyn. 2009; https://doi.
org/10.1002/nau.20687.

 12. Butrick CW.  Interstitial cystitis/bladder pain syndrome. Management of the pain disor-
der: a urogynecology perspective. Urol Clin North Am. 2012; https://doi.org/10.1016/j.
ucl.2012.06.007.

 13. Warren JW, Jackson TL, Langenberg P, Meyers DJ, Xu J.  Prevalence of interstitial cys-
titis in first-degree relatives of patients with interstitial cystitis. Urology. 2004; https://doi.
org/10.1016/j.urology.2003.08.027.

 14. Berry SH, Elliott MN, Suttorp M, et al. Prevalence of symptoms of bladder pain syndrome/
interstitial cystitis among adult females in the United States. J Urol. 2011; https://doi.
org/10.1016/j.juro.2011.03.132.

 15. Hanno PM, Burks DA, Clemens JQ, et al. AUA guideline for the diagnosis and treat-
ment of interstitial cystitis/bladder pain syndrome. J Urol. 2011; https://doi.org/10.1016/j.
juro.2011.03.064.

 16. Friedlander JI, Shorter B, Moldwin RM.  Diet and its role in interstitial cystitis/blad-
der pain syndrome (IC/BPS) and comorbid conditions. BJU Int. 2012; https://doi.
org/10.1111/j.1464-410X.2011.10860.x.

 17. Parsons CL, Dell J, Stanford EJ, et al. Increased prevalence of interstitial cystitis: pre-
viously unrecognized urologic and gynecologic cases identified using a new symptom 

10 The Evil Quadruplets: Painful Conditions Coexisting with Endometriosis

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3015562&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3015562&tool=pmcentrez&rendertype=abstract
https://doi.org/10.1016/j.ejogrb.2016.07.497
https://doi.org/10.1007/BF01536421
https://doi.org/10.1016/j.ogc.2011.09.004
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3015726&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3015726&tool=pmcentrez&rendertype=abstract
https://doi.org/10.1016/j.pain.2010.06.023
https://doi.org/10.1016/j.pain.2010.06.023
https://doi.org/10.1136/gutjnl-2011-300306
https://doi.org/10.1097/MOU.0000000000000174
https://doi.org/10.1016/j.biopha.2006.06.021
https://doi.org/10.1002/nau.20687
https://doi.org/10.1002/nau.20687
https://doi.org/10.1016/j.ucl.2012.06.007
https://doi.org/10.1016/j.ucl.2012.06.007
https://doi.org/10.1016/j.urology.2003.08.027
https://doi.org/10.1016/j.urology.2003.08.027
https://doi.org/10.1016/j.juro.2011.03.132
https://doi.org/10.1016/j.juro.2011.03.132
https://doi.org/10.1016/j.juro.2011.03.064
https://doi.org/10.1016/j.juro.2011.03.064
https://doi.org/10.1111/j.1464-410X.2011.10860.x
https://doi.org/10.1111/j.1464-410X.2011.10860.x


142

questionnaire and intravesical potassium sensitivity. Urology. 2002; https://doi.org/10.1016/
S0090-4295(02)01829-0.

 18. Hanno P. Is the potassium sensitivity test a valid and useful test for the diagnosis of interstitial 
cystitis? Int Urogynecol J. 2005;16(6):428–9. https://doi.org/10.1007/s00192-005-1306-5.

 19. FitzGerald MP, Payne CK, Lukacz ES, et al. Randomized multicenter clinical trial of myofas-
cial physical therapy in women with interstitial cystitis/painful bladder syndrome and pelvic 
floor tenderness. J Urol. 2012;187(6):2113–8. https://doi.org/10.1016/j.juro.2012.01.123.

 20. Laviana A, Jellison F, Kim J-H.  Sacral neuromodulation for refractory overactive bladder, 
interstitial cystitis, and painful bladder syndrome. Neurosurg Clin. 2014;25(1):33–46. https://
doi.org/10.1016/j.nec.2013.08.001.

 21. Aredo JV, Heyrana KJ, Karp BI, Shah JP, Stratton P. Relating chronic pelvic pain and endo-
metriosis to signs of sensitization and myofascial pain and dysfunction. Semin Reprod Med. 
2017;35(1):88–97. https://doi.org/10.1055/s-0036-1597123.

 22. Hartmann D, Sarton J. Chronic pelvic floor dysfunction. Best Pract Res Clin Obstet Gynaecol. 
2014; https://doi.org/10.1016/j.bpobgyn.2014.07.008.

 23. Nesbitt-Hawes EM, Won H, Jarvis SK, Lyons SD, Vancaillie TG, Abbott JA. Improvement in 
pelvic pain with botulinum toxin type A – single vs. repeat injections. Toxicon. 2013;63:83–7. 
https://doi.org/10.1016/j.toxicon.2012.11.018.

 24. Chey WD, Kurlander J, Eswaran S.  Irritable bowel syndrome: a clinical review. 
JAMA. 2015;313(9):949–58. https://doi.org/10.1001/jama.2015.0954.

 25. Saha L.  Irritable bowel syndrome: pathogenesis, diagnosis, treatment, and evidence-based 
medicine. World J Gastroenterol. 2014;20(22):6759–73. https://doi.org/10.3748/wjg.v20.
i22.6759.

 26. Vork L, Weerts ZZRM, Mujagic Z, et al. Rome III vs Rome IV criteria for irritable bowel 
syndrome: a comparison of clinical characteristics in a large cohort study. Neurogastroenterol 
Motil. 2018;30(2):e13189. https://doi.org/10.1111/nmo.13189.

 27. Yang J, Deng Y, Chu H, et al. Prevalence and presentation of lactose intolerance and effects 
on dairy product intake in healthy subjects and patients with irritable bowel syndrome. Clin 
Gastroenterol Hepatol. 2013;11(3):262–268.e1. https://doi.org/10.1016/j.cgh.2012.11.034.

 28. Zhang Y, Li L, Guo C, et al. Effects of probiotic type, dose and treatment duration on irri-
table bowel syndrome diagnosed by Rome III criteria: a meta-analysis. BMC Gastroenterol. 
2016;16(1):62. https://doi.org/10.1186/s12876-016-0470-z.

 29. Vazquez–Roque MI, Camilleri M, Smyrk T, et al. A controlled trial of gluten-free diet in patients 
with irritable bowel syndrome-diarrhea: effects on bowel frequency and intestinal function. 
Gastroenterology. 2013;144(5):903–911.e3. https://doi.org/10.1053/j.gastro.2013.01.049.

 30. Camilleri M.  Peripheral mechanisms in irritable bowel syndrome. N Engl J Med. 
2012;367(17):1626–35. https://doi.org/10.1056/NEJMra1207068.

M. Hibner

https://doi.org/10.1016/S0090-4295(02)01829-0
https://doi.org/10.1016/S0090-4295(02)01829-0
https://doi.org/10.1007/s00192-005-1306-5
https://doi.org/10.1016/j.juro.2012.01.123
https://doi.org/10.1016/j.nec.2013.08.001
https://doi.org/10.1016/j.nec.2013.08.001
https://doi.org/10.1055/s-0036-1597123
https://doi.org/10.1016/j.bpobgyn.2014.07.008
https://doi.org/10.1016/j.toxicon.2012.11.018
https://doi.org/10.1001/jama.2015.0954
https://doi.org/10.3748/wjg.v20.i22.6759
https://doi.org/10.3748/wjg.v20.i22.6759
https://doi.org/10.1111/nmo.13189
https://doi.org/10.1016/j.cgh.2012.11.034
https://doi.org/10.1186/s12876-016-0470-z
https://doi.org/10.1053/j.gastro.2013.01.049
https://doi.org/10.1056/NEJMra1207068


Part II

Endometriosis: Across the Lifespan



145© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
E. Oral (ed.), Endometriosis and Adenomyosis, 
https://doi.org/10.1007/978-3-030-97236-3_11

In Utero and Early-Life

Marwan Habiba and Giuseppe Benagiano

Contents
11.1  Brief Historical Background  145
11.2  The Possible Fetal Origin of Ectopic Endometrium  146

11.2.1  Endometrial Glands Development  147
11.3  Development of Ectopic Endometrial Foci During Fetal Life  148
11.4  Perimenarcheal Endometriosis  150
 References  151

11.1  Brief Historical Background

In Chaps. 1 and 25 of this volume, we provided a history of the evolution of the 
modern understanding of endometriosis and adenomyosis. We indicated that avail-
able literature shows that the majority of work and of cases managed in early clini-
cal practice were encountered in reproductive age women. This is not surprising as 
ectopic endometrial foci are responsive to estrogens and progestogens. The theory 
of retrograde menstruation is widely celebrated as the best-fitting hypothesis for 
endometriosis; it entails that regurgitated endometrial or endosalpingeal epithelium 
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that flows through the fallopian tubes and onto the surface of the peritoneum trig-
gers the development of ectopic epithelial implants. Acceptance of this theory of 
causation reinforces the notion that endometriosis is a disease of reproductive age 
women. Despite being widely accepted, retrograde menstruation does not explain 
all the features of the endometriosis, its occurrence at distant sites, or the presence 
of lesions in the absence of menstrual cycles. Brosens et al. [1] pointed to the sig-
nificance of the study of endometriosis in nonreproductive-age women. This is an 
important area of research, but our knowledge remains fragmentary and hindered 
because of the infrequent need for pelvic surgery in children or prepubertal girls and 
because of the known limitations of noninvasive testing. However, the few cases 
encountered in the fetus and in the premenarche can provide valuable insight into 
the pathophysiology of endometriosis.

Prior to the distinction being drawn between endometriosis and adenomyosis, 
Von Recklinghausen advocated that adenomyosis originates from congenital rem-
nants of the Wolffian duct [2]. Others have theorized a link to Müllerian remnants 
[3]. Batt and Yeh [4] proposed the theory of the existence of a new variant they 
named “Müllerianosis”. They argued that – distinct from the more common acquired 
type  – some endometriotic lesions develop from embryonic epithelial rests. 
According to this hypothesis, those lesions may contain endometrial, endosalpin-
geal, and endocervical tissue, singly or in combination. Instances include lesions 
found outside the pelvis and genital tract, or in peritoneal “defects” or pockets. The 
embryonic origin theory projects the root cause of endometriosis to events early in 
fetal life. Although rare, the finding of aberrant endometrial tissue in fetal or prepu-
bertal girls can have an important impact on our understanding of disease pathogen-
esis. There are limited reports of cases of what may be considered adenomyosis or 
endometriosis in fetuses and children [5–7]. Baldi at al [8]. provided additional 
information pointing to the possible existence of endometriotic foci in human 
fetuses.

11.2  The Possible Fetal Origin of Ectopic Endometrium

Information on the development of ectopic endometrial foci during fetal life may be 
deduced from the embryogenesis of the reproductive tract. In 1759, Caspar Wolff 
described an embryonic structure within the urogenital ridge, which he named 
mesonephros (named after him as the Wolffian body) [9]. The mesonephric duct 
(Wolffian duct) stems from the mesonephros and runs caudad to join the cloaca, situ-
ated at the terminal end of the lower embryonic intestine (the hindgut). The first 
description of the early formation of the female internal genital organs was made by 
Johannes Müller [10] in 1830. He described two ducts, coined paramesonephric 
ducts (named after him the Müllerian ducts). These could be found running lateral 
to the mesonephric ducts, extending caudally and then crossing medially to termi-
nate at a small tubercle in the primitive urogenital sinus. Within this context, a fist 
detailed description of the fetal endometrium was presented in 1934 by Spivack [11].

M. Habiba and G. Benagiano



147

Müllerian duct epithelial cells develop adjacent to the rostral mesonephric epi-
thelium, as antero-lateral invaginations of the coelomic epithelium from the inter-
mediate mesoderm. The Müllerian duct opens into the coelomic cavity with a 
funnel-like structure that will give rise to the fimbrial end of the Fallopian tube. The 
Müllerian duct lining develops into the endosalpinx and the endometrium. It is pos-
sible that fragments of the Müllerian duct epithelium become displaced to adjacent 
sites, giving rise to ectopic foci.

During the early development stages, the uterine lumen is lined by a single layer 
of epithelium devoid of glands. Glands begin to appear when the fetus reaches 
approximately 550 grams in weight. Initially, the glands are straight, short, and 
simple. Robboy et al. [12] described elongated and branched glands in the uterus 
and cervix by 18 weeks. Barberini et al. [13] reported that between 12 and 18 weeks’ 
gestation, the endocervix is lined by a simple columnar epithelial cell layer with 
short microvilli and simple primary cilia. The definitive histological features of the 
endometrium begin to take shape near term with invaginations or primordial glands 
[14]. However, elongated and branched uterine and cervical glands were noted 
within the stroma as early as 20 weeks’ gestation [12]. Structural differentiation and 
the formation of a uterine cavity and its lining are complete by month 7 [15]. Basal 
vacuoles and stromal edema appear during month 8, and apocrine secretion, glandu-
lar glycogen, and predecidualization occur during the last month of pregnancy. 
Between 18 and 20 weeks, the epithelium at the utero-tubal junction exhibits tall 
polyhedral cells, with microvilli and fewer ciliated cells [16]. An important observa-
tion when exploring the presence of ectopic endometrium in human fetus is that the 
endometrium is only partly responsive to hormone action [17]. At months 7–8, there 
is an increase in gland number, and the epithelium becomes pseudostratified due to 
proliferation and comprises only two to three rows of cell nuclei. Pseudostratification, 
however, can appear as early as 16–20 weeks and is suggestive of an estrogenic 
response [18].

11.2.1  Endometrial Glands Development

Uterine gland development or adenogenesis is critical for endometrial function. 
Assuming that gland genesis occurs in humans in a similar way to that in experi-
mental animals, formation begins with an invagination of the luminal epithelium 
and is inhibited by progestogens acting on epithelial progesterone receptors (PR) 
[19–21]. Nevertheless, the exact mechanisms in the human and the relation to PR 
remain unknown. Several relevant factors have been identified including FOXA2, a 
glandular epithelium-specific transcription factor found in humans and all studied 
animals [21], and the “Indian hedgehog” signaling pathway (regulated by the Ihh 
gene) [22]. Endometrial glandular development is completed after birth. Glands are 
definitely less developed in infancy compared to the adult [23]. Interestingly, some 
degree of glandular development occurs in infancy in spite of the lack of circulating 
steroid hormones. By 6 years of age, glands extend from one-third to one-half of the 
distance from the myometrium and continue to increase in depth until puberty [23].
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A unique characteristic of neonatal endometrium is the possibility of shedding 
soon after birth. Neonatal uterine bleeding (NUB), which suggests endometrial 
maturation, was first documented in the early nineteenth century [24]. Many early 
reports followed [25, 26]. The observation that NUB occurs in only a minority of 
neonates points to an intrinsic, ontogenetic resistance to the action of progesterone 
[27]. The phenomenon of uterine bleeding in neonates is far from being universal, 
which contrasts with the universal postnatal sharp drop of circulating progesterone. 
In fact, visible vaginal bleeding is observed in 3–5% of neonates, but occult bleed-
ing is far more common and in one study was found to be as high as 61.3% [28]. 
Neonatal uterine bleeding occurs through degeneration and regression and is dis-
tinct from the adult menstrual loss.

Full endometrial maturation may not be complete till after menarche, and it is 
possible that progesterone resistance persists beyond the early neonatal period [29, 
30]. Spivack [11] observed follicle development, including cyst formation, in the 
majority of premature and term neonatal ovaries, but developed endometrial glands 
were present only in a minority of cases. Ober and Bernstein [17] also noted the lack 
of correlation between ovarian and endometrial features. In the majority of cases, 
the neonatal endometrium is in a “resting phase” (i.e., inactive or proliferative) and 
appears thin and lined by one layer of cuboidal or columnar surface epithelium; the 
glands are simple and embedded in compact or loose stroma. The poor progesto-
genic response occurs despite the high circulating progesterone levels near term 
[31], indicating that the fetal endometrium possesses an intrinsic (coined “ontoge-
netic”) progesterone resistance [32]. An interesting, but unexplained, phenomenon 
is the occurrence of isolated prepubertal menstruation [33], characterized by the 
occurrence of vaginal bleeding in prepubertal girls with no other signs of sexual 
development and no detectable abnormality. Pinto and Garden [34] reported four 
cases with no endometrial echo on ultrasound. This casts doubt on increased endo-
metrial thickness as a cause and the possibility that the underlying mechanism 
resides in increased sensitivity to estrogen. The onset of uterine growth precedes the 
onset of puberty and continues after menarche well into the second decade [35]. 
Brosens et al. [30] stressed that uterine biological immaturity, possibly compounded 
by sociodemographic factors, accounts for the increased incidence of obstetrical 
disorders in very young mothers. Around menarche, the uterine response to steroid 
hormones may be uncoupled from ovulatory maturation of the hypothalamic- 
pituitary-ovarian axis. The origin of the endometrium from the proliferation and 
invagination of the coelomic epithelium points to the shared origin with the pelvic 
peritoneum and a possible route for the development of early ectopic pelvic endo-
metriosis through coelomic metaplasia.

11.3  Development of Ectopic Endometrial  
Foci During Fetal Life

Meyer [36] concluded that a mucosal invasion of the myometrium was seldom vis-
ible. Emge [37] referred to the report by Meyer in 1897 [5] of the identification of 
a mucosal invasion in a fetus at term and to the reports by Albrecht, Erbslöh, 
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Holden, Javert, and Philipp of the existence of ectopic foci of endometrium in 
autopsies of children between 4 and 14 years of age. Emge [37] believed that these 
reports supported the existence of a type of congenital adenomyosis present prior 
to cyclic ovarian activities. He also cited cases of persistent primary dysmenorrhea 
that were later found to have adenomyosis and advocated “further search of the 
evidence in premenarchial uteri obtainable at autopsies.” Congenital endometriosis 
also remains a possibility. Holden reported a case of adenomyosis in a 14-year old 
who had severe dysmenorrhea starting 6 months after menarche. But the extensive 
work by Meyer which was detailed in his monogram dated 1899 [38] describes 
ectopic mucosa within fetal and neonatal uteri in the context of regressing rudi-
mentary developmental structures. Meyer examined 100 specimens and identified 
remnants of Gartner Duct in 12 out of 12 cases (100%) at months 2–3, in 6 out of 
21 cases (28.5%) at months 4–6 and in 11 cases (out of 12 cases at months 7–8 and 
55 newborns, 16.4%) and in 3 out of 18 children up to 7 years (16.6%). He viewed 
this as evidence of the universal presence of Gartner duct tissue during early 
embryology. He regarded residual remnant tissue as incapable of progressing to 
future disease.

Signorile et al. [7] reported the identification of ectopic endometrial tissue in 4 
out of 36 cases autopsied in an investigation of female human fetuses of various 
gestational age (16, 18, 24, and 25 weeks). Endometrial tissue was identified using 
CA125 together with positivity for estrogen-receptor antibodies. Sporadic ectopic 
staining was identified in the rectovaginal septum, in proximity to the pouch of 
Douglas, close to the posterior wall of the uterus, in the rectal tube and in the wall 
of the uterus. Although neither CA125 nor estrogen receptor is a specific marker of 
endometrium, Batt and Yeh [4] took this as supportive evidence for the occurrence 
of congenital endometriosis. Molecular events during a critical window of embryo-
genesis could result in aberrant development of the female genital system [8]. The 
high incidence of endometriosis in the presence of uterine anomalies renders the 
identification of any such factors, and whether they may be relevant to any particu-
lar phenotype, a priority area. Bouquet De Jolinière et  al. [39] reported on the 
identification of ectopic foci of glandular structures surrounded by densely distrib-
uted stromal cells in their study of seven fetal autopsies between 18 and 36 weeks’ 
gestation. Using serial sections of the uterine myometrium, two fetuses with gesta-
tional ages of 25 weeks and of 36 weeks had ectopic bodies within the myome-
trium, and six cases were identified with embryonic tubular ducts in the broad 
ligament, the ovarian ligament, and under the fallopian tube serosa. They hypoth-
esized that aberrant migration of Müllerian ducts could cause spread of embryonic 
cells, which could result in the growth of ectopic foci. Aberrant Müllerian struc-
tures were described by Lauchlan [40] in terms of a “giant shadow” cast by the 
primary Müllerian system and derived from the peritoneum or the coelom, charac-
terized by the lack of organization. The identification of developmental remnants 
is perhaps unsurprising, but their relevance to endometriosis remains speculative. 
Schuster and Mackeen [41] reported an unusual case of a fetus with a 7.0 × 4.5 cm 
pelvic mass identified using antenatal ultrasound. The mass, which was removed 
on day 2 of postnatal life was a hemorrhagic ovarian cyst with focal 
endometriosis.
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11.4  Perimenarcheal Endometriosis

The most widely recognized theory of the origins of endometriosis is that by 
Sampson. It was developed in the 1920s based on the assumption that retrograde 
menstrual effluent contains viable cells from the superficial endometrium capable of 
implantation. More recent research has demonstrated that menstrual blood contains 
a mixture of endometrial mesenchymal stem cells (eMSCs) and stromal fibroblasts. 
In addition, epithelial and epithelial progenitor cells (eEPs) may be present [42, 43]. 
eMSCs isolated from ectopic lesions show greater invasiveness and capacity to 
stimulate neoangiogenesis, compared to those in eutopic endometrium [44]. These 
cells presumably first attach and then breach the peritoneum [45]. The same situa-
tion may occur at birth in neonates experiencing the phenomenon known as neona-
tal uterine bleeding (NUB) [46, 47]. This mechanism could therefore explain cases 
of premenarcheal or early postmenarcheal endometriosis.

Evidence of what may be considered the initial stages of endometriosis forma-
tion in female infants has been provided by Arcellana et al. [48]. The neonate had 
McKusick-Kaufman syndrome and died approximately 8  hours after birth. At 
autopsy, an intact transverse vaginal septum, with hydrocolpos containing 200 mL 
of cloudy fluid, was observed. Examination of the peritoneal cavity revealed hemor-
rhagic endometrial reflux and implantation of epithelial fragments on the bowel 
serosa, as well as adhesions around the ovaries and the upper portion of the uterus. 
These findings are consistent with the model of implantation of premenarcheal 
endometriosis.

The presence of endometriosis has been observed, although rarely, in normal 
young girls before menarche. This needs to be distinguished from disease associ-
ated with congenital obstructive anomalies of the lower genital tract that appears 
after menarche or in the presence of cryptomenorrhea. A classic form of endome-
triosis was documented in five premenarcheal girls aged between 8.5 and 13 years 
and with Tanner stage I-III breast development [49]. All these girls experienced 
chronic pelvic pain for >6 months. Endometriosis was diagnosed on laparoscopy, 
and all had lesions that were typical of peritoneal endometriosis. However, histo-
logically the lesions comprised stromal tissue, vascular proliferation, hemosiderin 
deposits, and/or adhesions but no glandular tissue. Two cases required a second look 
laparoscopy some years later, and at this point, repeat biopsy confirmed the pres-
ence of endometrial glands. Similar cases have also been described in literature 
including a case of peritoneal endometriosis in a 9-year-old [50] and one with a 
large ovarian endometrioma in an 11-year-old premenarcheal girl [51].

When discussing perimenarcheal endometriosis, special attention should be paid 
to the presence of congenital obstructive anomalies of the reproductive tract, par-
ticularly those defined by the presence of a uterus didelphis with an obstructed 
hemivagina and ipsilateral renal agenesis or dysplasia. This condition, coined 
Herlyn-Werner-Wünderlich syndrome (HWWS), seems to be specifically associ-
ated to a variant of endometriosis. Tong et al. [52] described a series of 94 young 
girls affected by HWWS in whom endometriosis was diagnosed at laparoscopy or 
laparotomy in 19% of cases. All had cystic ovarian endometriosis. The median time 
between menarche and the onset of cyclic pelvic pain was 1 year (range 0–16 years), 
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while the median time between menarche and the diagnosis of pelvic endometriosis 
was 3 years (range 1–16 years). The early presence of endometriosis in these girls 
supports the hypothesis that it is caused by retrograde shedding of eMSCs.

Overall, the reported incidence of endometriosis in teenagers with genital tract 
anomalies varies between 11% and 40% [53]. The incidence appears to be greater 
in anomalies associated with genital tract outflow obstruction [54, 55]. Of interest is 
the observation that treating the anomaly by correcting the outflow obstruction may 
be curative [56].

Traditionally, endometriosis was believed to be rare in adolescence, but increased 
awareness has helped to achieve earlier diagnosis. However, similar to the case in 
the adult, estimates of the prevalence of endometriosis vary widely, ranging from 
19% to 73%. The high incidence in adolescent girls is supported by the observation 
that a large proportion of reproductive age women with endometriosis can trace 
their symptoms to early postmenarche.

The different appearance of peritoneal endometriosis is classified as early-active 
(red, glandular, or vesicular), advanced (black, puckered), and healed (white, 
fibrotic) implants [28, 57, 58]. In adolescence, there is a higher prevalence of active 
peritoneal lesions characterized by intense angiogenesis. There is also evidence that 
some lesions may be transient [59–61] and that it may more easily recur [62].

Thus, more research is needed to assess the significance of these lesions and their 
contribution to our understanding of disease etiology. The potential role of anteced-
ents of endometriosis and whether these could be activated by factors such as the 
vascular endothelial growth factor, maternal steroids, or prepubertal estrogen are 
areas that warrant future research. The effect of Anti-Müllerian hormone and its 
receptors in relation to the suppression of endometrium is also an area that warrants 
further research. There is still considerable uncertainty about whether mechanisms 
such as coelomic metaplasia, embryonic Müllerian rests, or persistence of other 
forms of embryonic endometriosis are relevant to this variant of the disease. 
Mesenchymal stem cells may be the principal source of endometriosis outside the 
peritoneal cavity, and it is possible that they play a role also in the pathophysiology 
of premenarcheal and adolescent endometriosis. Progenitor cells may originate and 
implant into the peritoneum as a consequence of retrograde neonatal uterine 
bleeding.
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12.1  Prevalence and Epidemiology

In 1948, Meigs reported the incidence of endometriosis in adolescents to be 6% [1]. 
Others have attempted to estimate the prevalence of endometriosis in adolescents, 
although these estimates vary depending on symptoms and the modality used for 
diagnosis. The prevalence of endometriosis in adolescents who present for investi-
gation, however, appears to be high. The prevalence among adolescents undergoing 
laparoscopic investigation for pelvic pain not responsive to nonsteroidal anti- 
inflammatory drugs and oral contraceptive pills is 50–70% [2–4]. A 2013 system-
atic review by Janssen et al. [5] sought to review the prevalence of endometriosis 
diagnosed by laparoscopy in adolescents; based on 15 selected studies, they identi-
fied the overall prevalence of visually confirmed endometriosis was 62% in all ado-
lescents undergoing laparoscopic investigation, 75% in girls with chronic pelvic 
pain resistant to treatment, and 70% in girls with dysmenorrhea. Although laparos-
copy has been the gold standard for confirming endometriosis, other studies have 
included the use of imaging, such as magnetic resonance imaging (MRI) or ultra-
sound, to aid in the diagnosis or as an alternative to laparoscopy [6–8]. A 2020 
systematic review by Hirsch et al. [9] included studies diagnosing endometriosis via 
both laparoscopy and imaging in adolescents, and the prevalence ranged from 25% 
to 100%, with a mean prevalence of 64%.

Prevalence estimates are unfortunately limited as some adolescents are asymp-
tomatic or have atypical presentations leading to underdiagnosis. Delays in diagno-
sis from the onset of symptoms are common worldwide, ranging from 4 to 11 years 
[10–14]. In a registry of 4000 adult women with endometriosis, two-thirds of 
women responded to a survey and reported their first pelvic symptoms started before 
age 20, and 1 in 5 had pain before age 15 [15]. Symptomatic cases have been cited 
at earlier ages, including prior to menarche [16] and in others soon after menarche 
[17, 18]. The early manifestations of endometriosis suggest the origin of endome-
triosis is likely multifactorial and not simply after years of retrograde 
menstruation.

12.2  Risk Factors

Several predisposing factors make adolescents uniquely vulnerable to endometrio-
sis. A family history of endometriosis may predispose young women to the disease, 
although the precise mechanism or mechanisms remain unclear. In a systematic 
genetic study of 234 cases of histologically confirmed endometriosis, endometriosis 
occurred at a 6.9% rate in first-degree relatives of women with the disease, com-
pared to a 1% rate in relatives of controls [19]. Endometriosis that occurs in families 
tends to be more severe compared to sporadic cases, and a similar and earlier age of 
onset of symptoms occur in affected families [20, 21]. Due to the demonstration of 
familial clustering of endometriosis, the disease is considered by most investigators 
to be inherited in a polygenic or multifactorial mode [20].
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Endometriosis has also been reported in up to 40% of adolescents with reproduc-
tive tract anomalies [22]. Obstructive anomalies that have been implicated include 
imperforate hymen, transverse vaginal septum, and vaginal agenesis [23, 24]. The 
presence of an obstructive anomaly supports the concept of retrograde flow as pre-
disposing an adolescent to endometriosis. Although repair or relief of the obstruc-
tion has been associated with resolution of endometriosis [25], a case series 
demonstrated that endometriosis may not always resolve following repair of an 
obstructive anomaly [26]. This may be due to the obstruction seeding the peritoneal 
cavity or to other risk factors.

Increased exposure to menstruation and endogenous estrogen may predispose 
adolescents to acquiring endometriosis. Identified risk factors include earlier men-
arche (before age 11–13), nulliparity, shorter menstrual cycle intervals, and heavy 
menstrual bleeding [27–29]. In a laparoscopy cohort, women diagnosed with endo-
metriosis were found to be a taller height and a leaner body habitus since adoles-
cence [30]. Sociodemographic factors include ethnicity, with Caucasian/white and 
Asian women having higher reported rates of endometriosis in comparison to 
Hispanic and black women, although this underreporting may be contributed by 
implicit bias, potentially different presenting symptoms of endometriosis, and racial 
disparities in healthcare access [31, 32]. Childhood sexual and physical abuse are 
associated with an increased risk of endometriosis [33].

Modifiable and early life risk factors may also contribute to the development of 
endometriosis in adolescents. Prior studies have postulated lower birth weight, pre-
maturity, and maternal diethylstilbestrol as increase risk factors for endometriosis; 
intense physical activity, passive smoke exposure, and skin sensitivity have also 
been raised as increased risk factors but remain understudied [34]. In an investiga-
tion of in utero and early life factors in relation to endometriosis, exposure to breast-
feeding in early life was associated with lower odds of surgically diagnosed 
endometriosis and secondhand smoke during childhood was associated with greater 
odds of endometriosis in adolescents [35]. Exposures in adolescence may also fur-
ther impact endometriosis risk into adulthood. Even dietary exposures seem to be 
implicated; in a longitudinal cohort study, lower rates of laparoscopically confirmed 
endometriosis were diagnosed among adult women who in adolescence consumed 
greater amounts of total dairy foods [36]. These findings support the need for further 
investigation of early life influences, and if early life interventions may reduce 
endometriosis burden in later life.

12.3  Pathophysiology

The pathophysiology of endometriosis remains controversial despite decades of 
research. The most recognized theory behind endometriosis is Sampson’s theory 
[37] of retrograde menstruation, but it alone cannot explain the wide ranges of man-
ifestations of endometriosis, including endometriosis in early adolescence. 
Retrograde menstruation is a common physiologic event in nearly all menstruating 
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women with patent tubes, with or without endometriosis present [38]. Early-onset 
or adolescent endometriosis therefore appears to be distinct from adult endometrio-
sis, or at least contributed by other mechanisms [39]. One of the theories behind 
adolescent endometriosis is the seeding of naive endometrial progenitor cells into 
the pelvic cavity at the time of neonatal uterine bleeding. Neonatal uterine bleeding 
is a less common phenomenon affecting only 5% of newborn girls, characterized by 
decidual transformation and endometrial shedding in the neonatal uterus [40, 41]. 
The implantation model via neonatal uterine bleeding was described in a case report 
by Arcellana et al. [42], of a demised female infant with McKusick-Kaufman syn-
drome. The infant’s postmortem examination revealed an intact transverse vaginal 
septum, hemorrhagic endometrial reflux, and implantation of epithelial fragments 
on the bowel serosa and adhesions around the ovaries and upper uterus. It is postu-
lated that the relatively longer neonatal cervix and thick cervical secretions may 
facilitate retrograde seeding of endometrial mesenchymal stem cells and stromal 
fibroblasts during the early neonatal period [38, 43]. Other theories on the origins of 
endometriosis include Halban’s [44] theory on vascular or lymphatic spread of 
endometrial cells, Meyer’s [45] theory of embryologically totipotent cells undergo-
ing metaplastic transformation, innate or acquired properties of the endometrium, 
and defective immune clearance [46]. No unifying theory explains all cases of endo-
metriosis, and challenging cases such as premenarcheal endometriosis supports 
alternative theories to Sampson’s theory, such as coelomic metaplasia and Müllerian 
embryonic rests. [17]

As part of a pursuit to further characterize adolescent endometriosis, studies have 
attempted to describe its physiologic environment and distinguishing features. 
Increasing evidence has pointed to endometriosis being a pelvic inflammatory con-
dition. A multicenter nested case-control study demonstrated significant differences 
in peritoneal fluid cytokines when comparing adolescents with endometriosis to 
adults with and without endometriosis [47]. A more pro-invasive cytokine profile 
was observed in adolescents compared to adults, despite greater use of hormones 
for treatment. Whether observed cytokine profiles are a source or a result of endo-
metriosis remains to be definitively determined. But, these findings at least suggest 
adolescents with endometriosis have a unique inflammatory milieu that may con-
tribute to greater and/or earlier symptomatology [47].

12.4  Clinical Presentation

Endometriosis is the leading cause of secondary dysmenorrhea in adolescents, and 
it is also the most common finding in young women undergoing laparoscopy for 
chronic pelvic pain [48]. Unlike adults, endometriosis is less likely to present as the 
classic symptom of dysmenorrhea, or as infertility or endometriomas. In a retro-
spective study by Laufer et al. [2], the classic symptom of cyclic pain was present 
by itself in 9.4% of adolescent subjects, whereas 28.1% of subjects had acyclic pain 
alone, and 62.5% had both cyclic and acyclic pain. Therefore, the majority (90.6%) 
of adolescents with endometriosis experienced acyclic pain. In a 2018 prospective 
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study by DiVasta et  al. [49], general acyclic pain was common for adolescents 
(66%) and lasted for days at a time (40%). Most participants also experienced 
moderate- severe menstrual pain, commonly starting at menarche.

Inquiring about general pelvic pain is crucial as it is the predominant symptom 
in premenarcheal endometriosis. A small case series by Marsh and Laufer [17] iden-
tified five premenarcheal girls with chronic pelvic pain who had been evaluated with 
a standard medical and gastrointestinal evaluation without definitive findings for an 
etiology for their pain. All five subjects were laparoscopically confirmed to have 
stage I endometriosis based on the standard American Society for Reproductive 
Medicine Classification of Endometriosis [50], and none of them had an obstructive 
anomaly of the reproductive tract. Thus, premenarcheal girls and postmenarcheal 
adolescents should be asked about their pelvic pain symptoms, even in the absence 
of menstruation. A pain diary may be helpful for the patient and/or caregiver in 
documenting the frequency and character of pain.

Another manifestation of pelvic pain commonly reported by women with endo-
metriosis is dyspareunia. Adolescents and young adults with endometriosis experi-
ence dyspareunia twice as often as their peers without endometriosis; the burden of 
dyspareunia has an additive negative impact on physical health and mental health 
[51]. A thorough review of systems in adolescents with endometriosis may reveal 
multiple pain symptoms including non-gynecologic sources. In a case series of 25 
female individuals (mean age, 17.2 years) with laparoscopically confirmed endome-
triosis, 52% of patients reported at least 1 genitourinary symptom, and 56% reported 
at least 1 gastrointestinal symptom [52]. Genitourinary symptoms reported were 
bladder pain, flank pain, back pain, dysuria, urinary frequency and urgency, incon-
tinence, hematuria, and nocturia; gastrointestinal symptoms included nausea, con-
stipation, diarrhea, and hematochezia. More adolescents with endometriosis than 
adults report nausea accompanying their general pelvic pain, and they experience 
general pelvic pain relief after a bowel movement [49]. The presence of urinary or 
gastrointestinal symptoms may in part be secondary to overlap with functional pain 
syndromes such as interstitial cystitis and irritable bowel syndrome (IBS) [53, 54]. 
A large prospectively enrolled cohort study showed that the odds of IBS was five-
fold higher among adolescents with endometriosis than without, and the presence of 
acyclic pelvic pain was a strong predictor of the likelihood of IBS [55]. Another 
commonly reported pain disorder among adolescents with endometriosis is 
migraines. A cross-sectional study found a higher prevalence of migraines among 
adolescents with endometriosis compared to those without endometriosis [56]. The 
study also demonstrated a linear relationship between migraine pain severity and 
the odds of endometriosis, suggesting heightened pain sensitivity for adolescents 
with endometriosis.

Interestingly, there is a higher self-reported rate of autoimmune diagnoses in 
women with endometriosis compared to the general female population. Thus, ado-
lescents may exhibit non-pain symptoms and should be screening by their provider 
for other comorbidities so as to receive comprehensive healthcare [57]. A 2019 sys-
tematic review and meta-analysis suggested an increased risk of autoimmune dis-
eases including systemic lupus erythematosus, Sjögren’s syndrome, rheumatoid 
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arthritis, autoimmune thyroid disorder, celiac disease, multiple sclerosis, inflamma-
tory bowel disease, and Addison disease [58]. However, only a few studies were of 
high quality and well-designed. It is unclear whether endometriosis is a risk factor 
or a consequence of autoimmune disease, but this adds evidence to the chronic and 
inflammatory nature of endometriosis.

Adolescents with endometriosis commonly report their symptoms as interfering 
with their functionality and quality of life. There is a high prevalence of pelvic pain 
that negatively impacts work, school, daily activities, exercise, and sleep to a 
moderate- extreme degree [49]. In a study of 250 adolescents with dysmenorrhea 
and symptoms suspicious for endometriosis, 12% of those age 14–20  years lost 
days of school or work each month due to pain [59]. A population-based study by 
Gallagher et  al. [60] provided evidence that adolescents and young adults with 
endometriosis experience deficits in physical health-related and mental health- 
related quality of life. In addition to pain, participants had difficulty completing 
daily activities (e.g., “climbing several flights of stairs,” “bathing or dressing your-
self”) and trouble engaging in social activities with family, friends, and groups. 
Unfortunately, diagnostic delay is common, despite the significant impact on qual-
ity of life. In the study by Gallagher et al. [60], the mean age at surgical diagnosis 
was 16.3 years (SD = 2.5), representing an average diagnostic delay of 2.8 years 
from onset of first symptoms.

Diagnostic delay is contributed by multiple factors. Firstly, many healthcare pro-
viders, including pediatricians, gynecologists, and family medicine practitioners, 
may not be aware of the many symptoms of endometriosis in adolescents. In addi-
tion, many women perceive their symptoms as an extreme of normality and con-
sider themselves to be “unlucky” rather than ill. Women may not come forward with 
their pain symptoms partly due to embarrassment and in order to avoid stigmatiza-
tion [61]. Lastly, knowledge of endometriosis is low among adolescents and those 
around them, including their family members and school personnel [62]. In a cross- 
sectional study by Zannoni et  al. [59], 82% of 250 adolescents had never heard 
about endometriosis, and 80% expressed interest in learning more about it; these 
underscore the need for research on measures to create a supportive and informed 
social climate.

12.5  Evaluation

Evaluation of the adolescent patient first begins with a comprehensive history and 
review of systems. If the initial description of pain is vague or limited, a pain diary 
should be considered. The use of diaries recording pain, mood, menses, diet, medi-
cation, and other non-gynecologic symptoms can help discern the pattern of pain 
[63]. Since keeping a physical journal at all times may not be feasible, adolescents 
may find it easier to utilize pain diary and symptom tracker mobile applications. 
After the history, a physical examination should be performed. A physical exam is 
unlikely to reveal endometriosis but is helpful for assessing for other gynecologic 
sources of pain, such as a pelvic mass or a reproductive anomaly, or non- gynecologic 
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etiologies of pain; these may include gastrointestinal, urinary, or musculoskeletal 
etiologies. Evaluation of the skin may reveal erythema ab igne, or “hot water bottle 
rash.” Erythema ab igne presents as a reticulated hyperpigmented erythematous 
eruption at sites of prolonged heat exposure, and it is commonly seen in those who 
use of heat for relief of pain from chronic diseases such as Crohn’s disease [64, 65]. 
An abdominal exam should be performed to locate any tenderness and palpable 
hernia or masses. A musculoskeletal exam can assess for abdominal wall tenderness 
(e.g., Carnett’s sign), range of motion of the hips and spine, symptoms with pelvic 
compression, and bone tenderness [57].

A pelvic exam is not always necessary, particularly as adolescents are less likely 
to have uterosacral nodularity or distorted anatomy from advanced or deep infiltrat-
ing disease. If a pelvic examination is offered, this should be approached with sen-
sitivity and with the goals of minimizing discomfort and anxiety [66]. The adolescent 
should be given the choice of having a parent or caregiver as a chaperone during the 
examination. If the patient consents and is sexually active, the smallest size specu-
lum should be utilized, typically a pediatric speculum. A single digital exam or a 
Q-Tip (cotton swab) can be inserted into the vagina to assess for vaginal length and 
patency and exclude a reproductive tract anomaly. A rectal-abdominal examination 
may also be better tolerated than a vaginal-abdominal examination, particularly in 
the patient who has never been sexually active.

12.6  Laboratory/Imaging Studies

There is currently no specific blood test or biomarker that has been validated as a 
noninvasive diagnostic test for endometriosis. Many attempts have been made to 
identify and validate specific biomarkers, such as Cancer Antigen 125 (CA125) 
[67]. A recent evaluation of CA125 by Sasamoto et al. [68] demonstrated that aver-
age CA125 values were low in adolescents and young women with or without endo-
metriosis, and CA125 did not correlate with pain type, severity, or frequency. 
Laboratory studies may include a complete blood count or an erythrocyte sedimen-
tation rate to assess for an inflammatory or infectious process resulting in pain. A 
pregnancy test or sexually transmitted infection testing should be considered in the 
sexually active patient. Urinalysis or urine culture are helpful in excluding urinary 
causes of pain.

Adolescents with dysmenorrhea do not routinely need to be imaged, as most 
adolescents experience primary dysmenorrhea, or painful menstruation in the 
absence of pelvic pathology [48]. However, imaging may be helpful in patients who 
either present initially with symptoms suggesting secondary dysmenorrhea or they 
fail empiric treatment for primary dysmenorrhea and require further evaluation. 
Ultrasound imaging can exclude the presence of an ovarian cyst, tumor, adnexal 
torsion, or a reproductive tract anomaly. A pelvic ultrasound can be performed 
trans-abdominally instead of trans-vaginally to minimize discomfort. Alternatively, 
trans-rectal imaging may also be performed. In a retrospective observational study 
by Martire et  al. [69], 270 women aged 12–26  years underwent trans-vaginal 
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ultrasound if sexually active, and trans-rectal in never sexually active adolescents. 
At least one finding of endometriosis was identified in 36 (13.3%) of 270 cases; 
ovarian endometriomas were found in 22 (11%) patients, adenomyosis in 16 (5.2%), 
and deep infiltrating endometriosis in 10 (3.7%). In patients with dysmenorrhea, the 
detection rate of pelvic endometriosis with ultrasound increased to 20%. If the ultra-
sound or physical examination is concerning for an anomaly, magnetic resonance 
imaging should be ordered because of its high accuracy in detecting and accurately 
characterizing Müllerian duct anomalies [70].

12.7  Trial of Medical Therapy

A trial of medical therapy is reasonable after a thorough evaluation excludes non- 
gynecologic causes of pain and suggests a non-acute gynecologic source, such as 
primary dysmenorrhea or endometriosis. First-line treatment options include non-
steroidal anti-inflammatory agents (NSAIDs), combined hormonal contraceptives, 
and progestin-only therapies. NSAIDs interrupt cyclooxygenase-mediated prosta-
glandin production and are significantly better than placebo in providing pain relief 
from primary dysmenorrhea, although there is no individual NSAID that is demon-
strated to be superior [71]. Patient education of NSAIDs is critical, as adolescents 
often report little or no improvement with NSAIDs. As self-directed use of NSAIDs 
by adolescents is high, they have likely used subtherapeutic treatment with incorrect 
interval dosage and timing [48]. Providers should therefore instruct adolescents on 
the proper interval dosage and advise starting NSAIDs 1–2 days before menstrua-
tion and through the first 2–3 days of bleeding [72]. As each method has benefits 
and potential adverse effects, the decision to use one method should be patient- 
driven so as to improve adherence.

Hormonal therapies include combined hormonal contraception (pill, patch, ring), 
or progestin-only therapies (oral, injectable, or implantable). Hormonal methods 
prevent endometrial proliferation or ovulation, or both, and thus help to decrease 
prostaglandin and leukotriene production [72]. The choice of medication should be 
individualized and tailored to the patient, as the patient may have a prior treatment 
history, specific desires, or certain unacceptable adverse effects. A shared decision- 
making approach to hormonal contraception will improve adherence to the treat-
ment. Combination estrogen-progestin oral contraceptive pills or progestin-only 
pills are most commonly prescribed as they are easily initiated and short-acting; 
however, there is no data suggesting one formulation is better than another for the 
management of dysmenorrhea. A continuous regimen may provide more rapid pain 
reduction than cyclic use of oral contraceptive pills, but both provide similar long- 
term success for managing primary dysmenorrhea [73]. Continuous regimen users 
should be cautioned about potential unscheduled bleeding or spotting, which gener-
ally decreases over longer treatment use.

Empiric gonadotropin-releasing (GnRH) agonists or antagonists are often con-
sidered in adult women with chronic pelvic pain and clinically suspected endome-
triosis. Empiric GnRH agonists for adolescents 18 years of age or younger should 
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be avoided because of the potential adverse long-term effects on bone mineral den-
sity [74]. Patients and their parents may additionally feel uncomfortable with the 
potential side effects and risks of empiric GnRH agonist therapy without a definitive 
diagnosis. The American College of Obstetricians and Gynecologists does not 
endorse the use of empiric GnRH agonist therapy for treatment of adolescents with 
suspected primary dysmenorrhea but suggest it as an option for patients with diag-
nosed endometriosis and pain refractory to conservative surgical therapy and hor-
monal therapy [48].

A trial of 6 months of medical therapy is often conducted in adults with pelvic 
pain; however, this may not be practical for adolescents. Symptoms may cause sig-
nificant impact an adolescent’s quality of life and limit their social activities and 
learning. Therefore, if a patient does not experience clinical improvement with 
empiric treatment, treatment adherence should be assessed and a definitive diagno-
sis can be pursued after 3  months. The American College of Obstetricians and 
Gynecologists recommends the use of laparoscopy for diagnosis of endometriosis 
in adolescents [48]. A clinical diagnosis of endometriosis, however, can also be 
considered if the evaluation of symptoms, patient history, physical examination, 
and/or imaging raise suspicion. There has been a movement to increase the use of 
clinical diagnosis and treat endometriosis-associated pain without the need for a 
surgical diagnosis, to help remedy diagnostic delay and promote earlier interven-
tion. A 2019 call to action by Agarwal et al. [14] proposes moving endometriosis 
from a histological to a clinical definition, and emphasizes the chronic, inflamma-
tory, and progressive nature of endometriosis.

12.8  Diagnostic Surgery

Laparoscopy is an opportunity to diagnose endometriosis and treat any identifiable 
disease. If a gynecologist is going to proceed with laparoscopy, he or she must feel 
comfortable operating on adolescent patients and be familiar with the appearance of 
endometriosis implants in this age group. Endometriosis is staged using the revised 
American Society of Reproductive Medicine (ASRM) Classification of 
Endometriosis [50]. The staging is based on a point system that was developed to 
aid in fertility interventions and not pain management; thus, the extent of disease 
does not always correlate with the severity of symptoms [75]. Most adolescents are 
diagnosed with stage I or II endometriosis at laparoscopy, although some observa-
tional studies have described rates as high as 40% of stage III or IV disease [76].

Endometriosis lesions has historically been described as blue/black/gray “pow-
der burns”; however, these may represent older and more advanced implants that are 
seen in adults. Adolescents typically have nonclassical or “atypical” and superficial 
implants such as white implants, clear vesicular lesions, and small hemorrhagic or 
petechial spots of the peritoneum [77] (Figs.  12.1 and 12.2). The clear and red 
lesions more commonly identified in adolescents may be more painful lesions of 
endometriosis in comparison to black lesions [78]. Moving the laparoscope closer 
to the peritoneum and adjusting the magnification, a “close tip technique,” may be 
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helpful in identification [79]. Another technique for visualization of lesions is by 
filling the pelvis with irrigation fluid (e.g., normal saline or lactated Ringer’s) and 
submerging the laparoscope underneath the fluid; the more subtle clear lesions may 
be seen floating in the fluid [80]. After the lesions are identified, the fluid is removed 
for subsequent ablation or excision. Peritoneal windows or defects are also common 
in adolescents and diagnostic of endometriosis.

If no obvious or suspicious lesions are identified, a posterior cul-de-sac biopsy 
should be done to exclude the presence of microscopic disease. A prior retrospective 
study by Laufer et  al. evaluated adolescents younger than 22  years of age who 
underwent operative laparoscopy for chronic pelvic pain unresponsive to conven-
tional therapy; of those with a visually normal pelvis, 20% were found to have 
pathologically proven endometriosis from a nondirected posterior cul-de-sac 
biopsy [2].

12.9  Surgical Treatment

During surgery, after identification of endometriotic lesions in the pelvis, the sur-
geon should feel comfortable with removing or destroying as much of the disease as 
possible. Lysis of adhesions should also be performed if present, with the goal to 

Fig. 12.1 Clear superficial 
lesions of endometriosis. 
(Reprinted from Emans 
[132])

Fig. 12.2 Red peritoneal 
lesions of endometriosis. 
(Reprinted from Emans 
[132])
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restore as much of the normal anatomy as safely feasible. The gynecologist should 
consider surgery as one of the many tools within their “toolbox” of options for the 
treatment of endometriosis. Both ablation and excisional surgery have been demon-
strated to be more effective than placebo at reducing pain in adult women with 
endometriosis [81, 82]. A retrospective cohort study by Song et al. [83] included 85 
adolescents with surgically confirmed endometriosis younger than 19 years of age; 
pelvic pain disappeared in 41.7% of patients and improved in 38.3% of patients.

Endometriosis implants can be treated via endocoagulation, laser ablation, exci-
sion, or electrocautery [84, 85]. A combination of techniques can be utilized and 
tailored to the type of lesions present. In example, a surgeon may opt to use electro-
cautery with a monopolar L-hook electrode instrument for destroying superficial 
peritoneal disease, whereas he or she may excise deeper infiltrating lesions. There 
does not appear to be a significant difference in pain reduction between ablation and 
excisional treatments for stage I and II disease [86–88].

There are no data supporting the use of radical excisional surgery, or “peritoneal 
stripping,” for superficial endometriosis. Firstly, complete excisional surgery has 
not been demonstrated to be curative. In a study of 17 adolescents who had com-
plete laparoscopic excision of their endometriosis, 47% of the patients had return of 
pain to a level that required a subsequent laparoscopy [89, 90]. Secondly, radical 
excisional surgery might be overtreatment in adolescents and lead to the develop-
ment of new symptoms. Laufer and Einarsson [91] published a case report on a 
15-year-old young woman with ASRM-defined stage I endometriosis who under-
went radical excision of the peritoneum of the anterior cul-de-sac, posterior cul-de-
sac, and both pelvic sidewalls. Unfortunately, the radical excisional surgery was not 
curative and resulted in increased pain, extensive adhesive formation, and recurrent 
lesions of superficial peritoneal endometriosis. The American College of 
Obstetricians and Gynecologists does not recommend radical excisional surgery in 
adolescents due the lack of short-term and long-term outcome data about the proce-
dure, and the potential for adhesion formation contributing to future sequelae such 
as bowel obstruction and infertility, and persistent pain [48].

Ovarian endometriomas are an uncommon presentation of endometriosis in ado-
lescents that requires surgical therapy [92]. The prevalence of endometriomas in 
adolescents is unknown, but when present, the disease is upstaged to stage III or IV 
according to the ASRM classification [50]. First-line treatment of endometriomas in 
adolescents is cystectomy because cystectomy removes the endometriosis and 
leaves ovarian tissue behind versus oophorectomy. Laparoscopic cystectomy is 
more effective than cyst drainage or cyst wall ablation in reducing the recurrence of 
endometrioma or pain symptoms [93]. Attention is crucial to preserve as much of 
the native ovarian tissue or ovarian function.

Laparoscopy for endometriosis in adolescents should ultimately be as therapeu-
tic as possible, with the objective of conserving as much of the normal anatomy. 
Unfortunately, without data-driven treatment guidelines, there is a wide variation in 
the use of surgical treatment for chronic pelvic pain in adolescents across the coun-
try and between types of institutions. Hung et  al. [94] conducted a retrospective 
population-based analysis of the Nationwide Inpatient Sample in the United States 
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from 1998 to 2016 and found the overall inpatient intervention rate was 45% for 
excision/ablation, 15.7% for hysterectomy, 9.5% for diagnostic laparoscopy, and 
1.2% for biopsy in adolescents and young adults with chronic pelvic pain. 
Alarmingly, the rates of hysterectomy increased in the late 2000s while all other 
interventions decreased. Conservative surgical treatment should be considered first- 
line for adolescent women as opposed to definitive (hysterectomy with or without 
oophorectomy) because it is less invasive and preserves fertility and hormone pro-
duction. Adolescents should be counseled that endometriosis is an extrauterine dis-
ease, therefore removal of the uterus and/or ovaries may not be curative. The 
reoperation rate after hysterectomy is as high as 19% [95], and women who undergo 
hysterectomy for endometriosis at younger than 30 years of age are more likely than 
older women to have residual symptoms, report a sense of loss, and to report more 
disruption from pain in different aspects of their lives [96].

12.10  Postoperative Medical Therapies

Because surgery is not curative, adolescents with endometriosis should be coun-
seled on long-term medical therapy to prevent the recurrence of symptoms and the 
progression of disease, which could subsequently impact fertility. Medical or hor-
monal therapies inhibit prostaglandin production that contributes to pain, and also 
results in decidualization and atrophy of ectopic endometrial tissue. Long-term 
follow-up data in adolescents show that surgically destroyed endometriosis and 
postoperative medical therapy tends to retard disease progression in adolescents and 
young adults. In a retrospective review of adolescents with surgically destroyed 
endometriosis and exacerbation of pain on conventional medical therapy, no stage 
change was observed in 70% of patients at their subsequent laparoscopy [97]. 
Furthermore, this study also reported no increase in the rates of adhesion formation 
from the initial surgical procedure. In the absence of postoperative medical treat-
ment, endometriosis has been demonstrated to progress to a higher stage on subse-
quent laparoscopy [98]. Most adolescents who remain on medical therapy do not 
require a subsequent surgical procedure [80]. Patients should be counseled on con-
tinuing hormonal treatment unless they are actively trying to become pregnant.

12.11  Combined Hormonal Contraception

Combined hormonal contraception is commonly utilized prior to laparoscopy and 
postoperatively. Combined estrogen and progestin therapy can be used long term, is 
generally well tolerated, inexpensive, and provides contraceptive benefits. If a pill is 
chosen, a monophasic regimen should be selected in the event that the pill is used 
continuously and withdrawal bleeds are eliminated. Oral contraceptives with ethi-
nyl estradiol greater than 30 μg should be used in preference since there is some 
evidence of impaired bone accrual with lower-dose (less than 30 μg ethinyl estra-
diol) preparations [99]. In addition, lower ethinyl estradiol formulations are more 
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likely to result in irregular, prolonged, frequent bleeding, or breakthrough bleeding 
or spotting, an undesirable symptom for those with endometriosis [100]. Alternatives 
to combined hormonal contraception include the transdermal patch or the vaginal 
ring; certain conditions may restrict use of the transdermal patch such as obesity 
with a body mass index greater than 30 kg/m2 [101], and adolescents may not be 
willing or feel comfortable with inserting a vaginal ring. All methods are effective 
and safe when given in a cyclic, extended, or continues manner, but extended or 
continuous use is recommended for the treatment of endometriosis-associated pain.

12.12  Progestin-Only Therapies

Progestin-only therapies should be offered to those who decline estrogen- containing 
therapy or are not candidates to receive estrogen. Progestin-only methods include 
oral, injectable, and implants. While there are many formulations of combined 
estrogen-progestin contraceptive pills, norethindrone, desogestrel, and drospire-
none are the main progestin-only oral contraceptive pills. Norethindrone is com-
monly available as 0.35 mg tablets daily (commercial names include Camila and 
Micronor). It is important to remember that the overall incidence of ovulation is 
42.6% with norethindrone, in comparison to 1.1–4.6% with combined oral contra-
ceptives [102]; therefore, norethindrone may not be an ideal choice for adolescents 
with recurrent functional cyst formation or ovulation pain. Drospirenone (commer-
cial name Slynd) was approved for use in the United States in 2019 [103], and is 
dispensed as 24 tablets containing 4 mg drospirenone, followed by 4 placebo tab-
lets. In contrast to norethindrone, drospirenone does consistently suppress ovulation 
[103]. Desogestrel (commercial names include Cerazette and Mircette) is dispensed 
as 75 mcg tablets daily and also inhibits ovulation [104]. Desogestrel is available in 
many countries excluding the United States. Norethindrone acetate (NA) is another 
progestin-only oral pill that is not FDA approved as a contraceptive but is indicated 
for the treatment of endometriosis and abnormal uterine bleeding [105]. NA can be 
used in a dosage from 5 to 15 mg per day and can be titrated to suppress menses and 
pain, although a dose greater than 10 mg per day might increase risk of hepatic 
adenoma formation [106]. This potential risk is likely in part by the small peripheral 
conversion of NA to ethinyl estradiol [107]. NA monotherapy has been demon-
strated to be a well-tolerated and effective treatment for endometriosis-associated 
pain and bleeding in adolescents [108].

Depot medroxyprogesterone (DMPA) is another progestin-only contraceptive 
that is highly effective and well-received by the adolescent population [109]. DMPA 
is administered every 3 months in intramuscular or subcutaneous form. Adolescents 
should be appropriately counseled on bone health with long-term use of DMPA due 
to the potential loss of bone mineral density, which is temporary and reversible after 
discontinuation. Long-acting reversible contraceptive methods include the etono-
gestrel implant and the levonorgestrel intrauterine system (LNG-IUS), and both 
appear to improve pelvic pain, dysmenorrhea, and health-related quality of life in 
endometriosis [110]. While the etonogestrel implant is a very effective form of 
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contraception, unscheduled bleeding is common and the primary reason for discon-
tinuation [111]. As far as the LNG-IUS, there is limited but consistent evidence that 
it can successfully treat endometriosis-associated symptoms in adults [112]. The 
efficacy of the LNG-IUS for adolescent endometriosis, however, does not appear to 
be the same as that seen in adults. Yoost et al. [113] performed a retrospective chart 
review of 18 adolescents with endometriosis and LNG-IUS.  Contrary to results 
from adult studies, the majority of patients in this adolescent cohort (67%) needed 
additional hormonal medications after LNG-IUS placement to achieve adequate 
suppression of pain or bleeding. A possible explanation is that the systemic level of 
hormone from the LNG-IUS may not be high enough to successfully suppress 
endometriosis-associated pain. A progestin-only or combination pill may therefore 
need to be recommended in conjunction with the LNG-IUS.

Inability to tolerate a pelvic exam should not be a limiting factor for LNG-IUS 
insertion. The LNG-IUS should be offered at time of diagnostic/therapeutic laparos-
copy to eliminate the possible pain with insertion performed in the outpatient set-
ting. The LNG-IUS can also be offered at a sequential date under sedation or 
anesthesia. While never sexually active adolescents are more likely to have an 
unsuccessful intrauterine device insertion in the office, insertion in this population 
is still successful overall with an insertion rate as high as 98.7% [114].

12.13  Androgens

Exogenous androgens are an uncommon but an accepted method of treating endo-
metriosis. Danazol is a 17-a-ethinyltestosterone derivative that produces a high 
androgen/low estrogen environment, inhibiting follicular development and inducing 
atrophy of endometriotic implants [115]. Danazol has been demonstrated to be just 
as effective as GnRH agonist therapy in the treatment of endometriosis-associated 
symptoms [116, 117]. However, its use is limited by the occurrence of androgenic 
side effects, including hirsutism, acne, and weight gain. Permanent side effects are 
also possible, such as deepening of the voice [118]. Transgender male adolescents 
may therefore be more inclined than cisgender female adolescents in utilizing dan-
azol for management of their dysmenorrhea or endometriosis symptoms.

Transmasculine adolescents may utilize testosterone for gender-affirming treat-
ment. Testosterone should not be considered a conventional therapy for endometrio-
sis as there may be incomplete ovulatory suppression and persistent endometrial 
activity [119, 120]. Shim et al. [121] reported described a cohort of 35 transmascu-
line adolescents who were diagnosed with dysmenorrhea. Only seven (20%) were 
laparoscopically evaluated for endometriosis, and it was confirmed in all seven 
patients. Five of the adolescents with endometriosis initiated testosterone treatment, 
and two continued to experience endometriosis-associated symptoms while on tes-
tosterone and concomitant progestin therapies. Transmasculine persons affected by 
dysmenorrhea or endometriosis should be counseled that exogenous testosterone 
use might not completely mitigate their symptoms, and other hormonal therapies 
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might need to be used in conjunction with purposes including bleeding, pain, or 
contraception [121].

12.14  Gonadotropin-Releasing Hormone Agonists 
and Antagonists

If patients experience endometriosis symptoms refractory to conservative surgery 
and postoperative medical therapy, GnRH analogues may be advised. GnRH ago-
nists and antagonists are both currently available for the treatment of endometriosis. 
Continuous GnRH by these medications downregulates the pituitary and creates a 
hypoestrogenic environment highly successful in suppressing endometriosis. GnRH 
agonists can be administered via nasal spray (nafarelin), subcutaneous or intramus-
cular injection (includes leuprolide), and implant (includes goserelin). The adoles-
cent should be engaged in the decision-making process when selecting the mode of 
administration; the 3-month injectable agonist may be more desired as it improves 
patient compliance and decreases office visits. The adolescent should also be coun-
seled on the potential “flare effect,” which is when there is an initial upregulation of 
luteinizing hormone (LH) and follicle-stimulating hormone (FSH) prior to down-
regulation. The “flare effect” temporarily increase estradiol production, causing 
pain and withdrawal bleeding 21–28 days after initiation of therapy [80].

Adolescents who choose to initiate GnRH agonist therapy should be advised on 
the long-term adverse effects on bone. As adolescence is a critical time period for 
bone accrual, GnRH agonist therapy should be limited to patients above the age of 
16 years [57]. For this reason, all adolescents who initiate GnRH agonists should 
receive “add-back” therapy within the first month. Add-back therapy describes the 
use of sex steroids to decrease the hypoestrogenic effects of the treatment such as 
bone demineralization, without stimulating the growth of endometriotic tissue. The 
most common add-back regimens include daily use of NA (5  mg), conjugated 
equine estrogens (CEE) (0.625 mg) plus medroxyprogesterone acetate (5 mg), or 
conjugated equine estrogens plus NA (2.5 or 5 mg). Combined oral contraceptives 
are not an appropriate add-back regimen as they negate the hypoestrogenic effects 
of GnRH agonists. In a randomized controlled trial of adolescents who received 
12 months of GnRH agonist therapy, the combination of NA plus CEE was more 
effective for increasing total body bone mineral content, areal bone mineral density, 
and lean mass [122]. The add-back therapy of NA with CEE was also superior to 
NA alone for improving physical health-related QOL in the adolescent cohort [123].

Given the potential impact on bone density, patients should be counseled on 
adequate dietary calcium and vitamin D intake and the benefits of weight-bearing 
exercise. Dual energy X-ray absorptiometry screening should be considered for 
adolescents concluding 12 months of GnRH agonist use, and repeating testing at 
least every 2 years if the patient elects to stay on the therapy beyond the recom-
mended 12 month duration. GnRH agonist therapy should be discontinued if a sig-
nificant change in the bone mineral density Z-score occurs.
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Adolescents should also be thoroughly counseled on the other side effects that 
may occur during or after GnRH agonist treatment. Hypoestrogenic symptoms are 
common, such as hot flashes, vaginal dryness, and decreased libido, and may result 
in patient dissatisfaction or discontinuation of therapy [80]. In a survey study of 
adolescents with endometriosis who received leuprolide depot 11.25 intramuscular 
injections with add-back therapy, 24 out of 25 respondents reported side effects dur-
ing treatment; 80% reported side effects lasted longer than 6 months after treatment 
discontinuation, and 9 out of 20 reported side effects they considered irreversible, 
including memory loss, insomnia, and hot flashes [124].

GnRH antagonists are also an available treatment for endometriosis, although 
trials have not included women less than 18 years of age. One advantage of GnRH 
antagonists is the absence of a “flare effect” as they initiate downregulation of pitu-
itary gonadotropins from the beginning of administration. Elagolix is an oral short- 
acting competitive GnRH antagonist approved in 2018 for the management of 
moderate to severe endometriosis-associated pain in the United States [125]. When 
prescribed, adolescents should be removed that elagolix does not always suppress 
ovulation and is not considered a contraceptive [126]. Amenorrhea may also not be 
realistically achieved, as the incidence varies widely from 13.9% to 65.6% in clini-
cal trials [127]. Further long-term data are sorely needed to assess the efficacy of 
elagolix and other GnRH antagonists in adolescents.

12.15  Complementary Therapies

Nonhormonal therapies can be utilized to treat endometriosis-related pain, but it is 
important to remind the patient that nonhormonal treatments will not retard disease 
progression. Complementary modalities that can be offered to the adolescent 
include acupuncture, exercise, electrotherapy, and yoga. In a randomized, sham- 
controlled trial by Wayne et al., adolescents with laparoscopically confirmed endo-
metriosis had a significant reduction in pain after Japanese-style acupuncture 
therapy [128].

More studies are merited to assess the efficacy and safety of complementary 
interventions for endometriosis in adolescents. A meta-analysis by Mira et al. iden-
tified only eight studies assessing complementary interventions for endometriosis- 
associated pain, and only acupuncture has demonstrated a significant improvement 
in outcomes [129]. There are no proven dietary treatments for the prevention or 
management of dysmenorrhea or endometriosis [130].

Multidisciplinary and holistic management of endometriosis can help intro-
duce adolescents to complementary and alternative therapies, including physical 
therapy and biobehavioral therapy. Non-gynecology providers may include pain 
specialists, mental health professionals, and physical therapists. Adolescents who 
may find the multidisciplinary approach helpful are those with chronic pain and 
experience significant disability despite aggressive medical and surgical manage-
ment. In these patients, a biobehavioral approach can help emphasize the patient’s 
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return to school, participation in social activities, and recognition of maladaptive 
behavior [131].

12.16  Support and Long-Term Follow-Up

As endometriosis is a chronic condition requiring long-term therapy, adolescents 
should be as much involved in the decision-making as possible to improve satisfac-
tion and adherence to treatment. Their primary caregiver may be more involved with 
the initial treatment, but adolescents should be encouraged to ask questions and 
have their concerns addressed. Adolescents are very conscious of side effects and 
may become noncompliant with treatment, thus individualizing treatment is crucial 
[132]. In addition, as adolescents age and begin college or work, clinicians should 
assist in the transition of care and remind their patients to establish a relationship 
with a gynecologist familiar with the management of endometriosis.

Adolescents should be encouraged to identify family members or close friends 
who can support them when they are suffering from their endometriosis-associated 
symptoms. Exacerbations of pain may limit adolescents from activities such as 
hanging out with friends, leading to guilt or embarrassment. Education of family 
and friends may aid them in understanding the symptoms and treatment of endome-
triosis, and how to be supportive. In addition, adolescents with endometriosis find 
support from their peers very helpful. Adolescents can access peers through chat 
rooms, meetings, blogs, and phone conversations [132]. Monthly chat rooms and 
educational information for both patients and families are available at www.young-
womenshealth.org.
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13.1  Effect of Endometriosis on Fertility

The prevalence of endometriosis was found to be over 40% in infertile women com-
pared to up to 6% in women of reproductive age [1, 2]. This indicates a presumable 
association of endometriosis and infertility. The mechanisms of impact of endome-
triosis on fertility are still not completely answered in the literature. In severe 
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endometriosis cases with pelvic adhesions and obliteration of the cul-de-sac, infer-
tility may be caused due the occlusion of the tubal ostium [3]. Also, inflammation is 
accused to play a role in endometriosis linked infertility. In peritoneal fluid, inflam-
matory changes, such as increase of IL6, IL10, IL13, and TNF-α, have been accused 
to influence human reproduction [4, 5], while most endometriomas were not associ-
ated with induction of an inflammatory reaction in the nearby follicles [6]. Hormonal 
changes, oestrogen dominance, and progesterone resistance, which are associated 
with endometriosis may increase an inflammatory process and negatively affect 
embryo implantation [7]. Endometriosis-associated pituitary dysfunction may fur-
thermore contribute to infertility [3, 8].

Another influencing factor applies to the oocyte development and quality. 
Although data are only available from ART-studies, it has been shown that endome-
triosis is associated with a diminished oocyte quality [9, 10], due to dysregulated 
mechanisms involved in steroid metabolism and biosynthesis, response to oxidative 
stress, and cell cycle regulation [11]. It also has been shown that the follicular fluid 
metabolome differs in women with endometriosis compared to a control collective 
[12]. Moreover, granulosa cells in the context of endometriosis undergo increased 
apoptosis and have an altered cell cycle that could adversely affect folliculogenesis, 
oocyte, and embryo quality [11]. Another potential contributing factor may be 
endometriosis- associated uterine hyper- and dysperistalsis, which are suspected to 
influence sperm ascension and disturb the transport of embryos [13]. Treatment 
options in women with endometriosis and infertility aim to improve these condi-
tions to optimise reproduction.

13.2  Effect of Surgery on Infertility

As in infertile women with endometriosis, ovarian suppression treatment does not 
improve fertility and should therefore not be prescribed [14]; the effect of endome-
triosis surgery on infertility is a frequently discussed topic. Endometriosis often 
coexists with adenomyosis, which in itself is associated with impaired reproduc-
tive outcomes [15, 16]. Furthermore, other fertility factors such as male factor, 
anovulation, or others also influence fertility outcome. Therefore, the effect of sur-
gery on a particular endometriosis type and location is difficult to analyse, mostly 
due to the lack of properly designed prospective randomised studies. It should also 
be noted that none of the studies discussed below were stratified according to the 
Endometriosis Fertility Index (EFI). In general, it is recommended that the deci-
sion to perform surgery should be guided by the presence or absence of pain symp-
toms, patient age and preferences, history of previous surgery, presence of other 
fertility factors, ovarian reserve, and estimated Endometriosis Fertility Index (EFI) 
[14]. In view of the available literature on the EFI, this tool should be used for 
counselling of women of their chances of becoming pregnant without ART after 
surgery [14].
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13.3  Peritoneal Endometriosis

The only data from randomised clinical trials on the effect of surgery for 
endometriosis- related infertility have been performed in the population of women 
with rAFS stage I-II endometriosis, so presumably (predominantly) peritoneal 
endometriosis. In 1997, a multicentre Canadian study analysed the benefit of ablat-
ing peritoneal endometriosis implants during a laparoscopy surgery compared to 
diagnostic laparoscopy only. The number of recognised pregnancies in the laparo-
scopic surgery group was 63/172 (36.6%) compared to 37/169 (21.9%) showing a 
significant improvement in the pregnancy rate for laparoscopic surgery [17]. One 
year later a multicentre Italian trial found contradictory results for laparoscopic sur-
gery for endometriosis lesions compared to diagnostic surgery only (12/51 (23.5%) 
vs. 13/45 (28.9%)) [18]; however, the interpretation of the results of this trial is 
hampered by the postoperative use of hormonal treatment which is contraceptive. 
There is moderate quality evidence that laparoscopic surgery – compared to only 
diagnostic laparoscopy – increases viable intrauterine pregnancy rates confirmed by 
ultrasound in couples with otherwise unexplained infertility, based on a Cochrane 
review [19]. This review, which includes three randomised studies (the aforemen-
tioned Canadian study [17], and two others [20, 21]), is unable to report on live 
birth, and also stresses that careful patient selection and adequate surgical experi-
ence are important in ensuring that surgery is usefully applied. A similar conclusion 
was made by a recent network meta-analysis [14, 22]. As peritoneal endometriosis 
can only reliably be diagnosed with laparoscopy, the threshold to propose diagnos-
tic and – if endometriosis is found – simultaneous operative laparoscopy to treat 
peritoneal endometriosis should be guided by the presence or absence of pelvic pain 
symptoms and patient preferences [14, 23].

13.4  Deep Infiltrating Endometriosis

As opposed to peritoneal (or minimal/mild) endometriosis, the evaluation of the 
potential benefit of surgical excision of deep endometriosis on the chance of natural 
conception is difficult. First, there is an absolute lack of randomised studies on this 
subject. Second, only a minority of studies report on postoperative pregnancy rates, 
even in studies focused on deep lesions with colorectal involvement [24]. 
Interpretation of data is hampered by the unclear distinction in studied populations 
regarding presence or absence of bowel or urinary tract involvement, active or pas-
sive child wish (if any), the mode of conception after surgery as well as the time 
period for either natural evolution or ART [14, 24]. For example, a meta-analysis of 
Paolo Vercellini in 2012 searched the literature for spontaneous pregnancy rate after 
radical surgery for rectovaginal and rectosigmoid endometriosis. According to the 
results of the 11 selected studies, the mean postoperative conception rate in all 
women seeking pregnancy independently of preoperative fertility status and IVF 
performance was 39%, but it dropped to 24% in infertile patients who sought spon-
taneous conception. This illustrates that patient selection significantly influences the 
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estimate of the effect of rectovaginal endometriosis excision on infertility [25]. On 
the other hand, uncontrolled single centre studies such as by Roman [26] and 
Meuleman [27] report high pregnancy rates in women after surgical management of 
even complex colorectal endometriosis, mostly spontaneously conceived [26]. As 
no randomised data exist, but complication rates of surgery for deep – especially for 
colorectal – endometriosis should be considered, the review by Darai et al. [28] has 
tried to evaluate pregnancy rates in those women who had been operated partially 
(i.e. leaving in situ the colorectal endometriosis but removing other lesions) versus 
completely for deep colorectal endometriosis. They conclude that there may be a 
potential benefit of surgery on fertility outcomes for women with colorectal endo-
metriosis; yet, they acknowledge that further studies are required to determine 
whether surgical management should be first-intention or restricted to failure of 
MAR [28]. A systematic review from 2018 hence concluded that there may be posi-
tive aspects of deep infiltrating endometriosis surgery on the chance for a spontane-
ous pregnancy, but complications have to be taken into account [29].

When treatment with MAR has failed in women where endometriosis resection 
has not been attempted before, a retrospective study [30] found that infertile women 
with ≥2 IVF-ICSI failures may be referred for surgery as it appears related to rea-
sonable postoperative pregnancy rates (43.8% in total, and 21.8% natural concep-
tions), particularly when endometriomas surgery is either not required or not 
performed. The authors also stated that surgery for DIE does not routinely delay 
conception, as it usually occurs during the year following surgery [30]. In conclu-
sion, as surgical removal of deep lesions may also reduce endometriosis-associated 
pain and improve quality of life, those undergoing surgery should be informed on 
potential risks, benefits, and long-term effects on quality of life, and surgery should 
be performed in a centre of expertise [14]. The final decision to opt for surgery in 
the presence of infertility should therefore be an individualised process.

13.5  Ovarian Endometriosis

Similarly as for deep endometriosis, the scientific literature on the potential benefit 
of surgery for ovarian endometriosis on postoperative (natural) fertility lacks high 
quality evidence from randomised clinical trials. A major concern when considering 
surgery for ovarian endometriosis is the potential detrimental effect on ovarian 
reserve, which may have long-term consequences for fertility and outcome of medi-
cally assisted reproduction treatments.

For the assessment of the effect of surgery on postoperative ovarian reserve, 
AMH (Anti-Müllerian Hormone) assays as well as antral follicle counts (AFC) by 
ultrasound have been used, with conflicting results in both cohort studies (e.g. [31, 
32]) as well as meta-analyses [33]. Therefore, Younis et al. have conducted a sys-
tematic review of prospective studies, to address important measured and unmea-
sured confounding factors, in which parallel repeat measurements of both AMH and 
AFC were conducted for the same women, at the same time points, and in the same 
setting [34]. They identified 14 prospective studies, which in total included 650 
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women, and concluded that endometriotic cystectomies are associated with a sig-
nificant reduction in the serum AMH levels but not in the antral follicle counts, with 
the detrimental effects on the AMH levels consistently detectable at the early-, inter-
mediate-, and late-postoperative time points [34]. Thus, when performing surgery 
for ovarian endometrioma, specific caution should be used to minimise ovarian 
damage [14]. Also, repeat surgery should be considered more detrimental for the 
ovarian reserve [35]. In search for surgical techniques that may better preserve ovar-
ian reserve than classical cystectomy, non-cauterising techniques such as CO2 laser 
vaporisation should be considered as a valuable alternative as both cystectomy and 
vaporisation appear to have similar long-term recurrence rates and reproductive out-
comes, but AMH levels are not reduced [14, 36–38].

As mentioned before, the question whether surgical treatment of endometriomas 
is better than expectant management on subsequent (natural) fertility is difficult to 
answer, as no RCTs or high-quality prospective cohort studies were identified on 
this subject, nor on the indication for surgery depending on the size of the cyst [14]. 
Also, the potential negative effect of the presence of (an) endometrioma(s) on the 
rate of spontaneous ovulation – which could indirectly have an influence on fertil-
ity – remains a matter of debate. Whereas Benaglia et al. [39] in a prospective study 
found a reduced rate of spontaneous ovulation on the side of endometriosis-affected 
ovaries (31%), this could not be confirmed in a larger prospective cohort study by 
Leone Roberti Maggiore et al., who confirmed that even in large cysts the rate of 
spontaneous ovulation was not impaired on the affected side [40]. On the other 
hand, concerns regarding growth of the cyst while waiting for a spontaneous preg-
nancy should be taken into account: during a 6-month period observing spontane-
ous ovulation, in women with unilateral ovarian endometriosis, an increase of 
ovarian volume of more than 10% was observed in 24% of the women [40].

In the absence of clear-cut comparative data, and based on the added conclusions 
of two reviews [41, 42], the ESHRE guidelines therefore give a weak recommenda-
tion that clinicians may consider operative laparoscopy for the treatment of 
endometrioma- associated infertility as it may increase the chance of natural preg-
nancy, while informing patients on potential risks and taking specific caution to 
minimise ovarian damage [14]. As for deep endometriosis, the decision to perform 
surgery should be guided by the presence or absence of pain symptoms, patient age 
and preferences, history of previous surgery, presence of other infertility factors, 
ovarian reserve, and estimated EFI [14].

13.6  Endometriosis Fertility Index

Surgical treatment in women trying to conceive is mostly only one step in their way 
to get pregnant. Decision on the way women are trying to conceive after surgery 
frequently depends on the insight of surgery together with other factors such as age 
and tubal function. In 2010, Adamson and Pasta developed the Endometriosis 
Fertility Index (EFI): an easy-to-use score, ranged from 0 to 10 points, to estimate 
the chance for a non-ART conception in women after endometriosis surgery, 
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assuming normal gamete function. Historical and surgical factors together with 
description of ovaries, fallopian tubes, and fimbriae are giving a score predicting the 
chance to conceive on a natural way within a time period up to 36 months [43]. A 
recent meta-analysis verified the good performance of the EFI for predicting a non-
ART pregnancy, further supporting its use as a tool in postoperative fertility coun-
selling [44]. Its clinical validity is further strengthened by a good reproducibility 
between different users [45], as well as its ability in reducing health-care costs by 
optimising fertility treatment allocation [46]. In 2021, the use of the fertility index 
before surgery, estimated with clinical and ultrasound findings, and after surgery, as 
intended, were compared. An accurate estimation of the EFI by means of presurgi-
cal clinical data was shown [47]. Especially when discussing the option of first-line 
surgery versus direct ART for achieving a pregnancy in women with endometriosis, 
this non-intended use of the fertility index score can be useful, although this is the 
only study so far that has evaluated this aspect of the EFI.
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14.1  Introduction

Endometriosis is one of the most common gynecological disorders and is an 
estrogen- dependant condition characterized by endometrial tissue located outside 
of the uterus, most commonly on the ovaries and peritoneum.
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Reduced fertility and chronic pain are the two principal clinical features of endo-
metriosis. Endometriosis is one of the main causes of infertility, although the actual 
relationship between both is unclear and poorly understood.

The association between severe and advanced endometriosis and reduced fertil-
ity may be explained through the severe anatomical and functional abnormalities 
caused by advanced endometriosis in the female pelvis. These patients also have 
significantly lower ovarian reserve markers, regardless of previous ovarian surgery. 
The possibility that minimal or mild endometriosis may cause infertility is still a 
matter of debate.

14.2  Epidemiology

The true prevalence of endometriosis is uncertain because definitive diagnosis 
requires surgical visualization and histological confirmation, but it is estimated in 
around 10% in women of reproductive age [1]. In large studies the prevalence of 
endometriosis in fertile women appears to be lower (0.5–5%), whereas in infertile 
women it is higher (25–40%) [1]. Moreover, the rate of infertility has been reported 
to be six to eight times higher in patients with endometriosis [1].

14.3  Diagnosis Delay

Endometriosis is a chronic and, in most cases, debilitating disease associated with a 
significant reduction of quality of life due to pain symptoms and/or infertility. In 
addition, several lines of evidence indicate that a significant number of women with 
endometriosis do develop comorbidities, such as depressive or anxiety disorders. 
Delaying the diagnosis of endometriosis clearly aggravates these problems [2]. 
Early detection is of significant importance because many complications of this 
chronic disease, such as infertility, may be reversed or treated earlier and for coun-
seling fertility preservation.

Several studies have demonstrated that the length of the time interval from onset of 
symptoms to diagnosis is surprisingly long and it could be around 3–11 years [2–6] 
(Table 14.1).

Table 14.1 Diagnosis delay Diagnosis delay (years)
USA [3–5] 11.7
UK [3–5] 7.9
Brazil [6] 7
China [5] 3.3
Italy [5] 10.7
Germany and Austria [2] 10.4
UK and Spain [4, 5] 6.7
Norway [4] 6.7
Ireland and Belgium [5] 4–5
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Several factors cause the delay of the diagnosis like nonspecific symptoms, wide-
spread use of oral contraceptives that attenuate the symptoms, misdiagnosis, the nor-
malization of menstrual pain, clinical examinations that are nondiscriminatory without 
transvaginal sonography (TVS), lack of sensitive and specific biomarkers, etc.

14.4  Pathogenesis and Pathophysiology

The pathogenesis and pathophysiological characteristics of pelvic endometriosis 
are complex. Potential origins of the endometriotic lesions include transplantation 
of endometrial tissue through retrograde menstruation and in situ coelomic metapla-
sia of the peritoneal lining. Vascular or lymphatic metastasis most likely occurs only 
rarely, in cases of extrapelvic lesions. Superficial and deep endometriotic lesions are 
established and maintained through interacting molecular mechanisms that promote 
cellular adhesion and proliferation, systemic and localized steroidogenesis, local-
ized inflammatory response and immune dysregulation, and vascularization and 
innervation [7].

Since retrograde menstruation is common, other factors must determine the abil-
ity of endometrial cells to adhere to peritoneal surfaces, proliferate, and develop 
into endometriotic lesions. Local natural-killer-cell activity is impaired in women 
with endometriosis, which may contribute to immune evasion of endometrial cells. 
Endometrial stem-cell and progenitor-cell populations are present in eutopic endo-
metrium, which, if shed in retrograde menstruation, may play a role in the develop-
ment of endometriotic lesions [7].

The complex endocrine and proinflammatory microenvironment in and sur-
rounding endometriotic lesions promotes their proliferation and vascularization but 
also nociception. The endometrium and endometriotic lesions contain nerve fibers 
stimulated by inflammatory mediators. The ascending nociceptive signals received 
in the central nervous system can lead to heightened responsiveness of nociceptive 
neurons to normal or subthreshold afferent input (central sensitization) and altera-
tions in pain processing [7].

14.5  Risk Factors

Risk factors for endometriosis include obstruction of menstrual outflow (e.g., ana-
tomic anomalies), exposure to drugs (diethylstilbestrol) in utero, prolonged expo-
sure to endogenous estrogen (early menarche, late menopause), short and heavy 
menstrual cycles, low birth weight, and exposure to endocrine-disrupting chemi-
cals found in various materials such as pesticides, metals, additives or contami-
nants in food, and personal care products. Twin and family studies suggest a 
genetic component. Consumption of red meat and trans fats is associated with an 
increased risk of laparoscopically confirmed endometriosis, and eating fruits, 
green vegetables, and omega-3 is associated with a decreased risk. Prolonged 
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lactation and multiple pregnancies are protective. Endometriosis is associated 
with increased risks of autoimmune diseases and ovarian endometrioid and clear-
cell cancers, as well as other cancers, including non-Hodgkin’s lymphoma, thy-
roid cancer, and melanoma [7, 8].

14.6  Relationship Between Endometriosis and Infertility

The monthly pregnancy rate in women in their mid-reproductive years without 
endometriosis is around 30%, whereas in those with endometriosis, it is between 
only 2% and 10% [9]. This reduced pregnancy rate may even apply to women with 
minimal endometriosis.

The epidemiological association between endometriosis and low fertility may 
indicate a causal relationship (Fig. 14.1), explained by several hypotheses:

• Disorders of ovulation and fertilization, reduced quality of the oocyte and 
embryo, and dysfunctional implantation.

• Immunological and inflammatory disorders of the peritoneal environment.
• Tubal occlusion.
• Disorders of endometrial receptivity, for example, due to insufficient hormonal 

stimulation and progesterone resistance.

Fig. 14.1 Mechanisms that may link endometriosis with infertility
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14.7  Diagnosis of Endometriosis

• Symptoms: Many symptoms are associated with endometriosis, ranging from 
pelvic and intestinal complaints to referred pain. The clinician should always 
suspect endometriosis when any of the following signs are reported by women of 
reproductive age:
 – Pelvic symptoms: Pelvic pain typically associated with endometriosis is often 

intramenstrual (dysmenorrhea) and progressive and of variable intensity. 
Painful sexual intercourse (dyspareunia), abdominal cramping, noncyclical 
pelvic pain, infertility, fatigue, and weariness are also symptoms of 
endometriosis.

 – Intestinal complaints: Periodic bloating, diarrhea/constipation, painful defe-
cation (dyschezia), rectal bleeding.

 – Urinary symptoms: Pain (dysuria) and/or bleeding (hematuria) when 
urinating.

 – Referred pain to legs, back, and shoulder.

Measuring pain is not easy, but questionnaires and quality-of-life scales may be 
utilized to assess the impact of pain and treatment response.

• Clinical examination: A clinical examination may indicate endometriosis on the 
basis of pelvic adhesions that limit movement or cause pain during uterine or 
ovarian manipulation, ovarian cysts, or palpable nodules.

As an important reminder, clinical examination may be inappropriate in some 
patients (adolescents, sexual abuse victims, certain religious beliefs) and could be 
very painful in some women. Rectal examination may be of help in some of these 
situations.

The evidence in the medical literature is weak for diagnosing pelvic endometrio-
sis with physical examination. Ultrasound and magnetic resonance imaging (MRI) 
technologies are more accurate at diagnosing ovarian and/or deep endometriosis.

• Ultrasonography: Transvaginal ultrasound is not useful in the early stage of 
endometriosis but remains the best technique for diagnosing ovarian cystic endo-
metriosis, and it’s useful for identifying and ruling out rectal endometriosis but 
should be performed by clinicians that are highly experienced.

• Magnetic resonance imaging (MRI): This is the most appropriate technique for 
the diagnosis of deep endometriosis, such as rectovaginal, bladder, and ureteral 
forms. Laparoscopy may have blind spots and this is where MRI can have a key 
role. MRI can help to visualize those areas that may have escaped the laparo-
scopic field of view. Such areas include the retroperitoneal space or lesions 
obscured by dense adhesions. MRI may also be helpful to assess response to 
treatment and the recurrence of disease.
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• Laparoscopy: Visualization of the lesions outside the uterine cavity during the 
laparoscopy and histological verification of endometrial glands is the gold stan-
dard diagnostic test for endometriosis.

Controversy exists concerning whether laparoscopy should be performed in all 
patients when endometriosis is suspected. It could be argued that empirical treat-
ment can be started without a definitive diagnosis, especially in young women or 
those who are not in need of diagnosis confirmation. Many women will not want to 
go through surgery if medical treatment relieves the pain [10]. Conversely, argu-
ments to perform a laparoscopy include the patient’s wish to have a definitive diag-
nosis or advanced disease [11].

In cases of infertility and ovarian endometriosis, laparoscopy should be 
approached with caution for the procedure may change from a diagnostic tool into 
an operative event. Surgery, especially before ART treatment, should be envisioned 
only in specific circumstances [12].

14.8  Biomarkers

By definition, a biomarker is a characteristic that is objectively measured and evalu-
ated as an indicator of normal biological processes, pathogenic processes, or phar-
macological responses to a therapeutic intervention. Many studies have focused on 
identifying biomarkers on blood or urine samples.

According to the ESHRE guideline, clinicians are recommended not to use 
peripheral biomarkers, including CA-125, in plasma, urine, or serum and/or bio-
markers in endometrial tissue or menstrual or uterine fluids to diagnose endometrio-
sis [13]. None of the available biomarkers consistently met the criteria for a 
replacement or triage diagnostic test either for detecting pelvic endometriosis or for 
differentiating ovarian endometrioma from other benign ovarian masses [14].

14.9  Classification of Endometriosis

Presentations of endometriosis range from superficial peritoneal lesions of varying 
color to cysts in the ovaries to deep endometriosis (nodules with a depth of penetration 
exceeding 5 mm often accompanied by fibrosis and adhesions) to extrapelvic lesions.

The most widely accepted endometriosis classification system is that of the 
American Society for Reproductive Medicine (ASRM). The scoring is used to 
determine the stages: I or minimal disease, II or mild, III or moderate, and IV or 
severe disease. This system is based on the location, extent, depth of invasion, and 
aspect of the lesions seen at the laparoscopy. The scoring assigned to each type of 
lesion is arbitrary and is currently not considered to be properly correlated to the 
symptoms, activity of the disorder, or treatment response but is useful in determin-
ing disease burden and management.
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14.10  Differential Diagnosis of Endometriosis

Different conditions of the reproductive tract can cause chronic pelvic pain such as 
adenomyosis, pelvic adhesions, pelvic inflammatory disease, congenital anomalies 
of the reproductive tract, and ovarian or tubal masses. It may also be related to other 
non-gynecologic conditions such as irritable bowel syndrome, interstitial cystitis, 
fibromyalgia, and other musculoskeletal disorders. A pelvic evaluation should be 
carried out in order to exclude other causes of pain and specially in those women 
that have not responded with conventional therapy.

14.11  Treatment of Infertility Associated with Endometriosis

14.11.1  Medical Treatment

Temporary suppression of ovarian function using antigonadotropic agents is one 
treatment option for endometriosis-associated pain. However, none has demon-
strated any efficacy in the restoration of fertility in infertile patients with endome-
triosis. The European Society of Human Reproduction and Embryology’s ESHRE 
guideline for the diagnosis and treatment of endometriosis [13] states that the sup-
pression of ovarian function to improve fertility in patients with minimal or mild 
endometriosis is not effective and should not be offered for this indication alone [13, 
15]. There is no evidence of its possible efficacy in more advanced stages of the 
disorder either.

Regarding IVF, a Cochrane review based on a meta-analysis of 640 patients 
failed to find a benefit with GnRH agonist pretreatment before IVF compared with 
no pretreatment [16].

14.11.2  Surgical Treatment

The overall objective of surgery is to excise or coagulate the peritoneal lesions, 
ovarian cysts, areas of deep endometriosis, and adhesions. Laparoscopy is the safest 
and most effective technique. This procedure, although clearly indicated for the 
surgical treatment of pain caused by endometriosis, is more questionable for the 
treatment of infertility. Moderate and severe endometriosis may produce such dis-
tortion of the pelvis that restoration of the anatomy may be surgically impossible. 
Moreover, radical surgery that seeks to remove all endometriotic lesions may be 
detrimental to the ovarian functional reserve, which is already compromised by the 
endometriosis itself [13].

Contrary to the ESHRE guideline, a recent systematic review and meta-analysis 
concludes that operative laparoscopy may improve overall pain levels but may have 
little or no difference with respect to fertility-related or adverse outcomes when 
compared with diagnostic laparoscopy [13, 17].
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There is also no consensus on the indications for surgical treatment of endome-
triotic cysts in infertile patients undergoing assisted reproduction because it could 
reduce the ovarian reserve and the effectiveness of that treatment. Large RCTs are 
lacking but may be now considered ethically questionable. In fact, according to the 
results of systematic literature reviews, surgical excision of endometriomas before 
IVF is associated with a need for higher amounts of gonadotrophins, lower periph-
eral estrogen levels, reduced number of follicles, and lower number of oocytes 
retrieved, but has no effect on the chances of pregnancy [18, 19]. Excision of small 
endometriomas before IVF is particularly discouraged in case of repetitive surgery 
or bilateral cysts. However, surgery remains mandatory in the presence of non- 
reassuring sonographic findings and can be considered in women with moderate to 
severe pelvic pain [14].

The diameter threshold for performing an operation before IVF should be 
adjusted according to the endometrioma location within the ovary. All decisions to 
operate a cyst beyond 3 or 4 cm are arbitrary, as there is no evidence to support one 
or the other. Surgeons should bear in mind that if all healthy growing follicles may 
be reached without damaging the endometrioma, cyst over 4 or even 5 cm do not 
require surgery in asymptomatic patients; however, smaller cysts that hide growing 
follicles, specially when the ovary is fixed, may require intervention [12].

14.11.3  Combined Medical and Surgical Treatment

It has been proposed that preoperative administration of drugs effective at control-
ling endometriosis could increase the beneficial effect of surgical treatment on fer-
tility. Medical treatment could facilitate excision while reducing the surgical trauma, 
the duration of surgery, the formation of postoperative adhesions, and the probabil-
ity of subsequent recurrence. However, there is no proof that these treatments 
increase fertility after surgery to a greater extent than surgery alone; therefore their 
use is not recommended.

Postoperative medical treatment has the advantages of encouraging the involu-
tion of residual lesions following surgery and reducing the risk of spreading the 
disorder associated with intraoperative rupture of endometriomas. However, studies 
assessing the effect of postoperative treatment on fertility have found no additional 
benefits to those achieved by surgery alone [20]. The ESHRE guideline therefore 
concludes that postoperative medical treatment offers no advantages in relation to 
surgical treatment.

14.11.4  Intrauterine Insemination (IUI)

The presence of endometriosis is thought to reduce the effectiveness of IUI, based 
on the results of studies in patients treated with artificial insemination using donor 
semen [21]. This negative effect persists even after the treatment of endometriosis 
[22]. Several randomized studies show that IUI associated with pharmacological 
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stimulation increases fertility in patients with minimal to mild endometriosis in 
comparison with expectant management. IUI with ovarian stimulation is effective, 
but the role of unstimulated IUI is uncertain [23].

Women with stage I–II endometriosis may benefit from IUI, while those with 
stage III–IV endometriosis and tubal factor have the lowest IUI pregnancy rates and 
thus may benefit less from insemination. Overall, first-cycle chance of pregnancy 
with IVF is significantly higher than the cumulative pregnancy rate that can be 
obtained after six IUI cycles [24]. These results illustrate the significant impact of 
advanced endometriosis on pregnancy outcomes and suggest that providers may 
consider IVF over IUI for patients with advanced endometriosis [25].

14.11.5  In Vitro Fertilization (IVF)

IVF is an appropriate treatment for patients who have advanced endometriosis with 
reduced ovarian reserve, or if tubal function is compromised or if there is male factor 
infertility or advanced maternal age, and/or other treatments have failed. IVF is the 
only viable method in cases of severe tubal adhesion-related disease or in the presence 
of large endometriomas. A study concluded that patients with endometriosis- 
associated infertility have pregnancy rates and birth rates similar to tubal factor con-
trols during IVF treatments. The exception is women with endometriomas, who have 
lower success rates compared with peritoneal endometriosis and tubal infertility [26].

Women with endometrioma have a lower mean number of oocyte retrieved and 
require higher FSH dosage for ovarian stimulation, suggesting that their ovarian 
reserve is diminished prior to IVF. Women with endometriomas should be coun-
seled regarding their increased risk of cycle cancellation [27].

When analyzing the impact of endometriosis on uterine environment, there was 
no difference in pregnancy rates between women with endometriosis and tubal fac-
tor receiving donor oocytes, suggesting that endometriosis is not detrimental to 
embryo implantation [28, 29]. A study demonstrated that the endometrial receptiv-
ity gene signature during the window of implantation is similar in infertile women 
with and without endometriosis, also for different stages of endometriosis [30].

Another relevant aspect is whether patients with ovarian endometriosis who are 
scheduled for IVF would benefit from prior excision of the endometriomas. The 
chosen procedure should consider the specific condition of each patient, taking into 
account the likelihood of contributing to ovarian failure through intraoperative 
destruction of normal tissue, especially in previously operated patients [12]. While 
surgery did not seem to influence the live birth rate, surgical treatment of endome-
trioma prior to IVF could exert a further detrimental impact on ovarian reserve. 
There is therefore not one dogmatic recommendation as to whether women with 
endometrioma should or should not have surgical intervention prior to IVF and 
shared and informed decision with the patient is mandatory [31, 32].

In summary, there is no evidence that surgical treatment of endometriosis improves 
ovarian function or enhances the possibility of successful IVF. Based on current evi-
dence, consideration should be given to individualize the care of these patients [31].

14 Endometriosis in Reproductive Years: ART and Endometriosis



196

14.12  Conclusions

IVF is the most appropriate treatment for infertility, especially if there are coexist-
ing causes for the infertility and/or other treatments have failed.

Unfortunately, IVF pregnancy rates are lower in women with endometriomas 
and diminished ovarian reserve. Surgical removal of ovarian endometriotic cysts 
prior to IVF does not offer any additional benefit in terms of fertility outcomes, and 
we should take into account that it could reduce even more the ovarian reserve.
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15.1  Pathogenesis of Endometriotic Lesions

Endometriosis (EM) is a condition that is defined by endometrial-like lesions that 
occur outside the uterine cavity. Primarily, the disease was described as ectopic 
lesions on the peritoneum of the internal genital organs (endometriosis genitalis 
externa); lately it also comprises an emigration of endometriotic lesions into the 
myometrium (endometriosis genitalis interna = adenomyosis uteri (AM)). The high 
coincidence of these two endometriosis subtypes may arise in one common patho-
genesis [1].

The “tissue injury and repair theory”, by G. Leyendecker, describes the uterus as 
the origin of the disease. Uterine hyperperistalsis cause micro traumatization in the 
junctional zone (JZ), released mediators induce additional aromatase expression, 
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and the locally released oestrogen promotes proliferation and angiogenesis. This 
leads to changes within the JZ that can be seen sonographically as an echo-poor 
hem (halo phenomenon) that represents the attachment of the endometrium; in 3D 
ultrasound a variability of forms becomes visible [2, 3]. A new term, archimetriosis, 
describes these early changes [4]. Locally released oxytocin in turn strengthens 
local peristalsis and thus initiates a cycle that leads to an increasing destruction of 
the JZ. Presumably, within the processes of mechanical alteration and wound heal-
ing, stem cells are activated, which then leave their niche and either enter the 
abdominal cavity through retrograde menstruation and there cause EM or infiltrate 
into the myometrium and lead to AM [5, 6]. In this context of endometrial- 
myometrial interface disruption (EMID), an upregulation of HIF-1a (hypoxia- 
inducible factor 1-alpha) is likely, thereby triggering hypoxia-related molecular 
biological mechanisms that could also be involved in the establishment of the 
lesions [7]. With these ectopic lesions, extensive immunological changes occur. 
Extensive inflammatory reactions and multiple immunological changes are detect-
able in both the peritoneum and the peritoneal fluid [8]. These immunological find-
ings are strongly associated with the occurrence of corresponding lesions, and 
chronic inflammation plays an increasing role within the pathophysiological theo-
ries. In line is the fact that the ectopic EML, no matter where they are located (peri-
toneal lesion, endometrium at the ovaries or DIE or in extragenital manifestation in 
the navel, the abdominal wall or the groin), consist not only of epithelial and stromal 
cells but also of smooth muscle cells. They all express oxytocin and vasopressin 
receptors as well as oestrogen and progesterone receptors [9, 10]. Therefore, these 
lesions not only are endometrial-like settlements but miniature uteri. Endometriotic 
lesions are always associated with surrounding fibrotic changes. It remains unclear 
if the surrounding tissue or the lesions themselves trigger these changes.

So a composition of uterine-like tissue (epithelial, stromal as well as smooth 
muscle cells) in a different variety of growth patterns (superficial or deep infiltrat-
ing), localized on different anatomical positions (intra- and extragenital) often 
accompanied by inflammation and fibrosis, is the root for a couple of problems.

15.2  Pathophysiologic Origin of Pain

In addition to the development of the various lesions, the effects of these are also 
important to understand the origin of pain. EM is a chronic disease. It recurs after 
surgical removal and leads to persistent treatment needs in 50% of affected cases 
[11]. Pain and infertility are the central problems of our patients.

15.2.1  Endometriosis-Associated Pain

The typical complaints caused by EM, such as severe dysmenorrhea, cyclic and 
acyclic lower abdominal pain (UBS), cyclic dysuria, dyschezia, dyspareunia as well 
as infertility, are well known, and yet the disease is diagnosed on average only 
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10 years after the onset of the symptoms. In addition to EM-specific symptoms, 
non-specific complaints (Table 15.1) may lead to consultations of various medical 
disciplines [12]. Why are the complaints so difficult to assess and to integrate into a 
diagnosis of EM, and why should an early diagnosis not be feasible? After all, more 
than 60% of those diagnosed with EM report that the complaints started before the 
age of 20 [13]. There is a clear correlation between the duration and the intensity of 
the complaints and to the extent of the EM [13]. In this context, evolutionary aspects 
of endometriosis are important [4]. It is discussed that in the past young women 
with good uterine contractility fell pregnant easily and had a better birth outcome 
and thus a survival advantage. Because pregnancies and breastfeeding followed 
each other repeatedly in the past, there was no formation of EM/AM or at least to a 
lesser extent. Today, however, the primigravidas are in their 30s. Thus, women with 
primary dysmenorrhea and with uterine hyperperistalsis are at risk of developing 
archimetriosis followed by EM/AM. Therefore, the uterus has one to two decades 
to turn an inherently good functionality into a self-destructive force before repro-
duction is aspired [4].

Caused by the slow development of the disease associated with the late diagno-
sis, the patients develop complex complaints. Knowledge of nature and distribution 
of possible formations allows a better understanding of the possible effects. In gen-
eral, all lesions can cause various symptoms (Fig. 15.1). Complaints usually appear 
in combinations; isolated symptoms are rather rare. Typical is the combination of 
cyclic lower abdominal pain/dysmenorrhea and dyspareunia. Depending on where 
the lesions are located, somatic (peritoneum, pelvic wall) or visceral (uterus, blad-
der or intestine) pain occurs. These two pain characteristics differ: visceral pain is 
dull and spasm-like, radiate, visceral organs interact with each other, so that bladder 
pain can be hardly distinguished to uterine-induced pain. In addition, the autono-
mous, visceral innervation interacts with the visceral sensory neurons that pass 
through the autonomous ganglia. So in severe pain also, vegetative reactions such as 
nausea, vomiting, collapse tendency and above all cyclic menstrual-associated 

Table 15.1 Endometriosis related symptoms (modified from Greene et al. [12])

Typical symptoms Unspecific symptoms
Pain
Dysmenorrhea
Cyclic pelvic pain
Acyclic chronic pelvic pain
Dyspareunia
Cyclic dyschezia
Cyclic dysuria
Other cyclical symptoms like shoulder 
or umbilical pain

Unspecific bladder disorder
Unspecific bowel dysfuntion
Bloating (endobelly)
Spotting, high menstrual bleeding
Vegetative concomitants: vomiting, emesis, cyclical 
diarrhoea, gastric disorders
Headache, dizziness
Painful ovulation (Mittelschmerz)
Irregular pelvic pain
Lower back pain
Pain emission in the legs
Chronic fatique
All symptoms together

Infertility
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diarrhoea are common [14]. Somatic pain, on the other hand, is rather pointed/sharp 
and point-shaped. Due to the high density of sensitive nerve fibres in the parietal 
peritoneum, they can be located more specifically.

15.3  Principles of Pain Development

A biochemical signal is needed (1), which is converted into a neural signal (2) (sen-
sitization of pain nerve fibres via activation of the nociceptors). At the spinal level, 
this signal is modulated (3) and it is referred (attenuated/amplified) to the brain, 
where the pain perception occurs (4). Steps 1 and 2 are called peripheral and steps 
3 and 4 central sensitization. Disorders of pain perception can occur at all levels.

15.3.1  Pathogenesis of Specific Forms of Pain

Dysmenorrhea and cyclic lower abdominal pain caused by peritoneal lesions can 
initially be understood as nociceptive inflammatory pain. There is a cyclic release of 
pain and inflammatory mediators. These activate visceral and peritoneal nerve fibres 
and lead to pain sensitivity. Inflammation and cell damage cause the pain and it 
disappears as the reaction subsides. This form of pain is well manageable via non- 
steroidal anti-inflammatory drugs (NSAIDs). Moreover, with the initiation of hor-
monal therapy and therapeutic amenorrhea, since then the cycle-related release of 
the mediators does not take place, the pain may completely disappear. Typical in 
AM-related dysmenorrhea is that even withdrawal bleeding under hormonal therapy 
with combined oral contraceptives (COC) in cyclical mode can still be painful. The 
mechanisms are not well understood, but it is likely that the primary disorders of the 
uterine layers with hyperperistalsis still result in the release of pain mediators and 
thus in the activation of pain fibres. Note: Persistent strong painful withdrawal 
bleeding under OC is to be seen as a warning! If the disease progresses, with the 
development of DIE (vaginal, intestinal or bladder infiltration), cyclical symptoms 
may also occur. In the case of rectovaginal EM, dyschezia typically occurs due to 
the proximity to the intestine or due to bowel infiltration. Caused by the cyclical 
swelling of the foci, there may also be cramp-like pain before bowel movement, 
stool irregularities and even cyclical subileus. Constipation followed by diarrhoea, 

Dysmenorrhea

Recto vaginal endometriosis

Adenomyosis uteri

Adhesions

Ovarian cysts

Peritoneal lesions

Infertility

Dyschezia/dysuria

Dyspareunia

Pelvic pain

Fig. 15.1 Endometriosis- 
associated symptoms in 
correlation to the 
localisation of the lesions
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paradoxical, or even pencil stools may occur. To look for these specific findings may 
help to identify a potential stenosis. A stenosis can affect the rectum, sigmoid or 
even the caecal pole region. If the EML infiltrates completely through the entire 
intestinal wall, cyclical hematochezia may occur. In addition, due to the localization 
of the lesion, acyclical dyspareunia is common; hence the nodes are hyperinner-
vated and painful when pressure is applied [15]. Bladder endometriosis typically 
leads to cyclical dysuria but may also cause unspecific symptoms such as pollaki-
uria and/or pain after voiding the bladder. Only if the bladder wall is completely 
infiltrated and the urothel is affected cyclical haematuria occurs.

15.3.2  Neurogenic Inflammation

Some patients develop acyclic lower abdominal pain under hormonal therapy (with 
and without therapeutic amenorrhea). This is an important indication that EML 
develops mechanisms that can be active independently of hormones. Extensive 
analyses have been performed regarding the innervation of these lesions [16]. 
Peritoneal lesions show hyperinnervation of sensitive but loss of sympathetic nerve 
fibres. In analogy to rheumatism research, an imbalance in the release of pro- 
inflammatory and anti-inflammatory sympathetic neurotransmitters seems to occur. 
The consequence of this imbalance may result in a neurogenic inflammation and 
may lead to acyclic pains. In DIE lesions, this phenomenon is known too. Therefore, 
especially the hormone therapy-resistant pain is important in order to adjust therapy 
decisions accordingly. A further complicating factor may be adhesion-related pain, 
which can be both somatic and visceral. The transition from initially cyclic to acy-
clic lower abdominal pain is characteristic.

Due to the chronic pain, patients often develop reactive depression and somato-
form pain disorders, which make the clinical picture appear even more complex. 
Besides EM, the most important differential diagnoses of chronic lower abdominal 
pains are postoperative adhesions (non-EM-related), interstitial cystitis and non- 
specific intestinal dysfunction, the irritable colon. It is known that there is not neces-
sarily a correlation between the extent of EM and pain intensity [14]. Therefore – and 
this is certainly the most difficult phenomenon for physicians to understand in the 
case of EM – even “inconspicuous” examination findings can cause severe pain, and 
conversely, patients with complex EM can be largely free of pain.

15.3.3  Development of Central Sensitization 
with Spinal Hyperalgesia

Physiologically, pain is a warning signal. If pain is ignored, it may increase. 
Moreover, pain is an individual event; the perception of pain is subjective. If severe 
dysmenorrhea (menstrual pain that leads to bedriddenness and incapacity to go to 
school or to work without the use of analgesics) remains untreated, i.e. it recurs 
monthly, this pain is initially perceived as nociceptive pain as described above, 
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which also subsides as the release of the inflammatory and pain mediators decreases. 
If this pain occurs repeatedly, however, the body’s own warning signals take effect, 
the pain is classified as threatening, and the modulation on the spinal level does not 
regulate it down, but rather increases it. At the spinal level, the release of neurotrans-
mitters is altered and a number of modulating mechanisms are set in motion; the 
nociceptive field is expanded; and dysuria and/or dyschezia may occur [17]. This 
leads to spinal hyperalgesia with a lowered pain threshold and the perception of 
pain even with slight stimuli such as touch. Increasing pain frightens patients and 
makes pain processing more difficult. Severe cramps with pain, also accompanied 
by a vegetative reaction, also lead to the patient adopting a relieving posture, which 
is used to seek pain relief. Reactively, this leads to a reflex contraction of the pelvic 
floor muscles and thus to pelvic floor dysfunction, which increases the pain and can 
lead to dyspareunia [18]. If these tensions persist, dyspareunia develops and intensi-
fies. Fear of pain during intercourse can strongly influence the ability to relax, and 
a disorder manifests itself, which takes on ever-greater proportions and no longer 
causes problems only cyclically, but increasingly manifests itself permanently. This 
phenomenon explains the often-severe pain that accompanies patients, even in the 
absence of pathological findings. It is essential to offer the patient pain- relief ther-
apy. There is a correlation between the duration of pain and the occurrence of reac-
tive depression, because patients are increasingly desperate and look for advice and 
help, but are often not understood [19] Fig. 15.2 illustrates the process of spinal 
hyperalgesia. Changes at central level develop. Functional MRI assessment demon-
strates the first morphological adjustments of the brain after a pain latency of 2 years 
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[20]. Such patients have an increased risk of developing complex chronic pain syn-
dromes with bladder dysfunction, irritable bowel syndrome and vulvodynia [17]. 
Taken together, the pathogenesis of endometriosis-associated pain is very complex 
and certainly not yet fully understood (Fig. 15.3).
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16.1  Introduction

Endometriosis is a benign gynecological disorder with various variants including 
peritoneal, uterine, ovarian, and deep endometriosis (DE), which is characterized by 
subperitoneal invasion of endometriotic tissues exceeding 5 mm [1, 2]. Intestinal DE 
has been shown to affect between 3.8% and 37% of the patients diagnosed with endo-
metriosis [3, 4]. Although a certain percentage of patients with bowel DE may lack 
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relevant signs such as dyschezia, dysmenorrhea, and dyspareunia, a significant num-
ber of women with colorectal DE will face quality of life (QoL)-reducing impairment 
and/or additional infertility, especially due to concomitant ovarian or uterine disease 
and secondary adhesions involving the tuboovarian unit. Symptoms of bowel endo-
metriosis may vary and include pain sensations such as dysmenorrhea, deep dyspa-
reunia, and dyschezia but may also present as nonspecific alterations of bowel function 
including diarrhea, constipation, bloating, and rarely bowel obstruction. These diges-
tive complaints have been related to anterior and lateral fixation and thereby impaired 
mobility of the rectosigmoid, partial luminal stenosis, and an inflammatory state 
induced and caused by DE [5, 6]. Furthermore, the extent of colorectal DE appears to 
correlate with the intensity of pain [7]. Nevertheless, DE-related stenosis leading to 
occlusion and complete bowel obstruction is a rare complication in women with this 
disease and has been shown to occur only in 1–2% [5]. Colorectal endometriosis usu-
ally presents with nodular enlargement and infiltration of the anterior rectal wall, 
either as unifocal or multifocal disease typically involving the rectum and/or sigmoid 
colon in over 90% of all intestinal DE cases [4, 8]. Since these anatomical changes 
lead to a typical tissue reaction causing nodular fibrosis, rectosigmoidal DE can be 
diagnosed with imaging methods such as transvaginal sonography (TVS) or magnetic 
resonance imaging (MRI) with high accuracy [9].

Treatment of colorectal endometriosis in symptomatic patients can be very chal-
lenging. Medical treatment options include NSAIDs and hormonal preparations and 
aim for reduction of DE-related symptoms. Within this, a conservative treatment 
approach has been demonstrated as a feasible long-term option in over 80% of these 
patients [10]. However, a significant number of affected women will neither respond 
to medical therapies nor benefit from medically assisted reproduction (MAR). As a 
consequence, surgical resection of DE remains the logical therapy and has been 
proven to effectively reduce pain symptoms and enhance fertility issues [11–13]. 
However, surgery for colorectal DE is complex and requires a sufficient knowledge 
of the extent of the disease and a multidisciplinary team setting involving gyneco-
logical and colorectal surgical expertise in the light of the fact that severe complica-
tions such as anastomotic leakage and rectovaginal fistula may arise. In the ideal 
scenario, resection of all deep endometriotic lesions as well as preservation and 
restoration of reproductive function should be accomplished. There is an ongoing 
debate about the risks and benefits of the ideal surgical approach to colorectal DE 
including rectal shaving, discoid resection, and segmental bowel resection. There 
are no universal and clear guidelines as to which excision technique is optimal.

16.2  Rectal Shaving

The shaving technique for the treatment of rectovaginal endometriosis was first 
described in 1991 [14]. The first large series was published in 1995 and was fol-
lowed by another larger series from the same group that covered the period between 
1997 and 2013, being the largest series so far that described about 3298 cases [15].

To present the uterus, vagina, and the rectum, a uterine manipulator is inserted 
the use of surgical sponge in the vagina as well as a rectal probe. The principal steps 
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Fig. 16.1 Rectal shaving 
using cold scissors

of the shaving technique involve the lateral identification of the ureter and potential 
previously inserted ureteral stents since the rate of ureteral involvement of nodules 
of >3 cm is approximately 10%. When the lateral pelvic spaces are carefully dis-
sected, the uterosacral ligaments are transacted when involved, to leave the bowel 
attached to the nodule. Then, the surgeon progressively detaches the nodule from 
the anterior part of the rectum down to the healthy cleavage plane of rectovagi-
nal septum.

Shaving consists of excision of the endometriotic nodule, through the thickness 
of rectal wall, without opening the bowel lumen (Fig. 16.1). Unfortunately, during 
this procedure the bowel lumen could inadvertently be breached. In such case, a 
bowel suture must be performed in one or two layers. Studies have reported bowel 
perforation during surgery to be 1.74% [16]. In all cases, the bowel was sutured 
during surgery and no unfavorable outcomes occurred during follow-up.

Major complications included late bowel perforation and rectovaginal fistulas. 
Late bowel perforation was reported in three studies. Koninckx et al. and Roman 
et  al., respectively, described 1.7% and 2.2% of late bowel perforation requiring 
colostomy, while Donnez et al. reported 0.03% in a series of 3298 cases [16]. Bowel 
complications were reported in 0.13% of the cases (n 1/4 6/4706) operated on by the 
shaving technique. Rectovaginal fistulas were recorded in 0.24% of the cases (n 1/4 
13/5297).

Postoperative digestive function after shaving was thoroughly assessed by our 
team [17–20]. In two retrospective series, better digestive functional managed out-
comes for postoperative constipation and anal continence were observed in patients 
by shaving when compared with those undergoing bowel resection [17, 18]. 
However, in a recent randomized trial comparing conservative to radical rectal sur-
gery in large deep endometriosis nodules infiltrating the rectum, no significant dif-
ferences were observed in terms of gastrointestinal quality of life scores and SF36 
score [21]. In conclusion, the main advantage of the shaving is the very low rate of 
postoperative complications and the lack of the postoperative impairment of diges-
tive function; however the improvement of constipation is not always observed.

In 2013, a new technique was introduced, using plasma energy for rectal shaving 
(PlasmaJet device, Plasma Surgical, Inc., Roswell, GA) (Fig. 16.2). Rectal shaving 
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Fig. 16.2 Rectal shaving 
using plasma energy

using plasma energy has some particularities which are based on the specific prop-
erties of this energy: absence of lateral thermal spread around the plasma jet, ensur-
ing safe dissection close to the rectal wall; precise ablative properties, allowing in 
situ ablation of rectal endometriosis implants; and kinetic energy, enhancing the 
dissection of subperitoneal spaces [19].

16.3  Disc Excision/The Rouen Technique

Disc excision was initially described more than 20  years ago by surgeons who 
reported on excision of lesions of rectovaginal endometriosis which breached the 
bowel lumen, requiring suturing of the bowel [22]. Other surgeons introduced the 
use of the transanal end-to-end anastomosis (EEA) stapler (Ethicon Endo-Surgery) 
to achieve suturing of the bowel concomitantly with the excision of the involved 
anterior rectal wall, and the procedure progressively spread worldwide [23]. Using 
the EEA stapler, the surgeon thus excises a full-thickness disc of the involved bowel 
wall which bears the endometriosis nodule and closes the resulting defect with a 
transverse staple line. When the low rectum is infiltrated by huge endometriotic 
nodules, it may be awkward to perform rectal shaving and laparoscopic or open disc 
excision. In response to these challenges, a new technique was introduced (the 
Rouen technique) using the Contour Transtar stapler (Ethicon Endo-Surgery) in 
combined laparoscopic and transanal full-thickness disc excision of large rectovagi-
nal endometriosis infiltrating the low and mid rectum [24].

In a recent survey enrolling 1135 patients managed for colorectal rectovaginal 
endometriosis in France in 2015, disc excision was employed in only 7.3% of cases 
and in only 16 facilities out of 56 participating in the study [25].

The technique for full-thickness rectovaginal endometriosis excision involves at 
least two different steps and may be combined with both laparoscopic and transanal 
approaches. The first step is to perform a laparoscopy, where the goal is to achieve 
rectal shaving. Preliminary rectal shaving determines the size of rectal patch: the 
thinner and softer the shaved rectal wall, the larger the diameter of the rectal patch 
that can be removed using the transanal stapler [24]. The nodule is dissected away 
from the rectal wall and removed. In cases where the vaginal fornices are involved, 
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a combined vaginal-laparoscopic approach may be useful. In cases where the shaved 
area of the rectal wall is still infiltrated by implants of endometriosis, a more com-
plete treatment may be achieved by full-thickness disc excision of the shaved area, 
followed by either direct suture using several stitches or the use of transanal sta-
plers. The first procedure does not avoid bowel opening into the pelvis, which may 
increase the risk of postoperative pelvic abscess. Conversely, during the disc exci-
sion procedure using transanal staplers, the bowel is never opened as resection and 
wall closure occur simultaneously. The surgeon may use the Contour® Transtar™ 
stapler when the shaved area is located between 8 and 10 cm above the anus, and the 
EEA circular stapler when it is located in the upper rectum. In both cases, parachute 
sutures placed in the middle of shaved area allow for pushing the shaved area 
between the opened stapler jaws; the sutures are placed laparoscopically (on the 
serosal aspect of the bowel wall) when the EEA stapler is used and transanally (on 
the mucosal aspect of the bowel wall) when the Contour Transtar stapler is employed.

When multiple nodules are revealed, they can be managed separately, in order to 
avoid long segmental resections. The rectal nodule can be removed using a conser-
vative technique, while associated nodules of the colon, cecum or small bowel can 
be treated separately, by shaving, disc excision, or segmental resection [26].

In the FRIENDS survey, the rate of rectovaginal fistula in patients managed by 
disc excision was 3.6%, which was threefold higher than the rate recorded in patients 
managed by shaving (1.3%) and comparable to segmental resection (3.9%). This 
rate is similar to that reported by an Australian team in a series enrolling patients 
managed by disc excision using the circular transanal stapler [23].

In a more recent series of 111 patients, reported by Roman et al., the rate of rec-
tovaginal fistula was as high as 7.2%, mainly due to the high prevalence of this event 
in patients with low rectovaginal endometriosis managed by the Rouen technique. 
When a disc excision is carried out, bowel suture is transversal and semicircular 
(Fig. 16.3); thus the risk of postoperative bowel stenosis is very low [19, 27].

To date, there are no large comparative studies with long-term follow-up that 
provide valuable answers regarding recurrence. However, various series available in 
the literature report low recurrence rates, with a 1.8% risk of recurrence at 2 years 
[24]. In the randomized trial comparing conservative surgery to colorectal resection, 
5 years after the procedure, only 1 recurrence was recorded in 55 patients, and it 

Fig. 16.3 Transanal disc 
excision using circular 
staplers
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occurred after a disc excision [28]. However, the difference was neither statistically 
significant nor clinically relevant.

Regarding the functional outcomes, they appear to be comparable after conserva-
tive surgery and colorectal resection [20, 21]. This result is probably related to the 
evidence that the rectal shape is not the unique factor related to postoperative rectal 
function; rectal innervation plays a major role, while large rectal endometriosis nod-
ules frequently involve parametria and rectal splanchnic nerves, leading to an 
impairment of rectal function independently of the volume or length of operated 
bowel [21]. These considerations emphasize the importance of nerve-sparing tech-
niques, which however are not easily usable when small nerve fibers of the inferior 
hypogastric plexus are surrounded by deep endometriosis nodules.

16.4  Segmental Bowel Resection for DE

Segmental resection (SR) for bowel endometriosis is preferred in the case of bowel 
stenosis, multifocal lesions, sigmoid involvement, and lesions >3 cm or involving 
more than 50 percent of the bowel wall circumference [29, 30]. Within this, mobili-
zation of the rectum is performed below the infiltrated area with the proximal dis-
section line close above the lesion. In contrast to bowel resection for colorectal 
malignancies, the mobilization and dissection of the bowel can be performed in 
close contact with the dorsal wall of the rectosigmoid, an approach referred to as the 
so-called nerve vessel-sparing technique (Fig. 16.4) [11]. However, other groups 
include the mesorectal tissue and blood supply in the resection specimen but aim to 
preserve the autonomous nerve plexus, i.e., the inferior hypogastric plexus with 
proven advantage of one segmental resection method, i.e., nerve vessel-sparing or 
non-vessel-sparing over the other so far [16]. There are several arguments for and 
against SR when compared to conservative approaches such as rectal shaving (RS) 
and discoid resection (DR). First and foremost, large rectal DE lesions exceeding 

Fig. 16.4 Nerve 
vessel-sparing SR 
demonstrating the left 
pelvic sidewall with ureter 
(*), fibers of the inferior 
hypogastric plexus (**), 
mesorectal fatty tissue and 
vessels (++), vagina 
following colpectomy for 
DIE (+), and rectum
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4–5 centimeters as well as multifocal disease may only be fully removed by SR. This 
is supported by the fact that recurrence rates of colorectal DE have been observed to 
be lower in SR patients [31]. In addition, recent evidence demonstrates that exami-
nation of the bowel segment by palpation – which should always be performed dur-
ing SR and cannot be accomplished when performing DR or RS – reveals additional 
palpable satellite rectal DE lesions [8]. Arguments against SR primarily include 
possibly increased complication rates and later sequelae such as bowel stenosis or 
low anterior resection syndrome (LARS). Two systematic reviews have compared 
the published evidence regarding SR, RS, and DR including the only prospective 
randomized trial on SR versus DR published to date [16, 32, 33]. Within this, the 
mean complication rates observed for shaving, discoid excision, and SR were 2.2%, 
9.7%, and 9.9%, respectively. Rectal shaving was significantly less associated with 
rectovaginal fistula (RVF) than DR (OR = 0.19) or SR (OR 0.26) with no significant 
differences between DR versus SR. No significant differences could be observed for 
anastomotic leakage (AL) between RS and SR or DR and SR. However, DR was 
observed to confer a lower risk for anastomotic stenosis compared to SR.

The problem with systematic comparisons regarding the three techniques is that 
pivotal risk factors influencing the risk of major complications such as distance of 
the stapling anastomosis from the anal verge, vaginal opening, and finally surgical 
experience cannot be fully taken into account. A recent work by Bokor et al. espe-
cially focused on low anterior bowel resections for DE comparing DR and nerve 
vessel-sparing SR in a retrospective, multicenter trial [34]. Although the results 
must be interpreted with caution due to the retrospective nature of the study and the 
differences in the use of protective ileostomies, the authors did not provide evidence 
for superiority of one or the other technique regarding late sequelae such as LARS 
but observed higher major complication rates for DR.  Taking these factors into 
account, the risk of severe complications rising up to 9% needs to be discussed with 
the patients especially before embarking on full-thickness resection techniques, i.e., 
DR and SR. To date, there is insufficient evidence to clearly recommend one tech-
nique over the other leading to the recommendation that surgical treatment deci-
sions should also be guided by experience and expertise.
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17.1  Introduction

Endometriosis is known as an estrogen-dependent disease, usually symptomatic 
during the fertile period of a woman’s life and considered to improve after meno-
pause. However recent analysis showed that estrogen deprivation in menopause 
doesn’t cause the regression of all endometriosis lesions and endometriosis is not 
only the disease of the fertile years. Moreover, evaluation and management of endo-
metriosis in patients over 40 requires a tailored approach since the epidemiology, 
clinical manifestations, and management strategies of the endometriosis disease 
occur differently at late reproductive years. There are many case series in the litera-
ture describing symptomatic endometriosis in menopausal patients with particular 
microscopic features.

As it is well known for pre-menopausal endometriosis, no existing theory can 
explain the appearance of all endometriosis lesions. Subsequently, it is unlikely that 
one single theory can explain the development of peri- and postmenopausal endo-
metriosis. Most often peri- and postmenopausal endometriosis represents a recur-
rence of pre-menopausal disease [1].

The major issues which a clinician will confront during the management of 
patients with endometriosis over the age of 40 are fertility issues, pain, increased 
risk for malignancy, and the management of the menopausal symptoms. Contrary to 
the fertile age disease, postmenopausal endometriosis develops during an environ-
ment of ovarian estrogen deficiency and seems to have a higher predisposition to 
malignant transformation [2]. The disease appears to show a tendency to involve 
other extragenital anatomical sites and cause constrictive and obstructive implants, 
which is why the first choice in treatment is surgery [3].

17.2  Prevalence

Postmenopausal endometriosis was described for the first time in 1942 [4]. It is a 
rare disease, affecting about 2–5% of patients diagnosed with endometriosis, and 
the real prevalence in the general population remains unknown [5]. Punnonen et al. 
reported the frequency of postmenopausal endometriosis as 2.2% and the average 
time elapsed after menopause as 7.3 years in 11 patients with ovarian endometriosis 
[6]. Four years later the same group found that 19% of the patients who underwent 
surgery for gynecological reasons had endometriosis, and the incidence for post-
menopausal endometriosis was 2.5% [7].

In a recent retrospective epidemiologic study among 42,079 women, accumu-
lated data revealed that around 19.6% of women with surgically confirmed endome-
triosis were in their peri-post menopausal years [8] and, interestingly, 9 of the cases 
were in the upper extreme age groups: 8 were in 80–85 years and 1 case was in 
90–95 years [8].

Apart from the endometriosis itself, concomitant problems as adenomyosis and 
uterine leiomyomas may accompany endometriosis. Oral et  al. ironically named 
this situation as “dragon’s triangle.” Figure 17.1 shows the co-prevalence rates of 
adenomyosis (Fig. 17.1) [9, 10].
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17.3  Pathophysiology

Although menopause is known as an estrogen deprivation period, a small amount of 
estrogen may be present from both endogenous and exogenous sources [11]. 
Estrogen synthesis in endometriotic lesions is regulated through the presence of 
various enzymes present. The most studied are 17ß-hydroxysteroid dehydrogenases 
(17ß-HSDs) and steroidogenic acute regulatory protein (StAR), which are present 
in endometriosis stromal cells and promote estrogen production via aromatase [12]. 
That is why aromatase inhibitors have shown a good result in treating symptomatic 
endometriosis in menopausal patients, by inhibiting the synthesis of extra-ovarian 
estrogen. The synthesized estrogen through the pathways described promotes the 
proliferation of endometriosis lesions and the progression of the disease, and subse-
quently their potential malignant transformation [13].

Endometriosis lesions persist or rarely can progress even in the absence of ovar-
ian estrogen synthesis, as they continue to be active and remain sensitive to hor-
monal variations after menopause. Endometriosis implants themselves can 
synthetize estradiol through the elevated levels of P450 aromatase activity. 
Cytochrome P450 is the key enzyme involved in the biosynthesis of estrogen [14]. 
The production of estrogen post-menopause promotes endometriosis through vari-
ous pathways such as activating dorsal root ganglion neurons to produce chemo-
kines that activate macrophages [13]. Estrogen can also activate the macrophages 
directly by misleading them to recognize ectopic endometriotic lesions as injuries, 
and stimulating neovascularization through high concentrations of VEGF, and alter-
ing the immune response [12]. Obesity, defined as a BMI over 30 kg/m2, exogenous 
phytoestrogens, and hormone replacement therapies with estrogen are all risk fac-
tors for the development of menopausal endometriosis [15].

Endometriosis

10-15%

Adenomyosis

10-30%

Myoma

20-25%
20-50%

22-48% 15-25%

15-25%

Fig. 17.1 Dragon’s triangle, co-prevalence rate

17 Endometriosis in Peri- and Postmenopausal Year



220

A simpler and generally accepted explanation of the presence of endometriosis 
in menopause is the deeply infiltrating nature of the disease, causing frequently an 
incomplete surgical excision at the time of surgery [16]. The remaining lesions 
could either evolve and become symptomatic during the perimenopausal period or 
be stimulated to become active by hormone replacement therapy recommended for 
the climacteric syndrome. Thus, it is considered that most frequently peri- and post-
menopausal endometriosis represents a recurrence of the pre-menopausal disease 
[17]. Development of newly formed endometriosis lesions by the metaplastic trans-
formation of peritoneal mesothelial cells into endometrial glandular cells represents 
a less likely possibility, but it is cited [18].

17.4  Diagnosis and Clinical Manifestations

The diagnosis of peri- and postmenopausal endometriosis is based on the same cri-
teria as the pre-menopausal one, but the clinical presentations may show alterations. 
Symptoms such as infertility and dysmenorrhea present in endometriosis patients of 
reproductive age do not apply to this category of women, making the diagnosis 
more challenging.

The most frequent location of the menopausal endometriosis lesions is the ova-
ries, followed by the ureter, bladder, intestine, and more rarely the vagina. Extremely 
rare lesions have been found in the skin and liver [19].

The clinical manifestations of endometriosis occur differently at late reproduc-
tive ages. A retrospective study conducted by Ferrero et al. among 72 menopausal 
women showed that asymptomatic pelvic cysts were the most common clinical pre-
sentations, followed by abnormal uterine bleeding, abdominal pain, rectal bleeding, 
and urinary dysfunction [20]. In light of these anatomic localizations, symptoms 
such as abnormal vaginal bleeding, hematuria, rectal bleeding, and hemoptysis- 
associated pelvic pain need to be extensively investigated in postmenopausal endo-
metriosis patients [1, 15].

A suggestive finding in ultrasound and magnetic resonance imaging, especially 
for patients with a history of pre-menopausal endometriosis should be sufficient for 
establishing the diagnosis [1, 2, 5].

Another issue to consider while evaluating a patient at her peri- and postmeno-
pausal years is the increase in the proportion of cases of adenomyosis when com-
pared to endometriosis. Adenomyosis appears to be more frequent in adult women 
in their fourth and fifth decades, and patients also need to be investigated from this 
aspect [21]. The presentation may be abnormal uterine bleeding, pelvic pain, or 
fertility problems. At the age of 40 and above, management is similar to the one at 
fertile ages.
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17.5  Treatment

The surgical treatment is the gold standard in patients with confirmed peri- or post-
menopausal endometriosis due to the higher risk of malignancy post-menopause, 
the capacity of the disease to invade adjacent anatomical structures, and obstructive 
urinary or intestinal lesions and lack of fertility desire. An aggressive excision of the 
uterus, fallopian tubes, ovaries and all suspected endometriosis lesions should be 
performed for optimization of treatment and prevention of malignant transforma-
tion [22]. For those patients for which surgical intervention is not possible, several 
medical therapies such as GnRH agonist and antagonists, progestins, aromatase 
inhibitors, combined oral contraceptives, and levonorgestrel-releasing intrauterine 
systems are the treatment of choice [23].

There is very little information about the medical treatment of endometriosis in 
menopause. The only medication that was reported as efficient in menopausal endo-
metriosis is aromatase inhibitors. Anastrozole and letrozole have been used in 
patients with a history of multiple surgical interventions, and some researchers 
reported satisfying results in terms of pain relief and reduction in endometriosis 
lesions [24].

17.5.1  Management of Fertility Problems in Women 
with Endometriosis After the Age of 40

Since women anticipate high-level careers in contemporary lifestyle, usually fertil-
ity is postponed until the age of late 30s and early 40s. Thus, especially women with 
endometriosis may be obliged to face fertility problems mainly due to decreased 
ovarian reserve.

Endometriosis is a cause of subfertility via different suggested mechanisms such 
as diminished ovarian reserve, poor oocyte quality, tubal problems, fertilization and 
implantation problems, or even sperm problems. For women over 40 years of age, 
diminished ovarian reserve seems to be of utmost importance. It is known that age, 
previous surgery for endometrioma, and also endometrioma per se are important 
factors that may contribute to diminished ovarian reserve in such women. Though 
management should include IVF for women over 40, the first step should be ovarian 
reserve testing in order to decide whether to perform embryo pooling or not. After 
having the embryos frozen, ovarian suppression by GnRH analogs should be com-
menced followed by frozen-thawed embryo transfer (Fig. 17.2) [9].

17.5.2  Management of Pain Problems in Women 
with Endometriosis After the Age of 40

If pain is the only complaint after age 40, surgery is to be the first management 
option due to the risk of malignant transformation [9]. Surgical intervention should 
include total hysterectomy and bilateral salpingo-oophorectomy and  excision/
destruction of endometriotic lesions. If there are medical (e.g., cardiovascular 
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disease, pulmonary disease, etc.) or surgical (previous multiple operations) contra-
indications for a surgical approach and there is no sign for malignancy, then medical 
treatment is to be considered. According to data we have at the moment, there are 
many medical options for treatment of endometriosis, such as gonadotropin- 
releasing hormone agonists, progestogens, or aromatase inhibitors, gonadotropin- 
releasing hormone antagonists, combined oral contraceptives, and levonorgestrel 
intrauterine system (LNG-IUS), which also can be used in the treatment of endome-
triosis patients after the age 40 (Fig. 17.3) [9].

7

Infertility in women over 40 with endometriosis*

Initial assessment for fertility

Good ovarian reserve Poor ovarian reserve

IVF poolingIVF

Suppression of endometriotic foci

(GnRH-a for 3-6 months)

Frozen-Thawed embryo transfer

Fig. 17.2 Algorithm infertility management for women with endometriosis over the age of 40. 
*Surgery should be chosen in the management of women with suspicious malignancy

Pain in women over 40 with endometriosis

-no fertility desire or no suspicion for malignancy-

Surgical Treatment

(Total hysterectomy and bilateral salpingo-

Medical contraindication for surgery
or

Technical contraindication for surgery

oopherectomy and excision/destruction of 
endometriotic lesions)

Medical Treatment
-Progestins
-GnRH-a
-GnRH-ant
-Aromatase inhibitors
-Levonorgestrel intrauterine system
-COC

Fig. 17.3 Algorithm for pain management for women with endometriosis over 40
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17.5.3  Hormone Replacement Therapy and Management 
of Menopausal Symptoms in Women with Endometriosis 
After the Age of 40

When the women with endometriosis do have menopausal symptoms, there may be 
two concerns on each pan of the scale; one is basic menopausal concerns (bones, 
brain, cardiovascular system, and quality of life especially in terms of vasomotor 
and vulvovaginal problems) and the second one is the risk of recurrence and malig-
nancy [18, 25]. Patients undergoing menopausal hormone therapy might present a 
higher risk for malignant transformation, but the relationship between hormone 
replacement therapy and carcinomatous shift of endometriosis implants remains 
uncertain [26].

As recently reviewed and concluded by Zanello et al., “women should not be 
denied the replacement therapy solely due to endometriosis.” Women with vasomo-
tor symptoms, especially when they experience early or premature menopause, may 
use hormonal treatment [18].

Different prospective comparative studies intended to find a safe regimen to 
address the climacteric syndrome in this category of patients. Most studies 
found that the recurrence risk is low if the surgery was radical, consisting of the 
surgical excision of all endometriosis lesions. In these patients, the recurrence 
risk is similar or even lower than women who did not receive hormone replace-
ment therapy [27]. However, when there is residual disease following surgery, 
the recurrence risk is significantly higher, and hormone replacement therapy 
should be avoided [27, 28].

The drug to be selected should be combined estrogen and progestogen unrelated 
to being surgically menopausal or not, since estrogen-only regimens may activate 
the residual endometriotic foci even in women after surgery for endometriosis and 
carry a higher risk of recurrence in terms of symptoms such as pelvic pain and dys-
pareunia but didn’t report any case of malignant transformation during the follow-
 up period [18].

Comparison of transdermal estrogen with tibolone treatment in small groups of 
patients revealed that tibolone didn’t cause recurrence of symptoms, unlike estro-
gen, which caused pelvic pain in 40% of patients and deep dyspareunia in 10%. 
Therefore, it is a safe option for hormone replacement therapy in operated meno-
pausal patients [29].

The initiation time of the hormone therapy could also play a role in the recur-
rence risk. Women who started hormone replacement therapy immediately after 
the surgery for endometriosis had a significantly lower risk of disease and symp-
tom recurrence compared to those delaying the treatment until 6  weeks after 
surgery [29]. Another important point is that, if the woman with endometriosis 
needs tamoxifen treatment, the risk of malignant transformation should be con-
sidered [15].
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17.5.4  Asymptomatic Patient in Women with Endometriosis  
After the Age of 40

We do not know the exact prevalence of asymptomatic endometriosis at any age. 
The management is also quite blurred for asymptomatic patients with endometrio-
sis. Asymptomatic endometriosis may be found by chance via imaging methods, 
mainly by ultrasound, or during the operations for other reasons. Although in 1996, 
Eric J Thomas has suggested a challenging opinion of his own by writing 
“Asymptomatic endometriosis is likely to be a physiological phenomenon of very 
limited relevance both physician and the patient ” [30] and finished his paper by 
referring to an unidentified Edinburg physician’s quote “It is a very very clever doc-
tor who can make an asymptomatic patient feel better”, there are some recent 
“warning” articles on asymptomatic patients with endometriosis. In their very 
recent retrospectively analyzed case series, Son JH et al. [31] reported 50 women 
with ovarian clear cell carcinoma. Of those, 11 were women with asymptomatic 
endometrioma and being under regular gynecological examination. The authors 
suggested yearly close surveillance from the age mid-30s in patients with asymp-
tomatic endometrioma [9].

17.6  Risk of Malignant Transformation

The malignant transformation of endometriosis was first described by Sampson in 
1925, which reported an incidence of about 1% [32]. Diagnosing malignant trans-
formation of endometriosis in menopause is a clinical challenge, because of similar 
characteristics of both endometriosis and malignancy. Endometriosis can cause 
local invasion with alteration of normal anatomy as well as distant metastasis (extra-
genital endometriosis) similar to the oncologic disease. Distinguishing menopausal 
endometriosis from gynecological malignancy is very challenging in clinical prac-
tice especially in the presence of common risk factors in the etiology of both dis-
eases: nulliparity, infertility, late pregnancy age, and short duration of contraceptive 
use [33].

The hypothesis behind endometriosis and cancer is a continuous source of con-
troversy. The theories proposed are as follows:

• Endometriotic implants may directly undergo malignant transformation, perhaps 
through an atypical transition phase.

• Endometriosis and cancer may share common antecedent mechanisms and/or 
predisposing factors (genetic susceptibility, immune/angiogenic dysregulation, 
environmental toxin exposure).

Menopausal endometriosis seems to have a higher risk of malignant transforma-
tion, compared to endometriosis in patients of reproductive age [34]. It is now 
accepted that malignant transformation of endometriosis occurs most frequently in 
the ovaries and the lifetime risk of ovarian cancer in women with a history of 
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endometriosis is about 1.9% compared with 1.4% in the general population [35]. 
This positive association is the strongest for clear cell and endometrioid carcinomas 
(SRR = 3.44 and SRR = 2.33, respectively) [36, 37]. Thus, patients diagnosed with 
ovarian endometriosis appear to have a higher risk of ovarian cancer during peri-
menopause compared to the general population.

Although there is still no definite marker to confirm or exclude malignancy, for 
women with suspicion of malignancy, human epididymal secretory protein (HE4) is 
important, especially combined with CA-125 as ROMA index is accepted as the 
most efficient biomarker today [38].

In a retrospective analysis, Oral et al. have also drawn attention to the probable 
continuum of the pathological way from endometriosis to atypical endometriosis 
and ovarian carcinoma. Of 661 women with ovarian carcinoma or borderline ovar-
ian tumor, 48 (4.7%) had endometriosis, and of those 48, 73% had atypical endome-
triosis [39]. Recently Oral et  al. have also found that endometrioma-associated 
ovarian tumors developed in nearly 11% of women with endometriomas [40]. The 
risk of ovarian cancer is especially higher in women with long-standing (more than 
10  years) endometriosis, or recurrent endometrioma, newly diagnosed  
endometrioma [35].

A higher risk of extra-ovarian cancers originating in the endometriosis lesions 
after the start of menopause is another problem that a peri- and postmenopausal 
endometriosis patient will face. The relatively positive aspect is that patients with 
endometriosis-related malignancies seem to bear a favorable prognosis [34, 41].

Even though there are no studies in literature describing the exact carcinogenic 
pathway leading from endometriosis to invasive carcinoma, several genetic muta-
tions in PTEN, TP53, and ARIDIA genes have been identified, which may represent 
the molecular explanation of this malignant transformation [41].

In a very recent systematic review, Kvaskoff et al. showed that endometriosis 
was associated with a higher risk of ovarian and thyroid cancers, and minimally 
(only 4% greater risk) with breast cancer, and with a lower risk of cervical cancer 
[36]. In a study following a large number of 64,492 Swedish women diagnosed with 
endometriosis for a long period of 31 years, Melin et al. described a high risk of rare 
types of cancers in these women (non-Hodgkin lymphoma, endocrine and brain 
cancers) and ovarian cancer [42].

Bertelsen et al. studied the relationship between endometriosis and breast cancer 
in a large cohort of 113,427 Danish women for over 30 years. They found that the 
age of diagnosis is crucial. Women diagnosed with endometriosis under the age of 
40 showed a reduced risk of breast cancer, while those diagnosed after the age of 40 
had an increased risk [43]. The results could be interpreted according to the treat-
ments received by the patients: the younger ones with a reduced risk received estro-
gen suppression therapy, while the older ones more frequently underwent 
hysterectomy and adnexectomy with hormone replacement therapy and had an 
increased prevalence of obesity.

On the other hand, the malignant transformation secondarily to hormone 
replacement therapy in operated menopausal patients is described. Unbalanced 
estrogen therapy is responsible for endometrial carcinoma, thus similarly could 
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cause malignant transformation of endometriosis lesions. Estrogen stimulation, 
whether endogenous as in obese patients, or exogenous as in hormone therapy 
for the climacteric syndrome, could play a role in the malignancy transforma-
tion of endometriosis lesions, but the pathway is not clear. Different studies 
have searched a potential relationship between these aspects, and Zanetta found 
that hyperestrogenism, either endogenous or exogenous, is a significant risk fac-
tor for the appearance of cancer in the endometriosis lesions, especially in the 
ovaries [44].

The risk of malignant transformation in other anatomical sites outside the ovaries 
appears to be low. A review by Gücer found 20 patients with neoplasms developed 
in endometriosis lesions, most of them on the vagina. He didn’t find any case of 
extra-ovarian malignant transformation in women undergoing combined hormone 
replacement therapy [45]. Modesitt confirmed these findings, reporting that more 
than half of the patients with extra-ovarian malignant transformation of endometrio-
sis lesions in his study had been administered unbalanced estrogen therapy [46]. 
Other researchers have described a potential role of tamoxifen in the process of 
malignancy but only in a small number of cases [47]. Based on all of these observa-
tions, the general recommendation regarding hormone replacement therapy in 
menopausal patients operated for endometriosis is combined estrogen and progestin 
hormone therapy [48].

17.7  Conclusion

Although peri- and postmenopausal endometriosis is considered a rare disease, it is 
not uncommon and should be taken into account because of the risk of disease 
recurrence and malignant transformation. In these patients, hormone replacement 
therapy is reserved only for the severe climacteric syndrome, bone loss/osteoporo-
sis, and genitourinary syndrome and should consist of combined estrogen- 
progesterone therapy.

The gold standard in treatment of a patient with confirmed peri- or postmeno-
pausal endometriosis by anamnesis, clinical symptomatology, and imaging tech-
niques is the surgical excision of the uterus, fallopian tubes, ovaries, and all 
macroscopic endometriosis lesions. For those patients for which surgical interven-
tion is not possible, several medical therapies such as GnRH agonist and antago-
nists, progestins, aromatase inhibitors, combined oral contraceptives, and 
levonorgestrel-releasing intrauterine systems are the treatment of choice.

Peri- and postmenopausal endometriosis is still one of the least studied topics of 
endometriosis. Further studies are urgently needed in terms of both in epidemiology 
and clinical management of the disease.
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18.1  Introduction

Approximately 80% of patients with endometriosis are in the reproductive age 
group and <40 years and may face pregnancy at any time [1]. In addition to the 
problem of infertility, special patterns during the course of pregnancy have also 
been described. Toward the end of pregnancy, the question arises of which mode of 
delivery should be recommended.

In one study, it was shown that women without previous endometriosis treatment 
were more likely to give birth spontaneously and had fewer birth complications. 
However, if a secondary cesarean was performed during the delivery, increased 
rates of intraoperative and postoperative complications were observed [2]. In a 
study in Italy, patients with deeply infiltrating endometriosis lesions in the posterior 
fornix who had undergone incomplete surgery had increased rates of preterm 
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delivery, placental complications (placenta previa, premature placental abruption), 
and pregnancy-induced hypertension [3]. The rate of cesarean procedures and also 
complications (hysterectomy, bladder lesions, hemoperitoneum) during cesareans 
were significantly increased in this group.

18.2  Pregnancy

Several studies have been published in recent years on pathological conditions occur-
ring during pregnancy. The conditions listed below are not specific to endometriosis, 
but are associated with an increased incidence in connection with endometriosis.

In addition to a slightly increased rate of miscarriage, endometriosis patients also 
have a nearly doubled incidence of extrauterine pregnancies [4]. Premature rupture 
of the membranes [5] and preterm birth [6] have also been reported more frequently 
in pregnancy. Research is being conducted on whether the increased incidence of 
placenta previa and premature placental abruption [7] should be interpreted in rela-
tion to nidation or in relation to adenomyosis. Spontaneous hemoperitoneum in 
pregnancy (SHiP) is a very rare, although life-threatening, situation [8]. This 
involves sudden intra-abdominal bleeding from endometrial lesions or adenomyo-
sis, which is still associated with a high rate of maternal morbidity and fetal morbid-
ity and mortality. This is probably caused by de-decidualization of the ectopic 
endometrial tissue during the third trimester. Only a slightly higher incidence of 
gestational diabetes was identified in a meta-analysis [9].

Individual publications have also repeatedly reported that there is an increased 
incidence of preeclampsia in endometriosis. However, these data could not be con-
firmed in a meta-analysis [10].

18.3  Obstetrics

Although there have been several studies on potential complications of endometrio-
sis during pregnancy, there are only a few studies on the question of which mode of 
birth should be recommended to endometriosis patients. The following list does not 
take into account general contraindications to vaginal delivery; only the mode of 
delivery in relation to endometriosis is considered.

High injury to the rectum in the course of spontaneous delivery is a serious com-
plication [3, 11]. The cause is assumed to be insufficient scar tissue that does not 
withstand the pressure caused by intrapartum stretching and ruptures. This affects 
both patients who have had deeply infiltrating endometriosis removed from the rec-
tovaginal septum or vagina and also patients who have undergone anterior rectal 
resections. Due to the deepening of the fetal head during delivery, maximum stretch-
ing occurs in the area of the scar tissue. Due to the limited elasticity, the tissue 
eventually tears. The scientific data on this issue is weak. Successful vaginal births 
have been described after rectal resection and in cases of untreated rectal endome-
triosis [12, 13], but it is not possible to draw any general treatment recommenda-
tions from this.
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In a surgical study investigating cesarean section versus spontaneous childbirth 
after rectal resection, a better quality of life and less anterior sphincter injury were 
observed in the cesarean group [14].

The following four questions are frequently asked in this context and should be 
helpful in decision-making:

 1. Should deeply infiltrating endometriosis be treated before pregnancy?
• Patients with untreated deeply infiltrating endometriosis have a higher rate of 

spontaneous childbirth.
• If a cesarean is carried out due to untreated deeply infiltrating endometriosis, 

intraoperative and postoperative complications are more frequent.
 2. Are patients with partially treated deeply infiltrating endometriosis at greater 

risk in relation to childbirth? Yes, the following risks have been reported:
• Prematurity.
• Placenta previa.
• Premature placental abruption.
• Gestational hypertension.
• Peripartum hysterectomy.

 3. What advice should be given to patients with endometriosis, with or without 
prior treatment, in relation to childbirth?
• Patients who have been treated for ovarian and/or peritoneal endometriosis 

can aim for spontaneous childbirth.
• If previously treated or existing deeply infiltrating endometriosis is present, 

there are currently no contraindications against spontaneous childbirth. There 
have only been case reports of complications, so that a clear recommendation 
cannot currently be given.

• If previously treated or existing rectal endometriosis is present, no clear rec-
ommendations can be given at present. On the basis of individual case reports, 
the patient should be informed about risks (including rectal injury) in the 
context of spontaneous delivery. It is a matter of controversy whether a pri-
mary cesarean section is indicated if the posterior fornix has been opened 
during the course of rectal resection. Due to a lack of data, a definite recom-
mendation is not at present possible.

• Surgery in the area of the sigmoid colon (without deep resection), appendix/
cecum, small-bowel area, or the rest of the colon does not constitute an indi-
cation for a primary cesarean.

 4. Should deeply infiltrating endometriosis be treated before pregnancy, due to the 
potential for complications during pregnancy or birth?
• The data situation is poor both in relation to improvements in fertility and in 

relation to complications during pregnancy and birth. It is therefore not pos-
sible to make any general recommendations. Counseling should thus focus on 
potential infertility or pain problems, rather than on possible pregnancy- 
associated complications or complications during childbirth.

• Treatment for endometriosis during pregnancy or intrapartum—e.g., during a 
cesarean—should be avoided. This is reserved for severe complications such 
as rectal rupture. Due to the vulnerability of the tissue, exploration should 
also be avoided during a cesarean procedure.
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Endometriosis is considered a chronic condition with a high risk of recurrence fol-
lowing treatment. Medical treatments are usually considered to be effective in con-
trolling the pain symptoms of endometriosis without eliminating the lesions, and it 
is very common for the symptoms to recur after their discontinuation. For this rea-
son, return of symptoms after discontinuation of medical treatment may be better 
described as ‘relapse’ instead of recurrence. Surgical treatment aims to eliminate 
endometriosis either as part of an organ-preserving conservative surgery or as part 
of a radical operation which also involves removal of the uterus with or without the 
ovaries. Even after surgical treatment, high recurrence rates have been reported, 
with estimates of 20% after 2 years and up to 50% after 5 years [1, 2]. A recent 
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population-based cohort study suggests that up to one in four who undergo minor 
surgery and one in five who undergo major conservative surgery with ovarian pres-
ervation require additional endometriosis surgery within 5 years following opera-
tion, whereas few endometriosis patients who undergo hysterectomy require repeat 
surgery. Furthermore, only 1.9% of major conservative surgery with bilateral sal-
pingo-oophorectomy (BSO), 1.4% of hysterectomy without BSO patients and 0.4% 
of hysterectomy with BSO patients went on to have repeat surgery. Compared to 
hysterectomy with ovarian preservation, women who underwent hysterectomy and 
BSO are less likely to require repeat surgery (aHR0.28, 95%CI: 0.19, 0.41), although 
the absolutely risk of requiring repeat surgery was low after hysterectomy [3].

In this chapter we will aim to give an overview of the published data on recur-
rence of endometriosis following surgery, predictive factors of recurrence, preven-
tive measures and management of recurrence.

19.1  Definition

Definition of recurrence varies in the published literature. It may be described as 
recurrence of pain symptoms (symptomatic recurrence) or recurrence of endometri-
otic lesions (anatomical recurrence). Symptomatic recurrence refers to return of one 
or more pain symptoms associated with endometriosis such as dysmenorrhoea, non- 
cyclical pelvic pain, dyspareunia or dyschezia. Many studies used this approach in 
defining recurrent endometriosis, as it is easier to collect data by asking the patients 
to report their symptoms, or complete questionnaires in person or remotely. 
However, grading pain is a subjective tool and may be affected by a number of fac-
tors, including the woman’s personal and emotional circumstances on the day of 
providing the data. Furthermore, lack of data from patients who have been lost to 
follow up may skew the results, as they would be more likely to be unsatisfied with 
their outcomes.

Anatomical recurrence may be described in a number of ways: clinical examina-
tion, imaging, surgery and histology. In addition, a small number of studies used 
rising CA-125 levels as an indication of recurrence.

Diagnosing recurrence by clinical examination is likely to be the least reliable or 
accurate method of detecting anatomical recurrence. Clinical examination is subject 
to significant interobserver and even intraobserver variability, and co-operation of 
the patient during the examination, perhaps affected by how severe her pain/tender-
ness on the day of examination is, is likely to have an impact on its accuracy.

Both ultrasound and magnetic resonance imaging (MRI) are established modali-
ties in diagnosing endometriomas and deep endometriosis. They would be expected 
to identify anatomical recurrence of these lesions as well; however, their accuracy 
in determining recurrence correctly and differentiating small endometriotic nodules 
from surgical fibrosis has not been well established. In addition, some small cystic 
areas containing echogenic fluid or blood products following surgical excision may 
resemble small endometriomas, and be diagnosed as such, although they may sim-
ply be postsurgical residues. Perhaps due to this possibility, or due to the 
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assumption that small cysts are unlikely to be significant, many studies looking at 
recurrence of endometriomas after surgery use a cut-off cyst size varying between 1 
and 3 cm. This cut-off is entirely arbitrary and is not based on any evidence.

Rises in CA-125 have also been used as an indication of recurrence in a couple 
of studies [4, 5]. An increase in the level of CA-125 by twice the level of normal was 
considered a sign of recurrence in women whose CA-125 had become negative after 
the initial surgery. CA-125 is nonspecific and is raised in a number of benign and 
malignant conditions; hence its usefulness is likely to be limited, similar to its use 
in diagnosis of endometriosis.

Histological confirmation of recurrence would be the most reliable way of dem-
onstrating recurrence. Surgery may again have a similar accuracy in detecting ana-
tomical recurrence. However, they are both invasive interventions. In addition, the 
limitations that apply to diagnostic accuracy of surgical visualisation and histo-
pathological confirmation in diagnosing endometriosis would still apply to detect-
ing recurrence [6]. In fact, both surgical visualisation and histopathology may have 
lower accuracy in detecting recurrence than diagnosing the original condition due to 
postsurgical fibrosis and changes in the appearance of the peritoneal surface. 
Furthermore, significance of anatomical recurrence without correlating it to the 
presence or absence of symptoms is debatable.

19.2  Mechanisms of Recurrence

Symptomatic or anatomical recurrence may be due to a number of mechanisms:

 1. Incomplete removal of endometriotic lesions at surgery; this is likely to present 
either as persistence or early recurrence of symptoms, as discussed later.

 2. Regrowth of invisible/microscopic lesions which were present at the time of 
surgery.

 3. De novo development of new endometriotic lesions.

All three mechanisms are likely to contribute to recurrence either separately or in 
combination. However, the magnitude of their contribution or how they relate to the 
symptoms of the woman is not clearly known.

19.3  Timing of Recurrence

It has been hypothesised that rate of recurrences may have a ‘U’ or a ‘bathtub’ shape 
[2]. This represents an initial period when a relatively high proportion of ‘recur-
rences’ or perhaps ‘persistent’ symptoms is seen. This is followed by a medium-
length phase where the recurrence rates are relatively low. After this phase, in the 
longer term, more women start experiencing recurrences. This appears a logical 
model based on clinical experience, although not necessarily supported by pub-
lished evidence.
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The initial high rates probably reflect a combination of persistent or early recur-
rent symptoms. This may be because the disease was not completely removed or the 
pain was not endometriosis related in the first place. It is also possible that patients 
who suffer from complex or centralised pain after long years of chronic pain may 
have limited benefit from surgery, although the peripheral disease may have been 
completely removed. It is well known that even diagnostic laparoscopy has a ‘pla-
cebo effect’ and women report improved pain within the first 3 months after sur-
gery [7].

The middle part of the ‘U-shaped’ curve indicates that the majority of women 
who had successful excision of their disease have a low risk of recurrence in the 
‘medium term’.

The last part of the curve indicates a higher proportion of women start to experi-
ence recurrences as longer time passes, allowing regrowth or de novo development 
of endometriosis.

The median gap between operations has been reported to be between 30 and 
36 months in a retrospective cohort in which the recurrences were confirmed surgi-
cally [8]. In this cohort the time to first recurrent endometriosis surgery was inde-
pendent from the endometriosis subtype (peritoneal endometriosis, ovarian 
endometrioma and deep endometriosis) diagnosed at the initial surgery. Moreover, 
at subsequent surgery the endometriosis subtype observed was likely to be the same 
subtype observed previously. Interestingly, however, there was a high percentage of 
patients that presented with more severe lesion subtypes, particularly deep endome-
triosis. The trend towards more severe endometriosis subtypes in these patients 
implies disease progression may occur overtime irrespective of surgical removal [8].

19.4  Risk Factors for Recurrent Endometriosis

The reported risk factors for recurrence may be grouped under patient, disease and 
surgery related (Table 19.1) [1, 9]. There is a long list of risk factors in the published 
literature, and sometimes there may be conflicting reports on certain risk factors, for 
example, the impact of age.

19.5  Prevention of Recurrence

Postoperative medical therapies have been a subject of interest in reducing symp-
tomatic or anatomical recurrence. In women operated on for endometriosis, it has 
been demonstrated that postoperative use of a levonorgestrel-intrauterine system 
(LNG-IUS) or a combined hormonal contraceptive for at least 18–24  months 
reduces the possibility of endometriosis-associated dysmenorrhoea, but not for non-
menstrual pelvic pain or dyspareunia [10, 11]. A recent systematic review and meta-
analysis of 17 studies using combined hormonal contraceptives, progestins, 
LNG-IUS or GnRH agonists showed that there was a significantly decreased risk of 
endometriosis recurrence in patients receiving postoperative hormonal suppression 
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compared to expectant management/placebo (relative risk (RR) 0.41; 95% CI, 0.26 
to 0.65) [12].

In case of endometriomas, there are more publications looking into the efficacy 
of postoperative medical therapies. Vercellini et al. recommended prescribing com-
bined hormonal contraceptives for the secondary prevention of endometrioma in 
women not trying to become pregnant [13]. Wattanayingcharoenchai et al. [14] car-
ried out a systematic review and network meta-analysis (NMA) on the efficacy of 
postoperative medical therapies in reducing endometrioma recurrence. They con-
cluded that evidence from randomised controlled trials (RCTs) do not support the 
use of postoperative hormonal therapies, whereas data from cohort studies indicated 
a significant protective effect of LNG-IUS followed by dienogest, gonadotropin- 
releasing hormone agonists (GnRHa) + LNG-IUS and continuous and cyclical oral 
contraceptives (OC). The most effective postoperative therapy (although non- 
significant) was GnRHa + LNG-IUS, followed by continuous OC and GnRHa based 
on RCTs. Direct meta-analysis of RCTs in the Wattanayingcharoenchai et al. article 
indicated an approximately 40–50% reduction with OCs, but this remained statisti-
cally non-significant. There is a wide variation in the design of studies on which 
meta-analyses and this NMA are based on in terms of inclusion criteria, duration of 
treatment and definition of recurrence, and this is likely to be the reason for conflict-
ing conclusions in different publications. It is very likely postoperative medical 
therapies would reduce recurrences by suppression of ovulation and reducing/elimi-
nating menstrual flow in the long term [15].

Intraoperative measures are also expected to reduce recurrences. In women oper-
ated on for an endometrioma, performing ovarian cystectomy, instead of drainage 
and electrocoagulation, reduces risk of endometriosis-associated dysmenorrhoea, 
dyspareunia, nonmenstrual pelvic pain as well as cyst recurrence and the need for 
further surgery [16]. It is also very plausible to expect that completeness of surgery 
and performance of surgery by experienced surgeons would be expected to reduce 
recurrences.

Table 19.1 Risk factors for recurrent endometriosis

Patient related
   Family history
   Younger age
   Higher BMI
Disease related
   More advanced disease
   Larger endometrioma size
   Bilaterality of endometrioma
   Presence of extensive adhesions
Surgery related
   Incomplete surgery
   Conservative or less radical surgery vs radical surgery
   Coagulation/ablation vs cystectomy for endometriomas
   Shaving instead of segmental or discoid resection for colorectal deep endometriosis
   Positive bowel resection margins for bowel endometriosis
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19.6  Management of Recurrent Endometriosis

19.6.1  Early Recurrence

The management of early symptomatic recurrence needs to start by assessing the 
history of the patient and details of the previous operation as well as imaging. If it 
is obvious that the previous operation was incomplete based on operation records or 
imaging, consideration should be given to a repeat operation. It would be sensible 
to arrange the repeat operation at a centre with the necessary expertise to remove the 
residual persistent disease.

If the assessment of the previous operation details and imaging suggest that there 
is no residual disease, other causes of pelvic pain including the possibility of cen-
tralised chronic pain should be explored, and consideration should be given to 
arranging input from pain management specialists.

19.6.2  Medium-/Long-Term Recurrence

As explained earlier, the majority of patients have real anatomical recurrence in 
this group. Hence, thorough assessment of the patient’s symptoms and their 
severity, extent of anatomical recurrence, age, future fertility plans, ovarian 
reserve in the presence of recurrent endometriomas and details of previous sur-
gery including presence and severity of adhesions, extent of surgery, type of 
endometriosis and intra- and postoperative complications should be obtained. It 
has to be remembered that repeat surgery for recurrent endometriomas tends to 
be more harmful to ovarian reserve and this would be expected to have a bigger 
impact on a woman’s future fertility or on possible future fertility treatment. 
Similarly, repeat operations for deep endometriosis tend to be more difficult and 
would carry higher risks compared to the primary operation. For these reasons, 
decision to reoperate in these two groups of women should be carefully consid-
ered [17]. Consideration should be given to non-organ-preserving surgery in 
older women who no longer plan to seek fertility or fertility treatment, if surgi-
cal treatment is chosen. The difficulty is to define the radicality of such a treat-
ment. It has been reported that ovarian conservation is associated with a sixfold 
risk of recurrent pain and an eightfold risk of reoperation [18]. However, bilat-
eral adnexectomy induces early menopause, may increase all-cause mortality 
and increases the risk of coronary heart disease [19]. The decision to perform 
bilateral adnexectomy must take into consideration the patient’s age and the 
effect on quality of life after inducing an artificial menopause.

Medical treatment has an important role to play in the management of recurrent 
endometriosis for the reasons explained above. There are a number of published 
trials or cohorts suggesting that combined hormonal contraceptives, desogestrel, 
dienogest and GnRHa can be beneficial in controlling the symptoms due to recur-
rence after conservative surgical treatment [20–24]. Experience with past medical 
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treatments, side effect profile and the woman’s preferences should be taken into 
account when these options are considered.

19.7  Conclusion

Recurrence after surgical treatment of endometriosis is common; hence clinicians 
should be familiar with assessment of these patients. Recurrence may be due to 
incomplete treatment or regrowth of the condition; however persistent or recurrent 
symptoms after surgery have usually a more complex background. Possibilities that 
the symptoms may not be due to endometriosis, centralisation of pain due to pro-
longed exposure and side effects of previous surgery/surgeries should be consid-
ered. A multidisciplinary approach that would be able to offer surgery, medical 
treatment and pain management would be necessary for the management of woman 
with recurrent endometriosis.
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20.1  Introduction

Endometriosis is not only a disease of the pelvis, but it can also be seen in other 
parts of the human body. Symptoms can vary depending on the affected tissue or 
organ. Cyclical symptoms, which occur within the first 72 h of menstruation, are 
called catamenial. Catamenial symptoms are present in most of the patients, at least 
in early stages, and may be the only sign that leads to the final diagnosis. The preva-
lence is not exactly known due to the irregular clinical presentation, difficulty in 
diagnosis, and consultation of patients to non-gynecological specialists who are not 
familiar with this condition. Gold standard in diagnosis is the histopathological con-
firmation of endometrial glands and stroma in the excised material. A trained 
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pathologist in detecting endometriosis is crucial since the excised material is not 
from the pelvic area. Imaging techniques and endoscopy can also be used for diag-
nosis depending on the affected organ system. In a systematic review conducted by 
Andres et al. (2020) involving 179 studies, malignancy was the most common dif-
ferential diagnosis (37%) among reported visceral endometriosis cases [1]. 
Therefore, a clinical knowledge on the possible extrapelvic locations of endome-
triosis is important for an accurate diagnosis and proper treatment. Treatment 
depends on the localization. If complete excision is possible, this is the treatment of 
choice; when this is not possible, long-term medical treatment is necessary [2].

Extrapelvic endometriosis is most commonly found in the abdominal wall after 
surgical procedures, such as cesarean section, which is followed by inguinal and 
umbilical endometriosis and thoracic endometriosis syndrome. Endometriosis 
involving the bowel is considered intrapelvic and is discussed as a part of the deep 
infiltrative endometriosis. Therefore, it will not be included in this chapter. However, 
endometriosis involving other abdominal organs will be discussed under the vis-
ceral endometriosis section. Pelvic nerve endometriosis is discussed in a separate 
chapter as well. Publications addressing uncommon cases of endometriosis involv-
ing the vascular, lymphatic, and central nervous system, as well as skeletal muscle 
and peripheral nerves, are mostly based on case reports. These entities of limited 
clinical relevance will be discussed at the end.

20.2  Abdominal Wall Endometriosis: Scar, Perineal, 
Umbilical, and Inguinal Endometriosis

The most frequent location of the extrapelvic endometriosis is the abdominal wall 
[3]. Abdominal wall endometriosis (AWE) is defined by the presence of endometrial- 
like tissue superficial to the peritoneum, including skin, rectus abdominis muscle, 
and rectus sheath [4]. AWE is frequently associated with gynecologic procedures 
such as caesarean section, episiotomy, laparoscopic or abdominal hysterectomy [1, 
5–7]. However, this definition also includes lesions that are not a result of a previous 
surgical procedure. In a review of 445 cases, the pooled mean time interval between 
index surgery and clinical presentation of AWE was reported to be 3.6 years [7]. 
Many cases of this entity are often misdiagnosed as hernia, hematoma, or lipoma. 
Therefore, patients are usually referred to general surgery clinics. Presence of intra-
pelvic endometriosis has been observed in 12% of AWE patients [8].

Scar endometriosis is the most common form of AWE, and the endometriotic 
loci are located near or at the site of the surgical incision. AWE is seen in 0.03–1.5% 
of women following caesarean delivery [5, 6]. Perineal endometriosis on the episi-
otomy scar is rarer. It is encountered in approximately 0.01–0.06% of women after 
vaginal birth with episiotomy [6, 9]. The etiology of scar endometriosis is thought 
to be iatrogenic through the transfer of endometrial cells into the surgical wound 
[10]. This mechanism is also called the metastatic theory. On the other hand, 
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primary endometriotic lesions of the abdominal wall are thought to occur through 
the metaplastic transformation of the coelomic epithelium. Primary lesions are usu-
ally located at or around umbilicus. Therefore, these lesions are called umbilical 
endometriosis. Umbilical endometriosis is estimated to occur in 0.5–1.0% of all 
cases of endometriosis and in 0.4–4% of all extragenital endometriosis cases [5, 
11]. Another form of AWE, inguinal endometriosis, is defined by the presence of 
endometriotic loci in the extraperitoneal portion of the round ligament, in the ingui-
nal lymph nodes, in the subcutaneous adipose tissue, and in the wall of sacs of 
inguinal or femoral hernias, which occur either as primary lesions or following 
gynecological and/or inguinal surgeries [12–16]. The actual incidence is not known. 
Most of the cases are observed on the right inguinal region [16].

Symptoms include local catamenial pain, diffuse abdominal pain, palpable mass 
with catamenial tenderness and swelling, and rarely umbilical bleeding. AWE can 
be identified with transabdominal ultrasonography (TAS), computed tomography 
(CT), and magnetic resonance imaging (MRI) in patients who are both symptomatic 
or asymptomatic [5, 6, 11, 17]. The appearance of AWE at TAS, CT, and MRI 
depends on the phase of the patient’s menstrual cycle, the chronicity of the lesion, 
the number of stromal and glandular elements, the amount of bleeding and associ-
ated inflammation [6, 17, 18]. TAS is usually the first-line imaging modality in 
evaluating focal abdominal or inguinal wall thickening identified at clinical exami-
nation. With TAS, the extent and the nature of the focal lesions can be determined 
and abdominal wall hernias can be excluded [18]. CT and MRI are used to exclude 
differential diagnoses in the anterior abdominal and pelvic wall such as hernia, 
abscess, hematoma, and other soft-tissue tumors [6, 17, 18]. CT can be performed 
with or without intravenous contrast material, although the use of contrast material 
improves its sensitivity and specificity. The highest reported combined sensitivity of 
CT imaging for the diagnosis of AWE is 0.69 (95% CI: 0.48–0.86) and specificity is 
0.97 (95% CI: 0.91–1.00) [17]. MRI provides better contrast resolution than CT and 
TAS and is superior to CT for depicting the delineation between muscle and abdom-
inal subcutaneous tissue and infiltration of abdominal wall structures. Furthermore, 
MRI is preferred in younger patients because of its improved tissue characterization 
and lack of ionizing radiation. Recently, for the diagnosis of umbilical endometrio-
sis, a sensitivity of 87.1% for physical examination, 76.5% for TAS, 75.6% for CT, 
and 81.8% for MRI was reported [5].

Ultrasound-guided fine-needle aspiration biopsy can be performed to exclude 
malignancy and establish a definitive preoperative diagnosis of AWE [18]. Treatment 
of choice is the surgical excision of endometriotic loci. The surgical therapy of 
AWE is often successful following a complete excision. Use of neoadjuvant and 
adjuvant hormonal treatment has been reported in only a few case reports. Due to 
lack of data, hormonal treatment is not routinely recommended. The decision should 
be made according to the symptoms of the patients, extend of the disease, and the 
presence of pelvic endometriosis.
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20.3  Visceral Endometriosis

Endometriosis is also known to affect abdominal organs. Cases of liver, kidney, 
pancreas, and biliary tract endometriosis have been reported in the literature [1]. 
Symptoms depend on the affected organ. Liver endometriosis commonly presents 
with abdominal pain, abdominal mass, and acute liver failure. Flank pain, hematu-
ria, and pyelonephritis are usually associated with kidney endometriosis. Epigastric 
pain and acute pancreatitis can occur in patients with pancreas endometriosis. In 
62% of the patients, pelvic endometriosis was reported [1]. CT is the most com-
monly used imaging modality. Biopsy, if possible, can lead to definitive diagnosis. 
Surgical excision of the endometriotic loci is the treatment of choice. However, 
more radical approaches such as partial nephrectomy, partial hepatectomy, and 
complete nephrectomy can be performed in the presence of severe disease. Hormonal 
treatment can be administered following surgery.

20.4  Thoracic Endometriosis Syndrome

Thoracic endometriosis syndrome (TES) encompasses a variety of symptoms and 
radiological findings associated with the growth of endometrial foci within the 
respiratory system, most commonly the lung parenchyma, pleural surfaces, and the 
diaphragm [19–21]. These symptoms include pneumothorax, hemothorax, hemop-
tysis, chest pain, pulmonary nodules, endometriosis-related diaphragmatic hernia, 
and endometriosis-related pleural effusion [22, 23]. Symptoms usually have a cata-
menial pattern [1, 20, 21]. However, non-catamenial presentation has also been 
reported in the literature [24]. Approximately 90% of patients with TES experience 
catamenial thoracic pain, which is followed by catamenial pneumothorax (80%) 
[25, 26]. Catamenial hemothorax is observed in 14% of the reported cases and cata-
menial hemoptysis in 5% [22]. In majority of the cases, a right-sided hemithorax 
involvement has been reported [27, 28].

Although the exact pathophysiological mechanism of TES is not yet known, a 
multifactorial etiology is suspected. The theories already discussed as a possible 
explanation for the occurrence of endometriosis such as retrograde menstruation, 
coelomic metaplasia, lymphatic and hematogenous dissemination, and prostaglan-
din F2alpha involvement are also considered in the etiology of TES [26]. The right- 
sided predominance can be explained by the circulation of the peritoneal fluid, 
which flows from the pelvis through the right paracolic gutter to the right hemidia-
phragm, while deviating away from the left hemidiaphragm due to obstruction of 
flow by the falciform and phrenicocolic ligaments [26, 29].

Symptoms arise according to the localization of the endometriotic lesions. 
Pleural involvement usually presents with catamenial pneumothorax, chest and/or 
shoulder pain and less commonly catamenial hemothorax. Pneumothorax leads to 
pleuritic chest pain, cough, and shortness of breath [26]. Diaphragmatic involve-
ment with fenestrations, which are usually present in the tendinous (central) part of 
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the diaphragm, can cause secondary pneumothorax, serous or bloody pleural effu-
sions, or partial thoracic herniation of abdominal organs [30, 31].

On the other hand, isolated diaphragmatic endometriosis is mostly asymptom-
atic, which is usually an incidental laparoscopic finding during pelvic endometriosis 
surgery [30]. Therefore, there is an ongoing debate on whether isolated diaphrag-
matic endometriosis should be considered as a part of TES or not. Endometriotic 
lesions of the diaphragm can cause phrenic nerve irritation. This leads to catamenial 
neck, shoulder, right upper quadrant, or epigastric pain [26, 32]. Parenchymal endo-
metriotic lesions can cause mild to moderate hemoptysis and nodules can be identi-
fied with imaging.

Diagnosis of TES is challenging, as these women’s symptoms may not immedi-
ately be attributed to endometriosis. Due to the respiratory related complaints, these 
patients usually visit thoracic clinics, which usually leads to a delay in the diagno-
sis. Chest X-ray (CXR), CT, and MRI are the imaging modalities of choice in diag-
nosis. CXR and CT are the most sensitive techniques in identifying hemothorax and 
pneumothorax [21, 26]. In a recent systematic review, only one study with 33 
patients with diaphragmatic endometriosis evaluated the accuracy of MRI for diag-
nosis and reported a sensitivity of 83% with fat-suppressed T1-weighted 
sequences [1].

It is advisable to discuss the diagnosis and management of TES in a multidisci-
plinary team in a center with sufficient expertise [33]. In the case of catamenial 
pneumothorax, video-assisted thoracoscopic surgery (VATS) is the approach of 
choice for diagnosis and surgical treatment [19, 26]. Superficial lesions can be coag-
ulated or ablated with different types of low-energy sources. The presence of larger 
lesions may afterwards be associated with diaphragmatic fenestrations and there-
fore a total excision when possible is advised [31, 34]. Small fenestrations in the 
diaphragm can be closed with interrupted stitches. In cases with large defects after 
resection, thoracoscopic suturing by a thoracic surgeon is preferable [30, 31]. 
Special care should be taken during the surgical interventions for the treatment of 
diaphragmatic endometriosis in order to preserve the phrenic nerve and vessels.

20.5  Other Sites

In a recent systematic review by Andres et al., a total of 19 case studies of nonab-
dominal and nonthoracic sites of endometriosis were reported [1]. These rare sites 
included six cases involving the central nervous system (one on brain, one on lum-
bar vertebra, and four on the conus medullaris). Twelve patients with endometriosis 
on extrapelvic muscles and peripheral nerves, and one case of nasal endometriosis. 
The age of this population ranged from 21 to 58 years.

In all cases involving the central nervous system, the extrapelvic muscles and the 
peripheral nerves, patients presented with paresthesia and catamenial pain radiating 
to the associated anatomical structures and dermatomes. Surgical excision was the 
definitive treatment in 91% of muscular and peripheral nerve endometriosis cases, 
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with complete and partial improvement of symptoms in 90.9% and 9%, respec-
tively. Adjuvant hormonal therapy after muscular and peripheral nerve endometrio-
sis resection was reported in 33.3% of these cases, with GnRH-analogues and OC.
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21.1  Introduction

Endometriosis is a chronic inflammatory disease affecting more than 170 million 
women worldwide and up to 10% of the women of reproductive age. It causes pain 
symptoms such as dysmenorrhea, dyspareunia, dyschezia, dysuria, and chronic pel-
vic pain [1, 2]. Although endometriosis affects 1 out of 10 women of reproductive 
age, pelvic nerve involvement is relatively rare. Endometriosis of the sciatic nerve 
was first described in 1946 by Schlicke, and in 1955 by Denton and Sherrill [1–3]. 
Since then, only a few reports on nerve endometriosis of the pelvis have been pub-
lished in the literature. A review conducted by De Sousa et al. included literature on 
nerve endometriosis up to 2015 [4]. They reported 365 cases of endometriosis in the 
somatic peripheral nervous system and 13 cases (10 in the spine and 3 in the brain) 
of endometriosis affecting the central nervous system [4]. The most commonly 
affected nerves were the lumbosacral and sacral plexuses (57%, n = 211) and sciatic 
nerve (39%, n = 140). Other nerves were reported in significantly small numbers; 
five cases involved the obturator nerve and three cases reported the femoral nerve 
endometriosis.

Endometriotic involvement of pelvic nerves can be described in two groups; iso-
lated group where endometriosis affects only the nerve fibers and non-isolated 
group where the endometriotic lesions located on or in the nerves are a continuation 
of the endometriotic lesions of the surrounding tissue. Somatic nerves, particularly 
the sciatic nerve (SN) and the sacral nerve roots are the most commonly affected 
nerves of the pelvis. In comparison, involvement of femoral and obturator nerves 
are rare. Depending on the nerve involvement, a difference in pain symptomatology 
can be observed. Endometriosis of the sciatic, femoral, and obturator nerves cause 
severe somatic pain, whereas involvement of the autonomic nerves such as inferior 
hypogastric and splanchnic nerves lead to visceral pelvic pain. In this chapter, we 
will discuss individual nerve involvement according to their frequency and then 
explain the appropriate diagnostic techniques and treatment modalities.

21.2  Etiology and Pathophysiology

The precise pathogenesis of endometriosis of pelvic nerves is still unknown. 
Multiple theories have been proposed. Nerve involvement with endometriosis gen-
erally occurs in two main ways. First, the most widely cited, yet unproven 
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pathophysiological hypothesis is that endometrial cells are transported from the 
uterine cavity during menstruation and subsequently become implanted at ectopic 
sites. Second, the endometrial tissue in the peripheral nerves invades the epineurium 
and perineurium and due to monthly hormonal changes results in intraneural hem-
orrhage and inflammation [5]. The first and most frequent situation involves large 
rectovaginal or uterosacral nodules, which develop laterally through the parame-
trium to the lateral pelvic wall, piriformis, and levator ani muscles, where they come 
into contact with the sacral plexus. The second less frequent situation involves deep 
endometriosis nodules that occur more laterally and cranially, in contact with the 
pelvic wall and sciatic nerve, before exiting through the greater sciatic foramen [6]. 
While endometriosis is able to infiltrate and destroy sympathetic pelvic nerves, it 
seems unable to destroy the somatic nerves as easily. The sacral hypogastric fascia 
seems to be an anatomic barrier to infiltration of the pelvic wall as the Denonvilliers’ 
fascia is an anatomic barrier to rectum infiltration in cases of endometriosis of the 
rectovaginal space [7].

The implantation theory can be excluded as this theory proposes that endometrial 
tissue passes through the fallopian tubes, then attaches and proliferates in ectopic 
sites in the peritoneal cavity. The theory of coelomic metaplasia or the induction 
theory holds that endometriosis develops from metaplasia of cells lining the pelvic 
peritoneum. Halban proposed the “lymphatic and vascular metastasis” theories and 
reported that endometriosis could arise in the retroperitoneum from lymphatic and 
hematogenous dissemination of endometrial cells [8].

The theory of perineural spread of endometriosis has recently been introduced as 
an alternative by De Sousa et al. [4, 9]. Perineural spread of endometriosis is a form 
of local invasion in which endometrial glands and stroma spread along the tissue of 
the nerve sheath. De Sousa et al. explained that the first step of the perineural spread 
occurs from the uterus to the lumbosacral plexus (LSP) via the visceral autonomic 
nerves, and the second spread is from the plexus to the spinal nerves or distally to 
the sciatic nerve and muscular nerve branches. Spread from the uterus to the LSP 
can be seen as a soft-tissue band, hyperintense on MRI T2WI and heterogeneously 
enhancing, extending either from the cervix or the body of the uterus toward the 
sciatic notch [9]. Despite all these proposed theories, data on the etiology and patho-
physiology of pelvic nerve endometriosis is still very limited.

21.3  Basic Pelvic Neuroanatomy

Lumbosacral Trunk Lumbosacral trunk consists of the anterior division of S1, L5, 
and part of L4 (Fig. 21.1).

Femoral Nerve The femoral nerve is the largest branch of the lumbar plexus. It 
provides considerable sensory innervation to the anterior aspect of the thigh and 
knee, and motor innervation to the quadriceps muscles. In the thigh, it divides into 
numerous sensory and muscular branches and the saphenous nerve, its long sensory 
terminal branch, which continues down to the foot. It gives motor innervation to the 
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iliopsoas, pectineus, sartorius, and quadriceps femoris (the patellar reflex is medi-
ated by lumbar nerve L4), and sensory innervation to the anterior thigh, posterior 
lower leg, and hind foot.

Obturator Nerve Obturator nerve leaves the pelvic area through the obturator canal 
(Fig. 21.1). It sends motor branches mainly to the adductor muscles in the thigh. 
The anterior branch contributes a terminal sensory branch, which supplies the skin 
on the medial, distal part of the thigh.

Sacral Nerves The lumbosacral trunk is joined by the S2, S3, and a branch from S4 
and sometimes S5 (Fig. 21.1). Together, they are called sacral plexus. The sacral 
plexus gives rise to five main nerves; superior gluteal nerve (SGN), inferior gluteal 
nerve, sciatic nerve, posterior femoral cutaneous nerve, and the pudendal nerve.

Superior Gluteal Nerve SGN feeds gluteus medius, gluteus minimus, and tensor 
fascia latae. If endometriosis infiltrates at this level, involving SGN, muscle atrophy 
may develop over time [7]. These muscles are important in maintaining the stability 
of the pelvis. SGN exits the pelvis above the piriformis muscle (Fig. 21.1). Superior 
gluteal artery and vein accompany the nerve for most of its course. During dissec-
tion, awareness of these vessels is particularly important as they can retract into the 
gluteal muscles if severed, making hemostasis very difficult.

Inferior Gluteal Nerve Inferior gluteal nerve supplies gluteus maximus muscle. 
The sciatic nerve and the inferior gluteal nerve exit the pelvis through the greater 
sciatic notch, caudal and inferior to the piriformis muscle.

Posterior Femoral Cutaneous Nerve This is a sensory branch of the sacral plexus. 
It is responsible for the sensation of the posterior thigh, buttocks, and posterior 
labia. It leaves the pelvis inferior to the piriformis muscle, along with the sci-
atic nerve.

Pudendal Nerve The pudendal nerve is a sensory and motor nerve originating from 
S2 to S4. It branches from the sacral plexus just proximal to the sacrospinous 

Fig. 21.1 Left 
lumbosacral space. (With 
permissions from Taner 
Usta)
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ligament. It exits the pelvis through the great sciatic notch and reenters the pelvis 
through the lesser sciatic notch. It gives off three distal branches: the perineal nerve, 
the inferior rectal nerve, and the dorsal nerve of the clitoris.

Sciatic Nerve The sciatic nerve (SN) is the largest somatic nerve (approximately 
2 cm wide) in the human body [7, 10]. It is a major nerve of the lower limb. The 
roots of the SN exit the spinal cord at L4 and 5 and S1, 2, and 3. These five lumbo-
sacral trunks (lumbosacral plexus) travel along the posterolateral aspect of the hol-
low of the sacrum and unite to form the sciatic nerve exiting the pelvis through the 
greater sciatic foramen. It innervates the posterior thigh muscles (semimembrano-
sus, semitendinosus, and biceps femoris) as well as the hamstring portion of the 
abductor magnus. SN contains both sensory neurons and motor functions. It inner-
vates (due to its terminal branches) the skin of the lateral leg, heel, and both the 
dorsal and plantar surfaces of the foot [10]. Damage to the SN can result in various 
symptoms, including lower back pain, muscle weakness, and reflex abnormalities. 
Symptoms are usually present in the lower leg, such as an inability to bend the knee, 
irradiation pain from the buttocks to the lower leg, or difficulty in rotating and bend-
ing the foot, and foot drop.

21.4  Clinical Evaluation

21.4.1  Non-discogenic Sciatica

Traditionally, sciatica, with or without lower back pain, is defined as pain along the 
distribution areas (lower back to the hips and buttocks and down each leg) of the 
sciatic nerve. The most frequent pathology of sciatica is associated with herniation 
of intervertebral disks [11]. Typically, sciatica is one-sided. There is a small group 
of patients presenting with classic sciatica misdiagnosed as having a discogenic 
cause. Lumbosacral imaging in such patients might show mild to moderate disc 
disease, which may erroneously be considered responsible for the symptoms. 
Sometimes, these patients undergo unnecessary surgical procedures. Non-discogenic 
sciatica (NDS) is uncommon and has symptoms that are similar to those of much 
more frequent causes of sciatica, so that it is often overlooked [12]. The neurologi-
cal examination of patients with NDS usually reveals an absent Lasègue’s sign 
(Fig. 21.2), a positive Tinel’s sign with radiation into the distribution of the SN, and 
extremely tender deep palpation of the infragluteus region in the area of the SN 
between the ischial tuberosity and greater trochanter [12].

Classically, pain sets on a few days before menstruation, increases gradually and 
then subsides after the end of menstruation. Thus, it has also been called cyclical 
sciatica [13]. Major etiologies of NDS include those of traumatic, inflammatory, 
tumoral, vascular, and gynecological origin. The most common tumors impinging 
the SN are primary tumors like schwannomas, neurofibromas, and malignant 
peripheral nerve sheath tumors. Patients usually present with somatic, sensory (but-
tock and leg pain), and motor complaints (alteration of the Achillean reflex and foot 
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drop owing to the involvement of S1) [6]. Sciatic pain associated with neoplasia 
often has an insidious onset and generally is the first symptom of disease. Other 
neurological symptoms, like weakness, altered gait, diminished reflexes, paresthe-
sia, and dysesthesia, are also frequent. This symptomatology frequently mimics sci-
atic pain caused by disc herniation. Among gynecological pathologies, recent 
studies have shown extrauterine endometriosis as the principal cause. The cyclical 
pattern of sciatica, which coincides with menstruation, is highly suggestive of a 
gynecological cause.

21.4.2  Sacral Plexus Endometriosis

Endometriosis of the sacral plexus is commonly an extension and the result of inva-
sion of deep infiltrating endometriosis involving the parametrium. Due to the ana-
tomical proximity, deep infiltrating endometriosis affecting the sacrouterine 
ligament is a risky situation for S3 and S4 involvement, whereas infiltrations of 
cardinal ligaments and ovarian fossa correlate with S2 and S3 involvement [14]. 
Sacral root entrapment seems to be much more frequent than actual nerve infiltra-
tion owing to the posterior development of large rectovaginal or parametrial nod-
ules. Conversely, intraneural endometriosis was more frequently reported in the SN 
and may need to require partial resection of the nerve [15] (Fig. 21.3).

SN originates from lumbar spinal nerve 5, sacral nerve root 1 and 2. Bladder has 
a nerve supply from sacral nerve roots 2, 3, and 4. With a detailed clinical evalua-
tion, it is easy to exclude isolated SN and sacral nerve pathologies. Patients with 
endometrial nodules affecting these structures usually present with bladder, rectum, 
and left colon dysfunction, in addition to vaginal dryness, which is more likely due 
to the involvement of the inferior hypogastric plexus and the thin nerves of the 

a b

Fig. 21.2 (a, b) Straight leg raising test (Lasègue’s sign). This test is used in the clinical examina-
tion of patients presenting with lower back pain. It is an important test for determining the nerve 
root tension. Examiner lifts the patient’s leg with the knee is extended while the patient is in a 
supine position. If the patient experiences sciatic pain, and more specifically pain radiating down 
the leg (radiculopathy), when the straight leg is at an angle of between 30 and 70 degrees, then the 
test is positive and a herniated disk is a possible cause of the pain. (With permissions from 
Taner Usta)
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sacral roots [6]. Roman et al. published a retrospective case series of deep endome-
triosis involving the sacral roots in 49 women and the SN in 3 cases [6]. They 
reported that self-catheterization was required in 14 cases (27%) at 3 weeks postop-
eratively and in 3 women (5.8%) 12  months following surgery. Although pain 
reduction may be rapid after surgery, other sensory or motor complaints, including 
bladder dysfunction, may persists over months or years.

21.4.3  Sciatic Nerve (SN) Endometriosis

Endometriosis as the cause of sciatica by direct involvement of the SN is very rare. 
In 1946, Schlicke reported a case of a palpable painful nodule in the posterior part 
of the thigh of a woman who complained of cyclic sciatic pain, although the direct 
involvement of the SN was not confirmed [1, 2]. A direct association of cyclic sci-
atic pain and an endometriotic lesion over the SN was confirmed through surgical 
exploration of the SN by Denton in 1955 [1]. Although SN endometriosis was 
reported for the first time in 1946, few cases have been reported thus far. By far, the 
largest series to date was published by Possover [15]. A full clinical and neuroradio-
logic evaluation is mandatory in diagnosis. Pain symptoms are usually unilateral 
and bilateral symptoms are extremely rare. The SN endometriosis localization is of 
marked clinical relevance because of the important sensory and motor symptoms 
that may develop [16]. This condition can be very difficult to diagnose as it can 
present very much like a typical case of sciatica, which is commonly due to pro-
lapsed disc compressing the adjacent nerve root as it exits the spine [17]. Although 
sacral endometriotic radiculopathies are usually part of parametric endometriosis, 
endometriosis of the SN can be isolated without any history of pelvic endometriosis 
[15]. Pain may begin just before menstruation and persist for several days after the 
end of flow. Left untreated, neuropathic pain will lose its cyclical nature, becoming 
constant and refractory to strong pain medications (opiates and neuroleptics). 
Because of nerve damage through deep infiltration of the nerve with axonal destruc-
tions, sciatic pain will be accompanied by motor deficits with gait disorder and foot 
drop, cramping, and/or numbness radiating down the leg [15] (Fig. 21.4).

a b

Fig. 21.3 Deep endometriotic nodule on sacral nerve roots. (a) Before the dissection, (b) after 
dissection. (With permissions from Taner Usta)
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The sciatica is first cyclical and occurs during menstrual periods in sciatic nerve 
endometriosis. It sometimes begins 1–2  days before or after the first day of the 
period and relieves once the menstruation ends. This is a complicated situation, as 
sciatica is often associated with osteomuscular etiologies and intrapelvic nerve 
entrapments are often neglected as a possible cause [18]. Symptoms include L5 and 
S1 sciatica, gluteal pain, and, sometimes, troubles of locomotion (foot drop), but 
never bladder dysfunctions, hyperactivity or hypersensitivity and pudendal pain is 
also absent [15]. Isolated sciatic endometriosis seems to develop and grow inside 
the SN itself and expand caudally through the greater sciatic foramen [10, 15, 17]. 
Therefore, a transgluteal approach for SN decompression exposes the patients to the 
risk of incomplete surgery by missing the endopelvic part of the lesion [14].

The most common location of endometriotic involvement of the SN is over the 
lateral aspect proximal to the greater sciatic foramen [15]. Isolated sciatic endome-
triosis is always located at the suprapiriform portion of the sciatic nerve (L5, S1, ± 
S2) and it is never a part of the parametric deep infiltrating endometriosis [14]. 
Often the lesion is located in the sciatic notch compressing other somatic nerves that 
share the same route when leaving the pelvis [19]. Although infiltration of the pelvic 
sidewall and the sacral plexus may be predominantly left-sided, SN endometriosis 
is predominantly right-sided. Vercellini et al. stated that the results of their system-
atic review demonstrated a lateral asymmetry in the location of SN endometriosis, 
more frequently on the right side than on the left [20].

Physical examination may reveal various neurologic deficits involving the sciatic 
nerve roots, with a positive straight leg raising test (Lasegue’s sign), reduction/loss 
of the Achilles reflex, and peripheral neuropathy of the ankle. There may be local-
ized tenderness over the sciatic notch, and transvaginal examination of the sacral 
plexus may induce a trigger pain with positive paresthesia of the nerve (Hoffmann–
Tinel sign) [15].

21.4.4  Femoral Nerve Endometriosis

There are only few cases of femoral nerve endometriosis reported in the literature. 
Management requires a multidisciplinary approach between neuropelveologists 

Fig. 21.4 The 
endometriotic nodule 
involving the right sciatic 
nerve. (With permissions 
from Shaheen Khazali)
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(usually but not always an endometriosis surgeon), neurosurgeons, and radiologists. 
High-quality magnetic resonance imaging (MRI) is important to precisely identify 
the site of the lesion. Difficulty in treatment is the surgical approach, which may 
require nerve grafting and therefore long-term follow-up is necessary to confirm 
that nerve functions fully recover [21]. Niro et al. proposed to complete resection of 
the nodule and a femoral nerve transplant to the patient by laparotomic route as a 
treatment option.

21.4.5  Obturator Nerve Endometriosis

First reported case of obturator nerve endometriosis was operated via laparotomy in 
1990 by Redwine et al., and first laparoscopic surgical treatment was performed in 
2007 by Ekpo et al. [22, 23]. Reported cases of both femoral and obturator endome-
triosis is very limited. To the best of our knowledge, so far three cases of femoral 
and six cases of obturator nerve involvement have been reported [24].

21.5  Diagnosis of Nerve Endometriosis 
(Neuropelveologic Diagnosis)

Probably the main reasons for omission of pelvic nerve pathologies are that they are 
difficult to diagnose and treat and also there is a lack of awareness that such lesions 
exist [25]. The International Society of Neuropelveology (ISON) was established in 
2014 by Marc Possover. One of the aims of neuropelveology is to better understand 
and manage the pelvic pain which is related with the pelvic nerves [26]. 
Neuropelveology enabled us to better understand the neural functions of the pelvic 
nerves and the diseases which affect these nerves. Through this better understand-
ing, an early diagnosis became possible.

Endometriotic involvement of the pelvic nerves generate symptoms in accor-
dance with the neural function of the affected nerve. One of the most important 
symptoms is pain, typically catamenial pain. The severity of the pain symptoms 
increases during the menstruation and alleviate once menstruation ceases. Some 
patients experience pain symptoms whole throughout the month although the sever-
ity varies with menstruation. The location and radiation of pain conveys important 
information on the localization of the lesion and involvement of the pelvic nerve. 
Therefore, evaluation of pain localization and radiation, bladder and intestinal func-
tion, walking, ascension and descension of stairway, ability to wear high heels, and 
presence of drop foot is essential in patients complaining with pelvic pain symp-
toms. Involvement of the autonomic nervous system (parasympathetic and sympa-
thetic) such as the involvement of the hypogastric nerve can lead to visceral pain 
and vegetative symptoms. These patients usually present with urination and defeca-
tion problems. The presence of symptoms involving the bladder and the intestines 
can be misleading. The signs suggestive of intrapelvic nerve involvement include 
perineal pain or pain radiating to the lower limbs, lower urinary tract symptoms, 
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tenesmus or dyschezia associated with gluteal pain. Its symptoms include pain, tin-
gling, numbness, and muscle weakness on the affected nerve’s dermatome. 
Therefore, the knowledge of dermatomes makes it possible for an accurate diagno-
sis, and this requires a change in the way in which pelvic surgeons are trained to 
think [18].

The somatic bundles of the lumbosacral plexus innervate the lower limbs, the 
muscle and skin of the perineum, and the pelvic floor muscles. Therefore, the symp-
toms suggestive of intrapelvic nerve entrapment are those such as perineal pain or 
pain radiating to the lower limbs, lower urinary tract symptoms, tenesmus or dys-
chezia associated with perineal or gluteal pain and rectal or vaginal foreign body 
sensation [14, 27, 28]. Any of these symptoms, in the absence of a spinal condition 
that could explain it, and in particular when worsening of symptoms occurs during 
the perimenstrual period, should alert the gynecologist to suspect sacral plexus 
involvement [28].

In addition to pelvic pain, in patients with sciatic involvement, gluteal pain radi-
ating to the plantar surface of the ipsilateral foot and difficulty in walking is 
observed. Neurologic signs such as foot drop, weakness, and atrophy of muscles 
innervated by the SN, and sensory loss are also reported. Pain while straight leg test 
(Lasègue’s sign) is frequently seen with SN involvement. Limitation of straight leg 
raise test is common with alteration of sensation along L5 and S1 dermatome with 
possible reduced power in ankle and changes to ankle reflex. Typical neurologic 
symptoms are pudendal and gluteal pains (S3, S4), S2 sciatica, and troubles of sen-
sibility and functions of pelvic organs (e.g., bladder hyperactivity or sensitivity, 
troubles of continence, detrusor hypercontractility), but never problems with loco-
motion. Sphincter dysfunctions, motor or sensitive urinary urgency or voiding dif-
ficulties were explored by urodynamic testing [14].

Patient assessment should not only focus on gynecological reasons but must also 
include neurological disorders. Gynecologist usually focuses on the pelvic area. 
However, pain radiation is as important as its origin. Careful anamnesis has to be 
taken with detailed information of pain involving the buttocks, the pudendal area, 
and the lower extremities. Patients have to be evaluated by a classical neurologic 
workup for the lower extremities; muscle strength, evaluated and documented using 
the classical neurologic 0 to 5 rating scale (0, no movement; 5, normal strength); 
reflexes, including the patellar reflex (L3), Achilles reflex (S1), and ano-cutaneous 
reflex (S2) (0, absence; 1, reduced; 2, normal). Physicians have to perform toe and 
heel walk test. Bladder and urethral function should be evaluated by patient history, 
sonographic measurement of postvoiding residual volume, and urodynamic testing 
[15]. Possible motor deficits of hip adductors (L3–obturator nerve), knee extensors 
(L1-L4–femoral nerve), ankle dorsiflexion (foot drop–L5), and ankle plantar flexion 
(S1) should be evaluated [14]. In cases of uncertain clinical evaluation or in patients 
with only catamenial symptoms patients should be evaluated during menstruation. 
Although possible diagnostic modalities are discussed in the following sections, the 
gold standard in diagnosis is still the histopathological confirmation of the surgical 
specimen [5].
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21.5.1  Electromyography

Electrophysiological studies (distal motor and sensory peripheral nerve latent 
period, sacral latent periods, electromyography (EMG), cortical evoked poten-
tials, and cutaneous sympathetic potentials) provide a positive diagnosis of 
peripheral nerve damage and locates the disease to the nerve trunk or nerve root 
and is useful in establishing the prognosis for recovery [21, 29]. EMG may show 
denervation in muscles innervated by the SN, and nerve conduction studies may 
reveal slowing along the course of the nerve. In addition, EMG is useful when 
evaluating patients who receive medical treatment or for presurgical evaluation. 
It can also be applied during postsurgical follow-up to determine the efficacy of 
surgical intervention.

21.5.2  Urodynamic Test

Once sacral plexus involvement is suspected, careful neurologic and urodynamic 
evaluation should be performed [30]. Application of urodynamic tests to patients 
with pathologies involving the sacral 2-4 nerve plexus, which cause bladder dys-
function, can be helpful during the treatment assessment. However, a routine appli-
cation of urodynamic tests during the evaluation of patients with pelvic endometriosis 
is not necessary.

21.6  Imaging of the Pelvic Nerves

21.6.1  Ultrasonography

Although magnetic resonance imaging (MRI) is the gold standard in the diagnosis 
of pelvic nerve endometriosis, ultrasonography (USG) is recommended as a feasi-
ble option for diagnostic imaging of the SN when SN endometriosis is suspected 
clinically [31]. It may even be used to monitor the morphological regression of the 
endometrial tissue in and around the nerve during pharmacological treatment. The 
latter may be valuable information that confirms the diagnosis and may spare the 
patient from undergoing invasive histological sampling or decompressive surgery. 
Notwithstanding the utility of MRI in the diagnosis of SN conditions, especially in 
assessment of intrapelvic extension of the lesion and in patients with a large body 
habitus, USG, in addition to its ease of access, has the advantage of higher resolu-
tion allowing better depiction of nerve structure [31]. Data on the utility of USG in 
the diagnosis of pelvic nerve endometriosis is limited. However, if the endometri-
otic lesion can be visualized with USG, USG can be used during the management 
and follow-up.
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21.6.2  Magnetic Resonance Imaging

The diagnosis of sciatica is clinical, but MRI is a helpful tool to determinate its 
cause and also it can be useful in the differential diagnosis. Use of MRI in the diag-
nosis of SN endometriosis has been reported for the first time in 1995 [32]. MR 
tractography is being investigated by some authors and initial results are very prom-
ising, showing that MR tractography is superior to MR neurography for this pur-
pose (personal communication with SK). Until a better imaging modality for 
diagnosis is established, MRI remains the imaging modality of choice for sciatic 
endometriosis. MRI is a noninvasive technique with high spatial resolution that 
allows a direct visualization of the spinal nerves and SN.  It is the modality best 
suited for the study of SN involvement in extrapelvic endometriosis with a high 
sensitivity (90%) and specificity (98%) [33, 34]. Endometriotic cysts have a high 
concentration of protein and iron from recurrent and chronic hemorrhage, which 
reflects on MRI as a high signal on T1W sequences and low signal (shading) on 
T2W sequences [35–37]. On MRI, endometriotic lesion appears as solid spiculated 
nodules or as a focal lesion with a large cystic component and variable signal inten-
sities due to presence of blood products [38]. Muscles denervation signs are also 
demonstrated, in particular in chronic disease [38]. Furthermore, it is an important 
investigative test to rule out other potential etiologies.

Unfortunately, not all cases of sciatic endometriosis can be identified on MRI. It 
has been suggested that the quality of imaging can be influenced by the phase of 
menstrual cycle [9]. Capek et  al. described partly extraneural, partly intraneural 
cysts that changed in size parallel with the menstrual cycle. We believe that MRI at 
different phases of the menstrual cycle can be helpful in uncertain cases and can 
provide further insight into patients, especially those with catamenial symptoms, in 
whom a diagnosis often remains elusive [9].

MR neurography (MRN) is a technique that can be used to identify pelvic nerve 
abnormalities caused by endometriosis. However, this technique remains to be 
established as a potential option for the future. Contrast-enhanced short time inver-
sion recovery (STIR) imaging sampling perfection with application-optimized con-
trasts using different flip angle evolution (SPACE) sequences on 3 Tesla (T) MRI, 
3D STIR-SPACE imaging, is a promising technique for demonstrating sacral plexus 
compression and adhesion by ectopic endometrium [39].

Figure 21.5 demonstrated endometriosis infiltrating the superior gluteal nerve on 
the right, causing marked atrophy of the muscles innervated by this nerve (gluteus 
medius and gluteus minimus).

Findings may indicate a need for exploration of the lumbosacral space despite 
normal MRI findings. An evaluation based solely on positive MRI findings would 
lead to misdiagnosis of patients. Therefore, clinical evaluation is also essential. 
Possover et al. published three sciatic nerve endometriosis cases in 2007. They only 
suspected preoperative anamnestic findings such as an increase in pain during men-
struation and/or a reduction in pain during a gestagen therapy [7]. They also stated 
that neither by preoperative examination, by CT scan, or MRI, nor by the laparo-
scopic inspection of the pelvis could any endometriotic lesions of the pelvic 
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retroperitoneal space be diagnosed. This is still a current issue. An experienced radi-
ologist in both clinical aspect of the disease and interpretation of the findings is 
needed for accurate diagnosis. A lack in such expertise leads to late diagnosis and 
late onset of treatment in these patients. Therefore, clinical diagnosis carries great 
importance even if there are no pathologies detected with MRI.

21.7  Exclusion of Other Reasons of Sciatica

A full clinical and neuroradiologic evaluation is essentially to rule out herniation of 
intervertebral disks, spondylitic nerve root compression, hip-joint arthritis, arach-
noiditis, primary neural tumors, metastases, gluteal artery aneurysm, and hema-
toma, all of which must be considered in the differential diagnosis [16]. The most 
frequent pathology of sciatica is associated with herniation of intervertebral disks 
[40]. Other possible causes of intrapelvic nerve compression include vascular 
entrapment, postoperative fibrosis, and muscular entrapment [41–43].

21.8  Natural Course of Nerve Endometriosis

The mechanisms of neurological pain and dysfunction in this subset of patients are 
from external compression of the endometriotic mass (and its surrounding fibrotic 
tissue) infiltrating the parametrium and pelvic wall and/or in the direct growth of 
endometriotic tissue into the nerve sheaths [44]. Data on the progression of intra-
neural nerve endometriosis over time is limited [45]. Although the involved tissue is 
different, nerve involvement is still considered as deep infiltrative endometriosis. 
Therefore, the progression of the disease is expected to be slow. Further studies 
are needed.

Fig. 21.5 Magnetic 
resonance imaging. It is 
showing the involvement 
of the right sciatic nerve 
and marked atrophy of the 
right gluteal medius and 
minimus muscles due to 
involvement of superior 
gluteal nerve. (With 
permissions from Shaheen 
Khazali)
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21.9  Treatment of Nerve Endometriosis

Unfortunately, due to lack of randomized prospective studies and meta-analyses, 
there is no agreement on what should be the gold-standard for treatment of these 
conditions in the international medical literature [10]. Therefore, the data presented 
here is based largely on case series and case studies. In the following section, first 
medical and then the surgical treatment is presented. Treatment is commonly based 
on excision of the lesion in contact with the nerve (confirming the diagnosis and 
giving the best chance of neurological recovery) and associated treatment of the 
other localizations of endometriosis (laparoscopic surgery and/or medical treat-
ment, particularly with GnRH agonists).

21.9.1  Medical Treatment

In 1995, DeCesare and Yeko reported a case of sciatic nerve endometriosis that 
responded to medical management [46]. However, the data on medical treatment 
options is still scarce. While there have been limited reports of successful medical 
treatment for endometriosis of the SN, there are numerous publications of cases 
requiring surgical intervention due to nonresponse to medical treatment [17, 31].

Progesterone derivatives such as dienogest and norethisterone acetate (NETA) 
are widely used in the treatment of endometriosis related pain. Although progester-
one is effective in alleviating pain, weight gain, mood changes, and abnormal uter-
ine bleeding have been reported as side effects when used for long periods. The 
main problem with medical treatment is that none of the available drugs are curative 
and they have to be used for long periods despite of the side effects to keep the dis-
ease progression under control.

GnRH agonist was reported clinically effective on pain for SN endometriosis in 
a case report [16]. Motamedi et al. used hormone therapy with GnRH agonist (deca-
peptide) in a patient with persistent pain postsurgically, which helped improve the 
patient’s pain [45]. The patient’s pain subsided completely, but after 4 months, her 
neurological examinations were still unchanged. They repeated the examination at 
6 months, which revealed complete foot drop on the affected side and a new EMG 
showed progression in the lumbosacral plexus. Endometriosis is one of the indica-
tions for GnRH agonist use and its efficacy on pain symptoms is demonstrated by 
the Cochrane review [45, 47]. Fedele et al. diagnosed SN endometriosis proved by 
clinical response to GnRH analogue treatment. However, none of the three cases 
included in the report by Fedele et  al. had pathological MRI findings and histo-
pathological confirmation. Authors stated that even EMG findings of marked dener-
vation of leg and foot muscles showed good reinnervation of the muscles, after the 
first 12 cycles of treatment with GnRH agonist. On the other hand, all cases of 
claudication symptoms persisted even after GnRH agonist treatments. Carrosco 
et al. reported that neuropathy progression and poor pain control with medical treat-
ments led them to decide upon surgical treatment for these patients [19]. These 
different treatment approaches and opinions is probably due to the extent of nerve 
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tissue involvement. However, with this limited data, it is not possible to conclude on 
the effect of medical treatment on the neurological pathology along with pain. There 
are no data regarding the long-term efficacy of medical treatment on nerve endome-
triosis. In addition, it is still unknown for how long a medical treatment is appropri-
ate, and there are no data on the recurrence rate following cease of treatment.

21.9.2  Surgical Treatment

In 2005, Volpi et al. described the first case of laparoscopic neurolysis of the SN 
endometriosis [48]. Possover reported that laparoscopic exploration of the SN is 
indicated as soon as possible before neurologic disorders appear [7]. On the other 
hand, Carrasco et al. recommended that if the pharmacological therapy is success-
ful, in the absence of signs of neuropathic progression, surgery can be postponed 
[19]. When neuropathy progression and poor pain control occur, surgical treatment 
is recommended.

Although in pelvic endometriosis infiltrating the parametrial and pararectal tis-
sues extending to the pelvic wall, the eradication of the mass with the exposure or 
decompression of the sacral nerve roots is usually sufficient, isolated sciatic endo-
metriosis growing underneath the pelvic neural sheaths requires intrafascicular neu-
rolysis of the sciatic nerve with a resection of the destroyed or involved fascial 
sheaths and parts of the nerve [44] (Fig. 21.3). The most frequently resected portion 
of the sciatic nerve was found in the cranial part corresponding to the L5 nerve root 
[15] (Fig. 21.4). The condition can progress and timely intervention has been rec-
ommended to prevent significant neurological injury. In a subset of 46 patients 
reported by Possover, who had >30% of SN destroyed by sciatic nerve with gait 
disturbances, recovery required at least 3 years of intensive physiotherapy [15].

When a section of tissue is removed from the body, the sensory axons within it 
die and degenerate, since they have been cut from their cell bodies. But we know 
that axons can regenerate after peripheral nerve injury [15, 49–51]. The neo- 
innervation which strongly supports that the complex is a potential source of sensa-
tion. The complexes became innervated like human and modeled rat endometrioma 
[52, 53]. In cases of deep infiltrating endometriosis of the SN, laparoscopic resec-
tion is required to obtain free margins, but this remains controversial owing to the 
risk of neurologic damage and irreversible gait disorders or foot drop. While some 
reports have claimed that microsurgical resection is the best treatment for sciatic 
endometriosis total recovery is not expected in advanced cases [5, 47]. However, 
reversal of foot drop with danazol has been reported [47]. Possover et al. reported 
that in patients with foot drop because of massive isolated sciatic endometriosis, 
surgical treatment could not result in recovery of foot flexion, but surgery is not 
normally the cause of the functional deterioration [14]. Furthermore, they stated 
that resection of endoneural endometriosis allowed axonal recovery and reconnec-
tion, with potential recovery of loss of function. This neurogenic recovery occurred 
in all patients, but recovery of normal gait took years [15].
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Isolated sciatic endometriosis seems to develop and grow inside the sciatic nerve 
itself and expand caudally through the greater sciatic foramen. Isolated sciatic endo-
metriosis requires interfascicular neurolysis of the sciatic nerve with resection of 
destroyed or involved parts of the nerve, whereas in sacral nerve root endometriosis, 
exposure or decompression of the sacral nerve roots is usually sufficient [14]. 
Therefore, a transgluteal approach for sciatic nerve decompression exposes the 
patients to the risk of incomplete surgery by missing the endopelvic part of the 
lesion. Only in very rare cases the extensive endometriotic infiltration of the sciatic 
foramen surrounding the sciatic nerve and its branches allowed just the freeing of 
the endopelvic part of the nerve itself, avoiding a further dissection in the gluteal 
region through the sciatic foramen, considering this step too dangerous [10]. If dis-
ease extends beyond the pelvis into the gluteal region, neurosurgical or orthopedic 
input will be required to perform a transgluteal approach [54].

Despite the high cure and improvement rate, only half of the patients experience 
complete remission of pain [18]. Possover reported laparoscopic exploration of iso-
lated endometriosis of the SN in 27 patients, deep infiltrating parametric endome-
triosis with sacral plexus infiltration in 148 patients. A reduction in mean visual 
analogue scale (VAS) score of pain from 7.7 (±1.16; range 6–10) before surgery to 
2.6 (±1.77; range 0–6) at 6-month after surgery was reported for sacral plexus endo-
metriosis [14].

After surgery with nerve resection, patients usually suffer from neuropathic pain 
and sensorimotor disorders, possibly worse than before surgery; however, over the 
long term (3–5 years), most patients recover sufficient SN function and muscular 
compensation to achieve a normal gait [15]. Even with complete resection of endo-
neural endometriosis and preservation of some continuity of the SN, two additional 
treatments are essential: postoperative physiotherapy and medical treatment with 
neuroleptic agents, which must be implemented immediately after the procedure to 
control postoperative neuropathic pain and avoid the development of phantom pain. 
Postoperative physiotherapy is essential to recover function after nerve injuries. 
Muscles without innervation start to atrophy within the first 3 months after nerve 
injury, and this process reaches a critical level after 2 years [55–57]. Muscle atrophy 
is mainly nonreversible and hinders reinnervation when this critical time point is 
reached [58].

Another condition causing sciatica is pelvic peritoneal pocket also called perito-
neal retraction pocket or Allen-Masterson pocket. A pelvic peritoneal pocket in 
association with endometriosis was first described by Sampson. Chatman and 
Zbella, and Redwine later demonstrated the importance of recognizing peritoneal 
pockets as a potential manifestation of endometriosis, as endometriosis in such 
structures in women with pelvic pain otherwise could remain undiagnosed and 
untreated [59–61]. Vilos et  al. reported on 25 patients with chronic pelvic pain, 
cyclic pain radiating to the leg (right 15, left 9, both 1), pain over buttocks, and 
paresthesia of the thighs and/or knees, exacerbated during menses [40]. They found 
at laparoscopy pelvic peritoneal pockets in 15 patients, peritoneal endometriosis in 
5, and endometriosis nodules in 5 patients. All these lesions were located in postero-
lateral pelvic peritoneum and they were excised [40]. After excision of the 
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peritoneal pocket, endometriosis was confirmed histologically. Histologic evalua-
tion of the five excised nodules showed evidence of endometriosis. Histology of 
peritoneal pockets included endometriosis (n = 9, 60.0%), endosalpingiosis (n = 2, 
13.3%), chronic inflammation (n = 1, 6.7%), and no abnormal histology (n = 3, 
20%) [40]. The patient’s cyclic sciatic pain was cured. The immediate clinical out-
come was complete relief of the cyclic sciatica-like pain in 19 women, marked 
improvement in 4, and no significant difference in 2. Since histologically at least 
80% of them contain endometriosis, endosalpingiosis, or chronically inflammatory 
peritoneum, it is conceivable that their proximity to the lumbosacral plexus irritates 
areas of the sacral nerve, leading to cyclic sciatica-like pain [40]. However, it is 
more plausible that the pain is referred pain originating from pelvic peritoneum. 
Depending on the topography and deepness of infiltration, they can be the cause of 
some neurologic symptoms associated with endometriosis pain. Vercellini et  al. 
showed a poor correlation between location of pain and location of superficial dis-
ease [62]. On the other hand, Hsu et al. showed a stronger correlation between loca-
tion of pain and location of deep disease [63]. Carranco et al. reported on seven 
cases of peritoneal retraction pocket which were totally excised [64]. In all cases, 
endometriosis was confirmed by histopathology, and in a 6-month follow-up, all 
patients showed improvement of bowel, pain, and neurologic symptoms. The sig-
nificance of pelvic peritoneal pockets is still unknown. Therefore, more studies 
are needed.

21.10  Long-Term Prognosis After Nerve Resection

Early recognition and treatment of this disorder is important to minimize the sever-
ity of nerve damage caused by the recurrent cycles of hemorrhage and fibrosis that 
are characteristic of endometriosis [65]. Resection of deep infiltrating endometrio-
sis of the SN to decrease pain has been reported but neurofunctional outcomes of the 
SN after surgery remain unknown. Possover published 5-year follow-up on 46 sci-
atic nerve endometriosis patients who underwent laparoscopic neurolysis [15]. 
Possover reported that significant functional recovery occurred in most patients 
after a period of 2.5–3 years, whereas normal gait function was achieved at 4–5 years 
after the procedure. Evaluation of pain during the 5-year follow-up revealed the 
mean preoperative pain VAS score as 9.33 ± 0.65 while taking pain medication, and 
was reduced to 1.25 ± 1.05 at the 5-year follow-up without regular pain treatment 
[15]. Preoperatively, all patients reported exponential worsening of gait disorders 
and neuropathic pain that became refractory to medical treatments and to drug- 
induced amenorrhea within a short period [15]. Treating pain with drug-induced 
amenorrhea is legitimate, but as soon as gait disorders and foot drop appear, surgical 
treatment is advisable to prevent further irreversible neurogenic damage [15]. As far 
as we know, laparoscopic treatment can be performed with excellent results in terms 
of pain improvement and recurrence, as well as good functional outcome as long as 
part of the nerve is preserved and the patient is properly supported by intensive 
physiotherapy.
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22.1  Introduction

Endometriosis is a chronic estrogen-dependent disease with high morbidity that 
affects approximately 10% of women of reproductive age [1, 2]. It is strongly asso-
ciated with infertility, either alone or as an adjunct to other causal factors. This 
disease generates a chronic systemic inflammatory process and predisposes the 
patient to anatomical, tubal, and ovulatory changes, being present in up to 50% of 
infertile couples [3].

Often, patients undergo chronic pain treatments, including long-term hormone 
administration (GnRH-agonists, hormonal contraceptives based on estradiol and/or 
progesterone), analgesics and anti-inflammatory drugs, and finally surgical treat-
ment [2, 4]. The latter, which is being used less over time, aims to remove adhesions 
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and eliminate endometrial implants in the pelvic and abdominal cavities. These 
treatments also cause infertility, since amenorrhea is a commonly presented adverse 
effect [1].

Endometriotic lesions predominantly affect the ovaries, either by invagination of 
endometrial tissue by the ovarian cortex in situations of retrograde menstruation or 
by coelomic metaplasia. These lesions, called endometriomas, generate cysts that 
are rich in macrophages and hematic cells and can be easily detected on transvagi-
nal ultrasound. A local deleterious impact, due to simple “mass effect” or the pres-
ence of toxic substances, could explain why these patients have less ovarian reserve 
(OR) and experience infertility more frequently than the healthy population [4].

Recently published studies also show an impairment of both oocyte quality and 
follicular quantity in this population, supporting the surgical removal of these 
lesions to reduce the symptoms and restore normal ovarian function when seeking 
pregnancy [5]. However, even more recently, it has been postulated that perform-
ing ovarian surgery to eliminate these lesions can also compromise the ovarian 
reserve, predisposing these women to premature ovarian failure, early menopause, 
and infertility [1, 6]. Experts affirm that the surgical approach should be avoided, 
operating only in exceptional situations, because in the effort to dry the lesions 
and obtain “free margins,” healthy ovarian tissue with its follicular population is 
also eliminated [1]. This is confirmed by studies that show a sharp drop in the 
Anti-Mullerian Hormone (AMH) levels and antral follicle count (AFC) of post-
surgical patients [7].

On the other hand, fertility preservation (FP) is increasingly used, especially in 
women over 35 years of age, whose decline in reproductive potential is more evi-
dent. Situations where the ovarian reserve is diminished, even when the patient’s 
biological age is not so advanced, are also often indications for FP. These conditions 
include patients suffering from endometriosis, where follicular depletion occurs 
faster [1].

With the advent of vitrification and the high success rates in thawing (reaching 
83%), the freezing of oocytes, embryos, and ovarian tissue is being increasingly 
used, especially oocyte preservation, given the substantial experience already 
acquired on the subject and the favorable results published over the years. 
Cryopreservation of ovarian tissue, even though it has been described for more than 
20 years, is complex, expensive and little used, and then only as an alternative for 
emergency situations where it is impracticable to wait for controlled ovarian stimu-
lation (COS) or where there is an indication for oophorectomy. Embryo vitrification 
is also less used for FP, given the ethical conflicts generated and the need for a part-
ner at the time of oocyte extraction, in addition to controversial situations in the 
event of the couple separating [8].

Regardless of the technique used to preserve the fertility of these patients, espe-
cially those affected by advanced endometriosis, there is a consensus that FP can 
and should be proposed by the attending physician, since it increases the possibili-
ties of future pregnancy in patients with evolutionary endometriosis or with a com-
promised ovarian reserve in postsurgical conditions [1, 2].
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22.2  Population Characteristics

22.2.1  Endometriosis and Poor Oocyte Quality

Endometriomas can be present in up to 44% of patients with endometriosis, and 
their possible impact on oocyte quality has been proposed, especially in patients 
with advanced stages of the disease (deep endometriosis). Many studies point to a 
direct impact on ovarian activity due to interference with steroidogenesis [1, 9]. The 
reports that ovulation occurs more commonly in the contralateral ovary in the pres-
ence of endometriomas also suggest a local deleterious effect on the ovulatory 
mechanism or even on follicular recruitment [2, 10].

On the other hand, underlying chronic systemic inflammatory processes can also 
impact the quality/quantity of the follicles by increasing oxidative stress [2]. 
Nakahara et al. showed a higher apoptotic activity of granulosa cells and cumulus 
oophorus in patients with ovarian endometriomas, which may explain the poorer 
quality of the oocytes obtained and embryos generated after COS in these 
patients [11].

It is evident that in order to freeze eggs or embryos for fertility preservation, we 
need good quality gametes, with good rates of survival to thawing and satisfactory 
competence to achieve implantation and originate a live birth. A review published in 
2017 reveals the scarcity of literature available on oocyte quality in patients with 
endometriosis. The authors cite reports of decreased expression of P450 aromatase 
in these oocytes, with decreased estradiol (E2) concentrations and considerable 
intrafollicular imbalance, resulting in increased local oxidative stress. These gam-
etes also seem to show worse rates of in-vitro maturation, propensity to altered 
morphology and decreased mitochondrial cytoplasmic content [2, 9].

This increase in reactive oxygen species could promote meiotic and chromo-
somal abnormalities in oocytes. This could explain the lower percentages of mature 
oocytes found after follicular aspiration in patients with endometriosis [9].

A retrospective study published in 2019 that analyzed infertility in patients com-
paring endometriosis versus tubal factor showed an increase in the amount of cyto-
plasmic granules and vacuoles in the oocytes of patients affected by the disease. A 
considerably larger amount of immature oocytes was also obtained in this group 
(p < 0.005). Oocyte quality suffered a greater impact, especially when the endome-
triomas were more than 3  cm in diameter, suggesting a size/toxicity relation-
ship [12].

Kitajima et  al. histologically analyzed ovarian cortex samples from 13 young 
patients with and without endometriomas, showing a significant increase in the 
amount of atretic follicles in the ovaries affected by endometriotic cysts. The pri-
mordial follicle and oocyte diameters were also smaller, probably due to the ovarian 
inflammatory process generated by the cystic content. Immunohistochemical analy-
sis of apoptosis confirmed increased apoptotic activity in the follicles of patients 
with the disease [13].

Studies in mice have also shown changes in the oocyte meiotic spindle when 
exposed to endometriotic content, also suggesting a possible impact on oocyte 
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quality by the oxidative stress generated. However, studies carried out subsequently 
did not find clear evidence of these theories, since oocytes and embryos of women 
with endometriosis showed the same rates of blastulation and aneuploidy as healthy 
patients. The same controversy applies to reports of lower production of ATP and 
mitochondrial activity in these patients’ oocytes, which still need confirmation 
[2, 14].

The impact of endometriosis on gamete quality was also analyzed in studies of 
women participating in oocyte donation programs. Oocytes generated by patients 
with this disease showed worse clinical results when transferred to healthy patients, 
indicating a possible qualitative impairment [15].

Following the same reasoning, another French retrospective study published in 
2020 attempted to prove this impact on embryonic quality by analyzing patients 
with and without endometriosis and found no significant differences in the obten-
tion of high-quality embryos between groups. The smaller number of oocytes and 
mature oocytes in the group with the pathology directly influenced the cumulative 
live birth rates, but the pregnancy rates per cycle did not differ. The results con-
firmed that, in this sample, the quality was equivalent between gametes obtained 
from patients with and without the disease [16].

In the country where this study was carried out, egg freezing in patients with 
advanced endometriosis has been funded by the government since 2018, which 
proves that public health systems are concerned about the negative impact of the 
disease on the reproductive capacity of endometriosis patients, which can affect up 
to 40% of this population [5].

The potential impairment of oocyte quality in patients with endometriosis is not 
yet completely clear. The studies published to date show contradictory results, and 
new, well-designed studies, especially including patients who have opted for fertil-
ity preservation, could elucidate the capacity of these oocytes to generate a live birth.

22.2.2  Endometriosis and Reduction of Ovarian Reserve

The impact of endometriosis on oocyte quality is a controversial topic and still 
needs scientific proof, but the impairment of the ovarian reserve of patients with the 
disease is a widespread concept. This impact on the antral follicle pool is basically 
explained by two factors: the evolution of the disease itself and surgical iatrogene-
sis. Studies comparing AMH levels and AFC show considerably lower figures in 
endometriosis patients, even in the absence of postsurgical cases [17, 18].

Bearing in mind that AMH and AFC are currently the most widely accepted OR 
markers, a study carried out in Brazil using infertile patients undergoing laparos-
copy to confirm endometriosis compared AMH levels in patients with mild endome-
triosis and women without the disease, adjusting for the respective confounding 
factors. The results showed decreased levels in the group with endometriosis (1.26 
vs. 2.02 ng/ml), as well as greater heterogeneity and asynchrony in the development 
of antral follicles [18].
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Another research group carried out a prospective study to compare patients with 
unilateral endometriomas, bilateral endometriomas and women without the pathol-
ogy in order to determine the impact of endometriomas on the ovarian reserve of 
nonsurgical patients [17].

There were statistically significant differences in the concentrations of AMH in 
patients with bilateral ovarian involvement versus those free of pathology. These 
data show the deleterious effect of endometriotic cysts at the ovarian level and their 
impact on OR, which can be explained by the effect of cytokines and the free radi-
cals produced by them, which stimulate tissue fibrosis with vascular impairment 
and, consequently, interference with local perfusion. In addition, reports of prolif-
eration of disorganized smooth muscle parallel to cysts replacing functional ovarian 
tissue would also account for the decrease in AMH concentration presented by these 
patients [17].

One of the mechanisms proposed for the local toxicity induced by endometriotic 
cysts is also the high concentration of free iron in their interior. This free metal can 
stimulate the production of free radicals, which cause damage at the cellular and 
vascular level [19].

The presence of iron in high concentrations alters ovarian gene expression, 
inducing the production and recruitment of local pro-inflammatory substances 
(tumor necrosis factor alpha, a proinflammatory cytokine, interleukin IL-6 and 
IL-8), which in the absence of homeostasis, have deleterious effects on the ovary 
[19, 20].

These same free radicals present within the cyst can affect the muscular layers of 
the vessels that supply blood to the ovaries, altering their relaxation and compli-
ance [19].

Other studies have shown that fewer oocytes and mature oocytes are commonly 
aspirated in patients with endometriosis compared to patients without the pathology 
undergoing COS.  These data, confirmed also in nonsurgical patients, can be 
explained by the “mass effect” exerted by endometriomas [4, 7].

Therefore, based on the currently available literature, we conclude that the pres-
ence of endometriosis, especially at the ovarian level and by different mechanisms, 
has a deleterious effect on follicular population. This impact can compromise the 
ovarian reserve of these patients and is therefore a plausible reason to propose fertil-
ity preservation to this population.

22.3  Clinical Impact of Surgical Removal  
of Endometriomas

One of the most controversial issues involving endometriosis is undoubtedly the 
indication of surgical intervention. In the past, the attitude toward the treatment of 
these patients was much more interventionist and active, to the point of gynecolo-
gists being “divided” into two groups of opinion, those in favor and those against 
early surgical management. For years, early surgical intervention was justified by 
the ease of removal of small lesions and by the fact that it decreased ovarian 
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vascular involvement, in addition to facilitating the diagnosis of lesions not seen in 
imaging exams. Interference with ovarian functionality was considered to be mini-
mal, and it could even increase the chances of spontaneous postsurgical pregnancy 
while delaying the evolution of the disease [8, 21].

One of the first studies to this effect was published in 1997, analyzing 341 women 
who underwent laparoscopy for endometriosis. The authors found significant differ-
ences in pregnancy rates in patients who underwent a procedure to remove endome-
triotic tissue, compared to those who received conservative treatment after diagnosis 
(30.7% vs. 17.7%). These results stimulated surgical management at the time [22].

Studies even suggested a possible capacity for ovarian self-repair after the proce-
dure, reversing the damage caused by the surgery. These studies were based on the 
partial restoration of AMH in the late postoperative period, even if below the base-
line [7].

Years later, surgical excision of ovarian endometriomas pre-COS was also advo-
cated for as a way to prevent a possible increase in cyst volume during treatment. 
This increase was not found in other studies carried out later [23]. The greater ease 
of ultrasound monitoring of follicular growth during the administration of gonado-
tropins also justified the procedure. The overall rates of spontaneous pregnancy 
reported in patients affected by endometriosis were high, at approximately 73%. In 
addition, during oocyte extraction, the ovaries would be more accessible, thus 
reducing possible post-puncture complications, such as hemorrhage and formation 
of ovarian abscesses [2, 24–26].

However, despite the positive points mentioned above, many studies show a con-
siderable decrease in the ovarian reserve of patients who have undergone ovarian 
surgery, which can have a significant impact on the ability of these women to con-
ceive, even after assisted reproduction treatments. Studies show that after surgery, 
substantial falls in ovarian reserve markers are presented. Concurring with these 
data, fewer oocytes and embryos are generated after the surgery, thus decreasing the 
chances of reaching embryo transfer in assisted reproduction cycles [5, 16].

Authors concluded that after undergoing surgery to remove endometriotic foci, 
women undergoing COS obtain up to 1.4 fewer oocytes per stimulation than non-
operated patients. This could have a direct impact on the amount of stimulations 
needed to vitrify a reasonable number of oocytes in cases of fertility preserva-
tion [21].

Since the infertility commonly presented by these women is due to depletion of 
the ovarian reserve as a consequence of the evolution of the disease or surgical iat-
rogenesis, the need to perform highly complex reproductive treatments has grown 
exponentially, currently justifying up to 25% of IVF indications [4]. These data 
encourage oocyte vitrification in these patients. The study by Cobo et al. in 2020 
showed a significant return rate of 46.5% of patients who had their oocytes vitrified 
for fertility preservation in order to attempt pregnancy. This reflects the low rates of 
spontaneous pregnancy in patients with endometriosis who suffer from infertility, 
even after surgical intervention [1].
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The surgical techniques for the elimination of endometriomas are laparoscopic 
surgical excision, electrocauterization, vaporization, and puncture of endometriotic 
cysts. Some of these procedures have high recurrence rates, reaching up to 66.6% 
[4, 21]. Regardless of the technique employed, a well-trained and experienced pro-
fessional team can minimize the deleterious effects of the procedure itself, as well 
as avoid the use of electrocautery [5, 21]. Interestingly, in 2017, a Chinese study 
found no differences when comparing the retrieval of oocytes and mature oocytes in 
patients who had undergone ovarian surgery to remove endometriomas to the same 
procedure in patients who had undergone an endometriotic cyst puncture or those 
who had followed an expectant conduct before COS [27].

These data should be interpreted with caution, given the mechanical action 
exerted by surgical procedures since, in addition to removing healthy ovarian tissue, 
it also stimulates fibrosis at the site, occupying the space previously intended for 
follicular development. As described by Garcia-Velasco et al. in a study carried out 
in clinics in different countries, surgical removal of endometriotic cysts consider-
ably increased the time until pregnancy, decreased the ovarian reserve (<AFC), and 
decreased the patient’s response to COS [2].

Another study published in 2020 also reports that performing ovarian surgery 
before COS has a negative influence on the number of oocytes aspirated, unlike the 
presence of endometriomas during the process, which has not been shown to signifi-
cantly interfere with the cycle [3].

Therefore, oocyte vitrification for fertility preservation before surgery seems to 
be the most accepted strategy today, since if the surgical procedure performed sub-
sequently does not result in spontaneous pregnancy, the frozen oocytes will provide 
these women, whose ovarian reserve may be compromised post-surgery, with the 
opportunity to gestate [3].

The retrospective study led by Cobo et al. published in 2020 contributed signifi-
cantly to our better understanding of this topic. The study aimed to evaluate the 
clinical results of patients with endometriosis who underwent oocyte vitrification, 
as well as the impact of ovarian surgery on COS. Among the 485 women who par-
ticipated in the study, the number of vitrified oocytes and the rates of ongoing preg-
nancy per cycle were higher in patients who had not undergone surgery (6.2–5.8). 
This study showed a considerable impact on the ovarian response to COS in patients 
under 35 years of age who had had surgery. The cumulative live birth rate in this 
population was 70% in conservative treatment versus 50% in operated patients [1].

This study contradicts the logical reasoning that younger women would be the 
best candidates for surgical intervention for endometriosis because they have a bet-
ter ovarian reserve. Though it may seem a reasonable theory, this population was the 
one that suffered the most with the negative impact of surgery. Despite having a 
larger pool of antral follicles, the removal of healthy ovarian tissue along with the 
endometriomas had a negative impact on their treatment; the recommendation, 
therefore, is to perform the surgical procedure (when necessary) after the capture of 
oocytes [1].
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Another retrospective cohort study published in 2016 analyzed more than 
400,000 cycles of in vitro fertilization and showed that patients with endometriosis 
represented 11% of those who were treated for infertility, which in 22% of them was 
associated with a low ovarian reserve. The vast majority of these women also had 
other diagnoses that could cause infertility, with only 4% of them being diagnosed 
exclusively of endometriosis [20].

A curious finding of this publication is that patients with an exclusive diagnosis 
of endometriosis had an equal rate of live births compared to patients with other 
diagnoses, despite a smaller number of retrieved oocytes. Patients with endometrio-
sis associated with another pathology causing infertility had lower pregnancy and 
live birth rates than patients free of the disease. These results were in line with a 
Norwegian study that was carried out over a 20-year period and also found equal 
cumulative live birth rates in patients undergoing IVF when comparing patients 
with endometriosis (regardless of stage) to patients with other causes of infertil-
ity [20].

Some authors have found significantly greater impacts on the ovarian reserve of 
patients with bilateral lesions compared to patients without endometriosis, but 
AMH levels do not seem to differ between patients with uni- versus bilateral lesions. 
A 2020 study showed fewer mature oocytes rescued from patients with bilateral 
lesions compared to unilateral (5.1 vs. 3.3) after COS to preserve fertility. COS was 
performed before the surgical excision of the lesions [23]. These populations should 
be advised on the freezing of eggs and their unfavorable prognosis, with the purpose 
of making them participate in the decisions regarding their treatment, so they can 
have their eggs frozen before the surgical intervention [5].

Therefore, from a practical point of view, current evidence suggests that the sur-
gical removal of ovarian endometriotic lesions should be performed only after the 
extraction of oocytes to preserve fertility, given the possible impairment of the ovar-
ian reserve caused by the surgery and the high return rate of these patients to assisted 
reproduction clinics to use their previously vitrified oocytes.

22.4  Strategies for COS in Patients with Endometriosis

One of the issues that undoubtedly deserves special attention is the choice of the 
COS protocol implemented to preserve the fertility of patients with endometriosis. 
The quest to optimize results in these women, who often have a low ovarian reserve, 
is a major challenge for contemporary reproductive medicine. Obtaining a higher 
number of oocytes and mature oocytes for vitrification is directly related to the like-
lihood of future pregnancy [28].

One of the pioneering works on this topic was published by Bastu et al., who 
compared COS protocols with GnRH agonists and antagonists in infertile patients 
who underwent ovarian endometrioma exeresis. Patients who used the agonist pro-
tocol obtained higher amounts of mature oocytes and good quality embryos, but the 
pregnancy and live birth rates did not differ between groups. This study was limited 
by its small sample size; nevertheless, when it comes to oocyte vitrification for 
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preservation of fertility, the use of protocols with GnRH agonists should be consid-
ered [29].

Another more recently published study compared three COS protocols (long and 
short agonist and GnRH antagonist) in patients with a compromised ovarian reserve 
after cystectomy due to ovarian endometriomas. Among the 342 participating 
women, no significant differences in the number of oocytes obtained or in the fertil-
ization rates were found between the groups. With an average of four oocytes aspi-
rated per patient, the three protocols proved to be equally effective [30].

Considering the pathophysiology of endometriosis and its estrogen-dependent 
character, a Canadian retrospective study sought to compare clinical results in 
patients who underwent COS cycles with 2 months of previous preparation with a 
GnRH agonist and patients who followed this same treatment combined with 5 mg 
of letrozole orally daily [31].

The study showed that the combined therapy group had a higher AFC (10.3 vs. 
6.4), more mature oocytes (9.1 vs. 4.0) and a considerable decrease in the size of 
ovarian endometriomas (1.8 cm vs. 3.2 cm). The good results of this combination 
therapy were attributed to a significant decrease in the ovarian and pelvic inflamma-
tory process, which was now strongly blocked by both medications [31].

The results were even more expressive if we compare this same population with 
IVF cycles performed without any prior preparation, with a mean AFC of 6.2 and 
3.2 mature oocytes obtained per patient, and an average endometrioma size of 
3.5 cm [31].

Taking into account previously published work on therapy with GnRH agonists 
prior to COS in patients with endometriosis, an Italian study published in 2020 
proved that the use of dienogest for 3 months prior to COS in women with previous 
failure in IVF also brought benefits in pregnancy and live birth rates. Among the 63 
patients who used the therapy, an important increase in the number of oocytes 
obtained and embryos generated was evidenced [20].

Trying to elucidate this issue, another study this year (2020) in patients with 
endometriosis also evaluated the use of progesterone in COS cycles by comparing 
it with cycles with an antagonist. Fifty-four women were included in each group, 
with similar characteristics and an average age of 30. The number of oocytes 
obtained (8.1) and vitrified (6.4) after COS were the same in both groups. The use 
of progesterone (P4) to suppress the LH peak proved to be effective, cheap, and 
more convenient than cycles with antagonists, since many of these patients already 
used P4 to treat endometriosis prior to stimulation, and only continued its use [3].

Similar results had been published in 2017, when patients with endometriomas 
undergoing COS with progesterone had a higher number of mature oocytes and 
good quality morulae per stimulation cycle when compared to the group that used 
GnRH analogues. No premature LH surges were reported in the 147 cases analyzed 
and the implantation, pregnancy, fertilization, and cycle cancellation rates did not 
differ between protocols. This study confirmed the viability of COS with progester-
one for endometriotic patients and suggests a possible reduction of pelvic inflam-
mation during its use, which may explain the good results presented by this 
protocol [27].
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When analyzing the chronic inflammatory processes of patients with endome-
triomas and their possible impacts on fertility, already mentioned throughout this 
chapter, the administration of GnRH, progesterone or letrozole agonists during or 
prior to COS can be considered, since the results they produced were equivalent to 
or even better than those of the protocols usually implemented. These findings can 
be explained by the anti-inflammatory properties of these drugs. Therefore, the rec-
ommendation is to personalize and individualize treatment in each case, and ana-
lyze the drug and financial tolerance of each patient.

22.5  Fertility Preservation by Cryopreservation 
of Ovarian Tissue

Cryopreservation of ovarian tissue has more than 20 years of history, and was ini-
tially developed to preserve the fertility and functionality of the gonads in cancer 
patients [32, 33]. Over 100 confirmed births in patients who underwent autotrans-
plantation confirmed the feasibility of the technique and encouraged scientific soci-
eties to stop regarding it as experimental, a step taken in 2020 by the American 
Society for Reproductive Medicine (ASRM).

Removing a small portion of the ovarian cortex for freezing would preserve the 
thousands of follicles present there, which could undergo maturation/activation 
in vitro or in COS in cases of reimplantation in the remaining ovary, in the ovarian 
cave or in other anatomical locations. There are currently no published works on the 
use of the technique to preserve the fertility of patients with endometriosis, proba-
bly due to the cost, its invasive character and the high rates of follicular apoptosis 
reported, which make the freezing of oocytes or embryos preferable. High rates of 
ischemic stress are reported with the freezing/thawing of this tissue, which can 
compromise its viability [34, 35].

With regard to the removal of the cortex via laparoscopy, the surgical risks inher-
ent to the procedure itself must be considered. Therefore, the technique should be 
indicated mostly in cases where waiting for COS is not a viable option (which is 
infrequent due to the existence of protocols for immediate initiation) and in patients 
with an indication for oophorectomy [32, 33].

Unpleasant experiences with neoplastic tissue reimplantation after ovarian tissue 
transplantation should also make us reflect on the risk of reimplanting ovarian endo-
metriosis in postsurgical patients, given the severe nature of the disease [35, 36].

Therefore, the use of the technique as a fertility preservation measure indicated 
for other reasons, such as endometriosis or social motivation, still needs to be dis-
cussed [34, 35].

H. D’Allagnol et al.



281

22.6  Conclusion

Endometriosis patients should be educated on the possibility of freezing oocytes to 
preserve fertility. When these women have ovarian endometriomas, response to 
controlled ovarian stimulation is observed, with fewer oocytes and mature oocytes 
obtained. The impact of endometriosis on oocyte quality is not fully understood, 
and similar rates of aneuploidy among patients with and without the pathology sug-
gest similar quality. Surgical removal of endometriotic foci, especially ovarian 
(endometriomas), compromises the ovarian reserve and justifies the freezing of 
eggs prior to surgery.
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23.1  Introduction

The association between endometriosis and cancer has had a long-lasting interest in 
the literature [1]. Since the publication of a first case report in 1946 [2], close to 
10,000 scientific papers were published on this topic up to 2020; this interest 
increased starkly in the 2010s, with ~300 entries per year for “endometriosis and 
cancer” in the PubMed database.

This interest stemmed from several observations. While non-malignant, endome-
triosis exhibits features that are similar to cancer, including abnormal tissue growth, 
resistance to apoptosis, and development of local and distant foci with invasion of 
other tissues [3]. In addition, the disease is associated with chronic local and sys-
temic inflammation [4] and has been reported to be associated with several cancer 
risk factors [5].

Several epidemiologic studies have explored whether women with endometriosis 
are at higher risk of cancer and have attempted to quantify this risk [6, 7]. Knowledge 
on cancer risk among women with endometriosis is indeed essential in terms of 
public health, in order to inform cancer screening and prevention. It is important 
also in the clinical setting for the long-term management of endometriosis patients. 
With regards to research, the exploration of the link between endometriosis and 
cancer is crucial to improve our understanding of endometriosis pathophysiology.

This chapter reviews the epidemiological evidence on the links between endo-
metriosis and cancer, discusses methodologic considerations for this topic and the 
potential mechanisms underlying these associations, and provides recommenda-
tions for information to patients, cancer screening, and long-term patient manage-
ment with regards to cancer risk.

23.2  Epidemiological Evidence on the Associations Between 
Endometriosis and Malignancy

A systematic review and meta-analysis of epidemiological studies published up to 
October 24, 2019, reported on the links between endometriosis and the risk of sev-
eral types of cancer [7]. Based on a systematic search of the PubMed and Embase 
databases, the study identified 17,878 records, of which 636 full-text articles were 
assessed for eligibility, including 204 articles that were relevant to the epidemio-
logical association between endometriosis and cancer. Of these, a total of 49 publi-
cations (38 studies) were included in quantitative synthesis, including 19 case-control 
studies and 19 cohort studies. The data were synthesized and analysed through 
random-effects meta-analysis using standard methodology, and the quality of the 
included studies and risk of bias were assessed through the ROBINS-I tool [8]. The 
study involved subgroup analyses by methodologic characteristics in order to inves-
tigate potential sources of heterogeneity among studies.

The meta-analysis included five studies that provided estimates on the risk of 
overall cancer, yielding a very small and non-statistically significant association 
between endometriosis and overall cancer risk (summary relative risk (SRR) = 1.07, 
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95% confidence interval (CI) = 0.98–1.16). However, the study showed substantial 
heterogeneity among studies (I2 = 88%, P < 0.0001), i.e. a high level of variation in 
study methodology and characteristics that may lead to invalid summary estimates.

The review details meta-analytic findings according to cancer type. Most prior 
research has focused on gynaecological cancers (ovarian cancer: n = 24 studies; 
breast cancer: n = 20 studies; endometrial cancer: n = 17 studies); research on other 
cancer sites being more limited (n = 2–7 studies).

23.2.1  Gynaecological Cancers

23.2.1.1  Ovarian Cancer
Based on 24 studies, the meta-analysis produced a SRR of 1.93 (95% CI = 1.68–2.22) 
for the association between endometriosis and ovarian cancer risk [7]. Importantly, 
there was significant evidence of publication bias, implying that positive, statisti-
cally significant results were more likely to be published, which biased the results 
towards an overestimation of the relation between endometriosis and ovarian can-
cer. In addition, there was a high level of heterogeneity among studies (I2 = 78%, 
P  <  0.0001). Subgroup analyses revealed stronger associations among higher- 
quality studies, i.e. those involving a prospective cohort design, medical record con-
firmation of endometriosis (vs. self-report), or meeting the temporality criterion (i.e. 
ensuring that endometriosis preceded cancer diagnosis by at least 12 months in the 
analysis), although a high level of heterogeneity remained in these subgroups.

However, study heterogeneity disappeared in analyses by ovarian cancer histo-
type, associations being stronger for the clear-cell (SRR = 3.44, 95% CI = 2.82–4.20) 
and endometrioid (SRR = 2.33, 95% CI = 1.82–2.98) histotypes. There was also a 
modest positive association with serous tumours (SRR = 1.17, 95% CI = 1.03–1.32), 
which was restricted to low-grade serous tumours (SRR = 2.33, 95% CI = 1.64–3.31, 
n = 2 studies; high-grade tumours: SRR = 1.08, 95% CI = 0.88–1.32, n = 3 studies; 
P for heterogeneity <0.0001). Although publication bias was not detected in this 
sub-analysis, the authors warn that it cannot be ruled out given the small number of 
studies providing estimates by tumour histotype.

Only four studies provided estimates of the association between endometriosis 
and ovarian cancer according to the type of endometriosis. Of those, three focused 
on endometrioma only, irrespectively of other subtypes. Based on these four stud-
ies, the SRR for the association between endometrioma and ovarian cancer risk was 
5.41 (95% CI = 2.25–13.00).

One retrospective study reported risk estimates for the association between 
endometriosis and ovarian cancer according to both macro-phenotype of endo-
metriosis and histotype of ovarian cancer [9]. Endometrioma was associated with 
the clear cell (standardized incidence ratio (SIR)  =  10.1), endometrioid 
(SIR  =  4.7), and serous (SIR  =  1.62) histotypes; similar associations were 
reported for superficial peritoneal endometriosis, but with a lower magnitude of 
effect (SIRs of 2.67, 2.03, and 1.32, respectively); while there was no association 
between deep endometriosis and ovarian cancer risk (SIRs of 0.00, 3.35, and 
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1.41, respectively, although power was limited given the small number of ovarian 
cancer cases with deep endometriosis).

Several important points should be noted regarding the interpretation of the asso-
ciation between endometrioma and ovarian cancer risk. First, only a small number 
of studies investigated this link. There was a high level of heterogeneity among 
them (I2 = 82%, P = 0.001) and a high level of imprecision given the wide confi-
dence interval. Two studies included selected samples, one involving subfertile 
women [10] and the other one women with endometriosis only [11]. In addition, 
none of these studies was able to quantify the association with endometrioma exclu-
sively. Only one study provided estimates for each endometriosis macro-phenotype: 
endometrioma (SRR  =  2.56, 95% CI  =  1.98–3.27), superficial peritoneal 
(SRR = 1.32, 95% CI = 0.99–1.72), and deep endometriosis (SRR = 1.41, 95% 
CI = 0.29–4.10) [9], and although the association was stronger for endometrioma 
than other subtypes, the groups were not mutually exclusive and the findings are 
thus difficult to interpret. However, exclusive subgroups should be considered not 
only for endometrioma, but also for the superficial peritoneal and deep endometrio-
sis macro-phenotypes, since these subtypes are associated with a cancer-prone 
hyper-inflammatory environment also [12]. Many ovarian cancers have a non- 
ovarian origin [13]. Future studies should thus provide results among both exclusive 
and non-exclusive macro-phenotypic subgroups of endometriosis in order to have a 
clearer picture of the subtype-specific associations of endometriosis with ovarian 
cancer risk.

Importantly, since diagnosis is more straightforward for endometrioma than for 
other subtypes [14], studies may be more likely to include cases with this macro- 
phenotype, yielding a diagnostic bias specific to endometrioma, which is critical to 
explore in further research. In addition, endometrioma is also more likely to be 
visualized in women diagnosed with ovarian cancer, which induces a bias when the 
temporality of the association is not taken into account. Thus, while endometrioma 
has been proposed to be the main macro-phenotype of endometriosis that could lead 
to malignant transformation [15, 16], the methodologic points highlighted above 
show that many uncertainties remain on this pathway.

Moreover, some pathologists have suggested that endometrioma should be 
considered a pre-cancerous lesion. However, although endometrioma shares 
common molecular alterations with ovarian cancer [17], molecular studies have 
shown that the prevalence of cancer-driver mutations in deep endometriosis is 
identical to that of endometrioma [18]. However, a significantly higher preva-
lence of these mutations could be expected in endometriomas versus deep endo-
metriosis since deep endometriosis is not associated with ovarian cancer risk [9], 
and the eutopic endometrium of healthy women carries cancer driver mutations 
in high proportions also [16]. More research will therefore be needed in order to 
answer the question “Is endometrioma a pre-cancerous lesion?”. To have a 
clearer answer, future research efforts should be focused on endometriosis 
macro-phenotypic subtypes and on the ovarian cancer histotypes that have been 
associated with endometriosis.
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23.2.1.2  Breast Cancer
Based on 20 studies on breast cancer included in the meta-analysis [7], there 
was a very small association between endometriosis and breast cancer risk 
(SRR  =  1.04, 95% CI  =  1.00–1.09). Only two studies provided estimates by 
breast cancer subtype: one US study showed no association with breast cancer 
overall, but a positive association that was restricted to oestrogen receptor-pos-
itive (ER+)/progesterone receptor-negative (PR-) tumours (hazard ratio 
(HR) = 1.90, 95% CI = 1.44–2.50; P for heterogeneity = 0.001) [19]. The study 
showed no difference in association according to menopausal status or type of 
menopause among post-menopausal women. In addition, a Danish study 
reported no differences according to breast cancer subtype [20]. No previous 
study has reported estimates of the association between endometriosis and 
breast cancer by endometriosis macro-phenotype. Given the known differences 
in associations for breast cancer risk factors according to breast cancer subtype 
[21, 22], it is critical that future research reports associations with endometrio-
sis within subgroups of breast cancers.

23.2.1.3  Endometrial Cancer
The meta-analysis yielded a SRR of 1.23 (95% CI = 0.97–1.57) for the association 
between endometriosis and endometrial cancer, based on 17 studies, with a high 
heterogeneity level among studies (I2 = 81%, P < 0.0001) [7]. In subgroup analyses, 
it was observed that among studies using a prospective cohort design, which ensures 
rigorous temporality (i.e. endometriosis precedes endometrial cancer diagnosis), 
the association was null with no heterogeneity among studies (SRR = 0.99, 95% 
CI = 0.72–1.37, I2 = 0%, P = 0.51, n = 5 studies), while the association remained 
among retrospective cohort studies (SRR = 1.40, 95% CI = 1.00–1.96, I2 = 87%, 
P < 0.0001). In addition, the SRR varied greatly in sensitivity analyses according to 
the methodologic characteristics of the studies.

The stark differences in the findings according to the temporality associated with 
each study design suggest a potential diagnostic bias resulting from the higher 
detection of endometriosis among women undergoing evaluation for endometrial 
cancer. These differences call for further research in this area in order to better 
understand the link between endometriosis and endometrial cancer.

Only two studies explored the association according to endometrial cancer sub-
type. One reported a higher association for type I (SIR = 1.54, 95% CI = 1.20–1.96) 
versus type II tumours (SIR = 1.06, 95% CI = 0.28–2.71) [20], and the other reported 
a higher association with uterine sarcomas (relative risk (RR) = 2.72) than for indo-
lent types (RR = 1.14) [23]. Only one study performed subgroup analyses by macro- 
phenotype of endometriosis, reporting a higher risk of endometrial cancer associated 
with adenomyosis (hazard ratio (HR) = 4.38, 95% CI = 1.22–15.72) but no statisti-
cally significant association with endometrioma (HR = 3.23, 95% CI = 0.54–19.27). 
While power was insufficient to examine associations with endometrioma exclu-
sively, the association was strengthened in the subgroup including adenomyosis 
exclusively, although confidence intervals were wide (HR  =  5.13, 95% 
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CI = 1.36–19.40). Again, further research by disease subtype will be essential to 
increase our understanding of these associations in the future.

23.2.2  Other Types of Cancer

23.2.2.1  Skin Cancer
Seven studies on the associations between endometriosis and cutaneous melanoma 
were included in the meta-analysis [7]. The resulting SRR estimate was of 1.17 
(95% CI = 0.97–1.41). The moderate level of heterogeneity among studies (I2 = 51%, 
P = 0.05) was substantially reduced in subgroup analyses by ROBINS-I risk of bias, 
with a SRR of 1.71 (95% CI = 1.24–2.36) in studies with low/moderate risk of bias, 
versus 1.08 (95% CI = 0.87–1.26) in those with critical or serious risk of bias (P for 
heterogeneity = 0.07). The substantial increase in magnitude of effect and statistical 
significance in higher-quality studies suggests that for this cancer type, biases may 
strongly mask a true association. The sole study reporting estimates by histotype of 
melanoma reported no statistically significant differences [24].

A meta-analysis of the sole two studies evaluating the association between endo-
metriosis and basal-cell carcinoma resulted in a SRR of 1.18 (95% CI = 1.11–1.25) 
with no evidence of heterogeneity (I2 = 0%, P = 0.89) [24, 25].

23.2.2.2  Thyroid Cancer
Five studies were included on the associations between endometriosis and thyroid 
cancer, yielding a SRR of 1.39 (95% CI = 1.24–1.57) with no evidence of heteroge-
neity (I2 = 0%, P = 0.69) [7].

23.2.2.3  Colorectal Cancer
The five included studies that evaluated the associations between endometriosis and 
colorectal cancer produced a SRR of 1.00 (95% CI = 0.87–1.16), with a low level of 
heterogeneity among studies (I2 = 40%, P = 0.16) [7]. However, there was a positive 
association among studies with low/moderate risk of bias (SRR  =  2.29, 95% 
CI  =  1.00–5.26), suggesting an impact of bias in the overall results here also, 
although confidence intervals were wide.

23.2.2.4  Cervical Cancer
Four studies were included in the meta-analysis of the studies assessing the associa-
tion between endometriosis and cervical cancer [7], resulting in a robust and statisti-
cally significant SRR of 0.68 (95% CI = 0.56–0.82) with no heterogeneity among 
studies (I2 = 0%, P = 0.76). However, it should be noted that all studies were con-
ducted in Europe and were based on self-reported endometriosis.

The 32% lower risk of cervical cancer associated with endometriosis reported in 
this meta-analysis is consistent with the results from two previous meta-analyses, 
reporting reduced risks of 33% [26] and 22% [27]. However, these results need 
careful interpretation: while this inverse association is unlikely to reflect causality, 
it implies probable diagnostic and treatment biases linked to the higher exposure of 
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endometriosis patients to the healthcare system [5]. Women with endometriosis are 
indeed more likely to be routinely screened for cervical hyperplasia and to receive 
treatment if positive than women without endometriosis or gynaecological condi-
tions. This reinforces the importance of considering the potential impact of access 
to care overlaying the associations between endometriosis and cancer risk in gen-
eral. Another potential pathway that could explain this inverse association is the 
impact of dyspareunia and chronic pelvic pain on sexual relationships, which could 
lead to a lower prevalence of human papillomavirus infection among women with 
endometriosis. This hypothesis remains to be explored in future research.

23.2.2.5  Other Cancers
The meta-analysis examined the risks associated with endometriosis for several 
other cancer types, based on <4 studies [7]. There were small associations between 
endometriosis and the risks of lymphatic and haematopoietic cancers (SRR = 1.09, 
95% CI = 1.00–1.19, n = 2 studies), non-Hodgkin lymphoma (SRR = 1.18, 95% 
CI = 1.00–1.41, n = 3 studies), and brain cancer (SRR = 1.18, 95% CI = 1.02–1.36, 
n = 2 studies). However, it should be noted that the number of studies was low and 
mostly used a retrospective design, limiting the ability to adjust for potential con-
founders. More research will need to be conducted in order to inform our knowl-
edge of the associations between endometriosis and the risk of other cancers.

23.3  Research Methodology Considerations

The meta-analysis on endometriosis and cancer risk [7] and previous work [6] have 
identified a number of methodologic complexities that need to be carefully consid-
ered in the study of the associations between endometriosis and the risk of cancer or 
any other type of disease. Given the risk of bias reported in the meta-analysis, show-
ing severe or critical risk of bias in a majority (53%) of included studies, the follow-
ing methodologic issues are critical to consider in order to perform high quality 
research in this field.

23.3.1  Temporality

To discuss the impact of endometriosis as a potential risk factor for cancer, studies 
need to ensure that endometriosis precedes the diagnosis of cancer. For this, the use 
of a prospective cohort design, enabling time-varying analysis of covariates over a 
sufficiently long duration of follow-up, in order to allow for initiation and promo-
tion of cancer following endometriosis onset, is recommended. However, retrospec-
tive designs may also ensure this temporal order by restricting the definition of 
endometriosis diagnosed at least 1 year before cancer diagnosis. The meta-analytic 
findings on endometrial cancer showed that considering temporality can dramati-
cally modify the conclusions on an association.
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23.3.2  Misclassification and Population Sampling

Misclassification of endometriosis is a likely bias in epidemiologic research, given 
the requirement of surgical visualization for diagnosis, the existence of asymptom-
atic disease, and the known diagnostic delays associated with the disease [28]. 
Endometriosis is likely over-reported in clinical-based studies and under-reported in 
population-based studies [29]. In the absence of a non-invasive diagnostic tool, 
diagnostic biases are likely to be driven by the characteristics of the women who are 
able to achieve diagnosis and their symptoms.

This misclassification has the potential to attenuate the associations under study. 
Associations are driven towards the null also in studies basing the comparison group 
on a selected sample (e.g. infertile patients or women who have undergone hyster-
ectomy), since potential underlying pathology in these women may also be associ-
ated with cancer risk [30]. It is thus important to use a population-based sample and 
to interpret the results considering this methodologic issue that is inherent to endo-
metriosis research.

23.3.3  Confounding and Mediation

Studies evaluating the association between endometriosis and cancer risk should 
assess if these associations are driven by common risk factors, whether these factors 
precede endometriosis and cancer (confounders) or are along the causal pathway 
between endometriosis and cancer (mediators). Few of the studies included in the 
meta-analysis were able to adjust for potential confounders, and even fewer explored 
potential mediators of the associations.

23.3.4  Study Robustness and Study Heterogeneity

The assessed quality of evidence in the meta-analysis showed that more than half 
(53%) of the included studies evaluating associations between endometriosis and 
cancer were at serious or critical risk of bias, and statistically significant heteroge-
neity was observed for a large portion of cancer types [7]. Part of this heterogeneity 
was driven by the methodologic limitations of many studies (as listed in the points 
above), potentially leading to inaccurate or invalid estimates. Heterogeneity among 
studies also pertained to differences in the characteristics of the studied populations, 
which may lead to true differences in associations.

23.3.5  Endometriosis and Cancer Disease Heterogeneity

As reviewed above, extremely few studies were able to study associations between 
endometriosis and cancer risk by macro-phenotype of endometriosis and/or by can-
cer subtype. While the subgroup analyses in the meta-analysis confirmed that the 
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association with ovarian cancer was restricted to specific histotypes (clear cell and 
endometrioid), only four studies were able to provide estimates according to the 
macro-phenotype of endometriosis, and only one by both type of endometriosis and 
histotype of ovarian cancer, none of which provided estimates for each type exclu-
sively [7]. Only one study reported risk estimates for endometrioma and adenomyo-
sis in exclusive subgroups, which showed a stronger association with endometrial 
cancer in the exclusive subgroup with adenomyosis [11], thereby reinforcing the 
need to explore mutually exclusive groups of macro-phenotype of endometriosis. 
Beyond the study of the endometriosis and cancer association, the lack of routine 
standardized reporting of endometriosis characteristics currently hampers analyses 
to this level of detail. Therefore, the record and use of such data is critical in endo-
metriosis research as it has a high potential to provide new insights into the aetiol-
ogy of the disease [12].

23.3.6  Publication Bias

As reported in the meta-analysis, there was statistically significant evidence of pub-
lication bias in the evaluation of the association between endometriosis and ovarian 
cancer risk, which likely overestimated the true association [7]. This highlights the 
need for high-quality studies to be published irrespectively of the direction, magni-
tude, or statistical significance of their results, in order to not mislead interpretation 
of these associations.

23.4  Potential Pathophysiological Mechanisms Underlying 
the Associations Between Endometriosis and Cancer

While the exact pathophysiology underlying the associations between endometrio-
sis and cancer is unknown, several mechanisms may be hypothesized to be at play.

First, associations between endometriosis and cancer may be driven by shared 
risk factors (e.g. genetic susceptibility, patient characteristics, or environmental 
exposures). With regards to genetics, while cross-disease genetic correlation studies 
reported loci common to endometriosis and ovarian cancer [31, 32] or endometrial 
cancer [33], it should be mentioned that these studies did not examine variations in 
associations according to method of endometriosis assessment or consider the 
potential impact of diagnostic bias. Other factors (such as demographics, menstrual 
characteristics, anthropometry, lifestyle, or exposure to environmental toxicants) 
may act as confounders of the associations between endometriosis and cancer; how-
ever, too few studies were able to adjust for such factors or to examine potential 
mediating effects.

Beyond overlapping risk factors raising the risk of malignancy through vari-
ous pathways, it is possible that endometriosis is causally associated with cancer 
risk. In this regard, mediation analysis is likely to provide insights into the path-
ways involved in these associations, which may include infertility, stress, anxiety 
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and depression, or lifestyle changes associated with endometriosis symptoms 
(e.g. decreased physical activity). Mediators may also include treatment of endo-
metriosis lesions and associated symptoms (medication use: analgesics, hor-
monal treatments; surgery: lesion ablation/excision, hysterectomy, bilateral 
salpingo-oophorectomy), which have also been associated with the risk of sev-
eral cancer types.

Through mediators or through direct pathways, the presence of endometriosis 
may induce systemic changes that create a cancer-prone milieu, such as chronic 
inflammation, aberrant hormonal milieu, or aberrant immune response [4], which 
may underlie the associations with distal cancers, such as breast cancer, cutaneous 
melanoma, or thyroid cancer. Further research is warranted to enhance our under-
standing of the pathways underlying the associations between endometriosis and 
cancer, and to elucidate why associations are observed with some cancer types but 
not others. The –omics technologies are likely to help increase our knowledge and 
understanding of these associations in the future.

23.5  How Should Clinicians Inform Women 
with Endometriosis Regarding Their Cancer Risk?

The reported links between endometriosis and cancer may raise concerns in women 
with endometriosis, who need to be accurately informed and reassured about their 
long-term cancer risk. For clinicians, these links raise a number of practical ques-
tions on the long-term management of women with endometriosis.

The most robust positive association between endometriosis and cancer is 
that with ovarian cancer risk. While the absolute risk of developing ovarian 
cancer in the general female population is 1.3% [34], the SRR reported in the 
meta-analysis (SRR  =  1.93) [7] translates to an absolute risk of 2.5% in the 
population of women with endometriosis, which remains very low. Although 
small, this absolute risk is likely even smaller given the identified publication 
bias that is likely to overestimate this association. Given the differential associa-
tions observed according to endometriosis or ovarian cancer subtype, studies 
including data on these subtypes are critically needed to provide more detailed 
absolute risk calculations.

Regarding other cancer types, the absolute risk of developing breast cancer in a 
woman’s lifetime increases from 12.8% in the general female population [34] to 
13.3% in women with endometriosis, after applying the meta-analytic result 
(SRR = 1.04) [7]. For thyroid cancer, this risk increases from 1.3% in the general 
female population to 1.8% in women with endometriosis, considering the reported 
SRR of 1.39 in the meta-analysis.

In an attempt to provide communication tools to clinicians on the link between 
endometriosis and ovarian cancer, a panel of key messages was proposed to put the 
quantified relative risks into perspective [35]. In addition to the translation into 
absolute risk, other messages included the comparison of absolute ovarian cancer 
risks in women inheriting a harmful BRCA1 (39%) or BRCA2 (11–17%) mutation, 
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and comparison of the low absolute risk of ovarian cancer in women with endome-
triosis with the higher absolute risks of other cancer types in the general female 
population (breast (13%), lung (6%), and bowel (4%) cancers). Finally, given the 
low absolute risks of ovarian, breast, and thyroid cancers and the uncertainty regard-
ing other cancer types, the panel points to general prevention messages that may be 
delivered to endometriosis patients, such as recommendations of avoiding smoking, 
maintaining a healthy weight, exercising regularly, having a balanced diet with high 
intakes of fruits and vegetables and low intake of alcohol, and using sun protection.

23.6  Cancer Screening and Monitoring Recommendations

The report of a higher risk of cancer in endometriosis patients could lead clinicians 
to direct patients to more frequent cancer screening. However, the results from the 
meta-analysis [7], and their translation into up to 1.2% increase in absolute risk of 
cancer compared with the general population, suggest that cancer screening recom-
mendations should not differ in women with endometriosis compared with those in 
the general population of females. Thus, heightened screening is only recommended 
in those with known non-endometriosis specific risk factors (i.e. family history of 
cancer or germline mutation predisposing to cancer risk). While regular screening is 
recommended for breast, cervical, and colorectal cancers based on evidence show-
ing that these screenings save lives [36], regular screening for ovarian cancer 
through serum CA-125 or transvaginal ultrasound is not recommended, since 
randomized- controlled trials have shown no benefit of screening on early ovarian 
cancer detection or mortality reduction [37, 38]. In fact, these trials have shown that 
false positive test results for ovarian cancer resulted in significant harms (e.g. unnec-
essary surgery, surgical complications, infections, and cardiovascular or pulmonary 
complications).

In addition, radical preventive measures to reduce ovarian cancer risk, such as 
bilateral salpingo-oophorectomy (BSO), are not recommended as a systematic mea-
sure to prevent ovarian cancer risk in women with endometriosis [39]. Here again, 
while BSO was recommended as an effective approach to reduce risk in women at 
high-risk of ovarian cancer (i.e. family history of cancer or germline mutation pre-
disposing to cancer risk) [40], this procedure is associated with long-term health 
risks [41] of remarkably higher incidence than ovarian cancer in women with aver-
age lifetime absolute risk. These risks include, in premenopausal women, a higher 
risk of cardiovascular disease [42], depression, arthritis, asthma, chronic obstructive 
pulmonary disease, and osteoporosis [43]. In postmenopausal women, BSO also 
has adverse effects on cardiovascular risk, anxiety, and sexual function [44], risk of 
bone fracture [45], and neurologic disease and cognitive impairment [46]; in addi-
tion, it does not save quality-adjusted life years (QALYs) and is not cost-effective 
[47]. The low absolute risk of ovarian cancer in women with endometriosis thus 
does not justify performing this important procedure that has irreversible adverse 
effects on long-term health.
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These conservative recommendations may be altered if future research shows 
quality evidence that some subtypes of endometriosis constitute a high-risk group 
for ovarian cancer. However, the current evidence suggests that no systematic pro-
cedure or screening is to be recommended. Of course, long-term management deci-
sions must vary according to endometriosis patients’ medical history, characteristics, 
other risk factors, and patient preferences after receiving full information on the 
current evidence and benefit/risk ratio [7].

23.7  Conclusion

In conclusion, endometriosis has been associated with a 93% increased risk of ovar-
ian cancer, particularly the clear-cell (244%) and endometrioid (133%) histotypes. 
However, evidence of publication bias suggests that these associations are overesti-
mated. Endometriosis was also associated with a very small (4%) increase in breast 
cancer risk, and with a 39% increase in thyroid cancer risk. An inverse association 
was consistently reported between endometriosis and cervical cancer (32% 
decreased risk), most likely reflecting diagnostic and treatment bias. Data on other 
cancer types were either too scarce or variable to sensitivity analyses to allow robust 
conclusions.

Given the low methodologic quality of most studies in this field, the current epi-
demiological evidence on the links between endometriosis and cancer is mostly not 
reliable. Future research efforts to investigate the association between endometrio-
sis and cancer should take into account the critical methodological complexities in 
this field (i.e. temporality, misclassification, confounding and mediation, robust-
ness, disease heterogeneity, publication bias), use a prospective design with a long 
duration of follow-up, a population-based sample with standardized collection of 
data and recognized criteria for the definition of endometriosis, and evaluate poten-
tial confounding and mediation. Importantly, to increase our understanding of endo-
metriosis and cancer pathophysiology, it is crucial that research in this area explores 
the heterogeneity of endometriosis and cancer by examining results within sub-
groups of macro-phenotype of endometriosis, within subtypes of each type of can-
cer, and by cross-tabulating endometriosis and cancer types. Regarding 
macro-phenotypes of endometriosis in particular, the potential diagnostic bias 
linked to endometrioma must be explored further.

The close-to-double in risk of ovarian cancer in women with endometriosis 
translates into a very low increase in absolute risk – from 1.3% in the general female 
population to 2.5% in endometriosis patients. Absolute risk increases are even 
smaller with regards to breast or thyroid cancers (from 12.8% and 1.3% in the gen-
eral female population, to 13.3% and 1.8% in women with endometriosis, respec-
tively). Thus, no specific screening or preventive measure can be recommended in 
women with endometriosis compared with the general female population. 
Endometriosis patients should be fully informed and reassured, where appropriate, 
about their long-term cancer risk.
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24.1  Introduction

Although endometriosis is generally regarded as a histologically benign condition 
[1, 2], by factors such as local invasion, tissue damage, neoangiogenesis, genomic 
instability, resistance to apoptosis, and elevation of CA-125 levels, it has been 
shown to share some characteristics with malignant tumors [3–6]. Overall, patients 
with endometriosis are not generally at higher risk to develop cancer [7, 8]. Yet, 
epidemiologic studies in endometriosis show an increased risk by 1.3- to 1.9-fold to 
develop ovarian cancer [7, 8]. Furthermore, other studies suggest endometriosis as 
a moderate risk factor to develop endometrial cancer, breast cancer, colorectal can-
cer, non-Hodgkin lymphoma as well as melanoma [9, 10]. With the non-genital 
carcinomas, however, the association to endometriosis remains unclear [7], which is 
why it is important to differentiate them from the carcinomas arising from 
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endometriosis, most importantly ovarian cancer [7]. Clinical evidence suggests a 
transformation of endometriosis into malignant tissue through “atypical endome-
triosis” [11–13]. Some authors go as far as to call endometriosis a “precancerous 
lesion” [12] or “precursor lesion” [14, 15], although most scientific evidence does 
not back this theory [16, 17].

24.2  Background

Of all endometriosis-associated malignancies (EAMs), 80% are located in the ovary 
and 20% at extragonadal sites [18, 19]. Ongoing studies suggest an even higher rate 
of ovarian involvement with a rate of 90–100%. In general, endometriotic lesions may 
transform into cancer at any anatomic site that could potentially harbor that tissue 
(Fig. 24.1). The rectosigmoid colon and the rectovaginal septum are the most com-
mon sites of occurrence of extragonadal EAMs [20]. Apart from that, EAMs may 
arise in the parametrium, the gastrointestinal tract, the abdominal wall, umbilicus, 
pleura, and other organs [21]. Table 24.1 shows the location of extragonadal malig-
nant tumors arising from endometriosis (adapted from Ulrich et al.) [20].

So clinically, the most relevant associated carcinoma to endometriosis seems to be 
ovarian cancer. Sampson suggested as early as 1925 that ovarian endometrial implants 
may give rise to an endometroid carcinoma of the ovary [22]. His definition of endo-
metriosis-associated ovarian carcinoma (EAOC) stated three conditions [22]:

 1. Evidence of endometriosis in close proximity to the tumor
 2. Another source of invasion must be excluded
 3. Presence of endometrial stroma should be clearly evident

Fig. 24.1 A 79-year-old 
patient with 
endometriosis-associated 
intramural 
carcinosarcoma of the 
uterus (arising from 
adenomyosis) 
(Department of 
Radiology, Martin Luther 
Krankenhaus Berlin)
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Over time, another criterion became part of that definition [23]:

 4. Histological proof of the transition from benign endometriosis to malig-
nant change

This definition of the EAOC remains valid, even today. Histologically, EAOCs 
may also present as seromucinous borderline tumors, adenosarcomas, or endome-
trial stromal sarcomas, but most commonly they are of the clear-cell or endometri-
oid type [6, 19, 20, 24]. An association to the occurrence of mucinous and high-grade 
serous ovarian cancer has not been found [19, 25].

24.3  Clinic

24.3.1  Risk Factors

Various risk factors for the development of an EAM) have been identified. 
Hyperestrogenism, exogenous as well as endogenous (through obesity), administra-
tion of unopposed estrogens after hysterectomy and the use of tamoxifen are statis-
tically significant risk factors for developing an EAM [17, 26, 27]. Furthermore, 
postmenopausal status and endometrioma size have been shown to be a risk factor 
for the development of ovarian cancer [28]. A size of 9 cm or larger has been identi-
fied as risk factor in one prospective cohort study [28]. Protective factors, on the 
other hand, seem to be hysterectomy, tubal ligation, childbearing, and oral hor-
monal contraceptive use [29, 30].

24.3.2  Diagnosis

The diagnosis of an EAOC can be quite challenging. Transvaginal ultrasonography 
by the experienced clinician is the essential clinical tool. The International Ovarian 
Tumor Analysis (IOTA) work group developed a practical guideline in 2010 to 

Table 24.1 Location of extragonadal EAM [20]

Location of extragonadal EAMs Number of cases
Bowel 40 (78% in rectum and sigmoid colon)
Rectovaginal 18
Uterus (i.e., arising from adenomyosis) 12
Peritoneum 8
Broad ligament and parametrium 6
Urinary bladder 4
Vagina 3
Fallopian tube 2
Cervix 2
Others (umbilicus, pleura, vulva, omentum) 44
Total 139
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detect endometrioma and differentiate it from malignant ovarian masses [31] 
(Fig. 24.2). Basically, they describe “4 Rules of endometrioma”

 1. Premenopausal status
 2. Ground-glass echogenicity of the cyst fluid
 3. One to four locules
 4. No solid parts

Ultimately, pattern recognition by the experienced oncological gynecologic cli-
nician plays the most important part in diagnosing an EAOC.  Nevertheless, we 
think these rules offer a solid guideline for clinical diagnostics.

24.3.3  Clinical Presentation

Patients with EAOC seem to present about 5.5 years earlier than high-grade serous 
ovarian cancer, with a mean age of 48.3 ± 10.8 years [32, 33]. Another study shows 

Fig. 24.2 Decision tree with consecutive conditions for predicting an endometrioma. Diamonds 
are decision nodes. Rectangles are prediction nodes [31] 
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patients with clear cell ovarian cancer being about 10 years younger than patients 
with non-endometriosis-associated ovarian cancers [34].

Also, endometrioid EAOC presents at lower stages (FIGO I or II) and with lower 
grading (grade 1 or 2) (Fig. 24.3) [35]. Clear cell EAOCs are, by definition, high- 
grade tumors (grade 3). On initial presentation, ascites is a rare clinical feature [36]. 
There is contradicting evidence regarding prognosis and overall survival. Some 
authors claim that EAOC is associated with a better prognosis [37], while other 
groups, after control for age, treatment, grade, and stage find no difference for over-
all survival between the EAOC and non-EAOC patient groups [35, 38, 39]. 
Ultimately, the better clinical outcomes of monophasic clear cell and endometrioid 
EAOC might be explained by more early-stage tumors rather than by the association 
with endometriosis [35, 36, 38, 40, 41].

24.3.4  Therapy

Oncologically sound removal with tumor-free margins is the treatment of choice for 
EAOC and extragonadal EAM [21]. In case of extragonadal EAMs, there is a lack of 
clear guidelines for classification and treatment of these tumors [21]. In the absence 
of clinical studies, treatment of EAOC is the same as treatment for ovarian cancer 
[42]. EAOC will be treated with postoperative chemotherapy according to the guide-
line for ovarian cancer [42], although there has been debate as to the efficacy in these 
patients due to EAOCs mostly being of low- or intermediate grade [43, 44]. In 
patients with endometrioid extragonadal EAM, especially involving the rectum or 
rectovaginal septum, complete surgical resection followed by adjuvant pelvic radio-
therapy might be the better option [20, 43, 45].

Fig. 24.3 A 66-year-old 
patient with endometriosis-
associated endometrioid 
adenocarcinoma of the 
right ovary, history of 
abdominal hysterectomy 
(Department of Radiology, 
Martin Luther 
Krankenhaus Berlin)
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24.3.5  Clinical Implications

The surgical concept of therapy for premenopausal patients with endometriosis 
should generally not be influenced by the slightly higher risk for ovarian cancer 
[7]. Some studies show a lower risk for developing ovarian cancer after oopho-
rectomy plus resection of all lesions, while other studies show no benefit [46]. 
Nevertheless, good clinical diagnosis is crucial, and there are some important 
clinical implications of what we know about EAM and EAOC that should be 
taken into account when counseling patients. For example, patients with a his-
tory of endometriosis should, even after hysterectomy, not be treated with unop-
posed estrogens. A postmenopausal recurrence of symptoms or change in 
sonographic features of a known endometrioma should alert the physician for a 
possible EAM or EAOC.  As there seems to be an association to Lynch syn-
drome, especially patients under 55 years with endometrioid or clear cell EAOC 
should be screened [7, 42, 47–49].

Note A similar article on the subject has been published by Prof. Ulrich in 
“Endometriosis – A Concise Practical Guide to Current Diagnosis and Treatment” 
(see Ref. 21).
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25.1  Introduction

The chronic nature of endometriosis, together with its potential impact on fertility 
and relationships and the problematic treatment and treatment experiences, ensure 
that this disease has a significant impact on the quality of life and the psychological 
and social functioning of women affected [1, 2]. In this sense, in recent years, the 
scientific literature on the subject has progressively focused on the importance of 
assessing the quality of life of women with endometriosis. The symptoms can cause 
a progressive impairment of the woman’s ability to carry out particular daily activi-
ties and, consequently, a worsening of the perceived state of health and the general 
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sense of well-being. The impact of these symptoms on patients’ quality of life has 
been partially investigated and therefore needs further clinical studies and research 
[1, 3, 4].

Furthermore, endometriosis is associated with high costs, both from an economic 
and social point of view. In this respect, a recent study by Simoens et al. [5] has 
shown that endometriosis is associated with high direct and indirect costs, compa-
rable to those of major chronic diseases globally, such as diabetes. In addition, 
endometriosis disorders substantially interfere with the working behavior of women, 
leading in many cases to job losses. Consequently, it is estimated that the indirect 
costs of endometriosis linked to this loss of productivity are even twice as high as 
the health costs associated with the clinical management of the disease [1].

In addition, sexuality is a crucial issue for women with endometriosis who should 
be adequately cared for in the clinical management of the disorder [6]. Indeed, since 
endometriosis affects about 5–10% of women of reproductive age, it can be esti-
mated that about 2–4% of sexually active women may suffer from sexual dysfunc-
tion caused by endometriosis itself [7–9].

Therefore, in the light of these considerations, it is essential not to overlook the 
effects of endometriosis on the general quality of life, sexuality, and psychological 
well-being of women affected. This chapter aims to provide a general overview of 
the psychological and social impact of the disease and the effects of the different 
therapeutic options on the quality of life and general well-being of patients.

25.2  Endometriosis and Quality of Life

Endometriosis is now widely recognized to impact women’s quality of life in vari-
ous ways [10, 11]. In particular, endometriosis has been shown to significantly 
interfere with the quality of life due to the stress related to infertility and pain, 
adversely affecting social, sexual, and professional aspects. The disorder is also 
associated with depression, anxiety, and high stress levels [12–14].

It is important to stress that the endometriosis stage does not necessarily corre-
spond with the severity of the symptoms. Consequently, a woman with endometrio-
sis may experience a greater or lesser degree of symptomatology, which is not 
always related to the extent or severity of the disease. In addition, a significant 
proportion of women are in many cases asymptomatic [15]. For this reason, endo-
metriosis is often misdiagnosed or detected late, and this inevitably has repercus-
sions on stress levels and the overall quality of life of women [11, 16].

The most common clinical signs of endometriosis include menstrual irregulari-
ties, chronic pelvic pain, dysmenorrhea, dyspareunia, and infertility [17]. Such 
symptoms can often substantially affect the overall functioning and quality of life of 
patients [13, 18].

In recent years, several studies have been conducted to assess the quality of life 
outcomes in patients with endometriosis [1, 19–21] and have amply demonstrated 
that endometriosis is accompanied by a significant reduction in quality of life [1, 13]. 
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In particular, according to data from the study by Simoens et al. [5], a small but not 
negligible percentage of women with endometriosis consider their current state of 
health “worse than death”.

Women with endometriosis report worse scores in different domains of quality 
of life. Studies conducted through the SF-36 and the SF-12 show significant differ-
ences in the areas of physical activity, physical role and health, physical pain, social 
and emotional functioning, vitality, and mental health [22].

In particular, the pain has a very destructive impact on patients’ lives [20, 23]. 
Endometriosis is, in fact, one of the most frequent causes of chronic pelvic pain [12, 
19]. Women with endometriosis may suffer from a wide range of pelvic pain that 
includes dysmenorrhea, dyspareunia, chronic pelvic pain, pain during ovulation, 
dyschezia, and dysuria [24, 25]. As previously noted, pain seems to be independent 
of endometriosis, so women with mild endometriosis may experience intense pelvic 
pain, while women with more severe endometriosis may suffer less acute or chronic 
pain. This data suggests that psychological factors may influence the experience of 
pain in women with endometriosis [12, 26].

Many authors report a negative correlation between pain and quality of life. 
Women suffering from pelvic pain report high levels of anxiety and depression, loss 
of working capacity, and limitations in social activities [12, 20]. Patients with endo-
metriosis also report significantly limited performance in all physical activities, and 
pain symptoms are significantly related to both the physical and mental components 
of quality of life [1]. Between 16% [5] and 61% [27] of women experience difficul-
ties concerning mobility, daily activities, and self-care. It has also been found that 
sleep quality is adversely affected by endometriosis symptoms [19].

Domestic activities are negatively affected by endometriosis. A significant pro-
portion of women report that the symptoms negatively affect the quality of family 
relationships and child care [1, 10, 11].

Energy and vitality levels are also compromised in women with endometriosis 
[28]. Fourquet et al. [27] show that 27% of women with endometriosis report low 
energy levels. Similarly, Petrelluzzi et al. observe low scores in the vitality domain 
of SF-36 in a sample of patients with endometriosis. Pain also has a strong negative 
impact on the performance of sports and physical exercise [29].

Another critical dimension of the general quality of life, negatively affected by 
this disorder, is social relations [11]. Petrelluzzi et al. showed lower scores in social 
functioning of women with endometriosis and chronic pelvic pain of moderate 
grade compared to a control group of women not affected by the disease [29]. 
Similarly, according to data reported by Gilmour et al. [30] and Jones et al. [28], 
women with endometriosis have a significant reduction in social activities due to 
pain, fatigue and the need to use toilets frequently. Women also feel less able to 
socialize due to concerns about their condition, resulting in a reduction in confi-
dence and self-esteem levels [28].

Finally, only a few studies in the literature have deepened the impact of endome-
triosis on the study and training paths of affected women [1]. In this regard, the 
results are quite controversial: indeed, while some authors report a significant 
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percentage of interruption of studies due to the discomfort caused by endometriosis 
symptoms [30, 31], others report only a few cases of women in which endometriosis 
has led to negative consequences as regards education and studies [10].

According to Fourquet et al. [27], women who have endometriosis lose on aver-
age 7.4 working hours per week and are absent from work on average for 19 days a 
year. In addition, the symptoms of endometriosis, particularly pain, have a signifi-
cant negative impact on productivity levels, leading to a reduction in the ability to 
perform work tasks ranging between 23% and 66% [27]. Precisely, menstrual pain, 
disabling pain, and chronic pelvic pain predict more unsatisfactory performance at 
work. In addition, women report a reduction in the quality of their work and a loss 
in efficiency levels of around 64% [27]. For these reasons, endometriosis is a pathol-
ogy with high economic and social costs: in fact, the economic costs linked to the 
loss of productivity due to endometriosis can be quantified in EUR 6298 per woman 
[5, 19].

An important aspect to consider is the difficulty of women in informing employ-
ers of their status [1]. On one hand, the woman considers it is a private condition, on 
the other, it is important to be able to receive support from the employer. Women 
can decide not to communicate their diagnosis for various reasons, including fear of 
possible consequences or difficulty in talking about a disorder affecting the intimate 
sphere of a woman in the case of a male employer [30].

25.3  Psychological and Emotional Impact of Endometriosis

The scientific literature on this topic has confirmed a significant association between 
endometriosis and psychological and emotional disorders [12].

Pope et al. [32, 33] pointed out that endometriosis is related to a wide range of 
psychopathological disorders, particularly depression, anxiety, psychosocial stress 
and poor quality of life. According to the most recent literature, depression and 
anxiety are the disorders most frequently associated with endometriosis [12, 34].

In this regard, Low et al. [35] considered the possibility of identifying a specific 
psychological profile of women with endometriosis compared to those suffering 
from other gynecological diseases. Based on the results of this study, patients with 
endometriosis report higher scores of psychoticism, introversion and anxiety than 
those of women suffering from other gynecological disorders [35].

In total agreement with these data, Sepulcri Rde and Amaral [36] evaluated 
depressive symptoms, anxiety, and quality of life in 104 women diagnosed with 
pelvic endometriosis. The authors used a battery of psychometric tests to evaluate 
anxiety-depressive symptoms and the WHOQOL-BREF to assess the quality of life. 
In the study, 86.5% participants had depressive symptoms, and 87.5% had anxiety, 
and, above all, psychiatric symptoms were not associated with the endometriosis 
stage [36]. In this study, age was positively correlated with depressive symptoms, 
while there was no association between age and anxious symptoms [36]. However, 
other authors found that only 29% of women with endometriosis showed moderate 
to severe anxiety symptoms, while depression was present in 14.5% of cases [37].
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These apparently contradictory results may be due to the different methodolo-
gies used to identify psychiatric symptoms or to errors in selecting the study sample 
(in particular, the inclusion of other comorbidities that may seriously affect mental 
health) [12]. Furthermore, as women with endometriosis report high levels of alexi-
thymia, which is a severe difficulty in identifying and describing emotions, this may 
make it further difficult to detect other psychiatric comorbidities [34].

In short, the literature confirms a significant incidence of anxiety, depression, 
and psychopathological symptoms among women with endometriosis. These 
comorbidities could affect the severity of the symptoms and the health-related qual-
ity of life of women affected by this disorder [4, 13, 38].

As for evaluating the possible anxiety and depressive symptoms related to endo-
metriosis, several standardized psychometric tools are available in the literature for 
a correct diagnosis of the patient.

25.4  Endometriosis and Sexuality

Dyspareunia is undoubtedly the most frequent sexual dysfunction among women 
with endometriosis [39, 40], especially in the most severe cases, such as deep infil-
trating endometriosis (DIE) [41–43]. It is generally associated with deep infiltration 
of the cardinal and uterosacral ligaments, the Douglas cavity, the anterior rectal wall 
and the posterior vaginal fornix [41]. Several studies have shown that dyspareunia 
is related, in particular, to endometriotic lesions that infiltrate the uterus-sacral liga-
ments. It is known that the uterus-sacral ligaments contain a considerable amount of 
nerve fibers; as a result, the tension at the level of these ligaments (infiltrated by 
endometriosis) during sexual intercourse can determine the triggering of painful 
symptoms [44].

Therefore, sexual activity is severely impaired among women with DIE. Ferrero 
et al. [44] have shown that women with DIE of uterosacral ligaments have the most 
severe impairments of sexual function. In addition, Montanari et  al. [45] have 
clearly shown that women with DIE have a significant impairment of sexual func-
tion, related to a reduction in overall well-being levels. In addition, the presence of 
dyspareunia and endometriosis vaginal lesions appears to play an essential role in 
the onset of sexual dysfunction [45].

More specifically, the association between DIE and dyspareunia is related to a 
lower frequency of sexual intercourse and/or to their interruption and a reduced 
sexual functioning, feelings of fear before or during sexual intercourse, and feelings 
of guilt toward the partner [39, 46]. In addition, women with DIE frequently suffer 
from significant impairments of their female identity and body image as well as 
alexithymia (defined as the difficulty in recognizing and processing emotions). 
These problems may further exacerbate the severity of sexual dysfunction in women 
with endometriosis [41].

It is important to consider some fundamental elements about the effects of pain 
on the sexual function of women with endometriosis. First, other clinical conditions 
such as interstitial cystitis may overlap endometriosis (10–50% of cases), making 
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sexual activity more painful [47, 48]. In addition, endometriosis lesions are associ-
ated with central and peripheral hyperalgesia, probably caused by local neuroin-
flammation, neuroangiogenesis, and sensory and autonomic fiber dysregulation. 
Finally, dyspareunia in women with endometriosis is often associated with chronic 
pelvic pain [6].

Although the literature available on the topic has focused more on dyspareunia 
and chronic pelvic pain in patients with endometriosis, it is also important to evalu-
ate the overall sexual function of the woman and the quality of the relationship with 
the sexual partner.

The results of studies investigating the sexual function of women with endome-
triosis are available. The first study of this type is that by Waller and Shaw in 1995, 
which shows an increase in sexual avoidance in a group of 17 patients with mild or 
moderate endometriosis [49]. The avoidance of sexuality is also confirmed by other 
studies according to which women suffering from endometriosis tend to avoid or 
reduce sexual intercourse [39, 46, 50].

Ferrero et al. [44] assessed the sexual well-being of a cohort of patients suffering 
from sexual dysfunction caused by various genital disorders. This study shows that 
patients with deep endometriosis infiltrating the uterosacral ligaments have lower 
scores for overall sexual satisfaction than patients with peritoneal endometriosis and 
those not affected by the disease [44].

Vercellini et al. [51] also highlight the complexity of the relationship between 
endometriosis, pain, and sexual function. In particular, patients with rectovaginal 
endometriosis had a three times greater risk of being sexually dissatisfied or experi-
encing little or no sexual pleasure. In addition, the risk of engaging in limited or 
absent sexual activities and reduced ability to reach orgasm was about twice as high 
as women not suffering from endometriosis [51].

Other studies confirm the high prevalence of sexual dysfunction in women with 
endometriosis with a significant correlation between the stage of the disorder, pain-
ful symptoms and score specific questionnaires [52, 53].

Based on the available data, although still relatively limited, it is, therefore, pos-
sible to conclude that endometriosis hurts all domains of sexual function (desire/
arousal, orgasm, satisfaction, and pain) and is associated with sexual disorders in 
70–75% of patients, especially those with the most severe or chronic forms of endo-
metriosis [6]. According to the cycle of sexual response based on motivation and 
incentives, the repeated painful sexual experiences and the absence of reward (nega-
tive outcome) probably cause a change in the sexual response from the dimension 
of motivation/arousal to that of hypervigilance and from the desire to fear and 
avoidance, thus causing significant sexual discomfort in patients with endometriosis 
[37, 54].

Although dyspareunia is the first step in developing sexual dysfunction, multiple 
variables contribute to influencing the sexuality of the woman and, consequently, 
the relationship with the partner. Some of these factors are related to the course and 
evolution of the disease toward more advanced stages with the consequent worsen-
ing of painful symptoms and chronic pelvic pain. Others are linked to the more 
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specific characteristics of endometriosis, including frequent association with fertil-
ity problems, delayed diagnosis and possible recurrence after treatment [6].

At present, the scientific literature available on the topic has not exhaustively 
explored the impact on the quality of the relationship with the partner and the impact 
of the disease on the sexual function of the partner.

It has long been widely underlined that dyspareunia, comorbidity with other 
female sexual dysfunctions, and fertility problems (or concerns about possible 
infertility) have a strong destructive impact on the relationship with the partner as 
well as on his sexual function, especially in younger couples [11]. In fact, there is 
no doubt that the sexual discomfort of one inevitably affects the partner. However, 
it is expected that only one member of the couple requires a specialist consultation 
to recover an optimal quality of sex life. In the specific case of endometriosis, the 
woman generally requires help, and the gynecologists need to deal with both part-
ners because of issues involving the intimate and sexual sphere.

Several international studies on patients with endometriosis have shown a sig-
nificant reduction in the quality of communication between partners regarding sexu-
ality [39, 44, 51]. In this regard, the results of the WERF EndoCost study report that 
67% of the women involved reported significant problems with the partner due to 
endometriosis and that 19% of women with endometriosis considered the disease as 
a cause of the end of the relationship with the partner [55]. The study by Fagervold 
et al. [10] also confirms the same trend: in particular, according to the results of this 
study, 15% of patients with endometriosis, over 15 years, has had severe problems 
in their relationship with their partners due to the disorder while 7.7% of women 
have ended their relationship due to endometriosis symptoms [19].

Generally, the end of a relationship with the partner and divorce is mainly linked 
to the progressive social and relational closure determined by the discomfort created 
by the symptoms and the poor emotional support from the partner that the woman 
experiences [6].

As previously shown, many women avoid or interrupt sexual intercourse when it 
becomes too painful. In addition, some women experience pain even long after sex-
ual intercourse [46, 56]. For this reason, the woman tends to experience feelings of 
guilt concerning her partner for the avoidance of sexual intercourse and feels unease 
with her own female identity and body image [41, 50, 53].

More specifically, younger women who are not engaged in stable relationships 
live the relationship with their partner with more significant discomfort and suffer-
ing [11, 56]. On the contrary, women who have more stable and lasting relationships 
tend to focus on other aspects of their relationship with their partners. In particular, 
these women tend to attribute relatively minor importance to an active sex life with 
their partner compared with other aspects of the relationship, including communica-
tion and sharing common goals and projects. This trend, however, varies according 
to the age of the woman and the length of the relationship [11, 56].

Women with endometriosis usually judge the partner as emotionally supportive, 
but it is also important to consider the impact the symptoms have on the emotional 
and sexual functioning of the man when the couple is diagnosed with endometri-
osis [6].
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In this regard, the available data are still relatively limited. Most studies have 
focused on the experience of women with endometriosis, while the experience of 
their partners is almost absent from the literature on the subject. However, it is pos-
sible to find some exceptions that provide us with interesting data to consider. A 
study by Fernandez et  al. [57] explored the experiences of 16 men, partners of 
women with endometriosis, using as a reference model that of the five stages of 
grief developed by the Swiss psychiatrist Elisabeth Kübler Ross. The results of this 
study show that the emotional responses of these men to their partners’ disorders are 
entirely comparable to a process of grief, including, specifically, reactions of shock 
and denial, anger, anxiety, isolation and impotence, deflection of mood tone, and 
finally also acceptance and growth of relationship [57].

Similar results are reported in a study by Strzempko Butt and Chesla [58] on 13 
couples in which the woman presents a diagnosis of endometriosis. The authors 
highlight a significant impact of endometriosis symptoms on sexuality and intimate 
relationships as well as on the daily life of the couple [58].

Although according to recent studies, the sexual function of the partner is not 
adversely affected by the presence of endometriosis [59], it is always important to 
take into account the severity of the pathology and the presence or absence of pain-
ful symptoms.

To confirm this, other studies show that male partners of women with induced 
vestibulodynia suffer from the consequences of partner pain, developing significant 
psychological discomfort, increased prevalence of sexual difficulties (e.g., erectile 
dysfunction), and a decrease in the degree of sexual satisfaction [60–62]. Therefore, 
it can be assumed that the quality of the relationship, the psychosocial functioning 
of man, and the male response to pain are related to painful symptoms, the sexual 
functioning, and the emotional and cognitive processing of pain by the woman [6].

In the specific case of endometriosis, it is important to remember that the ESHRE 
guidelines on the management of women with endometriosis stress the need to 
explore the psychosocial repercussions of the disorder on both the patient and her 
partner [63]. In this regard, the ENDOPART study conducted a qualitative analysis 
on the impact of endometriosis on the well-being of women, men and couples [64]. 
This study shows that the experiences of endometriosis patients’ partners are often 
overlooked and not taken into account. Therefore, it is essential to recognize more 
the impact that this disease has on the male partner and implement further support 
and help for the couple [64].

Finally, we must not forget the fundamental importance that the effects of endo-
metriosis on fertility take on within the couple. It is estimated that about 50% of 
women with infertility problems have endometriosis [38, 65]. As the literature on 
the topic has extensively documented, the experience of infertility has a significant 
impact on the psychological well-being of the woman and partner, and it is frequent 
to encounter problems such as anxiety, depression, low self-esteem, frustration, 
emotional stress and relational difficulties within the couple [66, 67]. In addition, 
psychological factors may affect the success of medically assisted procreation tech-
niques, and the failure of infertility therapies may further impair the psychological 
state of the couple [68–70].
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In the specific case of women with endometriosis, it is common for some of them 
to bear the pain experienced during intercourse because the desire for a pregnancy 
is a priority. For these women, the most critical consequence of endometriosis is the 
actual or perceived impact on their fertility [11].

In this case, the anxiety and stress related to difficulties in conceiving are aggra-
vated by the diagnosis of endometriosis and significantly affect the relationship 
[65]. As a result, sexual self-esteem is impaired, and the couple perceives the failure 
to meet social and cultural expectations related to procreation [6].

Therefore, it is essential to provide an integrated treatment that focuses not only 
on the sexuality of women with endometriosis but also on the partner. The discom-
fort of one of the partners has essential effects on the sexuality of the other in a 
perspective of complementarity [71].

In conclusion, assessing the sexuality of the couple, the expectations and experi-
ences of both partners, as well as the quality of the relationship of the couple, is of 
considerable help to the specialist in order to propose targeted diagnostic and thera-
peutic paths that suited to the needs of the individual couple [71].

25.5  Endometriosis Treatments and Quality 
of Life Assessment

The treatment of endometriosis can be complex and, in choosing the most suitable 
treatment for the individual patient, it is crucial to consider several factors such as 
side effects, the anatomical type of endometriosis, the role of any previous surgery, 
infertility, and desire for procreation [24, 63].

In particular, the primary purpose of the treatments should be pain control, 
improvement of quality of life, prevention of recurrence of disease, preservation of 
fertility, and reduction of anatomical damage [38, 72].

In this scenario, the assessment of the quality of life and psychological outcomes 
in patients undergoing different types of endometriosis treatment is important to 
identify the most effective therapeutic option for each patient, thus reducing the 
impact of the disease on women’s well-being [12].

Surgery has always played a central role in treating endometriosis and was the 
primary approach to this disease in the past [24]. However, although surgery plays 
an important role, especially in the most severe cases, good results have been 
obtained in analgesic control also through medical therapy, which uses drugs with 
different actions (analgesics, estroprogestins, GnRH analogues, androgens, aroma-
tase inhibitors) [63].

The effects of medical therapy on the quality of life of patients with endometrio-
sis have been evaluated in the context of pharmacological treatments that include 
GnRH agonists (nafarelin, goserelin, and leuprolide), anastrozole, medroxyproges-
terone, levonorgestrel, GnRH agonists plus estrogen and progestin, and chorionic 
gonadotropin [21]. However, the choice of the most appropriate hormonal therapy 
depends on several factors such as therapeutic efficacy, tolerability, the cost of the 
drug, the experience of the doctor, and the compliance of the patient [63]. In 
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particular, although GnRH agonists are effective in reducing endometriosis symp-
toms, they are often associated with anxiety and depression during treatment [6]. In 
general, pharmacological therapies significantly improve psychological function-
ing, pain, vitality, physical functioning, and general health [21].

A prospective, randomized, double-blind study by Bergqvist and Theorell [73] 
evaluated painful symptoms and quality of life of women with endometriosis treated 
with naphthalene or medroxyprogesterone acetate for 6 months. Patients were also 
followed for a further 6 months after the end of treatment. The study results showed 
that, at the end of the follow-up, both treatments had improved anxiety-depressive 
symptoms and quality of life scores. In particular, the authors highlighted signifi-
cant improvements in leisure, sex life, and domestic activities following treat-
ment [73].

Another interesting study by Zupi et al. [74] assessed the benefits of combined 
therapy with GnRH agonists, estrogen and progesterone. In particular, women 
undergoing leuprolide acetate therapy combined with estrogen and progesterone 
reported significant improvements in the overall well-being ratios assessed through 
SF-36. In addition, compared to patients treated only with leuprolide acetate or 
estroprogestin, patients in combined therapy have achieved significantly better 
scores in the vitality domain of SF-36. Finally, treatment with leuprolide acetate 
combined with estroprogestins effectively improves physical function and painful 
symptoms compared to therapy with estroprogestins only [74].

Intrauterine levonorgestrel-releasing systems and human chorionic gonadotropin 
have been shown to effectively reduce pain levels in patients with endometriosis. In 
this regard, a study by Petta et al. [75] assessed the impact of the use of an intrauter-
ine levonorgestrel-releasing system and the GnRH agonist on quality of life, sug-
gesting that both therapies are associated with a significant reduction in 
visual-analogue scale (VAS) for pain as well as an overall improvement in the psy-
chological well-being of patients. Huber et al. [76] have demonstrated the benefits 
of using chorionic gonadotropin to reduce painful endometriosis symptoms.

Surgery is the primary treatment for the most severe forms of endometriosis, 
such as deep infiltrative endometriosis (DIE) [77]. In the surgical treatment of endo-
metriosis, there is a tendency to modulate the radicality of the treatment based on 
the desire for procreation and the future quality of life of the patient [12]. To date, 
the data available in the literature on quality of life and levels of anxiety and depres-
sion in women undergoing surgery for endometriosis treatment are still rather lim-
ited. Specifically, the types of surgery considered by these studies include 
laparoscopic laser treatment with carbon dioxide, radical resection of rectovaginal 
endometriosis, laparoscopic radical excision with or without resection of the utero-
sacral ligament and hysterectomy. Overall, surgery effectively improves the psycho-
logical functioning, pain, physical function, and general well-being of patients with 
endometriosis [21]. However, these treatments may be associated with adverse 
events, limiting their application in some patients.

A review of Deguara et al. [78] pointed out that laparoscopic surgery is associ-
ated with a more significant improvement in quality of life and emotional well- 
being than medical therapies.
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A prospective cohort study by Van den Broeck et al. [79] assessed the levels of 
depression, the quality of the relationship, and the sexual functioning of 203 women 
undergoing laparoscopic surgery for moderate or severe endometriosis. The results 
showed that radical endometriosis surgery significantly improves patients’ depres-
sion levels and sexual functioning [79].

Another interesting study by Low and colleagues [80] assessed the psychologi-
cal functioning and perceived pain levels in a group of 37 women diagnosed with 
endometriosis and subjected to laparoscopic laser treatment with carbon dioxide. 
The authors pointed out that surgery resulted in a significant improvement in the 
levels of pain experienced, state and tract anxiety, and psychiatric comorbidity [80].

Vercellini et al. [81] have taken into account the psychological and quality of life 
outcomes in patients with endometriosis undergoing laparoscopic surgery with or 
without resection of the uterosacral ligament, highlighting a significant improve-
ment in all quality of life domains assessed through SF-36, except for physical and 
emotional functioning in the group of women undergoing uterosacral ligament 
resection and perception of general well-being, vitality, and mental health in the 
group undergoing conservative surgery. In both groups, there was also a significant 
improvement in anxiety and depression levels as well as sexual functioning [81].

Regarding hysterectomy, an important international study that evaluated the 
quality of life of women with endometriosis undergoing this type of surgery is the 
Maine Women’s Health Study [82]. The quality of life of the women involved in this 
study was evaluated through three indices: Mental Health Index, General Health 
Index, and Activity Index. For all three indices, the overall score is between 0 and 
100, with higher scores corresponding to a better quality of life outcomes [82]. It is 
interesting to note that patients undergoing hysterectomy have significantly lower 
scores in Mental Health Index and General Health Index. At 6 months and 1 year 
after hysterectomy, all indices showed a significant increase compared to pre- 
surgery [82].

25.6  Effects of Endometriosis Treatments on Sexual Function

In recent years, research has increasingly focused on the impact of different thera-
peutic options for endometriosis on the sexual function of women. As noted above, 
the primary objective of endometriosis treatment is to reduce the intensity of symp-
toms (in particular pain) and improve the quality of life of the patient [6]. One pos-
sible option is pharmacological treatment, which seems to have a limited efficacy 
regarding the control of dyspareunia and the improvement of sexual function [9, 
41]. Medical therapy for endometriosis is primarily based on hormonal contracep-
tives, progestins, danazol, GnRH agonists and antagonists, and aromatase inhibi-
tors. The aim is to control the pain associated with endometriosis and to prevent any 
relapses [63]. Pharmacological and hormonal treatments, besides acting on the 
nociceptive processes at the level of the central and peripheral nervous system, also 
affect the brain areas involved in the sexual response (desire, arousal, libido), 
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emotional and behavioral changes (mood, anxiety, fear), and peripheral genital 
response to sexual stimuli [6].

At present, no literature data on the effectiveness of GnRH analogues in improv-
ing the sexual function of women with endometriosis are available. Other studies, 
however, show an effective reduction in deep dyspareunia but at the same time a 
significant decline in libido and vaginal lubrication [6].

Combined hormonal contraceptives (COCs) and progestins effectively reduce 
the painful symptoms associated with endometriosis and improve the quality of life 
and sexual function, as widely demonstrated by several studies conducted on this 
topic [83, 84].

Since 2000, several studies have assessed the sexual function of women with 
endometriosis treated with estroprogestin. In particular, the studies related to the use 
of dienogest, a new progestin specifically proposed in the treatment of endometrio-
sis, are particularly interesting. Morotti et al. [85] evaluated the sexual function of a 
group of women with rectovaginal endometriosis and persistent painful symptoms 
after 6  months of treatment with dienogest. Patients showed, overall, increased 
lubrication, decreased pain, and an overall improvement in sexual functioning. 
Treatment with Dienogest was also generally well tolerated, with no reported seri-
ous side effects [85]. These results are also confirmed by Vercellini et al. [86] and 
Caruso et al. [87, 88]. The first compared the sexual functioning of 90 patients with 
endometriosis treated with norethindrone acetate and 90 treated with dienogest. 
After 6  months of therapy, all participants reported substantial improvements in 
sexual function but no significant differences between the two patient groups [86]. 
The second study assessed the quality of life and sexual functioning of 54 women 
with endometriosis associated with pelvic pain after a 6-month treatment with 2 mg/
day of dienogest. The results show a significant reduction in pain and an improve-
ment in sexual function in women treated with dienogest compared to the control 
group consisting of women with endometriosis and pelvic pain who had refused 
hormonal treatment and were only treated with non-steroidal anti-inflammatory 
drugs [87, 88].

In light of these elements, hormonal treatments for endometriosis can be consid-
ered a valid option concerning sexuality. They significantly reduce the signs and 
symptoms of endometriosis and are associated with a significant improvement in 
women’s quality of life and sexual function [83, 84].

In particular, the literature data seem to identify the Dienogest as a good option 
for the pharmacological treatment of endometriosis, also concerning the improve-
ment of sexual function [89, 90]. Further studies will undoubtedly be needed to 
confirm these encouraging results.

A further option for treating endometriosis is surgery, especially suitable for 
women who do not respond adequately to pharmacological treatments, who wish to 
be pregnant or who have anatomical distortions, such as rectal stenosis, sigmoidal, 
or urethral [41]. Surgical treatment should aim at the complete excision of all mac-
roscopic endometriotic lesions and requires a high level of technical expertise in 
case of extended disease [91, 92].
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In particular, surgery for the most severe forms of endometriosis is subject to 
higher rates of complications such as perforation of the intestine and ureter and 
rectovaginal and uretero-vaginal fistulas, which may require additional surgical pro-
cedures. It is estimated that such complications occur in 4–6% of cases with a sig-
nificant impact on the patient’s quality of life [41, 93].

The potential benefits of radical surgery on deep dyspareunia have been exten-
sively described in both retrospective and prospective studies. Garry et  al. [94] 
assessed the impact of laparoscopic radical excision on various quality of life indi-
cators, including sexual outcomes, noting a significant improvement in sexual func-
tion 4 months after surgery. The study of Abbott et al. [95] showed a better sexual 
function and reduced discomfort during sexual intercourse in a cohort of 176 women 
with endometriosis subjected to laparoscopic excision and evaluated 5 years after 
surgery. However, it should be noted that in 36% of cases, it was necessary to resort 
to additional surgery. Ferrero et al. [96] also showed a significant reduction of the 
deep dyspareunia to 6 and 12 months after the total excision of the endometriotic 
lesions through laparoscopic surgery. The study of Ceccaroni et al. [97] compared 
two different surgical techniques for the treatment of deep endometriosis (laparo-
scopic approach “nerve-sparing” and classic laparoscopic approach).

Regarding sexual function indicators, the study did not report any significant dif-
ferences between the two surgical techniques concerning the frequency of sexual 
intercourse after surgery and the number of patients with dyspareunia, psychologi-
cal stress, and vaginal dryness. Patients subjected to a classic laparoscopic approach 
presented more vaginal bleeding and decreased sex drive. Surprisingly, patients 
subjected to the “nerve-sparing” approach reported a reduced sexual pleasure com-
pared to patients undergoing classical laparoscopy [97]. A recent study by Morelli 
et al. [98] analyzed the outcomes of radical surgery with a robotic approach in ten 
patients with deep endometriosis with colon-rectal involvement. The results showed 
a worsening of sexual functioning 1 month after surgery, with levels comparable to 
preoperative sexual functioning only 12 months after surgery. One year after the 
intervention, a statistically significant improvement was observed only in the area of 
inequality.

About postoperative treatment, it is now widely recognized that hormonal thera-
pies should be systematically proposed to patients who do not intend to conceive 
due to the potential risk of recurrence of endometriosis [77]. In this regard, 
Seracchioli et al. [99] point out that therapy with oral contraceptives is associated 
with a significant reduction in the rate of anatomical recurrence to 1 year from the 
surgical treatment of endometriosis. The authors also point out that postoperative 
contraceptive therapy is associated with a significant reduction in the frequency and 
intensity of relapses of dysmenorrhea [99]. Mabrouk et al. have also confirmed that 
sexual desire, satisfaction, and pelvic pain impact on sexual activity significantly 
improve at 6 months after laparoscopic excision associated with postoperative ther-
apy with COC [100].

In conclusion, endometriosis surgical and pharmacological treatments can 
undoubtedly improve the sexual function of the patient in the medium- and long- 
term but do not necessarily lead to a definitive resolution of sexual problems. For 
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this reason, the ideal treatment should be conducted by a multidisciplinary team to 
improve overall sexual functioning and not only to reduce painful symptoms during 
intercourse [9].

In this sense, the involvement of a psychologist in the team that deals with the 
clinical management of patients with endometriosis indeed represents an added 
value in the diagnostic and therapeutic path of the pathology [71, 101].

These data suggest the importance of psychological factors and an adequate 
assessment of the quality of life and sexuality of patients with endometriosis, not 
only concerning the severity of the symptoms but also in the management of the 
disease and the choice of the most appropriate therapy [1, 21].
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26.1  Introduction

Alternative therapies for endometriosis are normally related to hormone therapy or 
surgical operations; however, these approaches are non-curative, do not comply 
with women’s reproductive objectives, and sometimes result in the recurrence of the 
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disease after discontinuation. Defining the factors that lead to lesion growth and 
progression is crucial to creating prevention opportunities and more successful ther-
apeutic treatments. The discovery of changeable risk factors for endometriosis, such 
as diet and exercise, and the search for complementary and alternative therapies has 
become increasingly attractive. Diet is a key chronic disease risk factor [1]. The 
importance of nutrition in controlling the growth and development of endometriosis 
has lately emerged as a matter of study, mainly due to the finding that some of the 
disease-related physiological and pathological pathways, such as inflammatory 
response, estrogen production, menses succession, organochlorine influence, and 
prostaglandin secretion, may also be affected by nutrition and lifestyle [2]. In endo-
metriosis, relevant habitual dietary habits tend to have a mild effect on certain 
inflammatory mechanisms [3].

Prostaglandin levels are one of the potential pathogenic factors causing both 
endometriosis and dysmenorrhea. Diet-derived omega-6 fatty acids are the integral 
components of pro-inflammatory prostaglandins, such as prostaglandin E2 (PGE2) 
and prostaglandin F2-α (PGF2-α), which are likely to exacerbate uterine cramps and 
to induce pain and discomfort [4]. Arachidonic acid (AA) is an omega-6 polyunsatu-
rated fatty acid (PUFA) biosynthesized from linoleic acid, a key constituent of veg-
etable oil, and a substrate for the development of chemical messengers such as 
(PGE2) and leukotriene-4 (LTB4) that tend to be associated with the development of 
pain and endometriosis [4]. PGE2 affects cytokine and chemokine production, 
impacts steroidogenesis, induces angiogenesis, and enhances matrix metalloprotein-
ases (MMPs). Estradiol, interleukin 1ß (IL-1ß), vascular endothelial growth factor 
(VEGF) affect cyclooxygenase-2 (cox-2) activity, contributing to continuous PGE2 
generation through a persistent positive feedback loop [5]. However, prostaglandin 
E3 (PGE3), originating from omega-3 fatty acids, such as eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA), were related to decreased phlogosis and, 
therefore, reduced pain [4]. By contending with omega-6 PUFAs to generate anti-
inflammatory lipid mediators, omega-3 PUFAs are crucial in regulating prostaglan-
dins and cytokines, such as interleukin (IL)-1, −2, and −6 and tumor necrosis 
factor-α (TNF-α) [4]. EPA is a negative regulator of converting AA to PGE2 and 
LTB4. An unbalanced formulation of the appropriate omega-6 and omega-3 fatty 
acid ratio [1] can stimulate inflammatory pathways and may be correlated with inten-
sified menstrual pain and autoimmune and hormonal dysfunctions [6].

Attaman et al. showed that in an endometriosis mouse model in which omega-6 
fatty acids can be transformed into omega-3 fatty acids, the percentage of lesions 
induced in the mouse model was significantly lower compared to the controls, and 
pro-inflammatory cytokines such as IL-6 and inflammatory enzymes such as Cox-2 
were decreased [7]. In a rabbit-endometriosis prototype surgically created, dietary 
ingestion of EPA and DHA caused decreased lesions and lower levels of PGE2 and 
prostaglandin F2 (PGF2) in the peritoneal fluid [8]. Trans-fatty acids (such as linoleic 
acid) are linked with higher systemic inflammation markers. A greater consumption is 
related to increased TNF system activity, higher TNF-receptor concentrations, and 
higher plasma levels of IL-6, C-reactive protein (CRP), and TNF-α [9].

Another risk factor for developing endometriosis could be elevated estrogen lev-
els. Hence, we may presume that the dietary influence on the levels of circulating 
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estrogen can also contribute to endometriosis etiology [2]. The inflammatory and 
proliferative features of endometriosis may be favored by estrogen upregulating 
prostaglandin synthesis [10]. Diet can affect the risk of endometriosis by its effect 
on steroid hormones. For example, red meat has been demonstrated to greatly 
reduce sex hormone-binding globulin (SHBG) and to enhance estradiol levels [11]. 
In contrast, fish oil has been correlated with reduced circulating concentrations of 
PGE2 and decreased inflammatory symptoms and reduced dysmenorrhea [12]. One 
of the main sources of pro-vitamin A, i.e., alpha-carotene, beta-carotene, and beta- 
cryptoxanthin, are fruits. Research shows that many women with endometriosis 
generally consume fewer Vitamin-A nutrients, compared to the women not suffer-
ing from the disease [13] Example cases include the presence of high concentra-
tions of IL-6 in endometrial cells in humans, and especially in the affected women’s 
peritoneal fluid. The experiments also prove the retinoic acid ability of reducing 
mRNA expression of IL-6 levels [14]. Furthermore, while VEGF has been proven 
to support the angiogenesis of endometriosis lesions, the stimulation of HL-60 cells 
using all-trans retinoic acid (atRA) reduces VEGF mRNA and proteins [14]. Other 
vitamins such as C and E with antioxidant properties also affect lipid peroxidation 
(LPO). The production of reactive oxygen species (ROS), which can come from 
several sources, may induce an LPO chain reaction causing chronic inflammatory 
diseases [15]. Free radicals, as well as reactive oxygen species (ROS) can regulate 
the development and adherence of endometrial cells in the abdominal cavity. 
Vitamin C is a known suppressant of free radicals and ROS [16].

Chemical substances from contaminated conditions, especially organochlorines, 
including polychlorinated biphenyls (PCBs) and pesticides/insecticides, may also 
be found in food. PCBs occur to bioaccumulate in the lipids found in meat, liver, 
and dairy products. Similarly, pesticides can be ingested with polluted fruits and 
vegetables. Among the risk factors for endometriosis, the above substances can also 
be listed, as they have been proven to achieve multiple effects through estrogen and 
androgen receptors, interacting with hormonal pathways [17, 18].

Additionally, vitamin D, calcium, and minerals such as magnesium and copper 
can also be involved in the pathogenesis and risk of developing endometriosis. 
Vitamin D and calcium activate T-regulatory cells and IL-10 secretion, decrease the 
concentrations of pro-inflammatory cytokines, such as IL-17, and mitigate the 
immune role of T-helper 1 [19]. Previous in vitro research explored the effects of 
calcitriol on human endometriotic stromal cells (ESCs), showing its effect on reduc-
ing IL-1 and TNF, and on suppressing viable ESCs numbers [20]. In addition, treat-
ment with calcitriol significantly decreases VEGF and MMP-9 and significantly 
improves specific tissue inhibitors of metalloproteinase-2 (TIMP-2) concentrations 
in ectopic lesions, indicating that calcitriol may interact with the production and 
progress of endometriosis by repressing neovascularization and extracellular matrix 
remodeling, both of which are needed for invasive conditions contributing to 
advanced disease [21]. Additionally, in ESCs grown from ovarian endometriomas, 
an injection of 1,25(OH)-D3 induces an antiphlogistic result, expressed as decre-
ments in IL-8, IL-6, and MMP-2/MMP-9 expression, prostaglandin production, and 
nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) stimulation 
compared to untreated cells [20]. However, in a research including women with 
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ovarian endometriosis, those with vitamin D deficiency (hypovitaminosis D) were 
more inclined to develop endometriosis than those with standard vitamin D serum 
concentrations [22]. Additionally, an inverse relationship between magnesium con-
sumption and endometriosis risk was found in a prospective cohort study [23]. 
Lower concentrations of pro-inflammatory markers and endothelial dysfunction in 
postmenopausal women correlate with the dietary consumption of magnesium. 
Because the fallopian tubes of patients with endometriosis work more spasmodi-
cally, magnesium’s soothing effect on the smooth muscles present in the tubes and 
uteri can help women with endometriosis [23]. In women with endometriosis, 
higher urinary and serous concentrations of copper have been detected. Moreover, 
the correlation observed between markers of copper, ceruloplasmin, and oxidative 
stress indicates their possible application for oxidative stress in endometriosis etio-
pathogenesis [24].

While a vast amount of the lay literature promotes dietary modifications to mini-
mize endometriosis and related disorders, the scientific literature in this field 
remains scarce. Few human studies have studied the relationship between endome-
triosis and diet. Notably, most of the recorded researches supporting such a correla-
tion was carried out using endometriosis animal models, with the results were 
merely deduced to humans. In addition, the analyses were primarily retrospective or 
case-control in the few studies of exposed women, which are susceptible to selec-
tion and/or recall bias and are usually too restricted in length to adequately illustrate 
the impact of nutritional interventions on the growth and expansion of lesions. An 
Italian case-control study by Parazzini et al. recorded that women with endometrio-
sis had higher intakes of red meat and ham and lower consumption of fish, fresh 
fruits, and green vegetables compared to women without endometriosis [25]. On the 
contrary, a case-control study based in Washington documented no link between 
endometriosis diagnosis and increased consumption of red meat, fish, and vegeta-
bles, but instead, there was a higher intake of fruit among women with endometrio-
sis. Trabert et al. hypothesized that exposure to pesticides through fruit ingestion 
might justify the higher risk of endometriosis in their research [26]. A major draw-
back in these studies was the retrospective compilation of nutritional data restricted 
to the analysis of diet in the year before the diagnosis of endometriosis. In a study 
by Harris et al., it was stated that the intake of citrus fruits rich in β-cryptoxanthin is 
protective against the development of endometriosis thanks to the noticeable 
increase in serum retinol. On the other hand, the intake of cruciferous vegetables has 
been related to an increased risk of endometriosis. Although rich in health benefits 
such as phytochemicals and nutrients, cruciferous vegetables may be difficult to 
digest and absorb. Some of these are rich in fermentable oligosaccharides, disac-
charides, monosaccharides, and polyols (FODMAPs), which are strongly related to 
the exacerbation of irritable bowel syndrome (IBS) symptoms [27, 28].

A cohort study which explored the relationship between the consumption of red 
meat, poultry, fish, and seafood and the risk of endometriosis was published by 
Yamamoto et al. They found that the consumption of red meat (regardless of the 
type of animal fat), refined or unprocessed, is a major cause of an higher possibility 
of developing endometriosis. Meanwhile, red meat substitution with fish, shellfish, 
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and eggs was correlated with a lower endometriosis risk [29]. The link between 
dietary fat consumption and the probability of developing endometriosis was inves-
tigated by Missmer et al., evaluating 12 years of prospective data from the Nurses’ 
Health Study II that started in 1989. According to this broad, prospective study 
among premenopausal women, a considerably reduced incidence of laparoscopic 
endometriosis diagnosis was found among women with higher long-time consump-
tion of omega-3 fatty acids. Contrarily, an increased risk was correlated with the 
intake of trans-unsaturated fat and, theoretically, a diet with a higher ingestion of 
animal fat [30]. Moreover, ligands of peroxisome proliferator-activated receptor 
gamma (PPAR-γ) cause regression in rodents and baboons with surgically induced 
endometriosis. The study’s findings correlate with these models, as trans unsatu-
rated fatty acids can decrease PPAR-γ expression by approximately 40%, contrary 
to the upregulating impact of polyunsaturated fatty acids (omega-3) that have been 
assumed to be natural PPAR-γ ligands [31].

Trabert et al. discovered an opposite association as regards dairy consumption 
and endometriosis. In contrast to women reporting <1 serving/day of milk products, 
the odds ratio for women with endometriosis reporting 1–2 servings/day was 0.6, 
while in women documenting >2 servings/day, it was 0.7 [26]. The general intake 
of milk and other low-fat dairy products was related to a lower probability of devel-
oping endometriosis in a 2013 study reported by Harris et al. The risk of endome-
triosis was 18% lower for women who ate more than three portions of dairy products 
daily than for women who consumed two or fewer portions of dairy products daily 
[23]. In adolescence, consuming dairy, precisely yogurt and ice cream intake, can 
lower the probability of consequent endometriosis [32].

Soy products include high levels of phytoestrogens, mainly the isoflavones 
genistein and daidzein, which are structurally comparable to estradiol and may 
interfere with estrogen receptors. It is believed that exposure to these substances 
during childhood raises the incidence of endometriosis in adulthood [33]. Mvondo 
et al. recently evaluated a diet on immature female rats with different soy formula-
tions. At 13  weeks of age, the animals (except the normal control) underwent 
endometriosis transplantation. The severity of pelvic discomfort and the number 
of ectopic foci expanded in animals supplied a diet of more than 10% of soy. 
Consequently, these findings indicate that daily dietary intake containing more 
than 10% of soy from a prepubertal age may have facilitated endometriosis pro-
duction by encouraging oxidative tissue stress and cell hypertrophy [34]. Early 
exposure to genistein has been shown to significantly raise uterine tumorigenesis 
in adulthood via an epigenetic pathway involving the decreased expression of the 
zest homologue 2 enhancer (EZH2) and histone 3 trimethylated lysine 27 
(H3K27me3) enhancer. Decreasing H3K27me3 levels, a repressive mark for gene 
expression, in the development of the uterus, reconfigures estrogen-responsive 
genes to become ultra- responsive to estrogen in the adult uterus. The theory is that 
ectopic growth of the endometrium outside the uterine cavity could be caused by 
anomalies inherent in the eutopic endometrium not seen in women without endo-
metriosis [35]. Conversely, either genistein or puerarin have been studied in ani-
mal models of endometriosis. It has been demonstrated that the size of 

26 Nutritional Interventions, Complementary and Alternative Medicine…



334

endometriotic nodules decrease by suppressing aromatase and estrogen receptor 
activity and restricting of estrogen concentrations [36]. Overall, no variations in 
the levels of urinary phytoestrogen in women with or without endometriosis have 
been observed, independent of any discrepancies in the intake of soy supplements 
recorded [37].

A meta-analysis by Chiaffarino et al. reported that evidence is currently inade-
quate to indicate a strong link between caffeine intake and disease occurrence [38]. 
Caffeine has been indicated to act on the hepatic production of SHBG and to result 
in an associated decrease in bioavailable testosterone in women. Other studies have 
speculated on caffeine’s involvement in the inhibition of aromatase, the main 
enzyme mediating the transition of androgens into estrogens. However, estrogen 
concentrations in the early follicular phase and oestrone levels have been shown to 
be superior in women with elevated caffeine consumption [39].

A fiber-rich diet improves the excretion and decreases the bioavailability of 
estrogens, while refined and whole grains impact the glycemic index and the demand 
for insulin. Insulin has been shown to induce endometrial stromal cell proliferation 
by reacting to its endometrial receptors. Furthermore, hyperinsulinemia can increase 
estrogen and insulin-like growth factor-1 (IGF-1) concentrations by decreasing 
SHBG concentrations and IGF-1 binding protein. Both estrogens and IGF-1 pro-
mote the proliferation of endometrial cells [40]. Based on these findings, the risk of 
endometriosis may be correlated with fiber and cereal intake. However, the pub-
lished evidence does not support this correlation. In Trabert et al.’s analysis, there 
was no correlation between fiber intake and risk of endometriosis [26]; to the con-
trary, Savaris and do Amaral detected a significantly superior consumption of fiber 
in women with endometriosis, but the study had too many limitations to allow to 
draw any conclusions [41].

Patients with endometriosis suffer considerably from diet-related comorbidities, 
including food intolerances and allergies. Gastrointestinal symptoms, such as flatu-
lence, swelling, constipation, and diarrhea, are also more frequent in the endome-
triosis community and appeared to worsen during the menstrual period [42]. There 
are numerous causes for these signs, ranging from the intestinal presentation of 
endometriotic lesions to the high incidence of food allergies or IBS. On the one 
hand, the overlap between endometriosis and IBS impedes an appropriate diagno-
sis; on the other hand, it provides new therapeutic opportunities for patients with 
both diseases [43, 44]. The diagnosis and management of diet-induced diseases, 
particularly food intolerances or allergies, through nutritional interventions can 
improve well-being and symptoms.

26.2  Nutritional Interventions

An online survey in Australia shows that approximately 76% of women suffering 
from endometriosis utilize several self-care techniques at home such as exercise, 
diet, and meditation. Close to half of the women had tried to treat endometriosis by 
changing diet, such as shifting to vegan and gluten-free diets. The study ranked the 
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efficiency of the diet-change option as 6.4 out of 10 [45]. However, there is no sci-
entific knowledge of the impact of diet on endometriosis [46]. The available 
researches investigating the impact of diet on endometriosis are more concerned 
diet as a risk for endometriosis rather than treatment.

26.2.1  Vitamin D and Fatty Acids

In a double-blind clinical trial, Almassinokiani et  al. showed no variation in 
endometriosis- related pain between women taking 50.000 UI of vitamin D or pla-
cebo weekly for 12 weeks after surgical treatment [47].

In vivo and in vitro studies have shown that oral omega-3 PUFAs (i.e., EPA and 
DHA) have the potential to alleviate painful symptoms correlated with the disease, 
minimize lesion size, sustain patients’ ability to conceive, and have no or minimal 
side effects [48]. However, the properties of omega-3 PUFAs to reduce the risk of 
endometriosis in women, focused on prospective results, are aligned with those 
derived from animal studies [7]. A specific example involves surgically-induced 
endometriosis rats that ingest omega-3 PUFAs, which causes major regression of 
endometriotic nodules, as well as the reduced IL-6, TNF-α, and VEGF peritoneal 
concentrations [8, 49]. In a recent study, Nodler et al., wanted to establish whether 
vitamin D and omega-3 can reduce pain or the need for pain medications, and thus 
improving the quality of life in women affected by endometriosis. The subjects 
received 2000 IU vitamin D3, 1000 mg fish oil, or a placebo as a control experi-
ment. However, after 6 months of treatment, the study did not provide statistically 
relevant findings on the improvement of pain in the subjects, compared to those who 
took a placebo [50].

26.2.2  Antioxidant Diet

Oxidative stress, which is characterized by a disequilibrium in ROS generation and 
inactivation, is thought to be one of the triggering factors for endometriosis [51]. 
The finding is from laboratory experiments conducted on endometrial cell cultures 
from women with and without the disease. ESCs that have been cultured with anti-
oxidants inhibit thymidine intake, while those subjected to oxidative stress inducers 
seem to support endometrial stromal growth [51]. The antioxidant pathway is one of 
the systems used to reduce oxidative stress, and works by eliminating free radicals. 
The system mainly consists of superoxide dismutase, and works by eliminating 
superoxide anion, thus getting rid of hydrogen peroxide. Patients of endometriosis 
generally have a reduced antioxidant system. The intracellular antioxidant system, 
comprising of glutathione, is crucial for endometrial detoxification and is an impor-
tant factor in the endometriosis’ pathophysiology [52].

A group of eight women with endometriosis showed positive improvement in the 
treatment of pain and bleeding using antioxidant diindolylmethane (DIM) and dien-
ogest compared to those treated using dienogest alone. The antioxidant, DIM, is 
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produced by acidic substances from indole-3-carbinol and is present in vegetables 
such as broccoli, cabbage, cardamom, and Brussel sprouts. In addition to influenc-
ing estrogen activity in cells by inhibiting the estrogen receptor, the compound also 
contains some anti-tumor effects [53].

Mier-Cabrera et al. suggested the intake of a high antioxidant diet (HAD) with 
variations of 150% of the daily recommended vitamin A nutrient (equivalent to 
1050 μg of retinol), 660% of the recommended vitamin C (500 mg) nutrients, and 
at least 133% of the recommended ration of vitamin E (20 mg). The consumption of 
HAD in women affected by endometriosis led to an improvement in peripheral 
enzymatic superoxide dismutase and glutathione peroxidose. The diet also reduced 
the peripheral concentration in malondialdehyde as well lipid hydroperoxides 
within a period of 3 months [13].

In a multicenter, non-comparative clinical trial, 398 patients were managed for 
endometriosis-associated pelvic pain with antioxidant preparations of N-acetyl cys-
teine, alpha-lipoic acid, and bromelain. The formula was proven to have antioxidant 
properties upstream in the Cox-2 pathway, without the risk of affecting the patient’s 
fertility, or having other adverse side effects, as is the case with many non-steroidal 
anti-inflammatory agents (NSAIDs). The experiment’s success is undoubtedly 
attributed to N-acetyl cysteine, an important precursor of reduced glutathione. The 
study showed improvement in endometriosis-related pelvic pain and lower need for 
rescue analgesics in women with endometriosis who achieve pregnancy [54].

26.2.3  Combination of Nutrients

The results of a diet consisting of a mixture of vitamins (B6, A, C, and E), mineral 
salts (Ca, Mg, Se, Zn, and Fe), VSL3 lactic ferments (Bifidobacterium breve, 
Bifidobacterium longum, Bifidobacterium infantis, Lactobacillus acidophilus, 
Lactobacillus casei, Lactobacillus bulgaricus, and Streptococcus thermophilus), 
omega-3 fatty acids (fish oil), and omega-6 fatty acids (fish oil) were evaluated by 
Sesti et al. in a comparative randomized trial [55]. In their first research, the efficacy 
of endometriosis-related pain and quality of life outcomes of conservative surgery 
plus placebo were assessed in comparison with conservative surgery plus hormone 
suppression, such as gonadotrophin-releasing hormone agonists (GnRHa) or estro-
progestin, or diet therapy. The results of their study support the hypothesis that 
GnRHa, oral contraceptives, or diet therapy, following conservative surgery for 
endometriosis is more effective than a placebo in obtaining the remission of 
endometriosis- associated pain and improved quality of life, especially in women 
suffering from non-menstrual pelvic pain or dysmenorrhea [55]. Adopting an iden-
tical dietary compound in a group of patients experiencing endometrioma cystec-
tomy and adhesiolysis, the authors did not report any differences in endometrioma 
recurrence in women following the diet, whether using GnRH analogs or the pla-
cebo [56].
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26.2.4  What About Nutrients to Avoid?

The introduction of a low-FODMAP diet has transformed the paradigm of IBS peo-
ple management over the last decade. FODMAP is a category of short-chain carbo-
hydrates present in many fruits, vegetables, and grains, which are improperly 
processed and rapidly fermentable by bacteria [57]. In patients with visceral hyper-
sensitivity, their osmotic activities and gas formation induce intestinal luminal dila-
tion, causing pain and bloating, with indirect impacts on gut motility. In women 
with endometriosis, visceral hypersensitivity, a characteristic of IBS, is also 
reported, indicating that the low FODMAP diet could be an advantageous strategy 
[58]. In a retrospective analysis by Moore et al., the FODMAP diet proved benefi-
cial in women with IBS and endometriosis, showing a higher response than the 
group with IBS alone. According to specific intent-to-treat, a significantly higher 
percentage of patients with documented endometriosis responded to the diet (72%) 
compared to those without (49%) [28].

Borghini et al. speculated that women with endometriosis have a high prevalence 
of nickel allergy, and a low-nickel diet may be recommended. Nickel allergy can 
manifest in the form of allergic contact mucositis and may cause IBS-like and extra- 
intestinal symptoms. In this study, 90.3% of patients presented a positive test for 
nickel allergic contact mucositis. Both gastrointestinal and gynecological symp-
toms revealed a statistically significant decrease after 3  months of a low-nickel 
diet [59].

In a small clinical series, two women with endometriosis got rid of the pain by 
consuming soy-free diets. This effect is understandable since soya is rich in phy-
toestrogens, and considering that endometriosis is an estrogen-dependent illness. 
The quantity of phytoestrogens present in soya is however relatively low, so the 
impact of soya-elimination in the suppression of endometriosis symptoms is debat-
able [60].

One case report recorded that a woman with celiac disease had an endometrioma 
and became pregnant after a gluten-free diet. However, it was not clear if gluten 
removal could also be successful against endometriosis [61]. Gluten is the structural 
compound of protein found in wheat, consisting of gliadin and glutenin. Wheat 
intake can lead to chronic inflammation since gliadin and wheat germ agglutinin 
increase permeability in the intestines and stimulates the immune system. However, 
since there was only one case report showing a positive result in the effect of gluten 
reduction on fertility in a patient that suffered from endometriosis and was gluten- 
intolerant. Thus, it is still unclear whether the elimination of gluten in diet could be 
a suitable solution for women affected by endometriosis, especially since whole 
grains are an important part of diet [62]. The use of a gluten-free diets as a supple-
mentary therapy with dienogest to treat deep infiltrating endometriosis was evalu-
ated in a retrospective study by Marziali et  al. The data revealed a statistically 
significant improvement in pelvic pain in patients treated with the gluten-free diet 
compared to those treated with dienogest alone [63].
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26.3  Complementary and Alternative Medicine

Since endometriosis symptoms can significantly impact women’s quality of life, 
while the short-term and particularly long-term therapeutic benefits of the at hand 
nowadays approaches are quite limited, there is increasing frustration among 
patients who undergo only hormonal and/or surgical intervention. Taking this into 
account, women with endometriosis also look for more alternative treatments to 
support their physical and psychological well-being, such as complementary health 
approaches (CHAs), the name used by the National Center for Complementary and 
Integrative Health (NCCIH), and home remedies (HRs) [64]. CHAs and HRs, both 
unconventional medical approaches developed outside of traditional western medi-
cine suggest remedies such as; the use of topical heat, homeopathy, massage, relax-
ation, kinesiology, physiotherapy, movement, acupuncture, electrotherapy, yoga, 
osteopathic manipulative therapy, and traditional Chinese medicine [65]. 
Complementary and alternative medicine (CAM), also called as an option “apart 
from” traditional medicine varies from the medical standard and is globally recog-
nized as a form of medical care. The practices include the entire health systems, 
procedures, theories, cultural attitudes, and modalities as described in the 1995 
CAM Research Methodology Conference. The therapies can be subdivided into five 
categories which are biological treatments, mind-body therapies, muscle-joint stim-
ulations, energy therapies, and alternative medical systems [65]. In a research sur-
vey of 574 women with a documented endometriosis diagnosis, 62.5% reported 
using some form of CHA and HR.  In contrast to people without these features, 
women suffering from fatigue more frequently chose alternative therapies. 
Moreover, the above alternative solutions are more often preferred by women who 
are unsatisfied with their doctor’s health care [66]. An Australian survey of 7427 
women recorded an increased use of vitamins, yoga, minerals, acupuncture, or tra-
ditional Chinese medicine than women without endometriosis [67]. As traditional 
treatments may not be adequately efficient, the women’s wishes should be carefully 
evaluated, and clinicians should explore and facilitate individual treatment options 
to offer the best possible complete and accurate treatment for endometriosis.

26.3.1  Chinese Medicine Decoctions

Various traditional decoctions, such as Xuefu Zhuyu decoction (XZD), Xiaochaihu 
decoction (XCHD), Qu Yi Kang (QYK), YiWei San (YWS), and Huoxue Xiaoyi 
decoction (HXD), are utilized to treat endometriosis in China. Several studies have 
found that XZD can alleviate dysmenorrhea, reduce ectopic lesions, and assist fer-
tility [68]. In a rat endometriosis-induced model, XCHD may reduce serum estra-
diol concentration and may diminish the expression of P450 aromatase protein and 
Cox-2 protein in endometriotic tissue. In a rat prototype undergoing XCHD therapy, 
endometrial lesion volume was significantly reduced at the same time as the serum 
and peritoneal fluid concentrations of IL-8, TNF-α, and VEGF [69]. Some research-
ers have found that QYK might lessen the peritoneal fluid concentrations of IL-2 
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and IL-6, suppress endometrial tissue growth and proliferation in rat models, and 
remove new vascular connections on the ectopic endometrium by diminishing the 
VEGF proteins synthesis inside endometrial tissue [70]. By reducing the expres-
sions of intercellular adhesion molecule-1 (ICAM-1), MMP-9, and VEGF, HXD 
and YWS may down-regulate the process of adhesion, invasion, and local angiogen-
esis of endometriosis [71]. In a retrospective study, Meissner et  al. attempted to 
determine the efficacy of combination therapy with traditional Chinese medicine 
and hypnotherapy systemic autoregulation therapy (SART) as an innovative 
approach for endometriosis symptoms. Forty-seven patients with endometriosis 
who were managed with SART were monitored by phone surveys. The median 
follow-up period was 5  years. On a 0–10-point visual analog scale, the median 
severity of pain associated with endometriosis was reduced from eight to three 
points. Therapy of endometriosis using traditional Chinese medicine and hypno-
therapy may lead to significant pain relief and higher birth rates in patients with 
medication-refractory endometriosis [72].

26.3.2  Herbal Medicines (Phytotherapy)

Medicinal plants and botanical extracts are also widely adopted to treat the symp-
toms of many gynecological diseases, such as endometriosis. Medicinal herbs and 
their effective ingredients have antiproliferative, antioxidant, analgesic, and anti- 
inflammatory effects. These features can aid in the treatment or regression of endo-
metriosis [73]. Moreover, the various systems implicated in endometriosis 
etiopathogenesis may be the object of herbal medicines. Reduced apoptosis and 
enhanced cell survival are often documented in the eutopic and ectopic endome-
trium of patients suffering from endometriosis in comparison with healthy controls, 
and some studies have examined the effects of different plants on apoptosis and cell 
survival. In addition, there is evidence that particular herbs may affect the epig-
enome, which is a therapeutic technique to theoretically correct the aberrant epigen-
etic modifications recorded in endometriosis [73]. Similarly, other pathways that 
have a central role in the progression of endometriosis have been investigated as 
potential targets for phytotherapy, such as:

 1. Angiogenesis mediated by VEGF: Alchemilla (family of Rosaceae) [74]; Allium 
sativum (garlic) [75]; Salvia miltiorrhiza [76]; Aloe vera (family of 
Xanthorrhoeaceae) [77]; Viburnum (family of Caprifoliaceae) [78]; Viburnum 
opulus (family of Adoxaceae) [78]; Achillea biebersteinii (family of Asteraceae) 
[79]; Alchemilla mollis (family of Rosaceae) [74].

 2. Altered inflammatory microenvironment involving cytokines and immune cells: 
Allium sativum (garlic) suppresses the leukocyte production of IL-10 [75]; 
Artemisia princeps (family of Asteraceae) reduces interferon-γ (IFN-γ), IL-2, 
TNF- α, and IL-1β [80]; Aloe vera (family of Xanthorrhoeaceae) [77], Viburnum 
(family of Caprifoliaceae) reduces TNF-α and IL-6 [78]; Andrographis panicu-
late (family of Acanthaceae), decreases Cox-2 activity and the phosphorylation 
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of p50 and p65 [81]; Viburnum opulus (family of Adoxaceae), Achillea bieber-
steinii (family of Asteraceae), and Alchemilla mollis (family of Rosaceae) 
decrease the levels of TNF-α and IL-6 [82–84]; Tenacetum parthenium (family 
of Asteraceae) inhibits prostaglandin synthesis and mast cell degranulation [85].

 3. Reduction of oxidative stress improving antioxidant enzymes: Allium sativum 
(garlic) [75]; Aloe vera (family of Xanthorrhoeaceae) [77]; Echinacea sp. (fam-
ily of Asteraceae) [86].

 4. Proapoptotic effect inducing caspase and proapoptotic proteins: Allium sativum 
(garlic) [75]; Salvia miltiorrhiza [76]; Artemisia princeps (family of Asteraceae) 
[80]; Aloe vera (family of Xanthorrhoeaceae) [77].

 5. Reduction in proliferation and migration, attenuating the expression of vascular 
cell adhesion molecule 1 (VCAM-1) and ICAM-1: Allium sativum (garlic) [75]; 
Salvia miltiorrhiza [76]; Artemisia princeps (family of Asteraceae) [80].

26.3.3  Herbal Extracts Therapies

Epigallocatechin Gallate (EGCG) is a green tea catechin monomer with potent anti-
angiogenic, antioxidant, and proapoptotic characteristics and is, unsurprisingly, 
associated with the inhibition of endometriosis lesions induced in mouse models. 
EGCG’s inhibition of VEGF/VEGF receptor signaling occurring through 
interferon-γ, MMP-9, and chemokine ligand has been shown to mediate the 
restricted macrovascular structure in lesions [87]. Treatment that started 15 days 
after surgery has been shown to influence the development and persistence of previ-
ously known endometriotic-like lesions [88].

Curcumin is a Curcuma longa (Zingiberaceae) polyphenolic monomer extract. It 
promotes microcirculation and has many pharmacological characteristics, such as 
antioxidants, anti-inflammatory, and anti-proliferative. Angiogenesis is fundamen-
tal for the persistence of peritoneal endometriosis implants and the development of 
endometriosis. Many studies have shown that curcumin consumption decreases the 
amount of microvessels and VEGF protein synthesis in the ectopic endometrium of 
rat endometriosis-induced models [89]. Other studies have shown that curcumin 
administration inhibits the expression and activity of MMP-3, MMP-9, MMP-2, 
TNF-α, monocyte chemotactic protein-1 (MCP-1), IL-6, and IL-8, [90].

Puerarin is a common isoflavonoid product derived from Radix puerariae. It has 
a low estrogen effect through binding to estrogen receptors. Puerarin administration 
decreases the levels of MMP-9, ICAM-1, and VEGF proteins, but enhances the 
percentage of TIMP-1  in endometriotic stromal cells. Moreover, it controls the 
enrollment of nuclear receptors that suppress the mitogen-activated protein kinase 
(MAPK) signaling pathway and also inhibits local aromatase [91].

Xanthohumol is a prenylated flavonoid with anti-proliferative, anti- inflammatory, 
and antiangiogenic characteristics. Xanthohumol has been demonstrated to success-
fully minimize the concentration of phosphoinositide 3-kinase protein in a Bagg- 
Albino (BALB/c) mouse endometriosis model and also to considerably reduce the 
microvessel density (MVD) [92].
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Resveratrol, a stilbenoid, is a polyphenol present in red grapes, pistachios, pea-
nuts blueberries, and other berries. This substance has been shown to reduce ectopic 
lesion size in a mouse model of endometriosis while decreasing peritoneal fluid 
VEGF and peritoneal and plasma monocyte chemoattractant protein-1 (MCP-1) 
levels and lesion VEGF expression [93]. Resveratrol therapy might reduce the 
expression of IGF-1 and hepatocyte growth factor (HGF) in ectopic, which plays a 
key role in disease progression [94].

Polydatin is a natural resveratrol glucoside and is found in fruit, grapes, and 
peanuts, and it is sometimes co-micronized to palmitoylethanolamide (PEA) as an 
alternative or supplementary treatment of pain control for endometriosis patients 
[95]. Polydatin has anti-inflammatory, antioxidant and anti-chemotactic activities, 
reducing the inflammatory response by suppressing the production of releasing pro- 
inflammatory mediators and mast cell degranulation, as well as changing eicosanoid 
production [96].

Palmitoylethanolamide (PEA) is a component of the N-acylethanolamine family 
of fatty acid amides. It is a signaling molecule that can regulate the activation of 
mast cells and microglial cells’ activity. It works peripherally on the intermodula-
tion between mast cells and nociceptive nerve fibers, and in the central nervous 
system, decreasing the central pain hypersensitization correlated with microglial 
activation [97]. High concentrations of activated mast cells have been observed in 
endometriotic lesions and, specifically, in deep infiltrating nodules, proximal to 
nerves, indicating that mast cells may provide endometriotic pain by having a direct 
impact on nerve structures. In fact, mast cells’ activation can stimulate the excessive 
secretion of pro-inflammatory products liable for peripheral neuronal sensitization 
processes, which are intensified by microglial stimulation at the central level, with 
the production of chronic pelvic pain. Furthermore, cytokines and secreted growth 
factors facilitate the infiltration and growth of ectopic endometrium, promoting pro-
liferation and angiogenesis. Therefore, mast cells can be a revolutionary target for 
treatment options intended to limit inflammation and the subsequent hyperalgesia 
and allodynia in patients with endometriosis [82]. A meta-analysis in 2017 showed 
that a combination of micronized PEA (400 mg) and polydatin (40 mg) dispensed 
orally twice daily for 3  months in a heterogeneous population of endometriotic 
patients with endometriosis-related pain resulted in a clinically important improve-
ment in the VAS score for chronic pelvic pain and dysmenorrhea, as well as a more 
limited decrease in deep dyspareunia and no clinical decrease in dyschezia [83]. 
Stochino-Loi et al. found that patients with symptomatic endometriosis managed 
with 600  mg of ultramicronized palmitoylethanolamide twice daily for 10  days 
accompanied by co-micronized palmitoylethanolamide (400  mg) and polydatin 
(40  mg) for 80  days experienced a significant decrease in painful symptoms 
(assessed with VAS score) and an improvement in quality of life (QoL) and psycho-
logical well-being (evaluated with SF-36 and SCL-90). The finding that these two 
compounds enhance women’s quality of life and psychological well-being can be 
related to the drug’s pain control properties. However, recent medical research has 
shown a correlation between inflammatory diseases and emotional disorders. In par-
ticular, as far as endometriosis patients are concerned, immunological changes have 
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been observed, resulting in imbalances in pro-(IL-1, IL-2, IFN-γ) and anti- 
inflammatory (IL-4) cytokine production, associated with mood disorders such as 
depression and anxiety. Moreover, this therapy does not display any significant side 
effects, which are especially acceptable for women who are seeking pregnancy and 
without other infertility factors [84]. Another recent study explored the effects of 
alpha-lipoic acid, palmitoylethanolamide, and myrrh on endometriosis cyst volume 
and pain in women with endometriosis. Endometrioma measurements did not 
improve after administering this compound, but chronic pelvic pain and dysmenor-
rhea assessed with VAS score significantly reduced [98].

26.3.4  Acupuncture and Electrotherapy

Acupuncture is one of the most important types of traditional Chinese medicine 
(TCM). There are many distinct types of acupuncture, such as body acupuncture, 
electroacupuncture, auricular acupuncture, and scalp acupuncture. Auricular acu-
puncture is the most widely performed because of the following five auricular acu-
puncture points: Ting Zhong (center of cymba auriculae), Pi Zhi Xia (hypo-cortex), 
Nei Fen Mi (endocrine), Jiao Gan (sympathetic), and Nei Sheng Zhi Qi (internal 
genitals), which are typically adopted to alleviate pain and treat the reproductive 
system [99]. In China, acupuncture and moxibustion practitioners interpret the 
human body as a whole, focused on the meridians, viscera, and Qi-blood principles. 
Chinese medicine assumes that Qi is the essential manifestation of human material 
foundation. Qi and blood have distinct functions, but are interrelated, delivering 
nutrients to the organs and tissues to sustain life-saving activities. The meridians in 
TCM corresponds to the pathways of Qi and blood, and these pathways are inter-
twined. TCM believes the pain is caused by blood or Qi stagnation in the uterus. 
Acupuncture can stimulate the circulation of blood and Qi, relying on the energy 
transfer of meridian acupoints and the central and peripheral nervous system’s 
activity. When the flow of Qi and blood is free from obstruction, there might be less 
pain [100]. While endometriosis has not been described as a specific entity in the 
classical text of TCM, symptoms are considered in the categories of dysmenorrhea, 
irregular menstruation, abdominal mass, and infertility. The key pathology of endo-
metriosis is the inhibited flow of Qi and blood culminating in congestion of the 
Chong and Ren channels. The concept underlying acupuncture practice is to correct 
the lack of balance and remove the obstacle in the associated channels [101].

The benefits of acupuncture can be correlated with the stimulation of analgesic 
pathways, such as the secretion of neurohumoral factors (including beta-endorphin, 
adenosine, acetylcholine, nitric oxide, and noradrenaline serotonin) and the regula-
tion of multiple processes such as anti-inflammatory and inhibitory control mecha-
nisms, inducing analgesia, sedation, and motor function recovery [102].

Lin et al. found that the therapeutic influence of acupuncture on dysmenor-
rhea could be attributable to its effects on the concentration of prostaglandin 
PGF2-α in menstrual blood. The same authors suggested that acupuncture can 
play a role in ovarian stimulation and fertility treatment by modifying the 
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hypothalamic–pituitary–ovarian axis [103]. Other studies have also shown that acu-
puncture can reduce serum estradiol concentrations, thereby inhibiting ectopic 
endometrium growth and alleviating pain [104]. In a systematic review in 2011, Zhu 
et al. found that the improvement rate did not vary significantly between auricular 
acupuncture and Chinese herbal medicine in mild-to-moderate dysmenorrhea, 
although auricular acupuncture significantly reduced pain in patients with severe 
dysmenorrhea [105]. Another meta-analysis in 2017 showed that acupuncture has a 
more positive impact on pain levels and decreases CA-125 levels than other thera-
pies such as traditional Chinese medicine, medications, or placebo [106]. In 2018, a 
randomized, single-blind, multicenter, placebo-controlled study began comparing 
the effectiveness and safety of acupuncture on endometriosis-related pelvic pain 
using comfort needles. This trial is still ongoing, and participants assigned to the 
treatment group are being treated in Guanyuan (CV4), Sanyinjiao (SP6), Taichong 
(LR3), Zhaohai (KI6), and Qichong (ST30) with acupuncture treatment, as long as 
the control group is undergoing acupuncture at non-acupoints [107].

Electrotherapy through transcutaneous electrical nerve stimulation (TENS) is a 
cheap, non-invasive, and easy-to-use pain relief treatment. TENS works by spinal 
blocking and releasing endogenous opioids [108]. Two physical therapy methods, 
namely, TENS-like acupuncture and self-administered TENS, applied in the sacral 
region of women with endometriosis, were evaluated by Mira et al. for 8 weeks. The 
study revealed no differences in the effectiveness between the two treatment groups 
concerning the procedure, indicating that both approaches successfully relieve 
chronic pelvic pain and deep dyspareunia and improve the quality of life of patients 
affected by deep endometriosis [108]. Bi et al. examined the impact of neuromuscu-
lar electrical stimulation (NMES) on the treatment of endometriosis-associated pain 
in another retrospective study. Eighty-three patients were allocated to the treatment 
group and received NMES treatment, while 71 patients in the waiting list formed 
the control group. After 10 weeks of treatment, those who received NMES therapy 
reported improved pain scores (evaluated with NRS score) and quality of life 
(assessed with the SF-36 scale) performance in comparison with patients on the 
waiting list [109].

26.3.5  Osteopathic Manipulative Therapy and Yoga

Osteopathy refers to a method of diagnosis and treatment by the American, Andrew 
Taylor Still. Its main objective is concentrated with the musculo-fascial structures 
and the effects on somatic symptoms. There have been developed three modes of 
practice, namely: pariental osteopathy, craniosacral therapy, and visceral osteopa-
thy. Osteopathy tries to explain the cause-and-effect of some symptoms and ill-
nesses associated with facial interactions of the musculoskeletal system and the 
delicate internal organs. The phlogosis in the internal organs may trigger severe 
musculoskeletal symptoms and vice versa. Axial skeletal injuries, for example, can 
cause abdominal symptoms. Additionally, the impairment on one skeletal part can 
cause illness elsewhere. Such interconnections are referred to as “lesion chains” 
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[110]. The osteopathic model suggests that the body’s structure and functions are 
interconnected. The method looks at the body’s natural internal mechanisms to per-
form self-repair, by the use of the human hands. Techniques of visceral manipula-
tion, such as pelvic mobility, abdominal diaphragm mobility, liver mobility, and 
motility techniques among others can cause pain reduction as well as enhance QoL, 
thus supporting the correct functioning and stability of the pelvic organs [111].

In a meta-analysis, which included four studies analyzing the role of high- 
velocity, low- amplitude manipulation, and one on Toftness manipulation strategies 
in women with dysmenorrhea, Proctor et al. documented an absence evidence that 
spinal manipulation (parietal osteopathic technique) was successful [112].

Sillem et al. examined in a pilot study of 28 gynecologic patients, 14 women 
with a diagnosis of endometriosis whose only clinical observation was intense pel-
vic floor muscle stiffness. A systematic approach was adopted, beginning with the 
discharge of musculoskeletal blocks, especially the sacroiliac joints, followed by 
the mobilization of the diaphragm and abdominal organs. All patients reported pel-
vic relaxation and improvement of dyspareunia. This study stated that osteopathy 
might be considered a useful complementary treatment as an element of a multi-
modal approach to treating endometriosis and chronic pelvic pain [113]. Daraï et al. 
utilized osteopathy to cure 20 women affected by deep endometriosis infiltration 
and colorectal infiltration. The assessment of QoL with SF-36 improved physical 
well-being in 80% of patients and improved psychological well-being in 60% of 
patients [114]. Another case report by Goyal et al. demonstrated that osteopathic 
therapy consisting of all visceral manipulation techniques (i.e., pelvic, abdominal 
diaphragm, and liver mobility) might improve irregular uterine bleeding, pain, and 
quality of life in patients with endometriosis [115].

Yoga, defined as a body–mind activity by the World Health Organization, 
includes a spectrum of contemplative exercises that strengthen muscles and allevi-
ate tension, helping to integrate body and mind [116]. Chronic stress was correlated 
with impaired hypothalamus–pituitary–adrenal axis and autonomic nervous system 
stimulation. This mechanism is liable for the sympathetic and parasympathetic ner-
vous system’s stress reaction and impacts the respiratory, cardiac, and digestive 
functions. The hypothalamic–pituitary–adrenal axis also controls the metabolism, 
immune system, thyroid, and reproduction [117]. Relaxation used in yoga exercises 
can reduce negative stress effects by providing equilibrium to the autonomic ner-
vous system and the hypothalamic–pituitary–adrenal axis. Yoga, meditation, and 
relaxation may also be adjuvant therapies in clinical practice [117].

Recent studies on yoga practice in women with dysmenorrhea have indicated 
that some yoga poses can alleviate pain during menstruation. The cobra position 
enhances spinal stability and reinforces the muscles of the back. The cat position 
begins with a movement from the core and coordinates movement and breathing. 
The fish position decreases the tension of the neck and shoulder muscles and 
increases the spine’s flexibility. According to these study results, it can be assumed 
that yoga could be a good strategy to reduce not only menstrual pain but also the 
pain associated with endometriosis. The practice of yoga may regulate the pain 
gate’s control in the spinal cord and the release of natural opioids in the body [118]. 
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Gonçalves et al. compared chronic pelvic pain, menstrual cycles, and QoL in two 
groups of women with endometriosis: those who did and those who did not take part 
in a specific 8-week yoga intervention. The procedure consisted of relaxing exer-
cises, breathing-related posture, and conversations with women before and after 
sessions. The technique demonstrated effectiveness in relieving pain and improving 
QoL, with no difference in the menstrual flow [119].
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27.1  Defining Prevention

Prevention in the context of health care is defined as the sum of purposeful measures 
and activities meant to prevent diseases or health damages, measures meant to 
reduce risks associated with a disease or measures meant to delay onset of a disease. 
Depending on the timing of preventive measures, those are summarized to be part 
of primary, secondary or tertiary prevention.

Primary prevention is meant to prevent the onset of diseases. Examples of pri-
mary prevention are healthy nutrition, physical activities and positive coping strate-
gies with regard to stress in order to prevent the onset of type II diabetes or heart 
attack. Another example would be vaccination against influenza or other infectious 
diseases. In order to be able to implement primary preventive measures disease eti-
ology needs to be known. This would allow for treatment of underlying causes 
before the disease occurs in the first place.
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Secondary prevention is used in order to be able to diagnose an occuring disease 
as early as possible. Differentiation between primary and secondary prevention is 
not always easily possible. Examples are screening programs against colorectal can-
cer or cervical cancer. If those programs lead to diagnosis of precursor lesions and 
those are removed, these measures belong to primary prevention. If those programs 
lead to early diagnosis of invasive lesions, these screening measures belong to sec-
ondary prevention.

Tertiary prevention is used in order to alleviate disease sequelae, prevent recur-
rence of a disease which has already been there and prevent exacerbation of an 
ongoing disease.

27.2  Primary Prevention of Endometriosis

Different theories have been put forward in order to explain development of endo-
metriosis and underlying causes. The most popular theories include implantation 
theory [1], coelomic metaplasia theory [2], and concept of tissue injury and repair 
[3, 4]. So far none of those theories can sufficiently explain the development of 
endometriosis. Presently the combination of these theories in addition with genetic 
defects and epigenetic phenomenons and other influencing factors is used to explain 
disease pathogenesis. Important factors seem to be hyperperistalsis [4], hyperestro-
genism, inflammatory and immunological processes, prostaglandin biosynthesis, 
angiogenesis, oxidative stress, and other factors [5–7]. Several potential risk factors 
have been studied identifying cycle length of less than and equal to 27 days [8], 
duration of menstruation, number of pregnancies and miscarriages as influencing 
factors. Data on other potential risk factors such as age at menarche, oral contracep-
tive use, BMI [9, 10], smoking [11], caffeine consumption [12], nutrition [13] and 
physical activity [14] is not clear or even conflicting [15]. Additionally certain envi-
ronmental factors such as polychlorated biphenyls, bisphenol A, and phthalates 
seem to be associated with genetic mutations and inflammatory processes [7, 16]. In 
summary, etiology is unclear. Therefore no causal therapy exists [17]. As etiological 
factors are unclear, also primary preventive measures do not exist or only do so in 
theory. For a more detailed description of the topic of pathogenesis see also Chap. 4.

In order to prevent endometriosis from developing according to the combined 
theories above, hysterectomy before menarche would possibly constitute a primary 
preventive operation. Quite clearly this is not a realistic option in adolescents or 
even girls as it most likely would prevent them from fulfilling their future family 
planning or even disrupting pubertal changes leading to further psychosocial side 
effects even in light of the experimental option of uterus transplantation. Also hys-
terectomy would not cure etiologically relevant genetic alterations. Even if hyster-
ectomy would be performed as suggested, these alterations might still lead to 
development of endometriosis i.e., by way of metaplasia of coelomic epithelium in 
the abdominal or thoracic cavity.

Hyperperistalsis and hyperestrogenism could be addressed as a primary preven-
tive measure by ovarian suppression leading to amenorrhea using combined oral 
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contraceptives, progestogen monotherapy, or GnRH analogue therapy. In order for 
these measures to clearly constitute primary preventive measures they would need 
to be implemented with or before menarche. As these treatments are associated with 
potentially severe side effects such as thromboembolism, development of breast 
cancer or osteoporosis and only a minority of subjects would be expected to develop 
endometriosis in the future this strategy would constitute overtherapy for most ado-
lescents treated and would have to be seen as disproportionate. In addition hormonal 
treatment is known to alleviate symptoms without safely preventing new lesions 
from developping [18]. Therefore, effectiveness of hormonal treatment as a primary 
preventive measure even if administered generally with menarche has to be called 
in question.

Inflammatory and immunological processes, prostaglandin biosynthesis, angio-
genesis, and oxidative stress could also be targeted as a primary preventive measure 
in theory using immunomodulators, immunosuppression, COX-2-inhibitors, or 
antiangiogenic substances such as anti-VEGF-antibodies. As all of these mecha-
nisms are important not only for the development of endometriosis, but also in order 
for the organism to be able to exist and defend itself against infection and trauma, 
general preventive use of the substances mentioned above also has to be considered 
disproportionate.

As data on other potentially causal factors such as BMI, smoking, caffeine 
intake, nutrition, and physical activity is unclear at best, no recommendations can be 
made with regard to prevention.

The same can be said about the role of pregnancies as a preventive measure. 
Some studies have shown pregnancies to be protective against development of 
endometriosis [15]. Therefore, early onset family planning should probably be 
advised. As it will be unclear if endometriosis has already developped in most cases, 
it is by definition also unclear, if achieving a pregnancy would serve as primary or 
tertiary prevention.

In summary primary prevention cannot be considered feasible as potential mea-
sures are either disproportionate in nature or of doubtful effectiveness.

27.3  Secondary Prevention of Endometriosis

Secondary prevention is aimed at early diagnosis of the disease. This should be pos-
sible to achieve as effective diagnostic measures exist and are readily available at 
least to large parts of the world population. Still even in developed countries time 
until diagnosis is reported to be around 8 to 10  years from onset of symptoms 
[19, 20].

The first step to early diagnosis of the disease is widespread knowledge about the 
disease in the general population and the medical community. National and interna-
tional endometriosis societies such as European Endometriosis League (EEL) or 
World Endometriosis Society (WES) may play a key role in transporting knowledge 
and providing political support, social media outreach and cooperation, and support 
with self help organisations.
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Educational programs for the general population are effective [21] and should be 
implemented starting at school age, as reported, i.e., by Bush et  al. [22]. 
Endometriosis Awareness Month can also be used for this purpose. Another mea-
sure to facilitate early diagnosis should be education of pediatricians and general 
practitioners who are not as familiar with the disease as gynecologists but might still 
be the first or only health care professional with whom the patients are in contact 
[23]. Educational programs for gynecologists should aim at spreading knowledge 
about the disease in all and leading to subspecialization in some of them. In order to 
achieve this goal congresses, webinars, and one- or two-day-courses are imple-
mented as well as the possibility of absolving specialist courses such as the EEL 
Masterclass which has been developed in recent years.

Early diagnosis of endometriosis can be achieved by optimizing diagnostic 
workup. The use of specific endometriosis questionnaires can help in early diagno-
sis of recurrences [24]. As first line diagnostic measures, gynecological examination 
including inspection of all fornices, rectovaginal palpation, and transvaginal ultra-
sound [25] are established. As second line, diagnostic measures such as MRI and 
transrectal endosonography have to be taken into account. Early diagnosis is then 
achieved by laparoscopy.

For a more detailed description of diagnostic options see also Chap. 6.

27.4  Tertiary Prevention of Endometriosis

Tertiary prevention is used in order to alleviate disease sequelae, prevent recurrence 
of endometriosis, and prevent exacerbation of ongoing endometriosis.

Considering this definition tertiary prevention of endometriosis can be achieved 
by medical or surgical treatment of the disease. These treatment options are effec-
tive at least in most cases in preventing disease progression and development of 
irreversible sequelae such as infertility and chronic pain syndromes.

Hormonal treatment can be considered as a tertiary preventive measure if amen-
orrhea can be achieved. This also means that in order for this preventive treatment 
to be effective in the long run, it needs to be implemented as a long-term treatment 
without interruption [18, 26]. In consequence preventive treatment should only be 
limited by severe side effects which cannot be handled or dealt with, wish for con-
ception or menopause.

Systemic hormonal treatment options which can be used also as a preventive 
treatment after surgical removal of endometriosis include oral progestogens such as 
dienogest or norethisterone acetate [27, 28] and combined oral contraceptives 
(COC). These measures lead to hypoestrogenism by influencing the hypothalamic 
hypophysical axis causing decrease in proliferation, reduction of lesion size and 
activity. These effects can also be achieved by GnRH analogue treatment. As these 
substances lead to osteoporosis in case of longterm treatment they are of limited 
value as a potential preventive treatment. Still there is some data on postoperative 
use. A 6 month treatment using GnRH analogues led to a reduction of risk of recur-
rence [29]. If used GnRH analogues should be administered together with an add 
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back therapy. As such progestogens and COCs can be used. Add back therapy leads 
to elevation of estrogen levels resulting in decrease of hypoestrogenic side effects 
without compromising effectiveness of GnRH analogue treatment [30, 31]. One 
RCT demonstrated that COCs should be used preferentially as add back therapy 
[32]. Prevention by COCs is controversial, as there is data that the estrogen included 
in this treatment might increase risk of recurrence [33]. If used estrogen- progestogen 
combinations should be used nonstop as opposed to cyclic use [34–36]. It is unclear 
which estrogen-progestogen combination should be preferred [35, 37]. In conclu-
sion tertiary preventive systemic hormonal therapy should preferentially be done by 
progestogen only treatment. In case of endometrioma, recurrence can be specifi-
cally prevented by COC [38] or dienogest [39] while a recent study did not confirm 
this [40]. A recent systematic review and metaanalysis confirmed effectiveness of 
recurrence prevention for all forms of hormonal therapy [41].

Local hormonal treament options can also be used such as progestogen releasing 
intrauterine devices (IUD) which lead to endometrial atrophy and stromal decidual-
ization [18]. Levonorgestrel releasing IUDs have proven to be effective in recur-
rence prevention [42].

For details concerning hormonal therapy of endometriosis see also Chaps. 
33 and 34.

Surgical removal of endometriosis naturally leads to regression or remission of 
symptoms and prevents complications such as hydronephrosis or bowel obstruction. 
Therefore surgical interventions constitute also tertiary prevention. Complete resec-
tion of symptomatic endometriotic manifestations should be the aim of endometrio-
sis surgery [43] keeping in mind that improvement of quality of life should be the 
main goal of endometriosis treatment. Therefore sometimes compromises need to 
be made if complete resection of lesions would otherwise lead to decrease of quality 
of life. In case of ovarian endometriotic cysts, cystectomy is superior to other surgi-
cal treament options with regard to probability of recurrences [44–46].

27.5  Conclusion

In conclusion primary prevention of endometriosis is not possible. Secondary pre-
vention can be achieved by implementing educational programs for health care pro-
fessionals and the general population as well as optimizing diagnostic work up. 
Especially dedicated gynecological sonography increases probability of early diag-
nosis of endometriosis. Tertiary prevention can be realized by postoperative con-
tinuous hormonal therapy. Progestogen only therapy should be the treatment of first 
choice. In case of endometriotic ovarian cysts, prevention of recurrence is possible 
especially by COCs. Complete resection of symptomatic lesions especially in case 
of deep infiltrating endometriosis leads to tertiary prevention of disease progression 
and adverse sequelae. In response to this chapters headline question, primary pre-
vention is not possible yet, secondary and tertiary prevention are definitively 
possible.
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28.1  Introduction

28.1.1  What Is Endometriosis?

Endometriosis is a chronic condition characterized by the growth of endometrial- 
like tissue outside the uterus with varying degrees of severity and non-specific 
symptoms [1]. Endometriosis commonly presents in pelvic locations such as the 
ovaries as endometriomas, peritoneum, bowel, and bladder amongst other less com-
mon locations such as the lungs, liver, and inguinal region with a range of symptom-
atology affecting multiple organ systems [2, 3]. The broad spectrum of this disease 
can be classified as three predominant phenotypes (Fig.  28.1): superficial 

a b

c d

Fig. 28.1 Three different phenotypes of endometriosis. From left to right, starting from the top, 
the three different phenotypes of endometriosis are shown: (a) deeply infiltrating endometriosis 
(DIE), (b) superficial peritoneal endometriosis, and (c) ovarian endometriomas with (d) excision 
of the ovarian endometrioma cyst. Figures courtesy of Dr. Mohamed Bedaiwy
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peritoneal, endometriomas, or deeply infiltrating endometriosis (DIE) [5]. DIE 
occurs when the endometrial-like tissue penetrates the peritoneal space either 5 mm 
or more [2]. Due to its clinical heterogeneity, symptoms range from dysmenorrhoea 
and dyspareunia to chronic pelvic pain and infertility [1]. Reproductive-age women 
between the ages of 35 and 44 have been shown to be at highest risk for this chronic 
condition [6]; however, cases have been documented in pre-menarcheal girls and 
post-menopausal women [3]. Despite significant strides in the field, the pathogene-
sis of this disease is still not clear. There is a growing body of literature pointing to 
the importance of immunological, inflammatory, genetic, and environmental factors 
and their interactions in the aetiology of endometriosis [7, 8].

28.1.2  What Is the Prevalence of Endometriosis?

It has been estimated that close to 176 million women globally are impacted by this 
disorder [9, 10], encompassing about 10% of reproductive-age women [10, 11]. 
Since definitive diagnosis is only established through surgical histopathology, the 
true prevalence is difficult to elucidate and likely significantly underreported [10]. 
Louis et al. [12] estimated that approximately 11% of American women may have 
endometriosis during their reproductive years despite being asymptomatic and pre-
senting with no complaints.

The majority of prevalence studies are in women who are symptomatic. One US 
study found endometriosis in 23% of women undergoing diagnostic laparoscopy for 
dysmenorrhoea and infertility [13]. The prevalence of endometriosis amongst 
women exhibiting infertility and chronic pelvic pain has been estimated to be 
between 30% and 50% [14]. In infertile women with regular ovulatory cycles and 
partners with healthy sperm, the prevalence rate increases up to 50% [14]. Studies 
in adolescents with severe dysmenorrhoea demonstrate that about 50–70% of indi-
viduals receive a diagnosis of endometriosis [12]; however, there are very few stud-
ies that look specifically at adolescent populations. About 24–40% of women 
presenting with chronic pelvic pain are diagnosed with endometriosis making this 
condition the most common cause of chronic pelvic pain [15, 16]. In brief, between 
35% and 50% of symptomatic women are impacted by endometriosis [17].

28.1.3  What Are the Signs and Symptoms of Endometriosis?

The documented signs and symptoms of endometriosis are non-specific and vary in 
degree of severity amongst patients. Table  28.1 illustrates some of the common 
signs and symptoms that are reported in patients with endometriosis. Due to its 
clinical heterogeneity, patients with endometriosis can present with a vast array of 
symptoms including chronic pelvic pain, dysmenorrhoea, and deep dyspareunia 
with variable intensity and combination of these symptoms. Patients can also pres-
ent with bowel and urinary symptoms such as dyschezia, dysuria, haematuria, and 
abdominal pain [3] which can correlate with the anatomical location of endometrio-
sis implants.

28 Cost Estimates Associated with Diagnosis and Treatment of Endometriosis
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Some patients remain asymptomatic until they present with unexplained infertil-
ity. The vast majority of these symptoms are also present in patients with pelvic 
inflammatory disease, irritable bowel syndrome, adenomyosis, and overlap with 
many other chronic pain disorders such as pelvic floor dysfunction [18]. Non- 
specific symptoms in combination with a lack of healthcare provider awareness can 
lead to the misdiagnosis and under diagnosis of endometriosis.

28.1.4  What Are the Impacts of Endometriosis?

Due to the chronic and debilitating nature of this disease, there are various impacts 
on multiple domains across a patient’s life course. The chronic symptoms of endo-
metriosis, such as pelvic pain, dysmenorrhoea, and dyspareunia, increase healthcare 
resource utilization as well as negatively impact patients’ health-related quality of 
life and emotional well-being. The next section will breakdown the various impacts 
of endometriosis on patients and healthcare systems.

28.1.4.1  Impacts on Health-Related Quality of Life
Studies demonstrate that endometriosis contributes to significant impairments of 
psychosocial functioning and health-related quality of life (HRQoL) [19]. In com-
parison to asymptomatic controls with no diagnosis of endometriosis, physical 
HRQoL was significantly impaired in women with endometriosis [10], specifically 
on physical functioning and body pain scores. Physical HRQoL was more pro-
nounced than mental HRQoL. Scores on the Short Form Health Survey Questionnaire 
in patients with endometriosis were similar to patients with cancer [10, 20]. Another 
study [21] used scores on the Endometriosis Health Profile (EHP-5) to demonstrate 
that 43% of patients with endometriosis reported that pain interfered with work 
substantially and 41% reported physical impairments (i.e. difficulties walking). 
Patients who experienced delays in receiving a diagnosis had even greater reduced 

Table 28.1 Signs and symptoms of endometriosis

Signs and symptoms
Dysmenorrhoea
Heavy menstrual bleeding
Cyclical or non-cyclical abdominal pain
Chronic fatigue
Nausea, vomiting
Pelvic pain
Dyspareunia
Bowel symptoms:
   Constipation
   Diarrhoea
   Dyschezia
Urinary symptoms:
   Dysuria
   Haematuria
Subfertility/Infertility

Reference: [3]
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HRQoL, and this reduction remained significant after adjusting for the number of 
symptoms [10].

28.1.4.2  Impacts on Fertility
Approximately 30–50% of women diagnosed with endometriosis experience fertil-
ity issues, and about 20–50% of women presenting with concerns of infertility are 
diagnosed with endometriosis [22]. Senapati et al. [23] suggested that damage to the 
ovarian cortex can occur from endometriosis, or from surgical treatments (i.e. 
removal of endometriomas). This results in the need for increased gonadotrophin 
stimulation and fewer retrieved oocytes with stimulation for in vitro fertilization 
(IVF) [23]. The impacts of endometriosis on infertility often result in the need for 
more advanced reproductive planning, more visits to reproductive specialists, more 
invasive management options, higher stress on romantic relationships, and increased 
financial costs for patients.

28.1.4.3  Impacts on Psychosocial Functioning
Psychosocial functioning is significantly impacted by endometriosis, with studies 
demonstrating effects on general psychological well-being, sexual dysfunction, and 
relationships with partners. The most common symptoms of endometriosis include 
chronic pelvic pain and infertility which negatively impact psychological well- 
being in many patients. The stigma and social implications of endometriosis in 
combination with dealing with emotionally taxing symptoms are strong predictors 
of psychological distress in patients [24, 25]. Chronic pain in endometriosis associ-
ated with reproductive anatomy can carry a higher psychosocial cost attached to it 
due to the far-reaching impacts on infertility/subfertility, sexual discomfort, and 
interpersonal relationships as opposed to other chronic pain problems [26]. 
Endometriosis often leads to dyspareunia and sexual dysfunction which negatively 
impacts relationship adjustment and overall quality of life [26]. In addition, the 
chronic nature of this disease often demands the need for long-term treatment and 
is accompanied by a high risk of recurrence and progressive symptomatology which 
can exacerbate psychosocial functioning in patients.

Focus group studies have shown that aspects of psychosocial functioning such as 
everyday activities, life opportunities, and personal finances are extensively affected 
by having endometriosis [27, 28]. Future studies should explore how social support 
mitigates these real and perceived negative impacts.

28.1.4.4  Impacts on Employment and Work Productivity
Nnoaham et al. [10] found that women with endometriosis missed approximately 
11  hours of employment per week. This loss was mainly due to presenteeism 
(reduced productivity while at work) rather than absenteeism (absence from work). 
The researchers noticed that patients’ working capacity and capabilities were 
restricted due to their symptoms, and consequently, many opted to resign, switch 
roles, or use more allocated sick days resulting in loss of work productivity. These 
results align with prior findings demonstrating a strong correlation between pain 
severity and interference with work productivity [18]. Another study reported a sig-
nificant association between adolescents experiencing severe dysmenorrhoea and 
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absenteeism from school and work with 12% of individuals reporting monthly 
absences from school and work due to dysmenorrhoea [29]. Soliman et  al. [30] 
reported an average weekly loss of 5.3 hours due to employment presenteeism and 
1.1 hours lost due to employment absenteeism in women with endometriosis.

28.1.5  Why Are Costs of Endometriosis Important?

Endometriosis poses large direct and indirect costs to patients and society. In the 
USA, the annual economic burden of endometriosis was estimated to be $22 billion 
in 2002 [31] and climbed to $69.4 billion in 2009 [32]. Soliman et al. [33] conducted 
a systematic review of studies published from 2000 to 2013 and estimated direct 
costs to be close to $12,118 per patient annually while indirect costs were around 
$15,737 per patient annually. Despite these staggering numbers, they are likely an 
underestimate of the true costs to society due to the lack of data on direct non-health-
care costs (i.e. transportation for ambulatory visits, time off from work to attend 
appointments, and childcare costs during appointments) and indirect costs (i.e. 
reduced work productivity, caregiver costs, and short- and long-term disability).

Endometriosis is a complex, heterogeneous disease process that has significant 
financial impacts on healthcare systems. Healthcare systems are constantly under 
pressure to be as cost-efficient as possible in the face of spiralling healthcare costs 
and limited resources. There is a strong need for continued evaluation of indirect 
and direct cost estimates and economic evaluations of diagnostic and treatment 
methods. Given the prevalence of this disease and its far-reaching impacts on both 
healthcare and societal productivity, estimated costs of endometriosis burden can 
support appropriate resource allocation and the formation of cost-effective guide-
lines. This chapter outlines the cost studies that have identified the major contribu-
tors to diagnosis and treatment costs in endometriosis. It will also help inform future 
priorities in research to ensure that healthcare systems remain sustainable in the face 
of competing demands.

28.2  Costs Associated with the Diagnosis of Endometriosis

28.2.1  How Is Endometriosis Diagnosed?

The diagnosis of endometriosis is complex, with many challenges that result in 
additional costs to the patient and healthcare system. Endometriosis is traditionally 
diagnosed via laparoscopic visualization accompanied by the histologic confirma-
tion of ectopic endometrial-like tissue [3]. Some forms of severe endometriosis 
such as DIE and endometriomas can be detected using imaging such as MRI or 
ultrasonography, but histological testing of excised lesions is historically recom-
mended as the gold standard test [3]. Diagnostic procedures include laparotomy or 
laparoscopy, although the latter is more common [34] due to the benefit of reduced 
complications, length of hospital stay, and recovery times. A cost analysis study 
shows that laparotomy ($9533) is twice as expensive as laparoscopy ($5014) in 
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direct healthcare costs [35] and has poorer outcomes. Laparoscopy also provides 
better visualization of the peritoneal cavity and has proven better for excising benign 
ovarian endometriomas [36]. As a result, laparoscopy has been favoured over lapa-
rotomy for the purposes of diagnosis [34].

Albeit these advantages, a laparoscopic diagnostic procedure still contributes 
heavily to the economic burden of endometriosis. Other than the direct healthcare 
costs associated with a surgical procedure, there is risk of post-operative complica-
tions such as surgery adhesion formation resulting in further complications that 
need management [37]. Currently, this gold standard test to diagnose endometriosis 
is invasive, costly, and poses some risks to the patient.

Other less invasive and inexpensive methods have been recently explored for the 
diagnosis of endometriosis. Ling [38] demonstrated that a 78–87% accuracy for a 
clinical diagnosis of endometriosis can be made using a history that documents 
symptoms of dysmenorrhoea, abnormal uterine bleeding, and dyspareunia and 
physical findings typical of uterosacral ligament nodularity. Alternatively, the rule- 
out method using history and physical evaluation to rule out other possible diagno-
ses and non-response to empirical treatment such as non-steroidal anti-inflammatory 
drugs (NSAIDs) and combined hormone contraceptives (CHCs) can be used to 
diagnose endometriosis accurately 80–90% of the time [38].

Despite research into less invasive methods of diagnosis, laparoscopic surgery 
followed by histology remains the gold standard diagnostic to detect and stage 
endometriosis. Due to the cost, potential complications, and invasiveness of laparo-
scopic diagnostics, it is usually recommended for patients where there is an inten-
tion to treat surgically concurrently [3].

28.2.2  What Are the Challenges Associated 
with Diagnosing Endometriosis?

Diagnosis of endometriosis is often missed in primary care due to non-specific 
symptoms resulting in delayed or missed diagnoses. Symptomatic women often 
have symptoms similar to those of other gynaecological, gastrointestinal, urinary, 
and other chronic pain conditions resulting in a long differential list [39]. Table 28.2 
illustrates the many diagnoses commonly on a clinician’s differential list when pre-
sented with a symptomatic patient. Additionally, a lack of consistent clinical guide-
lines for diagnosing endometriosis, especially in those with comorbidities, 
contributes to the difficulties in diagnosing this condition [43].

Another challenge in diagnosing endometriosis is the location of endometriotic 
growth. Most endometrial-like tissue growth are small lesions that tend to occur in 
pelvic regions and involve the parietal peritoneum and pelvic organs [3] as superficial 
endometriosis. As shown in Table 28.3, diagnostic methods such as ultrasound and 
magnetic resonance imaging (MRI) have not shown significant diagnostic power in 
detecting endometriosis [39], and diagnosis continues to rely on laparoscopic surgery.

An abnormal pelvic examination and clinical history compatible with common 
symptoms of endometriosis can be indicative of endometriosis; however, many 
women are also asymptomatic, and symptomatic women can present with a variety 
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of comorbidities resulting in challenges to diagnose. Prior research has shown that 
an abnormal pelvic examination correlates with a laparoscopic diagnosis of endo-
metriosis about 70–90% of the time [38]. However, diagnosis should not be excluded 
on the basis of a normal pelvic exam because research has shown that more than 
50% of women with a normal exam have been diagnosed with endometriosis after 
undergoing laparoscopic surgery [46]. A review by Taylor et al. [44] looked at the 
accuracy of physical exams as a method of diagnosis in patients with surgically 
confirmed endometriosis. The specificity, positive predictive value, and negative 
predictive value of a physical exam were in the range of 80 to 100%, especially for 
patients with a strong pretest probability of disease based on history. The sensitivity 

Table 28.2 Differential diagnosis list for endometriosis

Differential diagnoses
Gynaecologic causes Primary dysmenorrhoea

Adenomyosis
Chronic pelvic pain
Pelvic inflammatory disease
Uterine fibroids
Adnexal pathology
Endometrial hyperplasia
Endometritis
Vaginal infections
Cervical polyps
Cervicitis
Endometrial polyps
Pelvic vascular congestion
Other neoplasms (benign or malignant)
Ovarian torsion

Urinary causes Urinary tract infection
Urethral syndrome
Interstitial cystitis/bladder pain syndrome

Gastrointestinal causes Constipation
Irritable bowel syndrome

Other causes Non-specific low back pain
Medications (i.e. hypothalamic depressants)
Coagulopathies

References: [3, 40–42]

Table 28.3 Specificity and sensitivity of physical exam, U/S, and MRI in the diagnosis of 
endometriosis

Type of endometriosis Sensitivity Specificity
Physical exam 
[44]

Ovarian Endometriosis 23–41% 99%
Pelvic endometriosis (vaginal, uterosacral ligament) 50–74% 78–100%
Deeply infiltrating endometriosis (rectum, 
rectosigmoid, rectovaginal, bladder)

18–88% 54–100%

Ultrasound [45] Pelvic endometriosis 79% 91%
Ovarian endometriosis 93% 96%
Deeply infiltrating endometriosis 79% 94%

MRI [45] Pelvic endometriosis 79% 72%
Ovarian endometriosis 95% 91%
Deeply infiltrating endometriosis 94% 77%
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was much lower and more variable given the greater dependence on lesion location 
compared to other measures of diagnostic accuracy. Interestingly, studies have 
shown no correlation between depth and extent of lesions and the corresponding 
clinical symptoms and presenting complaints [3]. Thus, the ASRM has developed a 
staging system from stage I—mild to stage IV—severe disease that characterizes 
location, severity, and depth of endometriotic tissue but does not provide informa-
tion on the severity of clinical symptoms. While clinicians should remain cautious 
of the validity of a non-surgical diagnosis of endometriosis, patients can still be 
managed presumptively while awaiting surgical confirmation.

28.2.2.1  Unnecessary Investigations and Lack of Reliable, Low-Cost 
Diagnostics for Endometriosis

The diagnostic delay in endometriosis is particularly important as it contributes 
significantly to the costs associated with diagnosis. Surgical diagnostic methods are 
invasive and costly, with debatable utility if there is no intent to treat the patient 
concurrently with surgical methods. The Society of Obstetricians and Gynaecologists 
Canada (SOGC) recommends using a cost-effective method which includes thor-
ough history and physical evaluation along with transvaginal ultrasound as the first- 
line diagnostic method [47]. International guidelines also recommend empirical 
treatment using inexpensive and safe options such as CHCs and progestins when 
there is a high index of clinical suspicion for endometriosis [1, 47, 48], as 62 to 88% 
of patients will report improvement in symptoms [49]. Moreover, Frishman et al. 
[50] reported that only one-third of patients undergoing laparoscopy receive a defin-
itive diagnosis of endometriosis. This demonstrates that a significant portion of 
diagnostic laparoscopies can be avoided in women with a clinical suspicion of 
endometriosis, with minimal impact on management, translating into a reduction in 
unnecessary invasive procedures and costs to the healthcare system.

Non-specific symptoms combined with a lack of healthcare provider awareness 
can often lead to high healthcare utilization and unnecessary investigations. In fact, 
women reported an average of seven visits to a primary care physician before receiv-
ing referrals to the appropriate specialist (i.e. gynaecologist) [10]. Women with 
endometriosis who present with urinary symptoms such as dysuria may undergo 
many unneeded cycles of empiric antibiotic therapy for urinary tract infections [3], 
adding to the economic burden of this disease and potentially contributing to future 
antibiotic resistance. Patients with gastrointestinal endometriosis are commonly 
misdiagnosed as having irritable bowel syndrome due to overlapping, non-specific 
symptoms, and this can lead to longer delays in receiving appropriate care and 
unnecessary tests [51]. Patients with higher BMIs also suffer diagnostic delays due 
to the difficulty in detecting abnormal pelvic pathology on physical examination 
[10]. However, this underscores the need for heightened awareness of endometriosis 
amongst primary care and faster referrals as opposed to initiating unnecessary 
investigations that are not cost-effective nor helpful in establishing a diagnosis.

A lack of non-invasive, reliable tests for first-line diagnostic use is a significant 
barrier to a cost-effective method for the diagnosis of endometriosis. Many clinical 
applications have been tested for their reliability and diagnostic power in detecting 
endometriosis. These include blood biomarkers, urinalysis markers, peritoneal fluid 
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markers, and imaging techniques for the pelvic region. However, no one method has 
dominated in larger studies, and many have not shown reproducible results [45]. 
Better guidelines to approach diagnosis and more reliable diagnostic methods would 
help alleviate unwarranted costs between symptom onset and definitive diagnosis.

28.2.2.2  What Are the Impacts of a Delayed Diagnosis?
Challenges in diagnosing endometriosis often lead to long delays in patients receiving 
appropriate care and management. Both patient-centred factors such as stigma, embar-
rassment, lack of awareness regarding normal and abnormal symptoms, lack of symp-
toms and physician-centred causes such as inconsistent diagnostic guidelines and 
unnecessary investigations contribute to the long delays in receiving a definitive diag-
nosis [52]. Delays in diagnosis vary across the globe but demonstrate years of signifi-
cant diagnostic delay. Women often have to wait between 6 and 12 years to receive a 
diagnosis [10, 53, 54], and there is considerable variability between countries in the 
time taken to receive an endometriosis diagnosis (Table 28.4). Untreated endometrio-
sis during this period has been shown to impact quality of life, mental health, nega-
tively interfere with employment and impact reproduction [19], leading to increased 
indirect costs and higher costs when treating patients. Studies have identified one 
main cause for this phenomenon as delays in receiving specialist referrals from pri-
mary care providers [10]. In the USA, Soliman et al. [57] documented an average 
delay of 4.4 years and noted that up to 89% of diagnoses were made only by trained 
specialists in endometriosis. These results may be indicative of a lack of healthcare 
provider awareness, and the need for improved diagnostic guidelines for generalists 
who represent the majority of first- line providers around the world.

In a study by Surrey et al. [58], healthcare resource utilization and endometriosis- 
related healthcare costs were examined in 11,793 patients with endometriosis who 
had experienced short, intermediate, and long diagnostic delays. All-cause health-
care costs were highest in patients who had a long diagnostic delay (average of 
$34460), followed by intermediate delay patients ($30,030), and were lowest in 
patients who experienced short diagnostic delays ($21,489). In an American, 

Table 28.4 Diagnostic delay of endometriosis across different countries

Study Country Average diagnostic delay
Arruda et al. 
[55]

Brazil Median time between onset of initial 
symptoms and definitive diagnosis is 7 years

Husby et al. 
[56]

Norway Average diagnostic delay of 6.7 +/−6.2 years

Ballard et al. 
[52]

UK Median diagnostic delay of 8.5 years

Nnoaham 
et al. [10]

Italy, China, Brazil, USA, UK, 
Spain, Nigeria, Belgium, 
Ireland, Argentina

Average diagnostic delay of 6.7 years across 
all 10 countries with a range of 3.3 years 
(China) to 10.7 years (Italy)

Prast et al. 
[53]

Austria Average diagnostic delay of 10.4 years before 
receiving a conclusive diagnosis

Soliman 
et al. [57]

USA Average diagnostic delay of 4.4 years
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Medicaid-insured population, endometriosis patients showed higher all-cause 
healthcare resource utilization than age-matched controls during the pre-diagnosis 
period [59]. This was consistent with another study by Fuldeore et al. [60] which 
reported that patients with endometriosis spent $7028 more in healthcare utilization 
costs in comparison to matched controls in the 5  years leading up to diagnosis. 
Patients who had the longer delays had more endometriosis-related symptoms, 
endometriosis-related emergency visits, and in-patient hospitalizations in their pre- 
diagnosis period in comparison to those with shorter delays [58, 60]. The mean 
frequency of in-patient hospitalizations increased as a function of increasing diag-
nostic delay, further adding to increasing costs.

In a 60-month period prior to receiving a definitive diagnosis, patients who expe-
rienced longer diagnostic delays also reported more insurance claims for endome-
triosis symptoms and endometriosis-related comorbidities [58]. In the 5 years prior 
to diagnosis, patients with short delays spent $4298 per year on average on all-cause 
and endometriosis-related healthcare costs and patients with long delays spent 
$6892 per year—a 130% increase in endometriosis-related costs annually com-
pared to patients with short delays [58]. Fuldeore et al. [60] used a claims database 
to report annual costs ranging from USD $3730 in the fifth year prior to diagnosis 
to USD $6649 in the year immediately prior to diagnosis—also demonstrating that 
costs incurred by patients and healthcare systems increase as the diagnostic delay 
gets longer.

Ambulatory visits appear to be a major driver of many of these direct costs dur-
ing the delay period, as many patients visit ambulatory care multiple times between 
the time of initial symptom onset and the time of diagnosis. Ambulatory visits con-
tributed for about 59.1% of total endometriosis-related costs, and researchers con-
cluded that endometriosis-related costs were nearly twice as high in patients with 
intermediate and long diagnostic delays in comparison to those with shorter delays 
prior to a diagnosis of endometriosis [58]. Soliman et al. [61] looked at healthcare 
resource utilization during the year immediately prior to diagnosis and concluded 
that patients with endometriosis average 8 visits to physician offices, 1.8 visits to 
Ob/Gyn specialists, and 0.63 ER visits along with 20.2 prescriptions per patient in 
the 12-month period pre-diagnosis. All these outcomes were found to be significant 
when compared to utilization by matched controls. Fuldeore et  al. [60] reported 
similar differences in emergency visits and physician visits for patients in the 5-year 
period before diagnosis. Patients with diagnostic delays therefore had a greater 
number of visits to emergency departments, visits to physicians, and visits to out- 
patient services which peaked in the year prior to diagnosis.

Pharmaceutical costs were also correlated with diagnostic delay and reported to 
average USD $568 for patients with short delays and USD $638 for those with long 
delays [58]. Baseline opioid prescription claims were significantly higher for cases 
(77.2%) than controls (40.6%) and close to double the number of claims was found 
for NSAIDs, antidepressants, and oestrogen/progestin CHCs amongst cases than 
controls. A lack of symptom control strategies before diagnosis along with long 
diagnostic delays contributes to increased prescription use for symptom manage-
ment in patients with endometriosis, further contributing to direct costs associated 
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with this disease. This cost difference is likely to be an underestimate as many stud-
ies that explore costs associated with endometriosis in the pre-index period lack cost 
data on over-the-counter pain management, naturopathic remedies, and other self- 
management methods used by patients. Future studies should explore the frequency 
and cost of these alternative management methods used by patients prior to diagno-
sis to fully understand how diagnostic delays are contributing to increasing costs.

The need for earlier diagnosis and the impact of delays on increasing economic 
burden is heavily highlighted by these studies. Diagnostic delays contribute to both 
direct and indirect costs through a variety of mechanisms. Using clinical algorithms 
and a high index of clinical suspicion surrounding women with pelvic symptoms 
and infertility, we can improve the diagnostic delay seen in endometriosis (both for 
superficial lesions, endometriomas, and DIE) using other methods (i.e. ultrasonog-
raphy) whilst also reducing costs associated with diagnosis.

Interestingly, some studies have looked at the all-cause healthcare costs and 
endometriosis-related healthcare costs in the year following diagnosis to understand 
if there is a change in expenditures. One such study [60] demonstrated the most 
significant difference in healthcare expenditures between endometriosis patients 
and controls occurred in the year immediately prior to diagnosis and the year after 
diagnosis. In specific, all-cause cost differences peaked in the first year following 
diagnosis concurrently with a rise in in-patient visits, out-patient visits, and emer-
gency room visits. All-cause medical service costs in the first year following diag-
nosis averaged $12,005 for endometriosis patients compared to $3115 for controls. 
Patients with endometriosis averaged total healthcare costs of $13,199 in the first 
year following diagnosis, but in following years, the average annual total healthcare 
costs ranged between $3389 and $6720. Soliman et al. [61] reported that up to 60% 
of total healthcare costs for endometriosis patients occur in the first 3 months after 
diagnosis but appear to decline significantly following the first year of diagnosis 
[60, 62, 63]. Future studies should focus on evaluating whether a shorter diagnostic 
delay can result in a reduction of costs in the first year following diagnosis.

28.2.3  Potential Investigations to Aid the Diagnosis 
of Endometriosis

28.2.3.1  Endometriosis Biomarkers
Research has been conducted on the role of diagnostic biomarkers in the diagnostic 
pathway. Their potential application includes risk screening in stratification of 
patients who would benefit from further investigations. In this clinical scenario, 
having a negative test could avoid costly, invasive tests and unnecessary investiga-
tions, thereby relieving a large economic burden [3]. A positive test would acceler-
ate time to treatment and decrease diagnostic delay [3]. Biomarkers may also have 
a role in estimating recurrence risks and could reduce the unnecessary follow-up 
care in low-risk patients [3]. Finally, a biomarker could help identify the best man-
agement option for patients and reduce costs associated with unnecessary/ineffec-
tive treatments.
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Identifying reliable biomarkers for endometriosis is particularly challenging due 
to the need for stability across the hormonal changes instituted by the menstrual 
cycle, or on hormonal treatment [3]. A series of Cochrane reviews determined that 
despite some promising candidates, there is currently no single biomarker or panel 
that demonstrates clinical relevance [64]. Table 28.5 illustrates some of the most 
commonly studied blood biomarkers for endometriosis. Thus, despite the potential 
cost-saving measures that biomarkers could provide, the current literature suggests 
that most biomarkers are of limited diagnostic value.

28.2.3.2  Imaging
Reliable imaging methods with sufficient diagnostic power can be used as a non- 
invasive tool to accelerate the time to receive a diagnosis and to potentially alleviate 
the need for an invasive surgical diagnosis. Imaging methods can additionally be 
used as surgical planning tools to reduce the costs associated with unexpected surgi-
cal findings such as greater operative time, resources, and rate of complications 
[45]. The most commonly used imaging tools include ultrasonography (U/S) and 
MRI. Typically, transvaginal U/S is used as a first-line method because it is more 
easily accessible than MRI and can accurately identify endometriomas [3]. MRI is 
used as a second-line method to reliably identify DIE but is associated with greater 
costs, and it is typically not as widely available [3].

The utility of U/S is limited to specific findings in endometriosis. Transvaginal 
U/S shows clinical utility in differentiating endometriomas from other forms of 
ovarian cysts [65, 66] with a sensitivity and specificity of 0.93 (95% CI 0.87–0.99) 
and 0.96 (95% CI 0.69–0.89), respectively [45, 48, 65, 66]. Dynamic markers such 
as the negative sliding-sign representing immobility of pelvic organs can also pro-
vide information on severe endometriotic adhesions and advanced-stage disease [3, 
66]. For DIE, transvaginal ultrasound has been shown to have a sensitivity of 0.79 
and specificity of 0.94 [45]. U/S is also unreliable in detecting pelvic endometriosis 
with a sensitivity of 0.65 and specificity of 0.95 [45]. Despite these values, there is 
great variability of U/S diagnostic ability between providers based on their level of 
experience. Studies report a sensitivity of 0.81 to 0.91 and specificity of 0.97 to 0.98 

Table 28.5 List of some biomarkers studied in endometriosis (Nisenblat et al. [64])

Biologic group Biomarkers Sensitivity Specificity
Angiogenesis & growth factors Vascular Endothelial Growth 

Factor
0.50–0.93 0.61–0.97

Apoptosis markers Survivin 0.07 0.90
Cell adhesion molecules Laminin-1 0.72 0.70
Hormonal markers Prolactin 0.2–0.44 0.94–1.00
Immune and inflammatory 
markers

Anti-endometrial antibodies 0.81–1.00 0.39–0.75
Tumour necrosis factor alpha 0.68–0.89 0.35–0.87
White blood cells 0.64 0.54
Interleukin-4 0.64 0.65
Interleukin-6 0.63 0.69

Tumour markers Cancer antigen 19.9 (CA-19.9) 0.36 0.87
Cancer antigen 125 (CA-125) 0.40–0.73 0.64–0.91
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when ultrasonography was performed by an experienced specialist to diagnose DIE 
[67, 68]. As a result, normal findings on U/S does not rule out endometriosis in the 
presence of clinical symptoms due to the questionable diagnostic power of U/S 
especially for superficial implants, and its dependence on experienced clinicians.

MRI is not routinely used as the standard of care in the diagnostic pathway 
due to the high cost and limited accessibility. A Cochrane Database Review [45] 
showed that MRI was highly sensitive and specific for the detection of endome-
triomas at 0.95 (95% CI 0.90–1.00) and 0.91 (95% CI 0.86–0.97), respectively. 
Kinkel et al. [69] reported that while MRI is superior to U/S in detecting small 
endometriotic lesions, it still lacks reliability for superficial endometriosis with a 
sensitivity of 0.79 and specificity of 0.72. For DIE, the sensitivity is higher (0.94) 
with MRI, but specificity remains low (0.77) [45]. The majority of studies exam-
ining MRI in the diagnosis of endometriosis are limited by their small numbers 
and varying methodological quality, demonstrating a need for further research in 
this field [45].

Superficial and peritoneal endometriosis poses an interesting problem to clini-
cians as it remains highly undetectable to assess using non-invasive diagnostic 
methods [45, 64, 70] and largely depends on diagnostic laparoscopy to visualize 
[70]. Recently, Leonardi et al. [70] tested the diagnostic utility of a novel transvagi-
nal U/S procedure called saline-infusion sonoPODography (SPG) for visualizing 
superficial endometriosis. The diagnostic accuracy of SPG for detecting superficial 
endometriosis was evaluated against direct visualization at laparoscopy and histol-
ogy. For all participants, SPG had a sensitivity of 64.9% and specificity of 100.0%, 
and amongst participants without DIE or ovarian endometriomas or Pouch of 
Douglas obliteration, SPG had a sensitivity of 77.7% and specificity of 100.0%. For 
those with isolated superficial endometriosis, the overall accuracy of SPG for direct 
visualization of superficial endometriosis was 80.0%. This method shows promise 
in investigating endometriosis in patients without DIE, ovarian endometriomas, or 
Pouch of Douglas obliteration who present with chronic pain and infertility 
problems.

Thus, while imaging methods may have the potential to reduce the costs and 
invasive nature associated with the surgical diagnosis of endometriosis, its utility is 
predominately in assessing endometriomas and DIE. Currently, the field lacks a cost 
analysis on imaging methods in comparison to laparoscopy for diagnosis, but future 
research should survey the cost difference and how triaging with imaging can reduce 
both direct and indirect costs associated with diagnostic delays.

28.3  Costs Associated with the Treatment of Endometriosis

28.3.1  How Is Endometriosis Treated?

Treatments for endometriosis pose a substantial economic burden on patients and 
healthcare systems. Currently, the aims of therapy are to manage symptoms and 
reduce the presence and growth of extra-uterine endometriotic tissue. Treatment 
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options primarily rely on medical or surgical intervention [2]. The type of treatment 
is selected based on the patient profile, disease location, severity, therapeutic goals, 
and desire for fertility. Early treatment has been shown to improve pain levels, qual-
ity of life, and daily functioning [71]. However, diagnostic delays significantly 
impede the ability to treat patients earlier and additionally contribute to increased 
costs in treatment.

The medical or surgical treatment options are thought to manage symptoms 
through reduction of inflammatory mechanisms and damage to nearby organs and 
tissues [72]. Currently, the mainstay of medical treatments are hormonal options 
[3]: CHCs, progestins, and gonadotropin-releasing hormone (GnRH) agonists and 
antagonists, as demonstrated in Table 28.6 [73]. While these treatments work to 
suppress oestrogen-induced growth of endometriotic tissue and relieve pain symp-
toms, they are each also associated with side effects [3, 73] and are not helpful when 
conception is a goal of treatment.

Table 28.6 Medical therapies for endometriosis

Drug category Drug name FDA-approved use
Combined hormone 
contraceptives (CHCs)

Monophasic 
oestrogen-progestin

FDA-approved treatment for 
endometriosis but may cause 
breakthrough bleeding

Gonadotropin-releasing 
hormone agonists 
(GnRH agonists)

Leuprolide depot FDA-approved treatment for 
endometriosis but may cause decreased 
bone density

Goserelin
Nafarelin

Progestin-only 
contraceptives

Etonogestrel-releasing 
implant

Not FDA approved for treatment of 
endometriosis

Norethindrone acetate FDA-approved treatment for 
endometriosis

Dienogest Not FDA approved for treatment of 
endometriosis

Depot 
medroxyprogesterone 
acetate (DMPA)

FDA-approved treatment for 
endometriosis but bone density loss is a 
concern with long-term use

Levonorgestrel-releasing 
IUD

Not FDA approved for treatment of 
endometriosis but shown to be effective 
in reducing endometriosis-associated pain

Aromatase inhibitors Letrozole Not FDA approved for treatment of 
endometriosis and should be combined 
with CHCs, progestins, or GnRH agonists 
to prevent ovarian cyst development

Anastrozole

Oral gonadotrophin- 
releasing hormone 
antagonists

Elagolix Not FDA approved for treatment of 
endometriosis and may cause lipid 
abnormalities and bone density loss

Selective progesterone 
receptor modulators

Mifepristone Not FDA approved for treatment of 
endometriosisUlipristal acetate

Androgenic steroids Danazol FDA-approved treatment for 
endometriosis but seldom used due to 
undesirable androgenic side effects (i.e. 
acne, hirsutism)

Reference: [1]
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The extent of surgical management depends on the goal of treatment. When fer-
tility preservation is a primary goal, patients can undergo laparoscopic removal of 
endometriotic lesions through excision, cautery, or laser to improve the success of 
assisted-reproductive technologies [1]. When fertility preservation is not a concern, 
surgery can also concurrently include hysterectomy with or without bilateral 
salpingo- oophorectomy [1, 74], as this may reduce the risk of recurrent disease 
[75]. However, surgical complications and longer recovery times are associated 
with higher healthcare costs, poorer quality of life, and delayed return to employment.

Due to the chronic nature of the disease, endometriosis often requires long-term 
management depending on the patient’s age, desire for conception, and disease 
severity. This section will focus on evaluating the costs associated with the various 
management options available to patients with endometriosis. It will also evaluate 
whether economic savings can be attributed to non-surgical approaches to care in 
primary care settings, while accounting for recurrence risk and associated 
complications.

Management for endometriosis is typically built on a “step-up” approach where 
patients are started on first-line therapies before progressing to more expensive 
options with higher risks of complications. This strategy is based on safety profile, 
cost-effectiveness, and patient-specific factors [76] as it limits the number of indi-
viduals who are placed on expensive medical therapy or who undergo surgery. 
Studies have shown that up to 75% of patients can receive effective symptom con-
trol from first-line therapy options including continuous use of CHC or progestins, 
thereby reducing the need for further treatment or surgery [76]. Surgical interven-
tions such as excision or cautery of endometriosis or hysterectomy are typically 
reserved for patients who have not significantly improved with medical therapy or 
who have contraindications for medical options [77]. There is also evidence that a 
multidisciplinary approach with specific symptoms such as chronic pelvic pain is 
highly effective in conjunction with either medical or surgical management [78]. 
This hierarchical model for symptom management in endometriosis promotes the 
use of widely tolerated, low-risk therapies before escalating to the use of more inva-
sive, riskier options.

28.3.2  Cost of Medical Treatments for Endometriosis

Patients who are medically treated for endometriosis suffer from high out-of-pocket 
prescription costs. Average annual costs range from USD $478 to $953 for controls 
without endometriosis compared to USD $608 to $1444 for patients with endome-
triosis [60]. The higher costs likely reflect the need for hormonal therapies such as 
CHCs, progestins, GnRH agonists and antagonists, in addition to the cost of analge-
sics. Many also use more than one medication at any given time for endometriosis 
symptoms, which can contribute to pill burden in addition to financial burden [32].

Several studies have contrasted costs for commonly prescribed medical treat-
ments to determine the most cost-effective options with no clear result. A Scottish 
cost analysis [79] demonstrated that expectant management costs less at USD $697 
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compared to medical therapy at USD $1162 over the course of 6 months without 
significant differences in clinical and health outcomes [31, 79]. This conflicts with 
a decision analytic model suggesting that hormonal therapies were less expensive 
and provided more quality-adjusted life years in comparison to expectant treatment 
only with analgesics [80]. The increased costs associated with expectant manage-
ment is attributed to increased healthcare utilization rates. Patients who exclusively 
used analgesics for symptom management had more frequent visits to their general 
practitioner in comparison to those using hormonal treatments [80]. In the UK, 
Pearson et al. [81] compared costs for 6 months of treatment on various medications 
for endometriosis. Treating patients with CHCs and progestins cost USD $8 and 
USD $11–$18, respectively, over 6  months [31, 81]. GnRH agonists, however, 
amounted to USD $1145 over the same period [31, 81]. Currently, the evidence 
comparing GnRH agonists to CHCs and progestins has demonstrated that there is 
limited utility and cost-effectiveness in using GnRH agonists as first-line treat-
ments. Guzick et al. [82] demonstrated that there was no significant reduction in 
pain symptoms between patients administered a GnRH agonist and those using 
CHCs. Furthermore, the cost of treating patients for 48 weeks with the GnRH ago-
nist was USD $8006 compared to USD $454 for CHCs. Due to the lack of data 
demonstrating significant improvements in symptoms, GnRH agonists have been 
commonly used as second-line treatments for patients who do not respond to CHCs 
or progestins or for those in which the former is contraindicated.

Many studies have also tried to draw cost comparisons between medical and 
surgical options. Empirical therapy with GnRH agonists has been shown to be less 
costly than surgical options when managing chronic pelvic pain in patients with 
endometriosis [83, 84]. A treatment protocol using a GnRH agonist as empirical 
therapy for endometriosis [85] and laparoscopy only for refractory cases projected 
cost savings of US $62,800 for the 22 patients enrolled in this trial. Although the 
upfront cost of GnRH agonists is significantly less than surgery [31, 83, 84], the 
reported 50% recurrence rate following treatment cessation should not be dis-
counted [83]. Future research should explore the patient and disease factors of those 
who undergo surgery as a result of symptom recurrence once GnRH agonist therapy 
is terminated. This may help identify women who are better suited for surgery as 
opposed to GnRH agonist therapy earlier.

Currently, there is plenty of debate surrounding the cost-effectiveness of medical 
therapy in comparison to surgical intervention for patients that are appropriate can-
didates for both.

While there are reduced upfront costs for medical management compared to sur-
gical management, it is important to consider side-effect profiles for medical thera-
pies in addition to the financial burden of long-term medical management. At 
present, there are not enough high-quality studies to determine whether medical 
therapy is more cost-effective than surgery, given the high rates of symptom recur-
rence and potential need for surgical management following the end of the treat-
ment course. There is also a lack of long-term prospective data describing the 
clinical efficacy of medical therapy in reducing recurrence rates and prevention of 
surgical intervention during the life course of a patient. These unanswered clinical 
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questions pose significant barriers in the development of cost-effectiveness models 
that can assist in the production of clinical guidelines.

28.3.3  Costs Associated with Surgical Interventions 
for Endometriosis

Surgical treatments are often used for patients who are non-responders to medical 
therapy or for whom hormonal medications are contraindicated [86]. There are 
many surgical options available, and associated costs vary depending on the type of 
surgery, length of in-hospital stays, and risk of complications. Currently, laparo-
scopic surgery is favoured over laparotomy due to shorter recovery times and lower 
risk of complications [63].

Approximately 65.5% of patients diagnosed with endometriosis will undergo 
surgery within 1 year of their diagnosis as opposed to 1.5% of controls [63]. An 
international, multicentre study [32] determined that about 29% of endometriosis- 
specific healthcare costs are due to surgery. In Canada, hysterectomy accounted for 
about 30% of all surgical procedures for endometriosis patients. Hospital admis-
sions and surgical procedures represented about 53% of total hospital-associated 
costs for endometriosis [87]. This comes at a significant cost burden as multiple 
studies have consistently demonstrated greater upfront direct costs for surgical man-
agement compared to medical management [83, 84, 88]. This section will explore 
the various costs associated with surgical methods and the many drivers of high costs.

28.3.3.1  Cost Differences Between Surgical Procedures
The choice between surgical procedures tends to vary based on patient preference, 
disease severity, and the desire to maintain fertility. For women who are looking to 
conceive, fertility-sparing conservative surgery such as laparoscopic excision, cau-
tery, or laser of endometriotic lesions is appropriate [18]. The addition of hysterec-
tomy with or without salpingo-oophorectomy is reserved for patients who do not 
desire fertility [86, 89]. For hysterectomy, costs also vary based on the surgical 
technique which can include laparotomy, vaginal, laparoscopy, or a combination of 
the above [90, 91]. Choice of technique depends on patient factors, disease severity, 
and surgeon comfort [74].

Fuldeore et al. [63] explored cost estimates for various surgical interventions and 
noted surgeries requiring hospital admissions, such as hysterectomies, were signifi-
cantly more costly compared to procedures which usually took place in out-patient 
settings. In the USA, endometriosis-related surgical procedures had an average 
length of stay between 1.5 and 2.8 days, with longer stays associated with more 
invasive procedures such as laparotomy (2.33  days), abdominal hysterectomy 
(2.59 days), and hysterectomy with oophorectomy (2.81 days) [63]. It is now gener-
ally accepted that laparoscopic technique is associated with shorter hospital stay, 
reduced morbidity, and faster recovery compared to laparotomy for similar proce-
dures [35]. One US study reported total direct costs of USD $3271 per patient in the 
laparoscopy group and USD $7075 per patient in the laparotomy group [35]. 
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Robotic surgery in endometriosis has also gained popularity in recent years as an 
alternative method to standard laparoscopy. However, systematic reviews have dem-
onstrated that robotic surgery has minimal additional benefits and is associated with 
increased expenditures and increased procedure length per patient [92, 93]. A ran-
domized controlled trial performed in patients with endometriosis compared the use 
of conventional laparoscopy and robotic surgery and found that both methods had 
comparable clinical outcomes and improvement to quality of life [94]. Given the 
lack of significant advantages in using robotic methods over traditional laparoscopy, 
it is important to consider costs, accessibility, and economic burden to the health-
care system when opting to use robotic surgery.

Studies have also demonstrated that surgical treatment for endometriosis is cost-
lier than the equivalent procedure for another benign gynaecologic cause. A 
Canadian study reported that the total hospital-related costs for all surgical interven-
tions relating to endometriosis cost CAD $152,206,977 from 2008 to 2013 [87]. 
Hysterectomy for endometriosis carried the greatest cost burden, costing the public- 
payer system close to CAD $55,034,511, whereas ovarian endometriosis costs 
approximately CAD $45,230,906. On a case-by-case basis, non-hysterectomy sur-
gical procedures for treating ovarian endometriosis cost CAD $3224, while hyster-
ectomy for endometriosis costs CAD $2356 [87].

The potential for out-patient procedures also creates an area for potential health-
care savings. Out-patient hysterectomy procedures are now increasingly favoured 
over in-patient hysterectomy procedures due to the reduction with length of stay and 
subsequent cost savings. The increasing uptake of Enhanced Recovery After Surgery 
pathways for the standardization and optimization of peri-operative care has also 
been shown to reduce the cost burden in gynaecological procedures [95]. In con-
junction, these studies demonstrate the large financial burden placed on individuals 
and healthcare systems when treating endometriosis surgically and brings into ques-
tion the future of sustainable public healthcare systems with increasing costs for 
surgical interventions in settings with finite resources.

28.3.3.2  Cost Differences Between Medical and Surgical Treatment 
of Endometriosis

Soliman et  al. [96] estimated that total direct healthcare costs for patients who 
underwent surgery was $19,203 per patient annually, whereas those who did not 
undergo surgery had average total direct healthcare costs of $6365 per patient annu-
ally [96]. This could be attributed to the increased healthcare resource utilization by 
surgical patients the following year after surgery [96]. In-hospital admissions were 
the main contributor to costs in the surgical cohort—which approximated 68.8% of 
the cost—followed by pharmaceutical claims. With an increasing number of practi-
tioners opting for less invasive surgical options such as laparoscopy, the direct costs 
associated with the surgical procedure, length of stay, and in-hospital admissions 
can be controlled to various degrees. Cost-control measures could explore reducing 
this length of stay by choosing more minimally invasive approaches such as lapa-
roscopy instead of laparotomy [87] and favouring out-patient pathways. The impact 
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of indirect costs such as work absence and short-term disability due to surgery was 
also higher in patients who underwent surgery.

28.3.3.3  Hospital Admissions
In-patient stays and hospital admissions associated with endometriosis are large 
cost drivers for the healthcare system. In Canada, total hospital costs for 
endometriosis- related hospital admissions resulted in CAD $30.44 million annually 
(US $29.56 million), and on average, it costs CAD $3237 (US $3134) per admitted 
patient case [87]. In 2002, about $22 billion was spent on endometriosis-related 
costs in the USA of which $14.5 billion was spent on hospital care with admissions 
as the paramount cost driver [31]. In fact, endometriosis-related hospitalizations are 
the third leading cause of gynaecologic hospitalizations in the USA [97]. 
Interestingly, researchers found that different forms of endometriosis are associated 
with varying degrees of cost. Uterine endometriosis and ovarian endometriosis 
accounted for the bulk of hospital admissions, with uterine endometriosis being the 
most expensive to treat [CAD $4137 (US $4017) per case] followed by ovarian 
endometriosis [CAD $3506 (US $3404) per case].

28.3.3.4  Risk of Disease Recurrence
While surgical interventions can provide significant symptom relief and improve-
ments in quality-adjusted life years, they are costly and have varying degrees of 
symptom recurrence associated with them. Fertility-sparing surgical interventions 
can improve fertility and reduce physical disease, but up to half of surgical patients 
will have recurrence at 2 to 5 years post-surgery [98, 99]. There is conflicting lit-
erature regarding rates of recurrence. Guo et al. [98] suggest that post-operative 
symptom recurrence can occur at a rate of 10% annually, whereas Sutton et al. 
[100] reported recurrence in approximately 44% of patients within 1 year of sur-
gery. Similarly, Hornstein et al. [101] reported a 51% recurrence rate in patients 
who underwent laser ablation of endometriotic lesions. Although recurrence is 
more infrequent with hysterectomy and bilateral salpingo-oophorectomy [75], 
there is still a 5–10% probability that patients may continue to experience symp-
toms post- surgery [102]. The risk of recurrence carries negative impacts on 
patients’ quality of life as well as consequences on healthcare expenditures. 
Patients who experience symptom recurrence may elect to undergo additional sur-
gical procedures or may need to be placed on post-operative medical therapy to 
help control symptoms—both of which lead to further increasing costs in manag-
ing endometriosis.

There is some suggestion of higher symptom recurrence associated with medical 
management when compared to surgical treatment [102, 103]. Not many studies 
have evaluated recurrence rates with medical therapies, but one study reported 
recurrence rates at 1-year post-therapy cessation of 13% for patients on leuprolide 
acetate and 12% for goserelin acetate [104]. Another study [105] compared aroma-
tase inhibitors (letrozole) with GnRH agonists (triptorelin) after a 2-month therapy 
period and found that the group on letrozole had a recurrence rate of 6.4%, whereas 
the group on triptorelin had a recurrence rate of 5%; however, there was no statisti-
cal significance between these therapies in symptom recurrence. A study exploring 
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the benefits of nafarelin, another GnRH agonist, has also shown 26% of patients on 
either a 3- or 6-month therapy schedule experienced symptom recurrence [106].

Randomized controlled trials have explored the use combining medical therapy 
post-operatively to help with symptom recurrence. Specifically, the post-operative 
use of a levonorgestrel-releasing intrauterine device (LNG-IUD) has been shown to 
be effective in reducing the recurrence of dysmenorrhoea [107, 108]. However, the 
LNG-IUD does not inhibit ovulation and is consequently less effective in prevent-
ing the recurrence of endometrioma formation [108]. Prior research has also 
reported that pre-menopausal patients who undergo more conservative surgical pro-
cedures with ovarian or uterine preservation are at a six times greater risk for under-
going repeat surgical procedures due to the higher probability of disease recurrence 
[109–111].

It is clear that the risk of recurrence remains significant in both medical and sur-
gical interventions for endometriosis and pose additional costs for patients in whom 
symptoms or endometriotic implants recur post-surgery. Studies that evaluate surgi-
cal cost-efficacy and report on cost estimates should also include costs associated 
with the risk of recurrence stratified by type of medical management or surgical 
procedure.

28.3.3.5  Costs Associated with Treating Endometriosis-Related 
Infertility/Subfertility

The impact of endometriosis on fertility is well documented in the literature. 
Options for women trying to conceive range from expectant management, surgical 
excision of lesions, or assisted reproductive technologies (ART) [3]. Hormonal 
medical therapies are contraindicated in these patients as they often suppress ovula-
tion. Patients who are likely to succeed with expectant management often are 
younger, have normal ovarian reserve, regular ovulation, and uterine tube patency 
[3]. Older patients with more extensive disease are often treated with surgical ther-
apy or ART [3].

While surgery may help stabilize the reproductive architecture and correct ana-
tomical distortions from endometriotic implants, there is a correlation between sur-
gical therapy and decreased ovarian reserve [3]. Patients with mild to moderate 
disease may benefit from surgery to increase their chances of spontaneous concep-
tion [112]. However, the improvement in fecundity is minor at 8%, with only mar-
ginal improvements in spontaneous conception [3, 113, 114]. In patients with 
moderate to severe disease, the estimated surgical benefit is smaller due to the pres-
ence of tubal adhesions, and ART is more often recommended [115]. Overall, the 
clinical utility in surgery for fertility is limited, as 25 patients would need laparo-
scopic surgical management to achieve one more live birth when compared to 
expectant management [112, 113, 116].

Patients with normal ovarian reserve may be eligible for multiple ART options 
such as superovulation or intrauterine insemination [116] which is less costly than 
in  vitro fertilization (IVF). However, there are minimal benefits to using this 
approach in patients with endometriosis [117, 118]. IVF has been more associated 
with successful rates of pregnancy in patients with endometriosis, especially for 
those with diminished ovarian reserve [74]. Prolonged treatment with hormonal 
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therapies such as GnRH agonists or CHCs has been shown to help improve preg-
nancy rates using ART [119, 120]. Outcomes using ART have also been shown to be 
superior to surgical therapy in patients with endometriosis to achieve concep-
tion [121].

The Endometriosis Fertility Index (EFI) has been used to predict the occurrence 
of spontaneous pregnancy following endometriosis surgery and plays an important 
role in helping physicians triage patients into expectant management or assisted 
reproductive technologies [122]. Ferrier et al. [122] conducted a cost-effectiveness 
analysis to determine the costs associated with different ART treatment pathways 
immediately after surgery for endometriosis-associated infertility. Specifically, they 
explored the use of the EFI to stratify patients and determine appropriate care path-
ways to study cost-effectiveness. Patients were channelled into three different care 
pathways to manage endometriosis-associated infertility using the EFI as a stratifi-
cation tool: natural conception, immediate IVF-Intracytoplasmic sperm injection 
(IVF-ICSI), and delayed IVF-ICSI. The costs for patients who underwent IVF-ICSI 
amounted to €9509 per patient, €15,196 per pregnancy, and €18,235 per live birth 
with an incremental cost-effectiveness ratio of €31,469 per pregnancy over expect-
ant management. Although immediate IVF-ICSI post-surgery is an appropriate 
method for attaining fertility in endometriosis patients, it presents significant costs 
for the healthcare system. Further research is needed in the role of expectant man-
agement for select patients after surgery (such as those with a good prognosis, nor-
mal ovarian reserve with high EFI score).

IVF, while demonstrating successful rates of conception in endometriosis 
patients, still poses a large financial burden on patients and healthcare systems. 
Apart from the costs associated with the procedure, there are also ancillary costs 
that are incurred by patients. These costs include medical costs, fertility counsel-
ling, time off work, and/or psychological support. Patients with diminished ovarian 
reserve often require egg donation which is also associated with significant logisti-
cal expenses incurred by the patient. A partially, publicly funded IVF model in 
Canada reported that 49% of patients still paid between CAD $5000 and CAD 
$10,000  in ancillary costs, with 18% paying between CAD $10,000 and CAD 
$20,000 to undergo IVF [123]. Collins [124] in 2002 found that the average cost per 
IVF-ICSI cycle was around $9547 in the USA and $3518 in 25 countries around the 
world. In fact, IVF costs ranged from 10% of annual household expenditure in 
European countries to 25% in Canada and the USA [124]. These studies explicitly 
display the large financial burden placed on individual patients and healthcare sys-
tems as a result of treating infertility, and these costs are compounded by the ART 
that is often needed to attain a pregnancy in patients with endometriosis.

28.4  Indirect Costs Associated with Endometriosis

Although direct costs have often taken the spotlight in cost-efficacy literature, indi-
rect costs are equally as important to account for when creating true cost analyses 
for disease burden. Indirect costs are often left out of these estimates because of the 
difficulty and large variability in quantifying these costs. This often arises due to a 
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large reliance on self-reported data to account for factors such as loss of work pro-
ductivity, childcare, caregiver support as well as variable valuation of these factors 
[125]. The main demographic affected by endometriosis are of reproductive age, 
which constitutes the majority of working-age members of the population. In fact, 
patients between the ages of 18 and 44 years account for approximately 75% of all 
endometriosis hospital admissions [18]. In 2002, Simoens et al. [31] estimated the 
annual endometriosis-related healthcare cost burden in the USA to be close to $22 
billion and 21% of this estimate ($4.7 billion) was due to indirect costs, mainly 
through a loss of productivity. In 2010, the annual societal burden of endometriosis 
in the USA was projected at $69.4 billion of which two-thirds was reportedly due to 
loss of productivity [32]. These studies demonstrate the significant role of indirect 
costs in the total economic burden of endometriosis.

28.4.1  What Are the Indirect Costs Associated with Work 
Absences and Productivity?

Work absences and productivity represent major contributors to the indirect costs asso-
ciated with endometriosis. Missed hours of work annually due to endometriosis- related 
chronic pelvic pain range from 19.2 hours to 86.4 hours per patient [126, 127]. Mathias 
et al. [127] also noted that endometriosis caused patients to miss 1.6 hours of work 
every month in comparison to 0.05  hours missed by patients with other menstrual 
cycle–related diagnoses. Nnoaham et al. [10] showed that endometriosis resulted in 
equivalent work loss of approximately 6.4 hours per week due to presenteeism and 
4.4 hours per week due to absenteeism across ten countries. In the USA, this would 
amount to approximately $3200 lost per year from absenteeism and $14,800 lost per 
year from presenteeism [10]. Levy et al. [128] quantified the loss of work productivity 
and leisure time costs to be close to $3854 per patient annually in Canada. It is evident 
from these studies that endometriosis-related pelvic pain severely impacts work pro-
ductivity and patients’ ability to maintain employment [129], thereby solidifying the 
further impact of endometriosis on economic burden.

There is also evidence that the work absences and productivity associated with 
endometriosis can have life-long negative effects. One matched case-control study 
demonstrated that women with endometriosis are significantly less likely to work in 
their desired profession, and more likely to consider health-related limitations in 
career choices, compared to a matched control group [130]. Similarly, those living 
with endometriosis can experience lower annual salary and salary growth compared 
to those without endometriosis [131]. The life-long cost implications are currently 
not well quantified in the literature.

28.4.2  What Are the Indirect Costs Associated with Surgery?

Surgical treatment plays a significant role in increasing indirect costs to patients. 
One study reported a productivity loss of $2236 per patient in the 6 months prior to 
surgery and $3686 in the 6 months post-surgery [132]. Indirect costs after surgery 
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may be attributable to longer recovery times, absences from work, and post-surgical 
pain. These findings are aligned with the idea that pelvic pain and disease severity 
are major drivers of work productivity loss for endometriosis patients [10]. Another 
study demonstrated that absence claims were higher in patients who underwent sur-
gical treatment for endometriosis, resulting in a loss of income close to $6237 for 
those in the surgery cohort compared to $4781 for those who were not in the surgery 
cohort [96]. Absenteeism, short-term disability, and long-term disability were also 
all reported significantly higher in the surgery cohort [96].

28.4.3  Why Are Indirect Costs Important?

Indirect costs are important contributors to the overall financial burden of endome-
triosis on the individual, healthcare systems, and society. The majority of economic 
literature has focused on direct costs, largely due to the difficult nature of reliable 
valuation of factors such as presenteeism, the lack of self-report data, or an incon-
sistency in what qualifies as an indirect cost. Most of the indirect costs to date have 
focused on factors such as absence claims, work productivity, and unemployment. 
There is a clear lack of research focusing on indirect costs such as childcare and 
transportation, in addition to the difficulty in quantifying costs of social withdrawal, 
psychological impacts, and loss of leisure time.

Indirect costs play a large role in the economic burden of endometriosis. 
Understanding these factors can provide strategies to mitigate the substantial pro-
ductivity losses arising from endometriosis-related symptoms. The diagnostic and 
treatment delays also play a role in exacerbating productivity losses. These intan-
gible costs are equally as important to study given the multifaceted impacts of endo-
metriosis on patients’ lives and the life-long impacts this can have.

28.5  Conclusions

28.5.1  What Is the Global Economic Burden of Endometriosis?

This chapter has highlighted the direct and indirect costs associated with endome-
triosis and the many ways these costs contribute to the economic burden of many 
societies and healthcare systems. Although it is difficult to draw direct comparisons 
between the cost estimates due to inherent differences in healthcare system struc-
tures and regional practices, the large global economic burden remains consistent. 
The cost-efficacy of practice and policy guidelines on the diagnosis and treatment 
of endometriosis must be taken into account to ensure sustainability of national 
healthcare systems.

The current available data are limited as the national economic burden varies 
from country to country depending on population size and the local guidelines for 
clinical practice for endometriosis. Differences in reported endometriosis preva-
lence rates can further the variations in the subsequent estimated economic burden. 
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Table 28.7 illustrates the variability in national economic burdens per country. In 
Europe, economic burdens range from €3114 to €9872 [32, 53, 134, 135] per patient 
annually, whereas US numbers range from USD $8417 to $18,881 per patient annu-
ally [18, 60, 63]. Endometriosis-associated costs appear to be highest in the USA, 
and this theme recurs quite often in the literature [18, 32, 60, 63, 87, 96]. Both the 
direct and indirect costs associated with endometriosis need to be included in these 
national cost analyses to identify potential interventions that can target these large 
hidden cost drivers.

It is clear that endometriosis has a large stake in national expenditures for many 
healthcare systems around the globe. There is a strong need to reduce the diagnostic 
delay using more consistent guidelines, increased awareness amongst general prac-
titioners, and more reliable diagnostic tools. Timely diagnosis would help reduce 
both the unnecessary healthcare expenses and the indirect costs associated with loss 
of productivity. More cost-effectiveness studies need to be conducted regarding the 
treatment of endometriosis and its risk of recurrence. Finally, to ensure that health-
care systems remain sustainable, rising costs related to endometriosis should be 
monitored and its contributing factors should be studied for cost-efficacy and global 
economic impacts.

28.5.2  Limitations and Future Directions

28.5.2.1  Lack of Control Groups
There are many limitations to the cost analyses referenced in this chapter. One of the 
largest criticisms surrounding cost-effectiveness studies is the lack of control groups 
and matched controls to draw adequate comparisons. Control groups help delineate 

Table 28.7 National economic burden by country

Country
National annual economic 
burden Type of costs accounted for

Germany 
[133]

€40,708,716 Direct costs from in-patient treatments for 
endometriosis

Austria [53] €328 million Direct and indirect costs
Canada [128] $1.8 billion Treatment costs, quality of life, work absenteeism, 

and caregiver time
Denmark [32] €0.8 million Costs associated with endometriosis-related 

symptomsSwitzerland 
[32]

€1.3 billion

Hungary [32] €1.6 billion
Belgium [32] €1.7 billion
Netherlands 
[32]

€2.6 billion

Italy [32] €9.3 billion
France [32] €9.5 billion
UK [32] €9.9 billion
Germany [32] €12.5 billion
USA [32] €49.6 billion
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potential confounders, and a matched group of controls without endometriosis can 
help formulate better causal relationships about the economic burden of this disease 
on patients. A lack of control groups also biases cost estimates and makes it difficult 
for policy makers to understand the discrepancy in incurred costs for endometriosis 
patients compared to those living without endometriosis. Adequate control groups 
would also distinguish between costs incurred as a result of having endometriosis 
from costs incurred through endometriosis-related symptoms, such as pelvic pain 
and infertility, which are present in conditions outside of endometriosis [31]. This 
methodology would help better understand the costs arising from the disease itself 
as opposed to the related symptomatology.

28.5.2.2  Inclusion of Patient Profile Characteristics
Future studies should also attempt to understand how patient profile and disease 
characteristics impact endometriosis costs. Both direct and indirect costs may be 
influenced by patient factors and disease characteristics such as severity, symp-
toms, location, and type of endometriosis. Many studies did not list their patient 
profile or characterize individual disease, and this makes it difficult to generalize 
cost estimates to specific populations. This is especially relevant when compar-
ing the heterogeneity of endometriosis, as more severe disease is likely to 
increase cost burden. There is also a lack of data focusing on endometriosis-
related costs and economic burdens in Asian, Middle-Eastern, and African popu-
lations. Future research should focus on quantifying these costs in these 
populations and developing theoretical models to understand the global impact 
of endometriosis on health economics.

The presence of comorbidities is an important consideration when exploring 
costs associated with endometriosis as they ultimately inform treatment options and 
impact overall costs incurred. As endometriosis is commonly associated with other 
chronic pain disorders, its true economic burden may be underestimated when these 
comorbidities are not accounted for. Costs for comorbidities that are directly related 
to endometriosis should be included in cost analyses to capture the full spectrum of 
disease burden [33].

Another aspect that needs to be explored in cost estimates is the inclusion of 
suspected cases of endometriosis. Clinically suspected cases of endometriosis with-
out histopathological diagnosis may benefit from inclusion in endometriosis studies 
to model the full extent of disease burden. These cases will provide valuable infor-
mation regarding the true impact of the diagnostic delay and indirect costs such as 
productivity loss and unemployment. Inclusion of undiagnosed and misdiagnosed 
cases will also help explore costs incurred from unnecessary investigations and tests 
and multiple out-patient visits. Finally, many current studies tend to exclude adoles-
cents and peri- or post-menopausal women and thereby, overlook the large costs 
specific to these groups. While the majority of endometriosis cases are in 
reproductive- age women [60], future studies should also explore hospitalizations 
for pelvic pain and endometriosis-related symptoms in women outside of this age 
range to accurately calculate cost estimates.
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28.5.2.3  Costs Associated with Recurrence Risk
Despite its high prevalence, many studies do not account for costs following recur-
rence from cessation of medical therapy or post-surgery. Further research on the risk 
of recurrence could better estimate the costs associated with various risk factors to 
better understand their true effectiveness across a patient’s life course. Recurrence 
rates and associated costs should also be assessed when conducting cost- effectiveness 
studies for various treatment interventions to be more reflective of the longitudinal 
and chronic nature of endometriosis.

28.5.2.4  Value-Based Care Studies
Future directions should also include the need for more value-based care studies on 
the impact of endometriosis expenditures [136]. Global guidelines for the diagnosis 
and treatment of endometriosis are inconsistent, producing a need for research that 
evaluates the merits of these varying interventions. These studies will help in reduc-
ing low-value care and unnecessary healthcare expenses. Value-based care studies 
should explore current screening, diagnostic options, and management options 
available to endometriosis patients to determine the optimal benefit associated with 
specific approaches to management. While it is difficult to draw parallels across 
different regions, there is utility to studying resource utilization rates to understand 
geographic variability in value-based care.

There is also a need for studies contrasting the cost-efficacy of different 
approaches to diagnosis and management. This will help policy makers stratify 
and prioritize diagnostic and treatment options while limiting the amount of 
unnecessary and costly tests and treatments. In particular, the cost-efficacy of 
medical versus surgical therapies need to be studied with a longitudinal approach 
across the lifespan of patients with endometriosis. Studies should aim to under-
stand the utilization of healthcare resources, from the first initial visit with symp-
toms to the point of definitive diagnosis. There are usually multiple clinic and 
hospital visits with varying healthcare providers that occur during this window 
of time where many unnecessary tests are initiated in the pursuit of diagnosis. 
Similarly, the number of investigations and interventions from diagnosis to an 
improved quality of life need to be captured to study how patients with endome-
triosis utilize healthcare resources during their lifespan. To truly understand and 
help inform value-based care guidelines, unnecessary investigations and their 
utilization rates must be clearly studied. Furthermore, novel diagnostic tools and 
interventions should be assessed for their impact on reducing expenditures in 
conjunction with their ability to diagnose and treat endometriosis while improv-
ing quality of life for patients.

More comprehensive studies which document cost estimates, especially with 
regard to the direct and indirect costs of IVF and other forms of ART are needed. 
The literature is currently limited in identifying whether immediate ART post- 
surgery or delayed ART with expectant management is more cost-effective for treat-
ing fertility. Future research should also explore the overall financial burden related 
to treating endometriosis-associated infertility and subfertility, by calculating the 
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total healthcare costs required to achieve a successful live birth per patient [18] and 
the number needed to treat to attain one more pregnancy.

28.5.2.5  Lack of Studies Quantifying Non-Healthcare Costs 
and Indirect Costs

The lack of research outlining the full spectrum of indirect costs associated with 
endometriosis is alarming and points toward conservative estimates of national eco-
nomic burdens. The true financial impact of the diagnostic delay for endometriosis 
cannot be determined without the inclusion of indirect costs such as productivity 
loss and work absences during this period. Disease severity and level of impairment 
should also be studied to understand correlations between these factors and their 
impact on quality of life. Given that the majority of endometriosis patients are in the 
workforce, cost estimates and economic burden must take into account the various 
indirect costs. Of the studies that explore indirect costs, many studies focus on fac-
tors such as presenteeism, absenteeism, unemployment, and work productivity to 
quantify lost income. There is a lack of studies focusing on other forms of indirect 
costs such as caregiver support, transportation costs to appointments, and childcare 
costs. Other non-healthcare costs are also not studied such as the use of alternative 
medicine and supplemental care such as physiotherapy, chiropractic, or lifestyle 
interventions. Future studies need to focus on identifying and quantifying non- 
healthcare related costs and indirect costs.

28.5.3  Concluding Remarks

Healthcare resources are finite and given the current global climate, healthcare sys-
tems need to consider sustainability when faced with growing expenditures and 
disease burden. The cost-effectiveness of diagnostic procedures and treatments 
must be systematically reviewed to ensure that healthcare systems appropriately 
allocate care that is high impact, especially in publicly funded or administered mod-
els of care. This chapter highlights the enormous global economic burden associ-
ated with endometriosis, which likely remains a conservative estimate of the real 
costs posed to individuals, health systems, and society. There is substantial health-
care resource utilization which contributes to the economic burden of endometrio-
sis, and this problem is compounded by the propensity of patients to undergo 
multiple unnecessary tests and interventions across a variety of settings before 
obtaining an appropriate diagnosis or treatment. Enormous endometriosis-related 
costs without the proportionate improvements in health outcomes threaten the sus-
tainability of national healthcare systems. The numerous factors contributing to 
these rising costs have been explored thoroughly in this chapter, and this knowledge 
will help guide future healthcare providers, hospital administrators, and policy mak-
ers in curtailing expenditures while balancing patient outcomes.
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29.1  Introduction

In Chaps. 1 and 25 we explored the early history of the discovery of adenomyosis 
and endometriosis. It is notable that early writers described the presence of aberrant 
uterine mucosa with surrounding smooth muscle tissue present outside its normal 
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location – namely, lining the uterine cavity – as one condition. Thus ‘epithelial inva-
sion’ was clearly described towards the end of the nineteenth century by a number 
of authors [1–5] and was referred to as adenomyoma.

An early definition of adenomyoma was provided by Cuthbert Lockyer in 1918 
[6], who wrote: “the term adenomyoma implies a new formation composed of 
gland-elements, hyperplastic cellular connective tissue, and smooth muscle”.

Emge [7] reviewed the topic in 1962 and noted that only little advance had been 
made in understanding disease causation and in recognizing its clinical importance. 
For this reason, he referred to it as an “elusive disease”. Emge emphasized the dif-
ficulty in diagnosis and the lack of concordance between clinical features and histo-
logical diagnosis and also highlighted the risk of over-diagnosis.

In 1972, Bird et al. [8] provided a definition of adenomyosis that remains cur-
rently recognized they defined adenomyosis as: “the benign invasion of endome-
trium into the myometrium, producing a diffusely enlarged uterus, which 
microscopically exhibits ectopic non-neoplastic, endometrial glands and stroma 
surrounded by hypertrophic-hyperplastic musculature”. Bird et al. provided three 
reasons why they still viewed adenomyosis as an elusive disease. The first reason, 
they argued, was because its aetiology is unknown. The second, was because of the 
wide variation in reported incidence in surgical specimens and the third reason was 
because adenomyosis can be asymptomatic. It can be readily noted that these obser-
vations remain true 50 years later.

Today, more is known about the pathogenesis and a number of molecular inves-
tigations pointing to mechanism through which endometrial cells and stroma may 
penetrate through the myometrial junctional zone (JZ) and invade the uterine mus-
cle. Nevertheless, much remains before we can achieve a full understanding of the 
disease.

As for the second argument of Bird et al. it remains the case that the reported 
incidence of adenomyosis in histologic specimens vary widely. This can be affected 
by factors not related to the disease itself. Finally, while early descriptions addressed 
the clinical manifestations purely as narrative cases histories of cases undergoing 
hysterectomy, this cannot provide a comprehensive account of disease impact. Bird 
et al. [8] made an important contribution as they introduced the notion of adeno-
myosis ‘sub-basalis’ (Grade 1), in which gland penetration within the myometrium 
is confined to one low power field (LPF) below the basal endometrium. According 
to this classification, adenomyosis was marked as Grade 2 or Grade 3 at a cut-off 
point at mid myometrium. They reported that menorrhagia was linked to Grade 1 
adenomyosis and to cases where there was a marked degree of involvement (large 
areas affected). Dysmenorrhea was linked to higher depth of gland penetration 
within the myometrium and to the size of the area affected.

Adenomyosis is defined by the presence of heterotopic endometrial glands and 
stroma embedded within the myometrium. Diagnostic features that can clarify the 
extent of the disease are the depth of stromal and glandular presence within the mus-
cle and the extent of uterine wall involvement. Often the myometrium is referred to 
as hypertrophic, but there are no objective definitions for the reported changes in 
smooth muscles. One typical histological feature of adenomyosis is its association 
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with a degree of disruption to the normal endometrial-myometrial interface which 
becomes irregular with glands present within the myometrium. In addition, imaging 
techniques show that the inner myometrium, the so-called myometrial junctional 
zone (JZ), is increased in thickness [9]. A JZ of more than 12 mm has been taken as 
the threshold for a non-invasive diagnosis but this has recently been questioned [10]. 
Currently, the identification of adenomyosis relies on an assessment of whether fea-
tures at the interface between the mucosal and the muscle layers deviate from the 
normal. This contrasts with historical descriptions of the disease which focused on 
grossly abnormal uteri with large lesions. Early descriptions were confined to case 
reports of large lesions and adenomyomas were considered rare. However, Cullen 
[11] noted that he was amazed by the frequency by which he encountered the disease.

During the second decade of the twentieth century, there was an exponential rise 
in diagnosis and, because of concern about over diagnosis, there were calls for the 
adoption of conservative cut-off points to distinguish adenomyosis from normal 
irregularity at the interface between the epithelium and myometrium. But such 
attempts will necessarily be hampered in the absence of clinical correlates. Pre- 
operative diagnosis faces the additional challenge because of the needs to prove 
high correlation with histological diagnosis [12].

29.2  From Adenomyoma to Adenomyosis: The Endometrial 
Myometrial Interface

At the core of the early debate about terminology is the desire to avert terms that 
imply an etiology. Frankl [13], who proposed the term adenomyosis to identify 
intra-myometrial ectopic endometrial foci, as well as many of his contemporaries, 
specifically rejected terms that implied a pathogenesis. Yet, current descriptions 
commonly refer to adenomyosis in term of gland ‘invasion’ and myometrial ‘dis-
ruption’. Vercellini et al. [14] wrote: “it is generally agreed that adenomyosis occurs 
when the normal boundary between the endometrial basal layer and the myome-
trium is disrupted … as a consequence of this disruption, the endometrial glands 
invade the myometrium”.

The endometrial-myometrial interface (EMI) has a unique characteristic because 
of the lack of a separating basement membrane. Thus, the endometrium sits directly 
on the myometrium. Understanding the factors that determine the alignment at the 
normal interface and their disruption become crucial to our understanding of the 
disease. Another important challenge arises because disruption at the EMI can be 
patchy. Histological mapping of the uterine affection is necessarily labor intensive. 
The diagnosis has been shown to be dependent on the number of histological sec-
tions examined. Consideration needs to be given to whether such effort is warranted 
outside a research setting given that it can have little, if any, impact 
post-hysterectomy.

Understanding the clinical significance of adenomyosis need to consider the 
impact of the depth, the spread and density of gland presence within the myome-
trium and their exact location. There is the additional question of how to address 
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non-uniform distribution of these features. This lends support to the call for reports 
to detail the actual findings depth and distribution of glandular structures, rather 
than using a dichotomous classification as normal and adenomyosis. Better under-
standing the import of the different features is critical to the development of a clas-
sification system for the condition [12].

It is notable that there is no agreement on the cut-off point at which glands within 
the myometrium can be considered abnormal. Levgur et al. [15] regarded cases with 
glands within 2.5 mm from the EMI as normal. Glands <40%, 40–80%, and >80% 
were classed as superficial, intermediate, or deep adenomyosis, respectively. 
Sammour et al. [16] proposed four categories based on the depth of glands within 
the myometrium according to whether these are present at <25%, 26–50%, 51–75%, 
and >75% of myometrial thickness.

As already mentioned,  Bird et  al. [8] proposed three grades of adenomyosis 
based on the depth of invasion; Grade I or sub-basal lesions within one low power 
field, Grade II where glands are present up to mid-myometrium, and Grade III where 
glands are present beyond mid-myometrium. They also propsoed three degrees of 
involvemen; Slight in which there are 1–3 glands per LPF, Moderate in which there 
are 4–9 glands per LPF, and Marked  where there are 10 or more glands per 
LPF. Other authors adopted similar criteria [17, 18]. Different functional character-
istics between the inner and outer myometrium may have relevance to the develop-
ment or progressions of adenomyosis through mechanisms involving recurrent 
tissue injury and repair (ReTIAR) [19].

29.3  Diagnosing Adenomyosis

Histology remains the gold standard for the diagnosis of adenomyosis, but there has 
been an increase in the use of ultrasound and MRI for the non-invasive diagnosis 
prior to hysterectomy and in women not undergoing surgery.

29.3.1  Clinical Diagnosis

Classically, the uterus with adenomyosis is described as tender, soft and symmetri-
cally enlarged. Adenomyosis may be asymptomatic or linked to pelvic pain, abnor-
mal and heavy menstrual bleeding or infertility. An important cofounding factor is 
that adenomyosis often coexists with fibroids or with endometriosis. Symptoms linked 
to adenomyosis are not pathognomonic. Curiously, Cullen [11] wrote that the disease 
could be diagnosed with great ease based on clinical features alone. He claimed that 
the diagnosis can even be made by the “hospital assistant”. Even so, Lockyer [6] 
concluded that: “in many cases, if not in most, the diagnosis is made at the operation 
or by the microscope”, this affirmation seems more in tune with our current under-
standing as the reported preoperative diagnosis remains poor (range of 2–26%) [17, 
20, 21]. Thus, clinical features may be suggestive but are unreliable for diagnosis or 
as a basis of classification of adenomyosis.
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29.3.2  Imaging Diagnosis

The use of two dimensional or three-dimensional ultrasound (US) and of magnetic 
resonance imaging (MR) provides a means to identify and to map the presence of 
adenomyosis prior to surgery. US and MR also enable the identification of coexis-
tent pathology such as fibroids. This may enable conservative management and bet-
ter understanding of the natural history of the disease in women not undergoing 
surgery.

29.3.2.1  Magnetic Resonance Imaging
MR imaging allows the identification of the uterine JZ and its alterations in the pres-
ence of adenomyosis. In 1983, Hricak et al. [22] were the first to describe three 
distinct uterine zones on T2-weighted MR images; the endometrium (high signal), 
the sub-endometrial myometrium or JZ (low signal), and the outer myometrium 
(intermediate signal). In contrast to histological diagnosis which relies on the iden-
tification of aberrant endometrium within the myometrium, MR focuses on features 
of the myometrium and, as such, provides indirect evidence of the condition. For 
two decades, a maximum thickness of the junctional zone (JZmax) ≥12 mm was 
considered as highly suggestive of adenomyosis and a guide for a non-invasive 
diagnosis. This has been challenged for a number of reasons. First, the JZ is not 
consistently identifiable and may be influenced by the  menstrual cycle phase. 
Second, the JZ is not identifiable in a larger proportion of older women which limits 
its utility in women ≤35 years. A more reliable diagnosis requires the presence of 
additional features such as diffuse, low-intensity areas and high-intensity spots near 
the endometrium [10]. Increased JZ thickness is reproducible but can only be mea-
sured in 20–30% of women of reproductive age. Similar to the case with histologi-
cal diagnosis, the appropriate cut-off point for a normal JZ remains controversial. In 
addition, interpretation of MR features can be influenced by clinical features and by 
the presence of concomitant pathology. It is also relevant to consider that the histo-
logic transition from the inner to the outer myometrium is gradual, with no clear 
demarcation point that may corresponds to MR features [23]. Overall, the calcu-
lated pooled sensitivity, specificity, positive likelihood ratio and negative likelihood 
ratio for MR were reported as 0.77, 0.89, 6.5 and 0.2, respectively, for all subtypes 
of adenomyosis [10].

29.3.2.2  Ultrasound
Ultrasound features linked to adenomyosis include uterine enlargement in the 
absence of fibroids, asymmetric thickening of the anterior or posterior uterine 
wall, thickening of the junctional zone, lack of contour abnormality, lack of 
mass effect, heterogeneous poorly circumscribed areas within the myometrium, 
anechoic myometrial blood-filled cysts, increased echogenicity of the endome-
trium and sub- endometrial linear striations. Ultrasound could also detect adeno-
myosis as localized non-homogenous lesions within the myometrium. Diagnosis 
may be enhanced with the use of color Doppler. Whilst transvaginal ultrasound 
(TVU) improved sensitivity and specificity to >80%, there is disagreement on 
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the diagnostic value of individual ultrasound features. Changes in the JZ in 
adenomyosis can also be assessed with reference to the ratio of maximum JZ 
(JZmax/total myometrium), and a difference between the maximum and the minimum 
thickness (JZmax-JZmin) but these can be affected by the hormonal status and 
the phase of menstrual cycle.

Recently, the existence of a distinct category coined ‘JZ hyperplasia’ was pro-
posed. This is defined as partial or diffuse thickening of the JZ from ≥8 mm to 
<12 mm in the absence of additional imaging features of adenomyosis [24]. The 
histological correlates of this category remain to be fully understood.

Some studies compared the use of ultrasound with histological diagnosis. 
Reinhold et al. [25] reported a Kappa statistic of 0.69 indicating good agreement 
between TVU and histology in depicting the location of adenomyosis and a Kappa 
statistic of 0.81 in relation to the maximum depth of involvement. In the study by 
Bazot et al. [26], sonography and histopathology concurred in only 57% of cases 
when assessing the depth of presence of endometrium within the myometrium and 
in only 23% of cases when assessing the degree of involvement and lesion density. 
Three-dimensional ultrasound shows promise, but its role is affected by disease 
prevalence, clinician expertise, previous uterine surgery, and hormone treatment 
[27–29].

It is envisaged that standardization as suggested through the MUSA 
(Morphological Uterus Sonographic Assessment) criteria would enable better 
understanding of adenomyosis [30, 31]. Yet, despite recent advances, imaging has 
not challenged histopathology as the gold standard for diagnosis. Imaging-based 
diagnosis may not be uniformly available and inter-observer reproducibility remains 
a challenge.

29.3.3  Biomarker-Based Diagnosis

The CA125 protein is one of the earliest biomarkers to be studied in adenomyosis, 
but meta-analysis of published results concluded that it is of limited utility [32]. 
Concomitant use of CA125, CA19-9, and IL-6 did not add significantly to the value 
of CA125 alone [33]. Agic et al. [34] measured chemokine (C-C motif) receptor 1 
mRNA (CCR1 mRNA) in peripheral blood leukocytes together with monocyte che-
motactic protein-1 (MCP-1) and CA125 protein in serum of women with endome-
triosis and adenomyosis. No significant difference in CCR1/HPRT mRNA 
(Hypoxanthine-guanine phospho-ribosyl transferase) ratio was found between 
women with adenomyosis and the control group. Another approach is the use of 
proteomic analysis of serum samples [35–38] or gene expression array [39]. 
Mehasseb et al. [40] reported differential protein expression in co-cultures of myo-
cytes and endometrial stromal cells in adenomyosis compared to normal controls 
and identified a number of candidate proteins. But these developments have not 
reached clinical applicability.
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29.4  Mapping of Adenomyosis

Adenomyotic lesions can be divided into different categories based on their morphol-
ogy and location. There is often preferential expression in one of the uterine walls 
compared to the other. This could be symmetric or asymmetric. Gordts et al. [41] 
suggested classification into three subcategories according to the depth of involve-
ment and whether the lesions reach <1/3, <2/3, >2/3 of the myometrium. This con-
trasts with focal adenomyosis which could be uni- or multi-focal. This is again distinct 
from an adenomyoma, and is differentiated from fibroids which have distinct margins.

Several authors argued that ‘internal’ and ‘external’ adenomyosis are distinct. 
Internal adenomyosis being characterised by focal or multifocal intra-myometrial 
tiny cystic structures on MRI possibly accompanied by an increased JZ thickness 
[9] and can be superficial or deep, symmetric or asymmetric, diffuse or local. 
External adenomyosis is a term applied to lesions in the outer myometrium [10]. 
Lesions can affect the posterior, anterior, or lateral uterine wall and be associated 
with either posterior, anterior or lateral deep endometriotic lesions.

Kishi et al. [42] proposed a classification of adenomyosis into four subtypes. They 
refer to Subtype I, as intrinsic adenomyosis or that affecting the inner uterine layer; 
Subtype II, is referred to as extrinsic adenomyosis that affects the outer uterine layer in 
the presence of a normal junctional zone; and Subtype III comprises solitary adenomyo-
sis that has no connection to the junctional zone or to the serosa. They referred to the 
remaining unclassified cases as Subtype IV, or as an indeterminate type. In another 
report, Kishi et al. [43] compared Subtypes I and II lesions using cytoskeletal proteins, 
type I and III collagen, TGF-β and its signalling molecules. They reported different 
staining characteristics between the subtypes using non-muscle myosin IIB, TGF-β and 
phosphorylated TGF-β type I receptors, and argued that this is indicative of a different 
origin. Using a similar approach, Khan et al. [44] compared staining characteristics of 
lesions from intrinsic and extrinsic adenomyosis from women who had co-existing deep 
infiltrating lesions in the pouch of Douglas. However, the relation between adenomyosis 
affecting different parts of the uterus cannot be established based on differences in the 
proportion of glands or stroma or in staining characteristics.

29.5  Attempts at Creating a Classification of Adenomyosis

In addition to the above-mentioned categories which were based on depth of glands 
present below the EMI, a number of additional factors were introduced into proposed 
classifications. Most published studies have relied on routine histology which was 
not concerned with thorough mapping of the disease. Thus, the degree of involve-
ment has rarely been the focus of research and even where mentioned it has seldom 
been included in analyses linked to symptoms. Grimbizis et al. [45] distinguished 
diffuse adenomyosis which features extensive foci of endometrial mucosa scattered 
throughout the uterine musculature from focal adenomyosis which features localized 
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area within the myometrium. Some studies reported more affection in the posterior 
wall, but this is not universally agreed. A controversial issue concerns the diagnosis 
of myometrial hyperplasia and whether its presence is essential for diagnosis.

Based on the consistency of tisue encountered during surgery, Pistofidis et al. 
[46] distinguished three variants: The ‘diffuse’ type which has a spongiform texture, 
the ‘sclerotic’ type characterized by irregular thickening of the myometrium and the 
‘nodular’ type which features spherical well-defined lesions surrounded by smooth 
muscle hyperplasia. This distinction may have some relevance at the time of conser-
vative surgery or when comparing outcomes, but the relation to symptoms and clini-
cal presentation is not known.

The traditional definition of adenomyosis includes reference to endometrial inva-
sion within the myometrium. This may have its roots in the  earlier writings by 
Sampson who drew analogies between aberrant benign endometrial tissue and can-
cer. This theory may have had some support from evidence that the eutopic endome-
trium in women with adenomyosis, as well as endometriosis, possesses an invasive 
phenotype [40, 43, 44, 47]. But this evidence is fragmentary and incomplete. The 
relationship between external or extrinsic adenomyosis and variants of endometrio-
sis has also attracted debate. One view is that deep infiltrating endometriosis and 
bladder endometriosis originate as adenomyotic nodules in the posterior uterine or 
cervical wall and invade the rectovaginal space, the digestive tract or the bladder. 
Alternatively, it was proposed that adenomyosis in the outer uterine myometrium 
results from invasion by endometriosis first implanted on the peritoneum. But there 
remain unresolved questions about the genesis of these lesions.

29.6  Adenomyosis in Young Women and After 
the Menopause

The study of adenomyosis across different age groups confirms it as a disease of the 
adult woman. Whereas endometriosis can manifest in young adolescents and even 
before menarche (see Chap. 8), the rare juvenile cases of adenomyosis feature local-
ized cysts, rather than the classic features [48]. The variant of adenomyosis that 
seems specific to young women is the so-called myometrial cystic adenomyosis. 
Affected young patients present with severe dysmenorrhea that does not respond to 
treatment. Diagnosis which is usually delayed can be readily made by MRI. Cystic 
adenomyosis can reach up to 3  cm in diameter and has hemorrhagic content. 
Histologically, cysts are lined with an endometrial-like layer. The presence of ade-
nomyosis in post-menopausal women receiving HRT or in women on tamoxifen is 
well documented and often represents reactivation of dormant lesions [48].

29.7  Variants with Similarities to Adenomyosis

When considering a classification for adenomyosis, it is necessary to consider the 
place of other variants containing a mixture of myometrium and endometrium, such 
as the typical and atypical polypoid adenomyomas as well as other rare forms, such 
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as the endocervical and retroperitoneal variants. Up to 20% of cases of adenomyosis 
may also contain tubal type ciliated epithelium. Lesions that contain tubal and endo-
cervical type epithelium are referred to as endosalpingiosis and endocervicosis, 
respectively; there is also a variety with mixed type epithelium that is often referred 
to as Müllerianosis.

A variety of benign tumors containing an admixture of endometrium and 
myometrium that are distinct from classic adenomyosis have been reported in 
literature. These include the Uterus like mass (U-LM), endomyometriosis, cystic 
adenomyoma, adenomyoma (including extrauterine adenomyoma) and adeno-
myomatous polyps. Most of these are rare and thus reported as case reports of 
individual or a small number of cases. Because they are more common, there are 
small case series of polypoid adenomyoma (PA) or atypical polypoid adenomy-
oma (APA) [49].

An adenomyoma is a circumscribed nodular aggregate of benign endometrial 
glands surrounded by endometrial stroma with leiomyomatous smooth muscle bor-
dering the endometrial stroma. Adenomyoma may be within the myometrium or 
may involve or originate in the endometrium or form a polyp. The term polypoid 
adenomyoma appears infrequently in literature. It is often used synonymously with 
adenomyomatous polyp. Adenomyomatous polyp is characterized by the presence 
of smooth muscle cells within a polyp. The U-LM comprises a central cavity lined 
by endometriotic tissue and surrounded by a thick wall of smooth muscle cells simi-
lar to the myometrium. Extrauterine adenomyoma can resemble the U-LM but lacks 
a uterus like structure. Endomyometriosis comprises chocolate like material con-
tained within the centre of the structure surrounded by smooth muscle. Atypical 
Polypoid Adenomyoma (APA) is a rare type of mixed Müllerian tumor that usually 
arises from the lower uterine segment [49].

The nomenclature used in case reports largely aimed at conveying the histologi-
cal features and the tissue types contained within excised lesions, with less empha-
sis on macroscopic description or clinical features. The lesions may have been 
associated with abnormal bleeding, dysmenorrhea or mass effect but some may 
have been incidental findings. Many articles refer to the same lesion using different 
nomenclature which can create considerable confusion.

29.8  Conclusion

As mentioned above, the availability of non-invasive diagnostic tests provides 
an important enabler to the understanding of adenomyosis in cases not requiring 
surgery and for longitudinal follow-up of disease progress. An agreed system 
for classification and reporting can enhance our understanding of the disease 
and can enable research and treatment outcomes. In this context, there remain 
uncertainties about the classification of affections of the utero-vesical pouch, 
the pouch of Douglas and lesions in the outer myometrium. Previous attempts at 
producing a taxonomy is contained in a recent review [12], but this effort 
requires consideration of the clinical correlates of the various anatomical and 
histological features.
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30.1  Introduction

In the first chapter of this book, we reconstructed the early work carried out in the 
second half of the nineteenth century, aimed at uncovering the presence of muco-
sal invasions of peritoneal organs. That description is very pertinent to the history 
of adenomyosis for the simple reason that, up to 1925, adenomyosis and endome-
triosis, both mucosal invasions, were considered as one condition, later coined 
adenomyoma. In recognition of the occurrence of tubal type epithelium in some 
lesions affecting the ovaries, Bailey [1] proposed that they be referred to as 
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ectopic Müllerianoma. According to the comprehensive book on myomas and 
adenomyomas by Cuthbert Lockyer [2], the first detailed descriptions of an ade-
nomyoma were made by Babes [3] who, in 1882, published a case of an intramu-
ral myoma containing cysts lined with low cubical epithelium derived from 
embryonic germs and by Diesterweg [4] who, in 1883, described two polypi of the 
posterior uterine wall containing cysts lined with ciliated epithelium and filled 
with blood. Then, in 1893 and in 1895, von Recklinghausen published two reports 
on adenomyomas [5, 6]. In these he refers to the publication by Babes [3] as hav-
ing stimulated his interest in the origin of adenomyoma. He also acknowledged 
the work of Rokitansky [7], Kolb [8], and Röhrig [9] as relevant contributions to 
the knowledge of the disease.

In 1896 von Recklinghausen published an acclaimed book on the uterine and 
tube-wall adenomyoma and cysto-adenomyoma [10]. He divided adenomyomas 
into two classes:
 1. Those situated at the periphery of the uterus and in the tubes
 2. Those arising centrally (within the uterus)
von Recklinghausen argued that while it is possible to envisage that lesions close 
to the uterine cavity may originate from endometrial glands, he remained uncon-
vinced that the same origin could apply to lesions nearer the peritoneum. He 
therefore favored for both a derivation from a numerical increase of the Wolffian 
tubules which in his view can have similarities to the Müllerian structure. He 
described similarities between the glandular morphology of these growths and the 
mesonephros. These descriptions provided a basis for his theory of Wolffian ori-
gin which was held in esteem by some but strongly criticized by others including 
Kossmann [11] who argued that the aberrant glands originate from accessory 
Müllerian ducts.

In von Recklinghausen’s opinion, adenomyomas arising within the myometrium 
(the variant we would today call adenomyosis) were prone to undergo malignant 
degeneration; he reported to have observed three such cases. Today, we know that 
such a malignant transformation is rare and that cancer is more likely to spread from 
the endometrium into adenomyotic foci than vice versa [12].

For the record, reference to adenomyoma appeared for the first time around the 
end of the nineteenth century when, in 1896, both von Recklinghausen and Cullen 
utilized the term [10, 13]. They were followed by Pick [14] and Rolly [15, 16] in 
1897. However, the claim to have been the first to describe an adenomyoma was 
made by Ivanoff [17] who, illustrating his case in 1898, stated that he had already 
published a paper in Russian with a microscopic evaluation of the glands found in a 
“cystic myoma.” As to the origin, he believed that the glands found in the tumor 
were derived from the serosal epithelium.

In contrast to the paucity of recorded cases in early literature, Cullen [18] com-
mented on the high incidence of uterine adenomyomas which he calculated at 5.7%. 
In contrast, Breus [19] mentioned that 100 cases were described prior to 1884, with 
the earliest example described by John Hunter in 1793 [20–22]. It seems however 
that much of the early literature also included examples of what was termed cysto-
fibroma of the uterus [23, 24]. These are often large lesions with multiple 
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interconnected cavities that are perhaps best regarded as degenerated fibroids or 
unusual variants. At the beginning of the twentieth century, Bishop [25] outlined a 
clear distinction based on the presence of mucosal lining, and cystofibromas were 
considered a variant of myoma, not adenomyoma.

Initially, the attention of researchers focused on investigating the origin of glan-
dular tissue in adenomyomas. In this respect, in 1860, Carl Rokitansky, in Vienna 
[7], found fibrous polyps of the uterus and asserted that among them there are some, 
in which glandular tubes are found. He went on to mention that: In some rare cases 
the extension of the uterine glands occurred in both directions, i.e. both into the 
uterus cavity, as well as into the uterus parenchyma, such that the sloped bulge 
represents a plug of longitudinal fibrous appearance driven into, as it were, the 
uterine mass. He describes  one case  where: the thick-walled uterus of an aged 
female showed this inter alia. On the left-hand-side under the mouth of the tuba was 
a swollen, about 1–2” long, smoothly coated polyp of 1½″ diameter in the peduncu-
lus, from 4–5″ on the free end. A similar bisecting perpendicular section continuing 
into the uterine mass shows that the pedunculus penetrates to a depth of 4″ into the 
uterine mass and stores a wedge driven right in to the uterine tissue; on its section 
along its length it has a fibrous appearance and can be torn into fibres in this direc-
tion; the arrangement of the fibres is determined by numerous extremely long glan-
dular tubes held together by means of a core-rich connective tissue. Some take this 
to be the first description of a case of adenomyosis; however, it seems more consis-
tent with what is recognized today as the rare adenomyomatous polyp.

Over 25 years after Rokitansky’s description [7], Gusserow [26] seems to have 
been the first to refer to his work when, in discussing fibroid polyps, it was stated 
that lesions containing glandular structures are better viewed as lesions of the 
mucosa. In those days, pathologists and gynecologists, with few exceptions, rejected 
the hypothesis that the glands they observed were derived from the endometrium. In 
1897 Ludwig Pick asserted that the mesonephric origin of adenomyoma had been 
definitely established by fundamental proof [14]. In 1903, Meyer [27] described a 
case of what we would call today secondary or implantation endometriosis around 
a silk ligatures of a laparotomy. He then elaborated his theory of epithelial heterot-
opy, which he considered to be a kind of healing process. He viewed adenomyomas 
as epithelial invasion of inflammatory infiltrated tissue and concluded that epithelial 
heterotopy can occur both in dystopic (embryonic) and orthotopic (mature) epithe-
lium. In this way, he explained the findings of Orloff [28], who had described glan-
dular spaces under the serosa covering uterine myomata, as derived from embryonic 
cells. Lockyer [2] discussed the various theories and collated five cases labeled 
adenomyoma of the ovarian ligament published prior to his 1918 book [18, 27, 29, 
30]. He accepted von Recklinghausen [10] and Frankl’s theory [31] that these 
tumors arose from parts of the Wolffian system (the medullary cord or duct). The 
mesonephric origin of what we probably would consider cases of endometriosis 
was accepted by most early researchers.

Schikele [32] was among the last to argue in favor of a mesonephric origin of 
mucosal growth. He wrote: when I try to take an impartial view of published cases, 
I am compelled to state that the mucosal theory is not proved.
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Uncertainty continued and, in his book of 1918, Lockyer [2] stated that: Nothing 
but the topography of the tumour, nothing but laborious research entailing the cut-
ting of serial sections in great numbers, can settle the question as to the starting 
point of the glandular inclusions for many of the cases of adenomyoma. Lockyer 
provided a comprehensive definition of an adenomyoma. He wrote: the term ‘ade-
nomyoma’ implies a new formation composed of gland-elements, hyperplastic cel-
lular connective tissue, and smooth muscle. ... So far as the adenomatous elements 
are concerned, the same type of tumour-formation can be found also in the digestive 
tract (bowel and stomach), and some observers claim that analogous conditions 
can exist in the gall-bladder, in the kidney, and elsewhere. Clearly under the term 
adenomyoma, early authors described both adenomyosis and endometriosis.

Lockyer includes a description of adenomyomas affecting the uterine wall (that 
we would today identify as adenomyosis), as well as extrauterine adenomyomas. 
Notable is Lockyer’s reference to lesions in the recto-genital space. In his view, the 
condition should no longer be confused with malignancy because of the extensive 
literature available. This included the cases already mentioned, as well as a case by 
Pfannenstiel [33].

The work of Cullen enabled a renewed emphasis and a focus on adenomyomas 
and – more specifically – of what we today call adenomyosis. His work has a unique 
place in the history of adenomyosis as it enabled a clearer appreciation of the role 
and nature of the mucosa. It took some 20 years for this concept to take hold.

The reluctance of most of the early researchers into the origin of the islets of 
epithelial tissue observed in various abdominal organs to accept that they were 
transplants of uterine mucosa led to a long controversy. Illustrations of some of 
these uncommon lesions are contained in published literature of the time and have 
recently been reviewed [34]. The controversy continued until  – as Lockyer [2] 
expressed it – there was a gradual ascendancy of Cullen’s mucosal theory. Among 
the early supporters of Cullen’s views was von Franqué [35] who believed that epi-
thelial growths found in a number of abdominal organs derived from the mature 
mucous membrane of the uterus that had acquired the ability of infiltrating other 
organs as a consequence of a process of inflammation. Other early supporters of 
Cullen’s theory were Baldy and Longcope [36], who not only refused von 
Recklinghausen’s Wolffian hypothesis [10] but also rejected that put forward by 
Kossmann of an origin from accessory Müllerian ducts [11].

30.2  The Work of Thomas Cullen

Thomas Cullen presented his first case of adenomyoma of the uterus to the Johns 
Hopkins Hospital Medical Society in 1895 [13]. This was about 2 years after he 
completed his training in Germany and took his post in charge of gynecological 
pathology. Cullen’s first important contribution to the field was published in German 
in 1903 as a tribute to Johannes Orth of Göttingen. In this, he acknowledges the 
support he received from von Recklinghausen. He included a description of known 
cases, including those of Paul Locksteadt who was able, through the introduction of 

G. Benagiano et al.



415

Prussian blue dye, to establish continuity between the glands in the myometrium 
and the uterine mucosa.

Then, in 1908, Cullen dedicated a monograph to Adenomyoma of the Uterus 
[18], and in it, he reconstructed the path that led him to identify the first case he 
came across: One afternoon in October 1894, while making the routine examination 
of the material from the operating room I found a uniformly enlarged uterus about 
four times the natural size. On opening it I found that the increase in size was due 
to a diffuse thickening of the anterior wall. Professor William H. Welch, when con-
sulted, said that the condition was evidently a most unusual one and suggested that 
sections be made from the entire thickness of the uterine wall. Examination of these 
sections showed that the increase in thickness was due to the presence of a diffuse 
myomatous tumor occupying the inner portion of the uterine wall, and that the uter-
ine mucosa was at many points flowing into the diffuse myomatous tissue.

Cullen then described all cases he had observed, providing astonishingly clear 
illustrations of the various types of adenomyoma known to him at the time. 
Although the vast majority consisted of myomatous tissue clearly infiltrated by 
uterine mucosa, the variant we would today call adenomyoma, he described a few 
cases in which there was no visible myoma; these we would today classify as 
adenomyosis.

He distinguished three types:

 1. Adenomyomas in which the uterus preserves a relatively normal contour
 2. Subperitoneal or intraligamentary adenomyomas
 3. Submucous adenomyomas

Cullen was a gynecological surgeon and, for this reason, his book provides also 
a clinical picture of the condition. He reported the two main symptoms as length-
ened menstrual periods that – as the disease progresses – may be replaced by a 
continuous haemorrhagic discharge and a great deal of pain. He claimed that in the 
early and fairly advanced stages of the process, so definite are the symptoms that 
the hospital assistant now frequently comes and says that a given case has all the 
signs of an adenomyoma and that he feels sure that this is the cause of the bleeding. 
This viewpoint is not currently accepted, and histological diagnosis, despite the 
availability of advanced imaging techniques, remains the gold standard.

 Cullen also discussed treatment and concluded that abdominal hysterectomy is 
indicated, because myomectomy is inapplicable, as the growth is so interwoven with 
the normal muscle that it cannot be shelled out. It is notable, though, that some of 
the cases he described underwent resection of the lesion only.

In 1909, with HA Kelly, Cullen [37] detailed the characteristics of the condition 
we today call adenomyosis. They wrote: In cases of adenomyoma of the uterus we 
usually find a diffuse myomatous thickening of the uterine muscle. This thickening 
may be confined to the inner layers of the anterior, posterior, or lateral walls, but in 
other cases the myomatous tissue completely encircles the uterine cavity. This diffuse 
myomatous tissue contains large or small chinks, and into these the normal uterine 
mucosa flows. If the chinks are small, there is only room for isolated glands, but 
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where the spaces are goodly in size, large masses of mucosa flow into and fill them. 
We accordingly have a diffuse myomatous growth with normal mucosa flowing in all 
directions through it. The mucosa lining the uterine cavity is perfectly normal.

Here, Kelly and Cullen first reiterated that the epithelial tissue is uterine mucosa, 
a position strengthened by their ability to trace in some cases a direct connection 
between the heterotopic endometrial nests and the mucosa of the uterine cavity. 
Secondly, as it had been first observed by Locksteadt [38], they described the pres-
ence in the myometrium of chinks, or fissures, through which the mucosa invades 
the underlying muscular tissue, thereby suggesting a mechanism through which the 
invasion occurs. Thirdly, they describe myomatous thickening of the uterine mus-
cle. This was 75 years before Hricak et al. [39] described the junctional zone myo-
metrium and almost a century before Tamai et al. [40] documented the importance 
of the thickening of the JZ myometrium for the noninvasive diagnosis of 
adenomyosis.

Cullen continued his interest in the subject in a seminal article first published in 
1919 and reprinted in 1920 as part of a comprehensive summary of his work [41]. 
He wrote that he was amazed at the widespread distribution of these tumours con-
sisting of non-stripped muscle with islands of uterine mucosa scattered throughout 
them. In his book on the distribution of adenomyomas containing uterine mucosa, 
Cullen elected to focus on his own cases. He described lesions under ten headings 
based on the site where they were identified: the body of the uterus, the rectovaginal 
septum, the uterine horn or the fallopian tube, the round ligament, the hilum of the 
ovary, the utero-ovarian ligament, the uterosacral ligament, the sigmoid flexure, the 
rectus muscle, and the umbilicus. There is similarity here with the classification 
provided in Lockyer’s text which Cullen had received. The first case involving the 
round ligament was published in 1896 [13]. Cullen refers to the histological features 
that include striations with scattered chocolate-colored areas varying in diameter 
from 1 to 5 mm as the characteristic features of adenomyoma. Scattered endome-
trial glands were accompanied by stroma. Cullen observed the high incidence of 
uterine affection (73 cases out of 1283 patients of myomas, representing almost 
6%). He classified uterine affection according to their site: interstitial, subperito-
neal, and submucosal. The main focus of his monograph, however, was on affec-
tions of the rectovaginal septum. Importantly, he supported the view that the 
epithelial cells found were derived from the uterine mucosa. However, as already 
mentioned, many remained skeptical arguing that this theory is insufficient to 
explain mucosal invasion at all ectopic sites. Among the skeptics was Lockyer [2], 
who argued that theories pertinent to the etiology of adenomyoma needed to be 
adapted depending on the site.

Cullen’s final major contribution to the field was the already mentioned compre-
hensive review, published in 1920 [41], of all his findings. Here the emphasis was 
on lesions found outside the uterus. He reported to have observed the presence of 
heterotopic uterine mucosa in a number of abdominal locations, including the ovary. 
Figure 30.1, taken from Cullen’s paper, illustrates all the locations where he identi-
fied ectopic mucosa.
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30.3  Otto Frankl and the Birth of Adenomyosis

In 1925, Otto Frankl [42] described anatomical features of the “intrauterine variety” 
of mucosal invasion, for which he coined the name adenomyosis uteri and explained: 
I have chosen the name of adenomyosis, which does not suggest any inflammatory 
origin as do terms like adenometritis, adenomyositis, adenomyometritis, still 
employed. … We were never able to find any trace of an inflammatory infiltration, 
either in the musculature or in the mucosa of this region. In the history of these 
patients, we did not find a single symptom suggesting a preceding puerperal or 
gonorrheal infection.

In his description, Frankl also specified the criteria for differentiating adenomyo-
sis from adenomyomas (what today we would call the various phenotypes of endo-
metriosis). The main criterion, one we today cannot agree with, was that the glands 
of an adenomyoma originate independently within the myoma as an autochthonous 

Fig. 30.1 The locations 
where Cullen identified 
uterine mucosa: (1) the 
body of the uterus; (2) the 
rectovaginal septum; (3) 
the uterine horn or 
fallopian tube; (4) the 
round ligament; (5) the 
hilum of the ovary; (6) the 
utero-ovarian ligament; (7) 
the uterosacral ligament; 
(8) the sigmoid flexure; (9) 
the rectus muscle; (10) the 
umbilicus. (From Cullen 
[41])
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growth, whereas in adenomyosis, there is always the possibility to establish a direct 
connection with the eutopic endometrium through serial sections. Frankl correctly 
pointed out similarities between his observations and those of Sampson, since he 
found the presence of blood in the glands within the myometrium and reported as: 
An observation made only once should be mentioned, namely, the presence of blood 
in the glands within the myometrium. This finding was made in a woman of fifty 
years, who still was menstruating regularly. The last menstruation had occurred 
three weeks previous to operation. In a few glands, which were dilated cystically, we 
found only slightly changed blood. Frankl pointed out that his observation was very 
similar to that of the menstruating uterine mucosa on the surface of the ovary, first 
described by Sampson. He concluded that, having studied Sampson’s original 
slides, he became convinced that in his and in Sampson’s case, misplaced uterine 
glands were seen filled with blood, undoubtedly menstrual blood.

Frankl also noted differences in the appearance of the mucosa in adenomyosis. 
He wrote: The entire material from thirty cases shows in twelve instances the pres-
ence of myomas, mostly of very small size, a fact which should not be overlooked. 
Eleven times we found the mucosa in a hyperplastic condition. The coincidence of 
small myomas is not so striking inasmuch as they are quite common in general, but 
the presence of a hyperplastic mucosa eleven times is noteworthy. The penetration 
of a hyperplastic mucosa into the myometrium can be readily understood if we 
assume for it a more marked tendency toward proliferation.

Clinically, Frankl described that in women suffering from adenomyosis, there is 
a sudden appearance, at the onset of the disease, of menorrhagia: With the clinical 
picture of adenomyosis we must always associate a sudden onset of a very excessive 
haemorrhages, coincident with or independent of menstruation, and not one which 
gradually increases as is observed in a hemorrhagic metropathia. He believed that 
the clinical picture might have a relationship with hormonal disturbances, although 
he concluded: Not being able to prove or to disprove a hormonal cause for adeno-
myosis I am unwilling to consider the hemorrhages in this disease as having any 
connection with endocrine influences.

These observations remained the cornerstone description of adenomyosis until, 
almost 50  years later, when, in 1972, Bird [43] provided the current definition: 
Adenomyosis may be defined as the benign invasion of endometrium into the myo-
metrium, producing a diffusely enlarged uterus which microscopically exhibits ecto-
pic non-neoplastic, endometrial glands and stroma surrounded by the hypertrophic 
and hyperplastic myometrium. Critically, Bird divided adenomyosis into grades 
based on the depth of gland invasion within the myometrium.

In this respect it is noteworthy that the lesions that brought the condition to early 
investigators were often those that acquired a large size or contained large fluid- 
filled cavities. The influential writings of Cullen and Lockyer focused the attention 
on the more common disease phenotypes which today constitute the vast majority 
of identified cases, whereas debate continues on whether the uncommon types 
should be viewed as variants of adenomyosis.
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30.4  Conclusion

The present view of what we call adenomyosis emerged only after some 50 years of 
debate on the nature of mucosal invasions of peritoneal organs. Its history is one of 
the many examples of progress made by trial and error, where the “scientific truth” 
of today still leaves space for refinement, as well as change.
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31.1  Introduction

Adenomyosis is a gynecological condition defined as the presence of endometrial 
glands and stroma deep within the myometrium, with associated myometrial hyper-
trophy, hyperplasia, and fibrosis [1]. Although the pathogenesis of adenomyosis 
remains unclear, two main theories have been proposed: (a) invagination of the 
endometrial basalis into the myometrium and (b) metaplasia of displaced embry-
onic pluripotent Müllerian remnants or differentiation of adult stem cells [2]. 
However, adenomyosis pathogenesis is elusive, and not a single theory may explain 
all of the different phenotypes of the disease [3]. Key pathogenic mechanisms of 
adenomyosis include estrogen dependence, progesterone resistance, inflammation, 
aberrant immune responses, cell migration, invasion and proliferation, fibrosis, and 
neuroangiogenesis [3] (Fig. 31.1).

Risk factors are also not fully understood. In the past, it was thought that adeno-
myosis affected almost exclusively women in their 40s and 50s, often multiparous. 
This belief was partially due to the fact that the diagnosis was generally confirmed 
upon hysterectomy [4]. Nowadays, by using imaging techniques such as transvagi-
nal ultrasound (TVUS) and magnetic resonance (MRI), the epidemiological sce-
nario has completely changed, and adenomyosis is increasingly identified in young 
women with pain, abnormal uterine bleeding (AUB), and infertility or as incidental 
finding in asymptomatic women undergoing imaging [3].

Fig. 31.1 Pathogenetic theories, mechanisms, and mediators for adenomyosis. TIAR: tissue 
injury and repair

S. Vannuccini and S. Clemenza



425

31.2  Risk Factors for Adenomyosis

Prevalence and risk factors of adenomyosis are currently uncertain as the disease 
has historically been identified as a pathological entity from histological reports 
after hysterectomy. Thus, the available data show a higher prevalence of adenomyo-
sis in patients in their late reproductive years or in perimenopausal women [1, 3]. 
Recent diagnostic advances have created the opportunity to detect adenomyosis 
with less invasive methods, such as TVUS and MRI.  As imaging diagnostics 
improve, patients with adenomyosis, including women undergoing fertility evalua-
tions and even adolescents, are being diagnosed earlier. This shift in diagnosis sug-
gests that adenomyosis is not a condition affecting only older women [1].

Epidemiological findings also suggest that adenomyosis is found more often in 
multiparous than nulliparous women [5, 6]. The relationship between parity and 
adenomyosis may be biased since the diagnosis is typically made at hysterectomy. 
However, it was also suggested that foci of adenomyosis may be included in the 
myometrium due to the aggressive action of the trophoblast, and viable endome-
trium may be displaced during pregnancy and parturition. Alternatively, the hor-
monal milieu of pregnancy may favor the development of islands of ectopic 
endometrium [7]. Templeman et al. [6] reported that early menarche, short men-
strual cycles, and obesity are risk factors for adenomyosis. In contrast, Vercellini 
et al. [7] and Parazzini et al. [8] found no association between age at menarche and 
the diagnosis of adenomyosis made at the time of hysterectomy.

Several studies have also suggested that dilation and curettage (D&C) and other 
prior uterine surgeries may be risk factors for adenomyosis [9, 10]. These surgical 
procedures in fact may disrupt the endo-myometrial interface and facilitate the inva-
sion, implantation, embedding, and establishment of endometrial colonies within 
the myometrial wall, increasing the risk of adenomyosis [11].

Smoking is inconsistently shown to be a protective factor for adenomyosis. Since 
adenomyosis is an estrogen-dependent disorder, low concentrations of estrogens, 
such as those found in smokers, may reduce the risk of adenomyosis [8].

The association between adenomyosis and the past use of combined oral contra-
ceptives (COCs) is also controversial. While Parazzini et al. [8] did not find any 
association between the risk of adenomyosis and COCs, Templeman et  al. [6] 
reported higher rates of adenomyosis in patients who have used COCs. This correla-
tion requires further investigation, as COCs constitute a common treatment for dys-
menorrhea and heavy menstrual bleeding, which are common symptoms in patients 
with adenomyosis [2].

Finally, a higher prevalence of adenomyosis has been reported in women treated 
with tamoxifen for breast cancer [12, 13]. Although tamoxifen blocks estrogen 
receptors in breast tissue, in other tissues like endometrium, it may actually have an 
estrogenic effect and can promote proliferation and adenomyosis development or 
even reactivation of preexisting adenomyotic lesions [2].

Since the available evidence on epidemiological characteristics of women with 
adenomyosis is greatly biased by the type of population studied (i.e., women under-
going hysterectomy), noninvasive diagnostic methods should be used in future 
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epidemiological studies in order to define incidence, prevalence, and risk factors of 
adenomyosis in the general population [7].

31.3  Pathogenic Theories on the Origin of Adenomyosis

31.3.1  Invasion from the Endometrium

According to the invasion theory, adenomyosis develops through invagination of the 
endometrium basalis into the myometrium through an altered or absent junctional 
zone (JZ). The JZ represents a highly specialized hormone-responsive structure 
located in the inner third of the myometrium, which can be identified using imaging 
techniques, such as ultrasound and MRI, but not histologically [3, 14].

The invagination theory was based largely on the tissue injury and repair (TIAR) 
theory proposed by Leyendecker et al. [15, 16]. The TIAR theory postulates that 
repeated and sustained overstretching due to hyperperistalsis and consequent 
increased intrauterine pressure may cause injury of the myocytes and fibroblasts in 
the JZ, leading to the invagination of the endometrial basal layer into the myome-
trium and thus to adenomyosis. This microtrauma promotes inflammation and local 
production of estradiol, which, in turn, cause more inflammation and more estrogen 
production, establishing a vicious circle [11]. Myometrial hyperperistalsis, induced 
by the local production of estrogen, has been considered the primary event in the 
disease process [17]. However, initial injury to the JZ may also result from iatro-
genic trauma [4]. Thus, the invagination theory may be consistent with the epide-
miological findings that multiparity and uterine surgery are risk factors for 
adenomyosis due to their potential to disrupt the JZ [3, 11].

31.3.2  Metaplasia

The metaplasia theory proposes that adenomyotic lesions may originate from the 
metaplasia of displaced embryonic pluripotent Müllerian remnants. It has been pos-
tulated that during Müllerian duct development, some remnants of the embryonic 
tissue may be misplaced in the myometrium [2, 18]. Intramyometrial embryonic 
pluripotent Müllerian remnants may undergo metaplastic changes in the adult uter-
ine wall, leading to the establishment of de novo ectopic endometrial tissue within 
the myometrial wall, as adenomyotic foci [3]. Accordingly, the metaplasia theory 
could account for some cases of adenomyosis in the rudimentary muscular uterine 
wall of patients with Mayer-Rokitansky-Kuster-Hauser syndromes [4].

Alternatively, adenomyosis can differentiate from multipotent stem cells origi-
nated from bone marrow and other sources [17]. More recently, it has been demon-
strated that adult stem cells are activated by tissue injury, promoting ectopic 
endometrial implants through endometrial stem/progenitor cell niche disruption 
[19]. However, more research is required to establish a role for endometrial stem/
progenitor cells in the initiation and progression of adenomyosis.
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Progenitor cells deposited in the peritoneal cavity by retrograde menstruation 
can possibly lead to the focal uterine adenomyosis [17]. Accordingly, Chapron et al. 
described “from outside to inside invasion” theory, hypothesizing the migration of 
ectopic endometrial cells from posterior endometriosis nodules into the myome-
trium. This theory was supported by the high prevalence of posterior focal adeno-
myosis of the outer myometrium found in patients with deep infiltrating 
endometriosis (DIE) nodules in the posterior compartment, diagnosed by MRI [20].

It was also suggested that diffuse and focal adenomyosis may result from differ-
ent mechanisms: adenomyosis foci could originate from eutopic endometrium in 
diffuse adenomyosis lesions, whereas, for the focal form, adenomyosis foci could 
originate from functional ectopic endometrium derived from extrauterine endome-
triosis lesions in contact with the uterus. Therefore, different triggering factors 
(intrauterine triggers for diffuse forms and extrauterine triggers, such as DIE, for 
focal forms) may favor the development of these two different forms of adenomyo-
sis [21].

31.4  Pathogenic Mechanisms

31.4.1  Genetics and Epigenetics

Current evidence supports genetics as a driver in the pathogenesis of adenomyosis 
[18]. Several mRNAs, involved in sex steroid signaling, inflammation, proliferation, 
apoptosis, extracellular matrix (ECM) remodeling, and angiogenesis, were found to 
be dysregulated in adenomyosis [4, 22, 23].

Many studies have shown that cytochrome P450 (CYP) genes and catechol-O- 
methyltransferase (COMT) gene variants, both involved in estrogen metabolism, 
could increase the risk of adenomyosis [24, 25]. Estrogen receptor (ER) and proges-
terone receptor (PR) gene polymorphisms may be also involved. Polymorphisms of 
the matrix metalloproteinases (MMPs) MMP-1 and MMP-2 were described in ade-
nomyosis, supporting a role of ECM dysfunction in the pathogenesis of the disease 
[26, 27]. Variants of genes implicated in the angiogenesis process, such as fibroblast 
growth factors (FGF-1, FGF-2) [28] and vascular endothelial growth factor (VEGF) 
[29], were also associated with an increased susceptibility to adenomyosis. 
Moreover, genetic variation in the promoter region of cyclooxygenase 2 (COX-2) 
gene has been shown to heighten the risk of the disease [30]. A recent study based 
on next-generation sequencing technology identified recurrent Kirsten rat sarcoma 
viral oncogene homolog (KRAS) mutations in adenomyotic lesions and eutopic 
endometrium, concluding that adenomyosis might be an oligoclonal disease associ-
ated with mutations in the KRAS gene [31].

Epigenetic alterations have been also detected in adenomyosis. Compared with 
normal endometrium, the immunoreactivity to deoxyribonucleic acid methyltrans-
ferases (DNMTs), a family of enzymes that catalyze transfer of a methyl group to 
DNA, differs significantly in adenomyosis. DNMT1 and DNMT3B expressions 
have been shown to be higher in ectopic endometrium, while DNMT3A levels are 
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reduced in both eutopic and ectopic endometria. Moreover, DNMT3B was associ-
ated with the severity of dysmenorrhea, suggesting that DNMTs may be involved in 
adenomyosis-related pain and its severity [32]. DNA hypomethylation and increased 
expression of CCAAT/enhancer-binding protein β (CEBPB), a transcription factor 
regulating gene expression to control cellular proliferation, differentiation, and 
metabolism, were also associated with the occurrence of adenomyosis [23]. 
Moreover, class I histone deacetylases (HDACs), known to play important roles in 
steroid hormone-dependent gene expression, endometrial differentiation, and 
implantation, were found to be aberrantly expressed in the ectopic endometrium of 
women with adenomyosis [33]. The potential role of HDACs in adenomyosis is also 
supported by the finding that the use of valproic acid (VPA), a histone deacetylase 
inhibitor (HDACI), resulted in the relief of dysmenorrhea and the reduction of 
uterus size in women with symptomatic adenomyosis [34]. Recently, Zhai et al. [35] 
have found that RNA methylation, especially N6-methyladenosine and its regula-
tors, may be involved in the pathogenesis of adenomyosis through aberrant expres-
sion and actions in both the uterine endometrium and myometrium.

31.4.2  Sex Steroid Hormone Function

Steroid hormones play a central role in the pathogenesis of adenomyosis [17]. In 
particular, the disease is characterized by estrogen dependence and progesterone 
resistance. Elevated estradiol (E2) levels in menstrual blood of women with adeno-
myosis, but not in peripheral blood, compared with controls, suggest that local 
rather than systemic hyperestrogenism contributes to the development of the disease 
[18, 36].

Several gene polymorphisms causing increased production and decreased metab-
olism of estrogens were associated with a higher risk of adenomyosis development 
[24, 30]. The aromatase cytochrome P450, expressed in the eutopic endometrium of 
patients with adenomyosis, but not in the endometrium of women without the dis-
ease, may promote estrogen biosynthesis and higher estrogenic bioavailability due 
to local aromatization of circulating androgens into E2 [37, 38]. Furthermore, the 
altered regulation of 17ß-hydroxysteroid dehydrogenase type 2 (17β-HSD2) in the 
eutopic endometrium of women with adenomyosis may cause a decreased local 
estrogen metabolism [39].

Higher expression of ER-α and decreased expression of PR have also been 
reported in adenomyotic endometrium and lesions [40]. Considering that progester-
one opposes estrogenic action via its receptors, decreased PR expression could 
favor progesterone resistance and hyperestrogenism in adenomyotic uteri [2, 41]. 
Moreover, the expression of G-protein-coupled estrogen receptor (GPER), a mem-
brane estrogen receptor, structurally and genetically unrelated to ER-𝛼 and ER-𝛽, 
was found to be significantly higher in women with adenomyosis compared to con-
trols, both in the JZ and in the outer myometrium and both in the proliferative and 
in the secretory phases [42]. This finding confirms the notion that adenomyosis is 
associated with alteration in several different steroid receptors.
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This hormonal status represents the “primum movens” of a chain of key events 
in the pathogenesis of adenomyosis. In fact, as mentioned above, local hyperes-
trogenism leads to increased peristalsis of the subendometrial myometrium and 
to microtrauma of the JZ, initiating TIAR and promoting a positive feed-forward 
cycle that facilitates the invasion of the endometrial basalis into the myometrium 
and eventually the establishment of adenomyotic lesions. Moreover, E2 is a 
potent stimulus of COX-2, which in turn leads to increased levels of prostaglan-
dins (PGs) in the uterus and can potentiate the inflammation, inducing a vicious 
cycle [17, 18].

31.4.3  Pituitary Hormone Function

Oxytocin directly stimulates the contraction of smooth myocytes of the myome-
trium and its bloodstream by binding to its receptor (OTR). Studies have found that 
increased expression of OTR in the myometrium positively correlates with the 
amplitude of uterine contractions and can lead to the appearance of pathological and 
uncoordinated myometrial spasms, accompanied by severe dysmenorrhea and 
reduced fertility in women of reproductive age [43–46].

Compared with normal endometrium, the immunoreactivity of OTR is signifi-
cantly increased in the ectopic endometrium of women with adenomyosis and is 
positively correlated with the severity of dysmenorrhea [47]. In normal uteri, the 
expression of OTR in the isthmus is significantly higher than in the fundus in the 
proliferative phase, but the opposite distribution pattern is observed in the secretory 
phase. Conversely, in adenomyosis uteri, the expression of OTR in the fundus was 
found to be significantly higher than in the isthmus in the proliferative phase [48]. 
The opposite expression pattern of OTR in isthmic and fundal regions may disturb 
the direction of the endometrial-myometrial interface (EMI) contractions, poten-
tially interfering with sperm transport and fertility [18].

Besides causing uterine hyperactivity, OTR expression may also result in upreg-
ulation of COX-2, leading to overproduction of PGE2. Although the cause for OTR 
overexpression in adenomyosis is currently unclear, it has been shown that OTR 
expression increases in response to inflammatory cytokines and angiogenic factors. 
It is also possible that increased local estrogen production and constitutive activa-
tion of NF-kB may upregulate OTR in adenomyotic lesions [49].

Animal models have shown that increased uterine concentration of prolactin 
(PRL) may be a risk factor for adenomyosis. PRL is produced in the human 
endometrium and myometrium as well as in the pituitary gland and acts as a 
smooth muscle cell mitogen in  vitro [50]. In murine uteri, minimal serum 
hyperprolactinemia is sufficient to cause adenomyosis [51, 52]. In humans, 
vaginal bromocriptine significantly decreased menstrual bleeding and pain and 
improved quality of life in women with the disease [50]. However, further stud-
ies are needed to establish mechanisms underlying the role of PRL in the 
pathogenesis of adenomyosis.
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31.4.4  Inflammation

Adenomyosis is considered a chronic inflammatory disease. In fact, adenomyotic 
lesions, peripheral blood, and/or peritoneal fluid of women with adenomyosis is 
rich of inflammatory mediators [53]. IL-1β, IL-6, IL-8, corticotropin-releasing hor-
mone (CRH), urocortin (Ucn), synaptophysin (SYN), and microtubule- associated 
protein 2 (MAP2) are highly expressed in adenomyotic nodules compared to eutopic 
endometrium and control [53–55].

COX-2 is overexpressed in eutopic and ectopic endometrium of adenomyosis 
and seems to play a key role in the pathogenesis of the disease. Since CRH and 
UCN have been shown to activate COX-2 in other tissues, the high expression of 
CRH and UCN in adenomyosis may also lead to increased PG synthesis [54]. 
Moreover, the mechanical stretching due to uterine peristalsis results in elevated 
IL-1β expression, which can also induce COX-2 [56]. This causes an increased 
production of PGE2 which, in turn, favors the expression of genes critical to estro-
gen production such as steroidogenic acute regulatory protein (StAR) and aroma-
tase, resulting in a local hyperestrogenic state [11, 17]. According to this finding, 
PG levels are significantly increased in the peritoneal fluid of patients with adeno-
myosis and are positively associated with the degree of dysmenorrhea [53]. 
Furthermore, hyperestrogenism was shown to stimulate the production of IL-10, a 
cytokine with immunosuppressive abilities. High expression of IL-10 was demon-
strated in both eutopic and ectopic endometria of women with adenomyosis [57]. 
This observation may explain the persistence of the ectopic foci within the myome-
trium without elimination by the immune system of the host [17].

Guo et al. [58] postulated that the TLR4 signaling pathway in stromal cells of the 
eutopic and ectopic endometrium may be essential for the pathogenesis of adeno-
myosis. TLR4-dependent signaling activated by endogenous ligands promoted the 
secretion of different cytokines and growth factors, stimulated endometrial cell pro-
liferation, recruited and activated immune cells, triggered the local inflammatory 
response, and induced stromal cell proliferation and invasion, leading to the devel-
opment of adenomyosis [17].

A decreased [59] and an increased [60] expression of the cannabinoid receptors 
CB1 and CB2 was found, respectively, in the endometrium and in the myometrium 
of patients with adenomyosis, suggesting that endocannabinoid system may partici-
pate in the pathogenesis of the disease [59]. Moreover, CB1 expression levels in JZ 
seem to be positively correlated with the severity of dysmenorrhea. The endocan-
nabinoid system has long been known to have a role in inflammatory and immune 
regulation, fibrosis, angiogenesis, and neuroangiogenesis. However, additional 
investigations are needed to elucidate its role in adenomyosis.

31.4.5  Immune Response

Available data highlights the existence of aberrant immune responses in women 
with adenomyosis. In the uterus, a normal immune system serves a dual purpose. 
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On the one hand, it is essential to protect against pathogen invasion by way of an 
appropriate inflammatory reaction; on the other hand, a shift toward an immunosup-
pressive state is also required to allow successful embryonic implantation [21]. 
Several immune-related markers are altered in both eutopic and ectopic endometria 
of women with adenomyosis as well as at a systemic level. T-cell populations and 
macrophages are increased in the eutopic endometrium of women with adenomyo-
sis, supporting the idea that both innate and adaptive immunities are involved in the 
development of the disease.

Macrophages are crucial to all physiological tissue repair processes, including 
inside the endometrium, where they release various pro- and anti-inflammatory che-
mokines, growth factors, MMPs, and adhesion factors, depending on the menstrual 
phase. Chronic trauma to the JZ would cause continuous infiltration by inflamma-
tory macrophages which can lead to epithelial to mesenchymal transition (EMT) 
and fibrosis, while secreted inflammatory mediators in the uterus might interfere 
with other physiological functions, like embryo implantation [4].

It has been also suggested that immunotolerance of endometrial debris to natural 
killer (NK) cell cytolytic activity may be implicated in adenomyosis pathogenesis. 
HLA molecules should be involved in this process, as they play a key role in the 
establishment and maintenance of immune tolerance by inhibiting the functions of 
immunocompetent cells. Wang et al. [61] found that human leukocyte antigen-G 
(HLA-G) protein is expressed by eutopic and ectopic endometrium in adenomyosis 
patients, suggesting that these molecules may contribute to the resistance of endo-
metrial cells to cytolysis. Another study argued for possible resistance of adenomy-
otic cells to NK cell activity, as levels of HLA class I and II expression were lower 
in endometrial specimens from women affected by adenomyosis compared to endo-
metriosis and unaffected subjects [62]. Moreover, it was found that Indian hedgehog 
(Ihh) signaling, known to regulate autophagy, is suppressed in endometrial tissues 
of patients with adenomyosis, promoting aberrant survival of endometrial cells in 
ectopic sites [63].

Circulating B-cell-derived autoantibodies, mainly against phospholipids, have 
been detected in adenomyosis patients. These autoantibodies markedly decrease in 
women after hysterectomy for adenomyosis versus controls, suggesting an antigen- 
antibody response involving uterine antigens in adenomyosis [64]. However, further 
studies are needed to understand these observations and their possible physiologic 
relevance.

31.4.6  Proliferation and Cell Survival

Cell over-proliferation combined with impaired apoptosis are typical features of 
adenomyosis. Molecular mechanisms underlying decreased apoptosis and increased 
proliferation likely derive from excessive estradiol E2 in eutopic endometrium. In 
fact, it was found that treatment of human uterine smooth muscle cells of the JZ 
with E2 increases the expression of RhoA, a small guanosine triphosphatase 
involved in multiple cellular processes, including proliferation [65].
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Myostatin, follistatin, and activin A, belonging to the transforming growth factor 
beta (TGF- β) superfamily, are highly expressed in adenomyotic nodules and may 
affect proliferation of endometrial glands/stroma and of surrounding myometrial 
cells [66]. Myocytes are the main target of myostatin, and their proliferative activity 
is modulated by these growth factors. Adenomyosis is characterized by hyperplasia 
of myometrial cells surrounding endometrial stroma and glands that may be linked 
to the myostatin/follistatin overexpression [17]. Furthermore, the mitogen-activated 
protein kinases/extracellular signal-regulated kinases (MAPKs/ERKs) and phos-
phoinositide 3-kinase/mammalian target of rapamycin/AKT (PI3K/mTOR/AKT) 
cell-signaling pathways appear to be involved in the proliferation of uterine smooth 
muscle cells of women with adenomyosis [67].

The B-cell lymphoma 2 (Bcl-2) protein, an apoptosis regulator, is abnormally 
expressed in adenomyosis. Overexpression of Bcl-2 enhanced the anti-apoptosis of 
endometrial cells, and the sensitivity of cells to apoptosis decreased, allowing cells 
to escape apoptosis resulting in implantation in the ectopic sites. In addition, Bcl-2 
modulates other cellular functions such as autophagy, mitochondrial fusion, cell 
differentiation, senescence, cell migration, and angiogenesis, suggesting a key regu-
latory role in the development of adenomyosis [68].

The expression of the gene associated with retinoid-interferon-induced mortality 
19 (GRIM-19), which promotes apoptosis, was found to be lower in the endometrial 
tissues of adenomyosis compared with normal endometrial tissue. Low levels of 
GRIM-19 may be caused by the polarization of M2 macrophages through TLR4 [69].

31.4.7  Migration, Invasion, and Fibrosis

Invasion of the myometrium by endometrial tissue is crucial for the establishment 
of adenomyosis. It has been suggested that EMT, a process where epithelial cells 
acquire an invasive and metastatic phenotype [18], is a key event boosting the 
migratory and invasive capacity of adenomyotic lesions [4]. The EMT events 
include the loss of expression or function of E-cadherin and a reduced abundance of 
tight junction proteins and cytokeratins, but an increase in the abundance of mesen-
chymal markers, such as vimentin, α-smooth muscle actin, and N-cadherin. This 
biological process implies that epithelial cells lose their polarity and cell-to-cell 
contacts to acquire a mesenchymal phenotype, which is crucial for cells to leave the 
epithelium and achieve the capacity to migrate [21].

In vitro experiments showed that changes to gene expression, along with acquisi-
tion of cell migration capacity, were estrogen-dependent, as blocking estrogen sig-
naling completely eliminated these effects [70].

Several immune cells (platelets and macrophages) and inflammatory factors 
(TGF-β1, hepatocyte growth factor, focal adhesion kinase, integrin-linked kinase, 
Notch-1, and neuropilin-1) have been suggested as potential regulators of the EMT 
process in adenomyosis [71–75].
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Activated macrophages co-cultured with both adenomyotic and unaffected endo-
metrial cells induced EMT-like features, such as downregulation of the epithelial 
markers cytokeratin 7 and E- cadherin, upregulation of the mesenchymal markers 
vimentin and N-cadherin, and invasive capacities of semipermeable membranes [76].

EMT can also be induced via platelet activation, which has a role not only in 
hemostasis but also in immunological functions. Liu et al. [77] have demonstrated 
increased platelet aggregation in adenomyosis lesions, as well as an increase in 
TGF-β1 levels, concomitant with changes in EMT markers (reduction in E-cadherin 
and increase in vimentin) compared to controls. Moreover, antiplatelet treatment 
seems efficacious in suppressing myometrial infiltration by endometrial cells, 
improving generalized hyperalgesia, and reducing uterine hyperactivity in adeno-
myosis, providing a promising nonhormonal treatment for the disease [72].

Activin-related proteins are also key regulators of tissue remodeling and repair. 
Upregulation of these molecules in adenomyotic tissue may be related to myome-
trial response to ectopic endometrial cell invasion. There is strong evidence that 
myostatin, activin A, and TGF-β normally inhibit muscle growth and promote mus-
cle protein loss in disease states, acting as powerful catabolic stimuli. Binding of 
these TGF-β ligands to muscle cell surface receptors leads to muscle proteolysis 
[78], which can further support the invagination theory. Such myometrium is able to 
produce soluble factors (cytokines, chemokines, or other soluble molecules) that 
enhance the migration of stromal cells [17].

To promote their invasiveness across the myometrium, adenomyotic cells acquire 
migratory properties such as loss of the cell-cell attachment or the capacity to 
degrade the ECM [2].

Chen et al. [79] observed an overexpression of the nuclear transcription factor 
Nrf2 (erythroid-E2-related factor 2) in the glandular epithelium of adenomyotic 
lesions compared with disease-free women. Overexpression of the nuclear factor 
Nrf2 could trigger intramyometrial migration of endometrial implants, through the 
regulation of MMP-9 which has an important role in extracellular matrix degrada-
tion. Other MMPs, such as MMP2 and MMP3, are also upregulated in eutopic 
endometrium of women with adenomyosis [80, 81].

Moreover, lysyl oxidase (LOX), an amine oxidase involved in the biogenesis of 
connective tissue matrices, is highly downregulated in eutopic endometrium of 
women with adenomyosis, resulting in a less rigid ECM [22]. Thus, the dysregula-
tion of ECM function may promote invagination of endometrium into myometrium, 
resulting in adenomyosis.

Focal adhesion kinase (FAK) may also guide EMT in adenomyosis as the silenc-
ing of its expression inhibited adenomyosis cell migration in vitro [71].

Finally, adenomyosis is characterized by a certain degree of fibrosis, as a result 
of repeated cycles of TIAR. TGF-β signaling seems to play a major role in EMT and 
collagen production through cellular Smad2-/Smad3-dependent signaling pathway 
and connective tissue growth factor (CTGF) expression, leading to smooth muscle 
metaplasia and ultimately to fibrosis [18, 82].
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31.4.8  Angiogenesis

Angiogenesis is the process of the outgrowth of new capillary blood vessels from 
existing blood vessels, which occurs in both physiological and pathological pro-
cesses. It occurs during the proliferative phase of the menstrual cycle when the 
endometrium is regenerated and is essential for successful embryonic implanta-
tion [83].

Numerous studies have reported enhanced and abnormal vascularization in both 
eutopic and ectopic endometria from patients with adenomyosis, as well as its 
involvement in disease progression, heavy bleeding, and impaired embryo recep-
tivity [4].

VEGF, one of the major mediators of angiogenesis, is thought to be a primary 
factor in adenomyosis pathogenesis [84]. VEGF is a potent endothelial cell mitogen 
secreted in the endometrium by epithelial, stromal, and perivascular cells. It is 
essential for normal endometrial repair in menstruation, but it has also been found 
to be upregulated in ectopic and eutopic endometrium of adenomyosis patients [83]. 
One of the most important transcription factors of VEGF in angiogenesis is hypoxia- 
inducible factor 1 alpha (HIF-1A) [84]. Hypoxia might be typical of adenomyosis, 
resulting from an injured JZ, with subsequent damage to vessels and loss of blood 
perfusion [4]. Goteri et al. [85] found that oxygen deficiency was responsible for the 
increasing levels of HIF-1A and in turn of VEGF, which might lead to increased 
angiogenesis in adenomyotic lesions. Moreover, the increased activin A mRNA 
expression observed in adenomyotic nodules may influence neoangiogenesis, as it 
stimulates the release of VEGF from endometrial stromal cells.

Increased microvessel density (MVD) is another marker of angiogenesis reported 
in adenomyotic lesions [4]. The MVD was evaluated in several studies by quantifi-
cation of CD31, CD34, von Willebrand factor (vWF), or factor VIII antibody- 
stained microvessels. A significantly increased MVD in ectopic and eutopic 
endometrium compared with control endometrium was reported.

It is likely that increased angiogenesis leads to fragile and more permeable ves-
sels resulting in adenomyosis-related AUB and possibly subfertility. However, this 
association has not been sufficiently studied, and future studies should investigate 
the exact role of angiogenesis in the etiology of adenomyosis and related AUB or 
subfertility in women with adenomyosis [83].

31.4.9  Neurogenic Factors and Neurogenesis

The functional layer of the endometrium is mainly innervated by sensory unmyelin-
ated C nerve fibers [17]. Nerve endings of these fibers may be stimulated by various 
inflammatory substances, including histamine, serotonin, bradykinin, PGs, leukot-
riene, interleukin, acetylcholine, and growth factors (VEGF, epidermal growth fac-
tors, transforming growth factor-β, platelet, and nerve growth factor [NGF]) [86]. 
These algogenic factors are responsible for functional and structural changes of 
nociceptors, causing an increase in their excitability (peripheral sensitization) [87].
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Neuroangiogenesis plays also a major role in the pathogenesis of adenomyosis 
[18]. In adenomyotic lesions, high expression of neurogenic factors, such as NGF, 
SYN, and MAP2, has been observed, indicating a possible role of neurogenesis in 
adenomyosis [54].

NGF is involved in pain generation, neural plasticity, immune cell aggregation, 
and release of inflammatory factors [17]. NGF levels are significantly increased by 
inflammatory mediators such as IL-1, TNF-α, or other cytokines. Ucn-induced NGF 
mRNA expression in cultured human endometrial stromal cells also confirms a link 
between inflammatory and neurogenic pathways [54]. In turn, NGF can induce 
hyperplasia and degranulation of mast cells, releasing additional inflammatory 
mediators such as serotonin which sensitize peripheral nociceptors. Moreover, local 
hyperestrogenism may favor NGF production which stimulated the proliferation 
and increased aromatase expression of endometrium stromal cells from adenomyo-
sis foci, causing a vicious circle [88].

In a mouse model, NGF-β and its receptor levels increase as the disease worsens 
in terms of pain symptoms [89]. Orazov et al. [86] found that compared to the pain-
less form of adenomyosis, the myometrial innervation apparatus of patients with 
pelvic pain is characterized by a significantly higher expression of NGF, which 
increases the area of the local innervation field and triggers the pain syndrome. 
Recent studies revealed that dienogest alleviate adenomyosis-related pain symp-
toms, reducing NGF expression and the density of nerve fibers [90, 91]. These find-
ings confirm that NGF plays a pivotal role in the genesis of adenomyosis-associated pain.

31.5  Conclusions

Among the main hypotheses proposed to explain the pathogenesis of adenomyosis, 
the TIAR/invagination theory remains the most popular and the most widely inves-
tigated. However, a single theory may not explain all types of the disease. Sex hor-
mones, inflammation, cell proliferation, apoptosis, migration, invasion, and 
neuroangiogenesis are involved in the development and maintenance of adenomyo-
sis, but other pathogenetic mechanisms need to be further elucidated.

More research is needed to better understand the pathophysiology of adenomyo-
sis in order to develop adequate therapeutic strategies.
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32.1  Introduction

Various theories about the pathogenesis of adenomyosis have been reported. 
However, the precise pathophysiological pathway is not entirely known. It is com-
monly thought to originate from direct contact between the endometrium and the 
underlying myometrium, which allows the formation of ectopic endometrial glands 
and stroma. Reported risk factors for adenomyosis include previous uterine surgery 
and trauma of the endometrial junctional zone that promotes cell migration and 
invagination of the endometrial basalis [1–3]. The growth of ectopic endometrial 
glands and stroma into the myometrium due to injury of endometrial-myometrial 
border may explain ultrasound findings such as sub-endometrial lines, buds and 
cysts, and hyperechogenic islands in the myometrium. Some authors speculate that 
the number and type of layers involved might depend on the etiology of 
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adenomyosis and be associated with the clinical presentation, the clinical features, 
and the severity, extent, and depth of adenomyosis [1, 4, 5]. However, several 
authors did not confirm speculations and proved that actually there were no signifi-
cant differences in the prevalence of adenomyosis among women with or without a 
history of heavy menstrual bleeding [6–9]. Unfortunately, all these studies showed 
a great bias, since they were conducted postoperatively on the uteri of patients who 
had hysterectomy for severe symptoms, mostly older and with no fertility issues. In 
addition, clinical experience has indicated cases in which this classic hypothesis is 
unverifiable and direct relationship between adenomyosis and endometrium cannot 
be proved histologically. There are manifestations of the disease which appear to be 
more as a result of endometrial invasion from nearby endometriotic tissue outside 
the uterus or completely independently isolated from the uterine structural compo-
nents [10]. Recent studies have proposed a mechanism of metaplastic process and 
de novo epithelial-mesenchymal transition among displaced embryonic Müllerian 
remnants or adult stem cells [11, 12]. Presumably, it could be postulated that adeno-
myosis is not a homogenous disease, but rather a composition of multiple heteroge-
neous subtypes. All these have made rather difficult to accurately stage and classify 
adenomyosis. As a result so far, the only classification proposed for the extension of 
the disease is based on the histologic findings after surgery.

This article aims to give briefly recent advances regarding up-to-date classifica-
tion methods based on correlation between histology and imaging and discuss 
drawbacks and future perspectives.

32.2  What Is the Role of MRI and Ultrasound 
for an Accurate Classification?

Recent technological advances in imaging techniques and mainly in transvaginal 
ultrasound and MRI (magnetic resonance imaging) have improved substantially the 
accuracy of noninvasive diagnosis of adenomyosis (Table 32.1). Obviously, there 
are a variety of different morphological types on ultrasound examination which may 
manifest different histological types and stages in the development of the disease 
and even more may correspond to different clinical manifestation and significance.

The use of MUSA (Morphological Uterus Sonographic Assessment) has been 
considered to be the most accurate and standardized method of describing myo-
metrial lesions seen on ultrasound assessment [13]. According to MUSA, typical 
features of adenomyosis include at least one of the following features: the pres-
ence of an enlarged globular uterus, the finding of asymmetrical thickening of the 
myometrium, the presence of myometrial cysts or echogenic sub-endometrial 
lines and hyperechogenic islands, the fan-shaped shadowing, the finding of an 
irregular or interrupted junctional zone, and the translesional vascularity [13]. 
Even though the terminology used is indeed straightforward and reasonably reli-
able to describe lesions of adenomyosis, nevertheless, it fails to provide any infor-
mation regarding the classification of morphological subtypes of the disease. In 
2019, there has been a consensus of experts regarding ultrasound-based 
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classification of adenomyosis [14]. It was then proposed that ultrasound classifi-
cation should involve stepwise detailed description of the disease – starting with 
the MUSA criteria for the first step diagnosis and following (I) detailed determi-
nation of the location (anterior, posterior, lateral left, lateral right, or fundal to the 
uterine wall); (II) proper discrimination between focal and diffuse diseases 
(defined as focal if >25% of the circumference of the lesion or as diffuse if <25% 
of the lesion is surrounded by normal myometrium); (III) differentiation between 
cystic (with at least >2  mm diameter) and not cystic; (IV) mapping of layer 
involvement (type 1 for junctional zone, type 2 for inner myometrium, type 3 for 
outer close to serosa myometrium, and combinations for cases with more than one 
layer involved types 1–2, types 2–3, or types 1–3); (V) classification of the extent 
of the disease based on the proportion of uterine corpus affected, as mild (<25%), 
moderate (25–50%), and severe (>50%); and (VI) calculation of the size of lesion. 
This classification system although it is very descriptive fails to prove the correla-
tion between histological, clinical, and ultrasound findings and severity of the 
disease. Combined oral contraceptive pills, other hormonal treatments might 
influence and mask ultrasound image. Studies are still lacking as to the real diag-
nostic value of using the transverse and/or coronal planes for discriminating 
between focal and diffuse adenomyoses. Finally, it is still to be clarified as to the 
clinical value in differentiating between the middle and the outer myometrium 
and how really feasible that might be in clinical settings.

In a recent multicenter, observational, prospective study, there has been an 
effort to overcome the problem of correlation between ultrasound findings and 
severity of the disease [15]. 108 patients with ultrasonographic signs of 

Table 32.1 Classification of adenomyosis based on imaging technology

Author
Year of 
publication

MRI or 
USG Classification

Gordts et al. [27] 2008 MRI JZ hyperplasia
Adenomyosis
Adenomyoma

Kishi et al. [21] 2012 MRI Intrinsic
Extrinsic
Intramural
All others

Grimbizis et al. [32] 2014 MRI Diffuse
Focal
Polypoid
Others

Bazot et al. [20] 2018 MRI Internal
Adenomyoma
External

Lazzeri et al. [16] 2018 USG Diffuse of the outer myometrium
Diffuse of the inner myometrium  
or JZ
Focal of the outer myometrium
Focal of the inner myometrium
Adenomyoma

Van den Bosch et al. 
[14]

2019

Exacoustos et al. [15] 2020
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adenomyosis were classified according to the ultrasound scoring system described 
by Lazzeri et al. [16]. The same rules for ultrasound detection and classification 
applied as for the one already described by Van den Bosch et al. [14]. The main 
difference of this scoring system was on the detection of each type of adenomy-
otic lesion in the JZ and in the external myometrium, giving a more detailed score 
with four degrees of extension for each type of disease (diffuse and focal of inner 
and outer myometrium) and adenomyoma. For diffuse adenomyosis of the outer 
myometrium, the degree was assigned according to the thickness of the uterine 
wall (<20, >20<30, >30 mm) and the number of the uterine walls affected (ante-
rior, posterior lateral left or right). For diffuse adenomyosis of the inner myome-
trium, a degree was assigned according to thickness (>6<8, >8) of the JZ and 
length of the infiltrated JZ (<20 mm, >20 mm, >50%<80% of the uterus, >80% 
total infiltration). For focal adenomyosis of the inner and outer myometrium, a 
degree was assigned according to the largest diameter of the focal lesion (<10 mm, 
>10<20 mm, >20 mm) and the number of foci (1, 2, 3,>3). Similarly, adenomyo-
mas were divided into four degrees according to the size (largest diameter 20, 30, 
40, >40 mm) and number of adenomyomas (1, 2, 3,>3). A score from 1 to 4 was 
attributed to each degree of disease considered. Finally, the ultrasound extent of 
the disease was calculated by the sum of the scores obtained and classified into 
three groups: mild (ranged, 1–3), moderate (4–6), and severe (≥7). According to 
the results, patients with ultrasound diagnosis of diffuse adenomyosis were older 
(p =  .04) and had heavier menstrual bleeding (p =  .04) than women with focal 
disease. There were no statistically significant differences regarding the presence 
and severity of dyspareunia and dysmenorrhea. The presence of ultrasound find-
ings of focal disease was associated with a higher percentage of infertility than in 
those with diffuse disease, and the focal involvement of the junctional zone 
showed a higher percentage of at least one miscarriage than in those with diffuse 
adenomyosis. The study failed to prove any direct correlation between the ultra-
sound extension of adenomyosis within the uterus and the severity of symptoms. 
Perhaps the fact that there is no accurate proof until now about direct correlations 
of ultrasound findings and clinical manifestation of adenomyosis could be 
explained by other coexisting pathology like deep endometriosis. Moreover, ade-
nomyosis is similar to endometriosis when small lesions might cause a lot of 
symptoms and severe disease is not related always with severe symptoms [17]. 
Another drawback of this type of rather extensive classification is that TVS has to 
be performed by dedicated subspecialized sonographers who are experts in endo-
metriosis in order to achieve high accuracy in detecting/classifying this pathology, 
thus making general screening unfeasible.

MRI is proved to be highly accurate in the diagnosis of adenomyosis. Actually, 
large prospective studies have found a slightly higher sensitivity (70–93%) and 
specificity (86–93%) for diagnosing adenomyosis in comparison to transvaginal 
ultrasound, but of course it is costlier as an imaging method [18–20]. MRI has been 
used not only for diagnosis but also for categorization of subtypes of adenomyosis 
[21]. MRI findings from 163 patients who have been diagnosed with adenomyosis 
and have been treated either with laparoscopic hysterectomy or adenomyomectomy 
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have been retrospectively evaluated. A stepwise logistic regression analysis was 
used in order to specify subtypes of the disease. According to authors, there are four 
discrete subtypes of adenomyosis based on the geographic interrelationship between 
the adenomyosis and other structural components of the uterus. Subtype I (intrinsic) 
has intimate relationship with the endometrium and the junctional zone. Subtype II 
(extrinsic) is present in the outer shell of the uterus disrupting the serosa but not 
affecting the inner components. Subtype III (intramural) is found solely in the myo-
metrium. The remainder of the data comprised subtype IV (indeterminate) adeno-
myosis. Subtypes I–III were suggested as a product of direct endometrial invasion, 
endometriotic invasion from the outside, and de novo metaplasia, respectively. 
Subtype IV was a heterogeneous mixture of advanced disease [21]. According to 
authors, the first three subtypes are product of endometrial invasion, endometriotic 
invasion, and de novo metaplasia, respectively. The study failed to prove any rela-
tionship or difference between subtypes and symptoms. Also the classical hypoth-
esis that the difference in MRI image was reflecting actually the progression of the 
disease in each patient has been confronted by the fact that the patients at the time 
of operation were younger in subtype III, followed by subtype II and subtype I. This 
last finding is arguing the logic of disease progression.

Both MRI and ultrasound have similar sensitivities and specificities for the basis 
of comparing imaging with histopathologic findings and for the diagnosis of adeno-
myosis. The skill of the sonographer appears to be more important for ultrasound 
than for MRI. It is still not clear whether 3D TVUS will provide enhanced utility as 
it was hoped for.

32.3  Difficulties with Classification: Correlation to Histology 
and Symptoms

The standard method for accurate diagnosis of adenomyosis is histology [22]. On 
histology, adenomyosis is classified as focal in case that circumscribed nodular 
aggregates of endometrial glands and stroma surrounded by normal myometrium 
are found on the specimen. Diffuse will be characterized if there are endometrial 
glands and stroma distributed throughout the myometrium. Adenomyomas are con-
sidered to be subgroup of focal adenomyosis which is surrounded by hypertrophic 
myometrium [6, 23]. A wide spectrum of histopathologic definitions of the disorder 
still exists though, typically based on the distance at which the endometrial-like tis-
sue is present below the deepest level of the normal endometrium ranging from a 
measured depth of 2–8 mm below the last endometrial gland. A lot of times its pres-
ence has been defined by pathologists on the basis of the proportional involvement 
of the myometrium such as one-third or greater than of the thickness of the myome-
trium (Table 32.2). Lastly, there has been a variety of hypotheses for the presence of 
different pathogenic mechanisms to explain the pathogenesis of adenomyosis. It is 
more than likely that a combination of pathogenetic pathways is responsible for the 
wide spectrum of the disease phenotypes recognized in histology specimens and in 
clinical symptomatology [24].
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Several studies attempted to combine histologic and imaging findings into a 
reproducible classification with correlation to clinical manifestation of the disease. 
Bird et al. [4] was the first to present such a classification based on measuring the 
depth of myometrial invasion using histologic specimens after hysterectomy. Later 
on followed a classification scheme based on invasion with three distinct categories: 
deep (>80%), intermediate (40–80%), and superficial (<40%) by [1]. Advances on 
imaging techniques resulted to more complex classification schemes based on spe-
cific features like uterine size, detailed extent of disease, configuration of lesions 
(diffuse, focal, and nodular), and degree of junctional zone involvement [21, 25–27].

However, failure remains an ongoing challenge on correlating specific subtypes 
with degree of severity of symptoms; thus, no universal classification standard has 
been generally accepted. Like endometriosis, severity of clinical symptoms doesn’t 
always correspond with imaging or histology expansion of the adenomyosis [28]. 
Also, severity of chronic pelvic pain has been confounded by the frequency with 
which both endometriosis and adenomyosis are present in the same patient.

Lazzeri in his prospective study evaluated the reproducibility of an MRI sche-
matic mapping system based on the degree of myometrial involvement, junctional 
zone thickening, and size of the lesion [16]. Although the method was significantly 
accurate to the classification as focal, diffuse with or without JZ involvement, no 
correlation with histology or clinical symptoms has been evaluated. Another pro-
spective observational study in 100 women undergoing hysterectomy evaluated a 
prediction model for diagnosing adenomyosis by using preoperatively 2-D and 3-D 
ultrasound, clinical questionnaires [29], and histopathology results. Authors 
reported sensitivity of 85% and specificity of 78% for diagnoses and significant cor-
relation with symptoms, but this model needs a lot of clarifications and external 
validation.

Table 32.2 Histological classification of adenomyosis based on depth of invasion

Author Year of publication Classification according to depth of invasion
Bird et al. [4] 1972 Grade I (sub-basal lesions)

Grade II (up to mid-myometrium)
Grade III (beyond mid-myometrium)

Levgur et al. [1] 2000 2.5 mm depth as a cutoff from endometrial border
Superficial: <40%
Intermediate: between 40 and 80% wall thickness
Deep: >80% wall thickness

Sammour et al. [17] 2002 Group A: up to 25%
Group B: 26–50%
Group C: 51–75%
Group D: >75% of myometrial thickness

Hulka et al. [33] 2002 Category I: inner 1/3 of myometrium
Category II: focal lessions
Category III: affecting outer 2/3 of myometrium

Vercelini et al. [34] 2006 >2.5 mm from endometrial junction
Mild: 1/3 of the uterine wall
Moderate: 2/3 of the uterine wall
Severe: >2/3 of the uterine wall
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The main disadvantage of the majority of studies is the fact that they have used a 
retrospective method of correlating symptoms, imaging and histology. Probably 
pathologists themselves may have shown variance in their diligence or interpreta-
tion, while frequently the diagnosis was probably limited by the extent to which the 
uterus was sectioned in a routine basis. Retrospective analysis of routine histology 
assessments implies no systematic investigation of the myometrium regarding the 
diagnosis of adenomyosis.

Most studies failed to use a properly defined, prospective methodology in order 
to compare imaging, clinical symptoms, and systematic microscopic evaluation of 
the uterine corpus [30]. Most authors seemed to focus on the endometrium and 
contiguous involvement of the myometrium, without really evaluating the rest of the 
myometrium separately, which have led to missed isolated myometrial disease. 
Lastly in all these studies, there is a potential selection bias because they would not 
include patients who are not undergoing hysterectomy.

32.4  Conclusion

This paper was designed to review the current status of classification systems of 
adenomyosis and to explore following pathways of consensus. Although histopa-
thology is the “reference standard” for diagnosis of adenomyosis, there should be an 
alternative for women who wish to retain their uterus. In such a diverse disease like 
adenomyosis where the precise pathophysiological pathway is still not clearly 
established, it is more than obvious that international consensus on an accepted, 
uniform classification of adenomyosis is a difficult task [30]. Unfortunately, research 
is currently compromised by the absence of a universally accepted and validated 
system for categorizing the disorder. Different explanations for the pathogenesis 
might be one of the reasons for the lack of uniformity in classification of the disease. 
Presumably, adenomyosis manifests in a variety of ways, ranging from a complete 
lack of symptoms to combination in different extent of pain, infertility, and abnor-
mal uterine bleeding [30].

On the basis of retrospective analyses of histopathologic reports describing 
hysterectomy specimens, even the relationship between adenomyosis and sever-
ity of symptoms has been challenged [6–8, 28]. Thus, an imaging-based disease 
phenotype will not adequately correlate with clinical manifestations [30]. From 
a diagnostic perspective and compared with histopathologic evaluation, MRI and 
TVUS seem to have similar sensitivity and specificity for the diagnosis of adeno-
myosis [14–16]. On the other hand, randomized prospective studies comparing 
imaging findings with posthysterectomy specimens to standardize a proper clas-
sification system are hard to be organized. Another issue to be clarified as debate 
still goes on and disagreements remain is the relationship and similarities 
between endometriosis and adenomyosis. Entities coexist quite often. Perhaps 
the classification system of adenomyosis should take into account possible con-
nections and links in pathophysiology of deep endometriosis and adenomyosis 
[31]. Above all, such a system could offer real help to the clinician with regard to 
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prognosis or efficacy of medical or surgical approach across the different sub-
types of adenomyosis.

Research requires both an accurate diagnosis and a specific methodology on 
identification of disease phenotypes following standardized categorization. A con-
sensus-building process of an appropriate reporting system would facilitate statisti-
cal comparison of outcomes in patients with similar disease characteristics including 
meta-analysis of studies. Perhaps the rapidly evolving technological field of ultra-
sound imaging and artificial intelligence might give a better utility and a more 
appropriate approach to improve interpretation of TVUS or MRI scans for adeno-
myosis and its classification in a harmonic fashion with histopathologic and clinical 
features of the disease [30].
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33.1  Introduction

Adenomyosis is a common gynecologic disease characterized by the invasion of 
endometrial glands and stroma into the myometrium and is associated with smooth 
muscle hyperplasia and fibrosis. Adenomyosis is a heterogeneous disease that may 
present in different phenotypes in the myometrium: diffuse, focal, and adenomy-
oma. Furthermore, different myometrial layers could be impaired: the outer (neo-
metra) or the inner (archimetra or junctional zone (JZ)) myometrium [24].

C. Exacoustos (*) 
University of Rome “Tor Vergata”, Department of Surgical Sciences, Obstetrics and 
Gynecological Unit, University Hospital of Tor Vergata, Rome, Italy
e-mail: caterinaexacoustos@tiscali.it

33

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-97236-3_33&domain=pdf
https://doi.org/10.1007/978-3-030-97236-3_33
mailto:caterinaexacoustos@tiscali.it


452

For more than a century after adenomyosis was first described, the diagnosis was 
only possible through pathological examination of hysterectomy specimens. This 
changed following the advent of transvaginal sonography (TVS) or magnetic reso-
nance imaging (MRI), which enabled noninvasive diagnosis.

Young patients, reproducible, repeatable, less expensive, and widely available, 
better tolerate TVS compared to MRI. Several studies have illustrated that the sen-
sitivity and specificity of 2D and 3D (two-/three-dimensional) TVS in diagnosing 
adenomyosis are comparable to those of MRI and/or histology ranging from 75% to 
88% and from 67% to 93%, respectively [1, 8, 12, 13, 25, 40, 44]. However, all 
these studies regarding imaging and histopathological correlation have been done 
on hysterectomies mostly performed in patients over 40 years, and actually there is 
few information on the correlation of adenomyosis ultrasound findings to histologi-
cal diagnosis in young patients. Except for adenomyomas that often underwent sur-
gery, this correlation will be difficult, and therefore we should accept that TVS or 
MRI features of adenomyosis are nowadays diagnostic for this disease [9].

The quality of the ultrasound scanners in use today in clinical examination can 
identify a disease that previously had required the patient to undergo MRI. Today, a 
routine pelvic evaluation with a conventional two-dimensional (2D) transvaginal 
probe can easily identify whether a patient’s uterus has adenomyotic signs [46]. In 
fact, the TVS 2D and 3D criteria for adenomyosis show a strong correlation with 
histological diagnosis [14, 26, 44, 52]. At the same time, these sonographic criteria 
facilitate the diagnosis of the disease at an earlier stage, in younger patients, at a 
lower cost, and with a technology with easier access for most patients [9].

33.2  Ultrasound Features of Adenomyosis

The presence of adenomyosis determines hyperplasia and hypertrophy of myocytes 
surrounding heterotopic endometrial tissue. The 2D sonographic findings of adeno-
myosis described in the literature are generally alterations of the outer myometrium. 
The 2D transvaginal sonographic evaluation of the junctional zone seems to be, also 
with high-frequency probes (5–10  MHz), difficult and imprecise due to the not 
always optimal sonographic differentiation of inner and outer myometrium. It is 
possible to visualize the junctional zone more clearly with some post-processing 
using coronal section of the uterus obtained with three-dimensional transvaginal 
sonography (3DTVS) [14, 18, 31, 34, 46].

33.2.1  2D TVS Features of Adenomyosis

Continuous improvements in the resolution of transvaginal ultrasound have enabled 
a more detailed assessment of uterine architecture. This has facilitated the detection 
of ultrasound myometrial features of adenomyosis, which could not have been seen 
with older ultrasound equipment.
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According to several studies following 2D transvaginal sonographic features 
were considered associated with adenomyosis and defined as follows ([1, 6, 18, 19, 
40, 46, 54] (Table 33.1):

Table 33.1 Definition and description of the typical ultrasound features in the myometrium cor-
related with adenomyosis

Ultrasound  
features for 
diagnosing 
adenomyosis Definition Additional  ultrasound  characteristics
Hyperechogenic 
islands

Hyperechogenic areas within the 
myometrium that have no 
connection with the endometrium. 
They may be regular, irregular or 
ill-defined

Hyperechogenic islands do not have a 
minimum diameter, and need no 
minimum number
There is no minimum distance from 
the endometrium

Myometrial cysts Rounded or oval lesions of any 
size within the myometrium. 
Contents may be anechoic, of 
low-level echogenicity, of 
ground-glass appearance. May be 
surrounded by a hyperechogenic 
rim

Color Doppler should be used to 
differentiate between vessels and 
myometrial cysts

Globular uterus Typical spherical shape of a 
globular uterus with myometrial 
serosa diverges from the cervix in 
at least two directions (anterior/
posterior/lateral) instead of 
following a trajectory parallel to 
the endometrium

Globular uterus unrelated to 
leiomyoma, with diffuse minimal 
vascularity seen as diffuse spread of 
small vessels within the myometrium 
and not circular vascularization 
related typical to myomas

Asymmetrical 
thickening

Asymmetrical thickening is 
present when the difference in 
thickness of the anterior and the 
posterior myometrial wall exceeds 
5 mm or when the calculated ratio 
between the walls is well above or 
below 1

Asymmetry unrelated to leiomyoma, 
with diffuse minimal vascularity seen 
as diffuse spread of small vessels 
within the myometrium and not 
circular vascularization related 
typical to myomas

Hypoechogenic 
linear stripes

Presence of hypoechogenic stripes 
present behind the myometrial 
lesion, sometimes alternating with 
linear hyperechogenic stripes 
(fan-shaped shadowing)

The presence of edge shadows and 
circular vascularization might 
indicate the presence of a fibroid

Irregular junctional 
zone

The junctional zone can be 
irregular because of cystic areas, 
hyperechogenic dots, and 
hyperechogenic buds and lines

There is no evidence of the relevance 
of measurements of JZ irregularities 
by ultrasonography. Only for 
research measurement of irregularity: 
Jzmax − Jzmin = Jzdif. Extent of 
irregularity: % of JZ that is irregular 
(<50% or >50%)

Interrupted 
junctional zone

There is interruption of the 
junctional zone when a proportion 
of JZ cannot be visualized in 
either 2D or 3D TVS in any plane

The extent of interruption (JZ cannot 
be visualized <50% or >50%) can be 
evaluated but it is not mandatory

JZ junctional zone; min, minimum, max maximum, dif difference, 3D three-dimensional, 2D two- 
dimensional, TVS transvaginal sonography
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• Globally enlarged uterus: the fundus of the uterus appears enlarged (Fig. 33.1a, b).
• Asymmetrically enlarged uterus (one uterine wall thicker than others) unrelated 

to leiomyoma, with diffuse minimal vascularity seen as the diffuse spread of 
small vessels within the myometrium and not circular vascularization related 
typically to myomas (Fig. 33.2a, b). It is advisable to exclude the presence of 
transient uterine contractions, because they may modify the uterine wall’s thick-
ness and change the myometrial echotexture, making the uterus appear more 
globular and asymmetric [47].

• Inhomogeneous, irregular myometrial echotexture with:
 – Round cystic area within the myometrium surrounded by a hyperechoic halo
 – Hyperechogenic islands
 – Myometrial hypoechoic linear striations are seen as a radiating pattern of thin 

acoustic shadows not arising from echogenic foci or leiomyoma (fan-shaped 
shadowing) (Figs. 33.2 and 33.3).

a b

Fig. 33.1 (a, b) Two ultrasound images of a globular uterus with diffuse adenomyosis. Gray scale 
image showing a globally enlarged uterus, asymmetrically thickening of the uterine walls, and 
abnormal myometrial echogenicity

a b

Fig. 33.2 (a, b) Ultrasound images of diffuse adenomyosis of the posterior uterine wall involving 
JZ and outer myometrium; note the hyperechoic striation and the cystic areas in the JZ. (b) Power 
Doppler image showing diffusely spread small vessels
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• Indistinct, fuzzy endometrial-myometrial border (ill-defined endometrial stripe) 
(Fig. 33.1a, b).

• Presence of diffuse minimal vascularity seen as diffusely spread of small vessels 
which have not the normal course of the arcuate and radial arteries inside the 
myometrium.

Moreover, a new interesting sign called question mark form [11, 52] of uteri was 
reported recently. This is described when the corpus uterus was flexed backward, 
the fundus of uteri was facing the posterior pelvic compartment, and the cervix was 
directed frontally toward the urinary bladder (Figs. 33.4 and 33.5).

Power Doppler can be used to distinguish myometrial cysts from blood vessels 
and to discriminate between leiomyoma and focal adenomyosis (Fig.  33.6a, b). 
Uterine leiomyomas manifest a circular flow along the myoma capsule, while local-
ized adenomyosis and adenomyomas are characterized by diffusely spread vessels 
inside the lesions.

a b

Fig. 33.3 (a, b) Ultrasound images of diffuse adenomyosis of the anterior uterine wall not involv-
ing JZ but only the outer myometrium; note the hyperechoic area and the intramyometrial cysts. 
(b) Power Doppler image showing diffusely spread small vessels

Fig. 33.4 Ultrasound 
images of diffuse 
adenomyosis of the 
posterior uterine wall with 
the typical question 
mark sign
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33.2.2  3D TVS Features of Adenomyosis

Although the junctional zone (JZ) can be visualized on 2D ultrasound, acquisition 
of a 3D volume enables a more complete assessment in the sagittal, transverse, and 
coronal plane as shown in a standardized multiplanar view [7, 14, 34, 46]. 3D trans-
vaginal sonographic signs of adenomyosis are based on the evaluation of the junc-
tional zone on the acquired volume of the uterus in order to obtain the coronal view. 
In the coronal view, the junctional zone appears as a hypoechoic zone around the 
endometrium. Using the volume contrast imaging (VCI) modality with 2–4  mm 
slices, the JZ can be seen clearer in all planes of the multiplanar view; this is also 
the case in the longitudinal and transverse uterine section where the anterior and 
posterior junctional zone could be evaluated [7, 14, 31, 32, 46].

The JZ may be regular, irregular, interrupted, not visible, and not assessable or 
may manifest more than one feature (e.g., irregular and interrupted). Any irregular-
ity in the JZ can be described (e.g., cystic areas, hyperechogenic dots, 

Fig. 33.5 Ultrasound 
images of diffuse 
adenomyosis of the 
posterior uterine wall with 
the typical question mark 
sign associated with 
posterior deep 
endometriosis of the 
rectal wall

a b

Fig. 33.6 (a, b) Ultrasound images of focal adenomyosis of the posterior uterine wall not involv-
ing JZ but only the outer myometrium; note the hyperechoic area and the intramyometrial cysts. 
(b) Power Doppler image showing diffusely spread small vessels
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hyperechogenic buds and lines) in each location in the uterus (anterior, posterior, 
lateral left, lateral right, fundus) [14, 31, 32, 46].

In order to avoid reliance on subjective morphological description of the JZ as 
irregularity and infiltration, objective parameters were proposed. These include 
measurements of the thickness of the JZ similar to those the radiologists generally 
use on MRI [14, 15, 26]. 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 and the minimum thickness of the junctional zone 
(JZmin) where it appears to be at its thinnest, after evaluation of the total three- 
dimensional volume of the uterus (Fig. 33.6). To define the ratio between the JZ and 
the total uterine wall thickness, both the JZ and the total uterine wall thickness 
should be measured on the same image [14, 26, 46]. The magnitude of a JZ irregu-
larity is expressed as the difference between the maximal and the minimal JZ thick-
ness: (JZmax) − (JZmin) = JZdif. The extent of JZ irregularity can be reported as the 
subjective estimation of the percentage of the JZ that is irregular (<50% or >50%) 
[14, 26, 46]. These measurements are actually proposed and relevant in the context 
of research protocols and had low application in the clinical practice.

Detailed morphological assessment of the JZ is currently proposed (Table 33.1):

 – Irregular JZ: indistinct, poorly distinguishable endometrial-myometrial border 
(Fig. 33.7).

 – Interrupted JZ: interruption of the JZ may be caused by focal or diffuse infiltra-
tion of the JZ by endometrial tissue. Contractions and changes within the JZ may 
also give rise to apparent JZ irregularities or influence JZ thickness. The extent 
of interruptions can be recorded as a subjective estimation of the percentage of 
the JZ that is interrupted (<50% or >50%), or it can be measured in length along 
the endometrial-myometrial border and in thickness [16, 23, 46].

 – Junctional zone alterations due to subendometrial hyperechogenic lines and 
buds: infiltration of the JZ may be caused by focal adenomyosis [18] (Figs. 33.8 
and 33.9).

a b

Fig. 33.7 (a, b) Two 3D ultrasound images of diffuse adenomyosis of the JZ in coronal view. (a) 
partial invasion, (b) total infiltration of the JZ
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33.3  Ultrasound Evaluation and Description of Adenomyosis

In the presence of the TVS criteria for adenomyosis, the disease showed different 
types and locations at the anatomical-histological evaluation but also at ultrasound. 
These adenomyosis characteristics should be described when the presence of the 
typical ultrasound features for adenomyosis is seen. Most of the studies utilizing 
TVS required the presence of at least two or three of ultrasound features for the 
diagnosis of adenomyosis [11, 14, 22, 31–33, 52]. The presence of only one of the 
typical TVS features of adenomyosis creates actually especially in young women 
some concerns. Recently, some more specific signs like intramyometrial cystic and 
hyperechoic areas and JZ bud and lines have been identified where only one of these 
features could be diagnostic [18]. The topographic distribution of adenomyotic 
lesions is variable and should be described.

Several attempts of classifying adenomyosis were performed by using the depth 
of myometrial penetration of adenomyotic foci at histological examination [5]; by 
grading the severity according to adenomyotic involvement of the inner third (super-
ficial adenomyosis), two-thirds, and entire myometrium (deep adenomyosis) [43]; 

Fig. 33.8 Ultrasound 
images of focal 
adenomyosis of the JZ in 
3D coronal view, note the 
buds and cystic areas 
inside the JZ

a b

Fig. 33.9 (a, b) Ultrasound images of focal adenomyosis of the JZ. (a) 2D and power Doppler. 
(b) 3D coronal view, note the buds and cystic areas inside the JZ
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or according to the penetration ratio (depth of penetration/myometrial thickness) by 
representing the extent of the disease [42].

Vercellini et al. [50], based on the proposal of Siegler and Camilien [43], pro-
posed to consider three different parameters: (i) depth of penetration (up to one- 
third, mild disease; between one- and two-thirds, moderate disease; more than 
two-thirds, severe disease), (ii) degree of spread defined by the number of foci per 
low-power field (1–3 islets, grade I; 4–10 islets, grade II; >10 islets, grade III), and 
(iii) configuration (diffuse versus nodular/focal). Actually we are waiting for new 
agreed histological system for classifying and reporting adenomyosis that will 
enhance our understanding of the disease and is envisaged to enable comparison of 
research studies and treatment outcomes [17]. TVS diagnosis based on the actual 
histopathological knowledge should include now not only the presence of adeno-
myosis features but also report type, location, and size of the disease (Tables 33.2 
and 33.3).

Table 33.2 Definition and description of the ultrasound appearance of the different types of 
adenomyosis

2D US 
features Diffuse adenomyosis Focal adenomyosis Adenomyoma
Serosal 
contour of the 
uterus

Often globally 
enlarged uterus

Often regular Lobulated or regular

Definition of 
lesion

Ill-defined Ill-defined or well-defined 
in case of cystic or 
hyperechoic lesions 
surrounded  mostly by 
normal myometrium

May be well-defined 
surrounded by 
hypertrophic  
myometrium

Symmetry of 
uterine walls

Myometrial 
anterior-posterior or 
lateral asymmetry

Often symmetric Asymmetrical in presence 
of well-defined lesion

Shape Ill-defined Ill-defined,  oval in case of 
cystic lesions

Round, oval, lobulated

Contour Ill-defined Irregular or ill-defined Regular or ill-defined
Shadowing No edge shadows

Fan-shaped 
shadowing,

Linear hypoechoic 
striation

No edge shadows
Rarely fan-shaped 
shadowing  or linear 
hypoechoic striation

Edge shadows may be 
present, internal often 
fan-shaped shadowing

Echogenicity Non-uniform diffuse
Presence of 
intramyometrial 
diffuse areas of 
typical ultrasound 
features

Focal, often isolated 
surrounded by normal 
myometrium, presence of 
intramyometrial  focal 
small areas of typical 
ultrasound features

Focal, lobulated presence 
in  hyper-, iso-, 
hypoechogenic 
intramyometrial  lobulated 
areas of  typical 
ultrasound features

Vascularity Translesional flow 
diffuse minimal or 
few vessels

Diffuse minimal sporadic 
vessels

Translesional flow diffuse 
vessels  or circumferential 
flow

Endometrial 
rim

Irregular or 
ill-defined
Distorted or 
imprinted

Often regular or imprinted 
by subendometrial focal 
lesion

Often regular or distorted 
by the lobulated lesion
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33.3.1  TVS Types of Adenomyosis

The type of adenomyosis can be defined as diffuse, focal, and adenomyoma accord-
ing to the TVS characteristics (Table 33.2; Figs. 33.2 and 33.6). Focal adenomyosis 
is identified when more than 25% of the lesion is surrounded by normal myome-
trium [48] (Fig. 33.6). When a focal lesion is completely surrounded by hypertro-
phic myometrium, this condition is named “adenomyoma.” Furthermore, the same 
uterus can present with focal and diffuse lesions. In that case, the condition is called 
“mixed-type adenomyosis.”

33.3.2  TVS Uterine Wall Location of Adenomyosis

Adenomyosis should be described in its location regarding uterine walls: anterior, 
posterior, lateral left, lateral right, or fundal and cervical. The affected uterine wall 
assessment could be important for surgical procedures on the adenomyosis itself or 
on deep endometriosis that can involve the uterus and the adenomyosis (Table 33.3).

Table 33.3 Ultrasound characteristics of adenomyosis that should be reported

Ultrasound description of 
adenomyosis Ultrasound features
Type of features Globally enlarged uterus

Asymmetrically enlarged
Inhomogeneous myometrial echotexture:
   Myometrial cystic areas
   Hyperechogenic islands
   Myometrial hypoechoic linear striations
Junctional zone alterations:
   JZ hyperechogenic lines and buds
   Indistinct, poorly distinguishable endometrial- 

myometrial border
   “Irregular” and “interrupted” JZ

Location in the uterus Anterior
Posterior
Lateral (left, right)
Fundus
Cervix

Type of the disease Diffuse
Focal
Adenomyoma
Mixed (both diffuse and focal)

Location in myometrial layers Outer myometrium
Inner myometrium or junctional zone

Size Uterine wall maximum thickness
Length of the affected JZ
Max diameter of the focal lesion
Max diameter of the adenomyoma

Extension of the disease Mild
Moderate
Severe
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33.3.3  TVS Myometrial Layer Location of Adenomyosis

The depth of myometrial infiltration is also variable, from cases limited to the more 
inner myometrium to those involving the whole myometrial thickness [1]. 
Adenomyosis may involve one or more of the uterine layers. If three uterine layers 
are considered, adenomyosis is defined as type 1 when only the JZ is involved, type 
2 when the middle myometrium (the layer between the JZ and the vascular arcade) 
is involved, and type 3 if adenomyotic lesions are found in the outer myometrium 
[48]. Since the limitation between the middle and the outer myometrium is uncer-
tain and difficult to perform at TVS, the differentiation in two layers inner and outer 
myometrium seems more practical considering also that these two layers are embry-
ologically different (archimetrium and neometrium) and the middle layer belongs to 
the neometra. Diffuse and focal adenomyosis therefore can be subsequently divided 
for the outer myometrium and for the JZ (inner myometrium) (Figs. 33.2 and 33.3) 
[23] (Table 33.3).

33.3.4  TVS Size and Extension of Adenomyosis Inside the Uterus

The severity of adenomyosis is difficult to express in quantitative terms as the 
lesions are often poorly defined, and they may be disseminated throughout different 
parts of the myometrium. There are different attempts to describe by TVS the exten-
sion and the severity of the disease inside the uterus. The number of different mor-
phological features in an individual woman has been proposed as an indirect 
semiquantitative measure of severity of adenomyosis [31–33].

The severity of adenomyosis may be classified according to MUSA [48] to the 
extent of the disease in terms of percentage of affected myometrium (mild <25%, 
moderate 25–50%, severe >50%). Another adenomyosis classification and report-
ing system proposed by us [16, 23] assesses the extension of each type of adenomy-
otic lesion (diffuse, focal, adenomyoma) in the external myometrium and in the 
junctional zone and is divided into four grades according to the parameters shown 
in Fig. 33.10. Measurements of the thickness of uterine affected wall, of the length 
and thickness of the infiltrated JZ, of the largest diameter of the focal lesions and of 
the adenomyoms should be taken and maximum diameters of the focal lesions and 
of the adenomyomas should be taken in order to determine the different grades. For 
diffuse adenomyosis of the outer myometrium, the degree is assigned according to 
the thickness of the uterine wall (> or <20 or 30 mm) and the number of the uterine 
walls affected (anterior, posterior, lateral left, lateral right). For the diffuse adeno-
myosis of the inner myometrium, the thickness of the JZ and the length of the infil-
trated JZ tract were considered in four degrees. Focal adenomyosis of the inner and 
outer myometrium was assigned a degree according to the largest diameter of the 
focal lesion and the number of foci. Similarly, adenomyomas were divided into four 
degrees according to size (largest diameter 20, 30, 40 >40) and several adenomyo-
mas. A score number of 1–4 was attributed to each degree of the disease considered. 
Then, the ultrasound extent of the disease was calculated through the sum of the 
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score numbers obtained and classified into three groups: mild (ranged between 1 
and 3), moderate (4–6), and severe (>7) adenomyosis. In a recent paper [16], 
patients’ characteristics, symptom severity, and uterine menstrual bleeding are cor-
related with the type of adenomyosis and score. Also the extent of adenomyosis, 
classified as mild, moderate, or severe, was correlated with symptom severity and 
uterine menstrual bleeding. Diffuse and severe disease occurs more in older patients 
with heavy menstrual bleeding and dysmenorrhea, whereas focal and mild disease 
is seen in younger patients and related more to infertility and recurrent miscarriage. 
The accuracy of the evaluation of localization, extent, and size of adenomyotic 
lesions, as well as the myometrial layer involved, should be tested in large series, in 
order to adequately define and differentiate focal versus diffuse forms. Furthermore, 
the relationship between the suggested US criteria and the clinical presentations of 
adenomyosis is still unknown and needs to be investigated, as well as the extent of 
adenomyotic lesions versus the severity of symptoms.

33.4  Ultrasound Diagnostic Accuracy of Adenomyosis 
Compared to Histology

Usually the diagnosis of adenomyosis is made on histological examination of a 
uterus following a hysterectomy. The histological frequency of adenomyosis ranges 
from 5% to 70% according to the series. This wide variation is affected by the 
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JZ
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3
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Fig. 33.10 Ultrasound score system for the evaluation and extension of adenomyosis inside 
the uterus
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histological criteria and the number of sections examined. The majority of previous 
studies reporting the accuracy of 2D TVS diagnosis of adenomyosis have assessed 
populations of women who underwent hysterectomy [3, 29, 54]. These included 
mainly women with severe symptoms who were more likely to have adenomyosis 
than the general population, and it is likely that the prevalence of adenomyosis in 
these studies is an overestimate. Furthermore, the 2D TVS findings are more likely 
to appear in advanced stage of disease. Reinhold et al. [40] reported that 2D ultra-
sound had a sensitivity of 80–86%, specificity of 50–96%, and overall accuracy of 
68–86% for diagnosing diffuse adenomyosis. However, 2D ultrasound can yield 
equivocal results in case of focal adenomyosis and if there are coexistent fibroids [1, 54]. 
A meta-analysis of 14 trials and 1985 participants reported the sensitivity and speci-
ficity of ultrasound diagnosed adenomyosis to be as high as 82.5% and 84.6%, 
respectively [29]. Recent studies [52] reported a very high accuracy of 90% and 
specificity of 91%.

Targeted ultrasound-guided biopsies have been proposed in an attempt to corre-
late histological findings to ultrasound features of adenomyosis in those younger 
women who will not undergo hysterectomy [35, 51]. Nam and Lyu [35] performed 
abdominal ultrasound-guided transvaginal myometrial core needle biopsy in 1032 
premenopausal women aged 22–53 years who had 2D ultrasound findings sugges-
tive for adenomyosis. They reported a 92.26% of concordance rate between the 
transvaginal myometrial core needle biopsy and ultrasonographic diagnoses of 
adenomyosis.

Several studies have illustrated the sensitivity and specificity of 2D TVS in 
diagnosing adenomyosis, but 2D ultrasound findings generally described altera-
tions of the outer myometrium and do not consider alterations of the JZ. JZ how-
ever forms the basis for MRI diagnosis of adenomyosis. The study of Kepkep 
et al. [19] was one of the first reports that included poor definition of the JZ as a 
diagnostic feature in assessment of the accuracy of various 2D transvaginal sono-
graphic findings in adenomyosis. They found that poor definition of junctional 
zone had a high specificity (82%) but a low sensitivity (46%) in its diagnosis. 
Three-dimensional reconstruction of uterine anatomy in the coronal plane pro-
vides new view of the junctional zone [14, 34]. By comparing TVS features to 
histology of the uterus after hysterectomies, it was shown that junctional zone 
thickness JZmax ≥ 6–8 mm and (JZmax) − (JZmin) ≥4 mm was significantly more 
associated with adenomyosis than other 2D features [14, 26]. Also the subjective 
evaluation of infiltration and disruption by endometrial tissue in the junctional 
zone is an accurate tool for the diagnosis of adenomyosis [9, 14, 26, 34, 37, 38]. 
Considering the hypothesis that adenomyosis is more likely to be caused by “inva-
sion” of endometrial tissue across the junctional zone and into the myometrium 
[24], 3D evaluation of JZ may be able to detect early adenomyosis [15]. Alteration 
of JZ is correlated with adenomyosis and may be involved in the process that 
determines pelvic endometriosis [4, 20, 21, 24]. Therefore, the evaluation of junc-
tional zone and its alterations by noninvasive imaging seems very important espe-
cially in patients with suspect of pelvic endometriosis and adenomyosis. 
Three-dimensional TVS seems to be more accurate than conventional 2D TVS to 
detect adenomyosis. Using 3D ultrasound JZ buds and striations as 

33 Noninvasive Diagnosis of Adenomyosis: Ultrasonography



464

subendometrial adenomyotic cysts can now be detected in younger patients dur-
ing their reproductive years and also in adolescents (Figs. 33.8 and 33.9) [27].

33.5  Ultrasound Diagnosis of Adenomyosis Compared 
to MRI Diagnosis

Multiple studies have measured the relative performance of TVS and MRI in diag-
nosing adenomyosis [1, 13, 39, 40, 44]. Three recent meta-analyses and systematic 
reviews demonstrated similar sensitivity for TVS (range: 72–79%) and MRI (range: 
77–78%) [8, 25, 44]. However, MRI shows higher specificity (range: 88–93%) 
compared to TVS (range: 78–81%). The likelihood ratio for adenomyosis seems to 
be higher with MRI, but negative likelihood ratios were similar for both modalities. 
Overall, these results show that both TVS and MRI demonstrate high accuracy for 
the diagnosis of adenomyosis.

There are cost and patient outcome implications associated with the choice of 
imaging modality for the diagnosis of adenomyosis. The choice between US and 
MRI in the diagnosis of adenomyosis is contingent on several factors, including 
availability of the technology and imaging expertise, diagnostic performance, 
patient contraindications, and referring physician’s preference. TVS is widely avail-
able and well tolerated by most patients. MRI scanners and expertise, while avail-
able to many patients, may not be an option in low-resource and geographically 
remote settings. The routine use of MRI where the resource is not readily available 
can lead to diagnostic and treatment delays [41]. TVS is more available in most of 
the gynecological offices and due to its reduced invasiveness could be carried out in 
all patients, including younger patients with fewer symptoms and a desire for preg-
nancy. Thus, ultimately, the choice of modality is left to the context of the individual 
patient’s and care provider’s preferences and defined by the locally available imag-
ing resources and expertise of the practice setting [36].

33.6  Ultrasound Diagnosis of Adenomyosis and Association 
with Endometriosis

Adenomyosis diagnosed by TVS seems also to be associated with endometriosis 
[20, 22, 28, 31, 32]. Surely, both conditions share pathogenesis and symptoms such 
as dysmenorrhea, heavy menstrual bleeding, infertility, dyspareunia, and chronic 
pelvic pain. It has been reported that pelvic endometriosis, especially in advanced 
stages, is also strongly associated with JZ thickening due to adenomyosis [14, 
21, 26].

Di Donato et al. [11] reported recently on a series of patients undergoing surgery 
for endometriosis a prevalence of adenomyosis diagnosed by ultrasound of 21.8%. 
This prevalence is slightly higher than the prevalence (20.9%) reported by Naftalin 
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et al. [31, 32] who evaluated patients attending a general gynecological ultrasound 
unit who had only a TVS diagnosis of endometriosis. An interesting feature is also 
the strong association found between deep infiltrating endometriosis and adeno-
myosis reported in some recent studies [11, 22, 10]. Lazzeri confirmed the strong 
association between adenomyosis diagnosed by transvaginal ultrasound and deep 
endometriosis diagnosed and treated surgically. The incidence of adenomyosis in 
patients affected by deep infiltrating endometriosis was 48.7% [22]. It has been 
shown that the ultrasound “question mark sign” of the retroverted fixed uterus was 
strongly related to posterior deep infiltrating endometriosis (Fig. 33.5) [10, 11, 52]. 
It seems that this type of adenomyosis mostly of the outer myometrium is caused by 
external invasion of the deep endometriosis, whereas the adenomyosis that involved 
the JZ originates from the endometrium and extends outward to the myometrium 
toward the serosal uterine surface. Thus, it will appear contiguous with the junc-
tional zone for adenomyosis. In contrast, deep infiltrating endometriosis, most com-
monly originating in the rectouterine pouch, invades from the serosal surface of the 
myometrium inward [9]. This type of adenomyosis will appear separate from the 
junctional zone – thereby supporting by imaging different theories for the pathogen-
esis of adenomyosis [9, 36, 53].

33.7  Ultrasound Diagnosis of Adenomyosis and Association 
with Symptoms

The association with symptoms could improve the diagnostic accuracy of ultra-
sound features for adenomyosis [2]. A number of factors encouraging the develop-
ment of adenomyosis include history of spontaneous miscarriage, curettage, 
hysteroscopic resection of the endometrium, uterine myomectomy, caesarean sec-
tion, and the use of tamoxifen [9, 45]. There are furthermore several studies that 
reported a correlation between ultrasound findings of adenomyosis, and symptoms 
like menorrhagia or dysmenorrhea, infertility, and recurrent miscarriages have been 
shown [2, 31–33, 49]. Recently, Zannoni et al. [52] reported that also the tenderness 
and pain caused by gentle pressure of the uterus with the transvaginal probe is asso-
ciated with histologically proven adenomyosis. This study reported an accuracy rate 
of 90% in diagnosing adenomyosis by TVS with a high specificity of 96% and posi-
tive predictive value (PPV) of 91%.

Some authors suggest that the severity of symptoms and the clinical features 
correlate with the extent and depth of adenomyosis [16, 27, 30, 33]. There is a 
belief of a direct correlation between the extent of histopathological features and 
clinical manifestations with the consequent hypothesis of a causal relationship 
between the number and the depth of the adenomyotic foci and specific symp-
toms. Through TVS, it is possible to assess the characteristics of adenomyosis, the 
grades, the type, and its extension inside the uterus. Recently, the link between 
type and degree of adenomyosis scored by TVS and severity of clinical symptoms 
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was evaluated [16]. It seems that ultrasound features of diffuse adenomyosis were 
more frequent in older women with heavy menstrual bleeding compared to those 
with focal disease. A higher percentage of infertility and miscarriage was observed 
in focal adenomyosis of the outer myometrium and the JZ, respectively (Figs. 33.6, 
33.8, and 33.9). These findings could lead us to believe that different types and 
depth of adenomyosis (in terms of localization in the outer or inner myometrium) 
have an impact on symptoms and fertility. Severe diffuse adenomyosis is also cor-
related with severe dysmenorrhea and heavy menstrual bleeding (Fig. 33.1a, b). 
No other correlation to symptoms was observed when classifying the extension of 
the diseases inside the uterus in mild, moderate, and severe [16]. This is in con-
trast with the results previously reported by Naftalin et al., in which there was a 
correlation between ultrasound severity of adenomyosis, menstrual pain, and 
heavy bleeding [30, 33]. Nevertheless, in these studies, adenomyosis was not dis-
tinguished in types (focal and diffuse) or in regard to its extension inside the 
myometrial layers, but only according to the number of ultrasound features to 
evaluate the severity of the disease. Assessing the severity of adenomyosis based 
only on the number of sonographic characteristics could lead to false results: in 
some cases, a small focal lesion could show multiple ultrasound features of ade-
nomyosis and vice versa.

The absence of a direct correlation between the ultrasound extension of adeno-
myosis within the uterus and the severity of symptoms could be partially explained 
by the presence of other coexisting conditions such as endometriosis, rather than the 
adenomyosis per se. Otherwise, it could be hypothesized that this condition is very 
similar to pelvic endometriosis, where often the severity of the disease is not related 
to the severity of symptoms. In fact, small endometriotic lesions may cause a lot of 
pain, whereas, sometimes, deep nodules are completely asymptomatic.

33.8  Conclusions

Two-dimensional transvaginal sonography has now achieved a high level of accu-
racy, and many authors have reported high agreement between ultrasound diagnosis 
of adenomyosis and histological findings. The TVS diagnosis of adenomyosis 
through specific features showed an accuracy up to 90%. TVS is a highly tolerable 
exam and due to its reduced invasiveness could be carried out in all patients, includ-
ing younger patients with fewer symptoms. The use of TVS in the assessment of 
adenomyosis is a noninvasive test that allowed an accurate diagnosis, avoiding the 
need for histologic diagnosis, to assess also the correlation with the symptomatol-
ogy. TVS is able to assess the type and severity of adenomyosis inside the uterus 
and may be helpful in selecting and evaluating the effectiveness of medical and 
surgical management, as well as the possible relationship between adenomyosis and 
infertility.

TVS should be the primary tool for the diagnosis of adenomyosis, with MRI 
being used where TVS is inconclusive or in the presence of large fibroids.
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34.1  Introduction

Magnetic resonance imaging (MRI) has been investigated for use in diagnosing 
adenomyosis since the 1980s. Interestingly, the observations from that time are 
largely still congruent with today’s findings. However, higher resolution and new 
technology allow detecting very small foci of adenomyosis with MRI, and the diag-
nostic performance has since been improved.

34.1.1  The Role of MRI in Adenomyosis Diagnosis

In the last decades, not only MRI but also ultrasound technology underwent dra-
matic improvement. By today, the two modalities show the same diagnostic 
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accuracy for the diagnosis of adenomyosis [1]. As it is more cost-effective and 
widely available, transvaginal ultrasound is an optimal first-line diagnostic modality 
to diagnose adenomyosis [2]. However, there are certain situations where ultra-
sound can fall short. An MRI can be required to discriminate fibroids from adeno-
myoma or when multiple large fibroids are present. An optimal visualization is 
especially relevant when uterus-sparing surgery is planned.

As MRI is costly and resource-intensive, there should be a clear clinical conse-
quence resulting from the MRI that cannot be made based on an ultrasound exami-
nation alone. When MRI is considered, minimal technical requirements should be 
met. Also, the assessing radiologist needs to have expertise in gynecological 
imaging.

34.1.2  Overall Diagnostic Performance of MRI 
in Adenomyosis Diagnosis

In a structured review and meta-analysis [1], the overall diagnostic performance of 
MRI resulted in a positive likelihood ratio of 6.8 (95% CI 4.5–10), a negative likeli-
hood ratio of 0.25 (95% CI 0.18–0.35), and an area under the curve (AUC) of 0.77, 
which is widely classified as a “good clinical test” [3]. The overall sensitivity of 
MRI for diagnosing adenomyosis was 78% (95% CI 70–84) and the specificity 88% 
(95% CI 83–92%) [1]. If the reader is not experienced in assessing MRI or adeno-
myosis, the diagnostic accuracy is likely to be lower. The described diagnostic per-
formance might surprise many clinicians and be lower than expected. Even if the 
diagnostic qualities of MRI regarding diagnosing adenomyosis might be disap-
pointing for some, one must bear in mind that adenomyosis is not a malignant con-
dition, and therapeutic consequences should largely be determined by clinical 
factors and symptoms [2].

Also, it is not likely that minimal findings, such as single ectopic endometrial 
glands, play a significant clinical role [4]. Therefore, it is essential always to corre-
late clinical findings to imaging findings.

34.2  Uterine Zonal Anatomy in MRI and Adenomyosis

In MRI, a zonal anatomy of the uterus can be identified in T2W (Fig. 34.1) [5, 6]. 
The differentiation of three zones is relevant for the classification and reporting of 
adenomyosis [7]. The first and innermost layer is the central (eutopic) endome-
trium, located in the uterine cavity. It shows a high-intensity signal.

The second layer is a low-intensity signal band in the inner myometrial wall at 
the endometrial-myometrial junction. This layer is called the junctional zone (JZ), 
and it plays a central role in adenomyosis diagnosis and pathophysiology. The outer 
myometrium is the third zone, with an intermediate intensity signal. This outer zone 
is by some authors divided into the middle myometrium and outer myometrium, the 
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latter spanning from the arcuate arteries to the uterine serosa (Fig. 34.1). In T1W 
images, the zonal anatomy is not visible in the same way (Fig. 34.2). T1W images 
with fat suppression (FS) depict hemorrhagic content with a high-intensity signal 
(Fig. 34.2), resulting in a clear visualization of, for example, the arcuate uterine ves-
sels (Fig. 34.1).

34.3  Diagnostic Signs of Adenomyosis in MRI

There are multiple diagnostic signs for adenomyosis. They can be divided into 
“direct” and “indirect” signs. Direct signs reflect the direct visualization of the ecto-
pic endometrial glands in the myometrium and are pathognomonic for adenomyosis. 

a b c

Fig. 34.1 Zonal anatomy of the uterus in MRI. T2W turbo spin echo (a, b), T1W with fat suppres-
sion (c), depicting a retroverted uterus of a 38-year-old woman. (a) Sagittal plane. (b, c) Coronal 
plane. (1) (Eutopic) endometrium, (2) junctional zone (JZ), (3) outer myometrium, (3a) middle 
myometrium, (3b) outer myometrium. *Arcuate veins. +Uterine serosa

ba

Fig. 34.2 Differences of T2W and T1W MRI in adenomyosis. Axial images of the same uterus in 
42-year-old woman. (a) T2W sequence, showing several high-intensity signal islets. (b) T1W with 
fat suppression: only one of the ectopic areas as seen on a is hemorrhagic (arrow)
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Indirect signs consist of morphological changes in the uterine shape and structure, 
caused by muscular hypertrophy secondarily to adenomyosis.

This division into direct and indirect signs is also used in ultrasound. As MRI 
depicts direct signs very well, indirect signs play a more subordinate role in diag-
nosing adenomyosis with MRI. Direct signs are highly specific, but they require a 
sufficient resolution to be detected. Indirect signs exempt less diagnostic accuracy 
as other conditions can cause them.

34.3.1  Direct Signs

Visualization of ectopic endometrial tissue is the main criterion for diagnosing ade-
nomyosis on MRI.  Ectopic endometrial glands can be displayed as tiny spots 
(1–3 mm in size), with a high signal on T2-weighted images and a low signal in 
T1W (Fig. 34.2) [8–11]. Those spots can be located in the junctional zone or dis-
seminated throughout the myometrium. They are often found in ill-demarked areas 
of low-intensity signal (Figs. 34.3 and 34.5).

In contrast to “spots,” larger high-intensity signal foci are either described as 
“cysts” or “islets.” Those can vary in shape and size (Fig. 34.3) [7]. It is not clear if 
those phenotypes – spots, cysts, and islets – represent different variants of adeno-
myosis or if they are a continuum (smaller cysts developing to larger islets under 
certain stimuli). Various size cutoffs and nomenclatures have been suggested for 
those features. However, so far, there is no unanimous agreement for a precise ter-
minology [12]. This can be the origin of confusion. For example, some authors 
describe only a phenotypical subtype with huge cysts as “cystic adenomyosis,” 
while others use this term for larger islet as mentioned above [13, 14]. Those very 
large cysts are also called cystic adenomyoma. Those usually show hemorrhagic 
content (Fig. 34.4). The term “cystic juvenile adenomyosis” is also used in several 
publications; however, those might describe cases of accessory and cavitated uter-
ine masses (ACUM) that resemble cystic adenomyosis [15]. ACUM are typically 
seen within the anterior lateral wall of the myometrium beneath the insertion of the 
round ligament and become symptomatic early on [16].

In older studies, small high-intensity signal foci were only detected in about half 
of the cases on T2W images [9, 17], but detection rates of 70% are described in 
more recent studies [10, 11]. The improvement of spatial resolution is most likely 
the main reason for this development and emphasizes the importance of technically 
satisfying image acquisition. An upgrade of MRI sequences and pelvic phased 
arrays can improve image quality and spatial resolution, namely, by 3D FSE T2W 
MRI [7].

Some foci of adenomyosis with functional endometrial deposits can contain 
blood. The iron within hemorrhage causes a shorter T1 and T2 relaxation, making 
them bright on T1W images and less bright on T2W images (Fig. 34.2).
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34.3.2  Indirect Signs

Pathophysiological processes in adenomyosis can lead to myometrial hypertrophy 
of the uterus, usually seen as a low-intensity signal area in T2W sequences 
(Fig. 34.5) [18]. The signal intensity is not unlike some fibroids, but in contrast, 
adenomyosis lesions usually appear ill-demarked with diffuse borders (Figs. 34.3 
and 34.5).

a b

c d

Fig. 34.3 Examples of typical adenomyosis features and adenomyoma. MRI of the uterus in 
sagittal view, all T2W turbo spin echo. All cases show diffusely demarcated low-intensity signal 
areas within the myometrium, containing high-intensity signal foci and/or islets. (a) Anteverted 
uterus with asymmetrical thickening of the anterior wall and globular shape. The junctional zone 
(JZ) is no more visible and almost completely invaded by adenomyosis. (b) Adenomyoma in the 
posterior wall. Several well-defined fibroids with a low signal are visible, which are in contrast to 
the ill- defined area affected by adenomyosis. Note that the JZ is thin and quite unaffected. (c) 
Grossly enlarged uterus containing no fibroids, only multiple adenomyoma and diffuse adenomyo-
sis. (d) Retroverted uterus. A large adenomyoma distorts the anterior wall. The JZ is not thickened 
and shows smooth outer borders. However, several high signal cysts disrupt the JZ, which is highly 
suggestive of adenomyosis
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a b

c

Fig. 34.4 A large cystic adenomyoma with hemorrhagic content. (a) T2W turbo spin echo (TSE), 
sagittal view. (b) T1W TSE, axial view. (c) T1W TSE with fat suppression. Note: small adenomyo-
sis foci were found throughout the myometrium on histopathological examination after hysterec-
tomy, explaining why removal of a cyst alone might not result in symptom relief

a b

Fig. 34.5 Low-intensity signal areas in T2W images: adenomyosis vs fibroids. (a) Diffusely 
demarcated dark area of adenomyosis representing muscular hypertrophy in the posterior wall, not 
containing visible glandular structures. (b) Multiple, sharply demarcated fibroids throughout the 
myometrium
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Other indirect signs demonstrating adenomyosis affecting the uterus are an 
enlarged and globular shape and asymmetrical thickening of the anterior and poste-
rior walls (Fig. 34.3a) [10, 11]. Note that those shape changes do not always result 
in gross enlargement of the uterus (Fig. 34.5). However, indirect signs are more 
commonly used for the diagnosis by ultrasound and have a subordinate role in MRI 
as myometrial changes (direct and indirect) are usually more apparent in MRI, as 
demonstrated in the figures.

In the presence of multiple or large fibroids, indirect signs are usually not very 
well assessable. Also, there are no clearly defined cutoffs for myometrial thickness, 
ratios for myometrial asymmetry, or metric definition of globularity. Indirect signs 
have therefore to be assessed by subjective pattern recognition, requiring experience.

34.3.3  Alterations in the Junctional Zone

As described above, the JZ is depicted as a low-intensity signal band in T2W 
(Fig. 34.1). The JZ plays a central role in uterine function, for example, embryo 
implantation and transport and menstrual flow. Interestingly, it is not apparent what 
the JZ structurally represents, as it is not visible in formalin fixated specimen 
[19–21].

A JZ thickness measuring ≥12 mm has been used as a diagnostic marker for 
adenomyosis since it was first described in 1996 [22]. Also, various cutoffs for the 
ratio of JZ to wall thickness were described as diagnostic markers [10]. However, 
recent research has questioned if this is still valid with high-resolution MRI and a 
younger population [11]. While seemingly objective metric markers are very appeal-
ing to the investigating specialist, the JZ thickness cutoff of 12 mm has been devel-
oped on populations including a large proportion of postmenopausal women and 
women with endometrial cancer [9, 22]. When validated on a younger, premeno-
pausal population, the correlation of JZ thickness with adenomyosis diagnosis could 
not be confirmed [11]. Therefore, caution is advised when diagnosing adenomyosis 
in younger women [7].

Rather than measuring the JZ thickness, it is advised to evaluate irregularities of 
the JZ indicating adenomyosis [7, 11]. Those can present themself in different 
shapes, for example, as high-intensity signal finger-like indentations at the 
endometrial- myometrial border in T2W (Figs.  34.1b and 34.3d) or as spots and 
cysts in the JZ [11]. Those findings represent the invasion of the endometrium into 
the myometrium and have a diagnostic specificity of 83% for adenomyosis [11].

Physiological thickening of the junctional zone can occur in line with uterine 
contractions and is also part of the menstrual cycle and represents a diagnostic pit-
fall [2, 7]. Also, hormonal treatment such as oral contraceptives, progestins, and 
gonadotropin-releasing hormone agonists can change the appearance of the junc-
tional zone. A partial volume effect with the JZ not being depicted orthogonally to 
the cavity but tangentially can also mimic a focal thickening of the junctional zone. 
This pitfall can be avoided by proper angulation of the sequences.
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On the other hand, adenomyosis only affecting the outer layers of the uterus, 
leaving the JZ intact, is also described. A normal junctional zone alone does, there-
fore, not confirm the absence of adenomyosis (Fig. 34.3).

In summary, a thickening of the JZ might be physiological or due to other patholo-
gies. It is not suited to be used as a diagnostic sign alone, regardless of the thickness.

34.3.4  Adenomyoma

Especially when surgical removal is planned, the consequences of misdiagnosing 
adenomyoma as a fibroid can be fatal. Adenomyoma are myometrial masses that are 
hypointense on T2-weighted MRI (Fig.  34.3). They are usually more ill-defined 
than fibroids but can, in some cases, appear relatively circumscribed (Figs. 34.3b 
and 34.5). Adenomyoma virtually always contain high-intensity signal foci on T2W, 
which helps differentiate them from fibroids [23, 24]. Some authors use the terms 
adenomyoma and “focal adenomyosis” synonymously. Given the lack of a unani-
mous terminology for adenomyosis, it is essential to describe imaging findings in 
detail to avoid misunderstandings between the radiologist and the clinician.

34.4  Technical Requirements

Conventional 2D TSE-T2-weighted MR sequences in the sagittal and axial oblique 
plane, as well as T1W images with fat suppression, are the minimum requirements 
for diagnosing adenomyosis and are recommended by most authors [7]. When the 
slice thickness and intersection gap are set too wide, focal findings might be over-
looked. As MRI should not be (mis)used as a diagnostic screening tool, a high 
image quality with a slice thickness of 1–2 mm should be considered when first 
utilizing this modality. Breath-hold T2-weighted sequences or 3D FSE T2-weighted 
MRI can optimize the image accuracy further [25].

The administration of spasmolytic agents is recommended to minimize bowel 
movement and prevent artifacts. Glucagon and butylscopolamine, commonly used 
spasmolytic substances, have different properties, but there is no evidence for the 
superiority of one agent to the other in diagnosing adenomyosis.

There is no reported benefit for the administration of gadolinium contrast or 
diffusion-weighted imaging in diagnosing adenomyosis [7, 26]. However, intrave-
nous contrast might be beneficial when diagnosing endometriosis, a condition that 
frequently coexists with adenomyosis and, therefore, might be clinically relevant.
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A recently published retrospective population-based cohort study describes the age- 
related incidence of adenomyosis by analyzing ICD codes from 2006 to 2015 [1]. 
The study design presumes the correct diagnosis and recording of adenomyosis in 
the respective healthcare system. Although there is a growing awareness for adeno-
myosis, the disease still is underestimated as a possible cause for dysmenorrhea, 
dyspareunia, pelvic pain, and bleeding disorders, and the knowledge about adeno-
myosis in general is limited and minimal in the subgroup of female adolescents. Up 
to two-thirds of adolescent women report painful menstruation [2]. It is probable 
that a high number of unreported cases of adenomyosis in teen girls exist. The base 
for a plausible incidence rate of adenomyosis in fertile women and adolescents is a 
reliable diagnostic approach, which so far does not exist.
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35.1  Diagnosis of Adenomyosis in Adolescents

Currently, the diagnosis of adenomyosis is possible combining accurate anamnesis, 
gynecological examination, and transvaginal two-dimensional and three- 
dimensional ultrasound. MR imaging, power Doppler ultrasound, and sonographic 
elastography can be used as additional diagnostic tools [3]. In a 10-year meta- 
analysis, a pooled sensitivity of 83.8% and specificity of 63.9% of two-dimensional 
transvaginal ultrasound have been reported. The study described the ultrasound fea-
ture heterogeneous myometrium as the most sensitive sign and globular uterine 
enlargement as the most specific sign [4]. Similar studies reported comparable 
results regarding the overall accuracy of the method but showed a high variation of 
the typical relevant ultrasound features [5] in adenomyosis such as linear striation, 
question mark sign, myometrial cysts, or subendometrial microcysts (Fig.  35.1). 
The problem currently is that a score system on typical diagnostic features does not 
exist. And it is not yet known if the presence of special ultrasound features or the 
combination of those sonographic signs is more likely to predict adenomyosis. So 
far, the accuracy of the diagnosis adenomyosis completely depends on the experi-
ence of the sonographer and/or radiologist, the technical equipment, and the indi-
vidual estimation of the diagnostic result. Usually, the suspicion of a disease 
diagnosed by imaging (e.g., breast tumor) can be proven by a biopsy of the suspi-
cious lesion. In case of adenomyosis, a biopsy can be obtained by hysteroscopy [6], 
by laparoscopy [7], and by transvaginal or transcutaneous puncture [8]. 
Unfortunately, the sensitivity and specificity of these partly surgical techniques are 
not satisfying and therefore cannot be used as a standard. Recent guidelines do not 
recommend uterine biopsy in suspicion of adenomyosis [9]. A recent publication 
reports the detection of adenomyosis by transvaginal ultrasound in 5.2% of a group 
of 270 adolescent women examined in a university hospital setting. The overall 
detection rate of ultrasound signs of endometriosis was higher in patients with dys-
menorrhea and dyspareunia compared to patients without symptoms [10]. However, 

Fig. 35.1 Transvaginal ultrasound image of the uterus showing a subendometrial microcyst in 
adenomyosis. The additional colored Doppler sonography helps to distinguish blood vessels (blue 
and red color) from microcysts with no color signal. The shape and size of the uterus are normal. 
(With permission © H. Krentel, all rights reserved)
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the detection rate of the typical ultrasound features of adenomyosis in adolescents 
might be more difficult compared to older fertile women. The diagnosis of adeno-
myosis by transvaginal ultrasound and the retrieval of a significant biopsy might be 
more challenging in adolescents.

The most important diagnostic sign in MR imaging seems to be the irregularity 
of the junctional zone. Other typical findings are low signal intensity areas in the 
myometrium and spots with high signal intensity in the T2-weighted technique [11, 
12]. The accuracy of transvaginal ultrasound and MR imaging in the detection of 
adenomyosis has been described as comparable. The role of MR imaging in adoles-
cents with assumed adenomyosis should be further investigated. Another clinical 
sign for the presence of adenomyosis in adolescents with dysmenorrhea and/or pel-
vic pain can be the persistence of symptoms after exclusion or excision of peritoneal 
endometriosis by laparoscopy.

35.2  Juvenile Cystic Adenomyomas

This entity, often reported as juvenile or isolated cystic adenomyomas in the litera-
ture, has been suggested to correspond to accessory and cavitated uterine masses 
(ACUM) with a functional endometrium [13]. Thus, a Müllerian anomaly possibly 
related to a dysfunction of the female gubernaculum [14].

An ACUM is a rare pathology, observed in young women (mostly under 
30 years), who has significant clinical manifestations, particularly severe dysmenor-
rhea that has been progressive since menarche and recurrent pelvic pain that persists 
during the premenstrual and postmenstrual periods and does not respond to com-
mon analgesics. The differential diagnosis is broad including rudimentary and cavi-
tated uterine horns, adenomyosis with cystic or degenerated areas, degenerated 
leiomyomas, and essential and primary dysmenorrhea. The criteria used to diagnose 
a case as an ACUM (Fig. 35.2) are (i) an isolated accessory cavitated mass or a 
couple, in the same lateral area of the uterus, typically located at the level of inser-
tion of the round ligament; (ii) most likely a normal uterus with normal endometrial 

Fig. 35.2 Internal 
genitalia of the patient 
showing a left ACUM 
under the insertion of 
round ligament. ACUM 
accessory and cavitated 
uterine mass, LRL left 
round ligament, RRL right 
round ligament, LFT left 
fallopian tube, RFT right 
fallopian tube. (Taken from 
Acién et al. [15], with 
permission)
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lumen, Fallopian tubes, and ovaries; (iii) an accessory cavity lined by endometrial 
epithelium with glands and stroma; (iv) a chocolate brown-colored fluid content; 
and (v) absence of adenomyosis or adenomyotic cysts in the remainder of the uterus, 
although there could be small foci of adenomyosis in the myometrium adjacent to 
the accessory cavity [15].

Adenomyomas and cystic adenomyosis are more characteristic of older women, 
who develop adenomyosis spread anywhere inside the uterine corpus, and the cysts 
frequently exhibit the absence of an internal epithelial lining. The diagnosis of an 
ACUM should be definitive once the mass has been excised and a pathological 
examination has been performed.

35.3  Surgical Treatment of Adenomyosis in Adolescents

The diagnosis of adenomyosis in adolescents is difficult, and the value of transvagi-
nal ultrasound results and findings in MR imaging requires further investigation. 
But what would be the benefit of a safe diagnosis and histological proof of adeno-
myosis in adolescents? Would the early stage diagnosis change the treatment of teen 
girls with dysmenorrhea, dyspareunia, and/or pelvic pain? A standardized and 
evidence- based treatment of adenomyosis does not exist. Different medical and sur-
gical treatment approaches are able to reduce symptoms and to increase fertility. 
The course of action depends on the family planning status of the patient.

Surgical treatment of adenomyosis is feasible in focal or cystic adenomyosis 
and can be an option in diffuse adenomyosis. The hysteroscopic and laparoscopic 
resection of cystic lesions has been reported in a variety of publications [16, 17]. 
In adolescents, juvenile cystic adenomyosis has been described including the 
surgical techniques of minimally invasive resection [18]. Endometrial lined myo-
metrial cysts have been described as almost specific in adolescents and young 
women in a literature review [19]. However, these cases are very rare, and a 
surgical intervention requires a detailed informed consent and should be realized 
in a specialized center. Surgical resection of adenomyosis might be an option in 
symptomatic adolescent patients, patients with infertility despite assisted repro-
duction techniques, and as a last option in extreme cases (Fig. 35.3). The effect 
of surgery on fertility needs to be proven, so far surgery does not represent an 
evidence-based approach [20]. Especially in adolescents, risky surgical proce-
dures should be avoided as they are related to a variety of complications and 
risks, like uterine rupture, intrauterine and intraperitoneal adhesions, and irregu-
lar placentation. High-intensity focused ultrasound (HIFU) and radiofrequency 
ablation may be possible alternatives for the treatment of adenomyosis in adoles-
cents. Both techniques provide symptom relief and a low rate of complications. 
Recent studies describe a high conception and live birth rate after HIFU [21]. 
Both interventions seem to be an alternative in the treatment of small myometrial 
adenomyotic lesions. However, the feasibility and long-term outcome should be 
further investigated.
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Fig. 35.3 Transvaginal 
ultrasound image of an 
intramural cystic 
adenomyosis in patient 
with ongoing family 
planning. (With permission 
© H. Krentel, all rights 
reserved)

35.4  Medical Treatment of Adenomyosis in Adolescents

All available suppressive hormonal treatments are able to reduce symptoms by 
reduction of adenomyosis. None of the medical treatment options is especially 
licensed for the specific treatment of adenomyosis. In adolescents, mostly oral con-
traceptives are used as treatment of first choice in case of painful menstruation. 
Combined oral contraceptives show a pain reduction but are related to bleeding 
disorders as main adverse effect. Progestins also can reduce pain but are related to 
dermatological side effects, libido reduction, and undesirable effects on body mass 
index. Dienogest is able to reduce adenomyosis-related dysmenorrhea and pain but 
is related with a risk of uterine bleeding in patients with adenomyosis [22]. This 
adverse effect has been reported in different publications [23, 24] and caused heavy 
bleedings in some cases [25]. The side effects cause a risk of treatment discontinu-
ation especially in very young patients [26].

Another medical treatment option is the use of GnRH agonists or antagonists. 
The efficacy of GnRH agonists in adolescents with refractory chronic pelvic pain, 
failed therapy with combined oral contraceptives, and positive MR imaging has 
been recently reported. The treatment improved symptoms and caused regression of 
the lesions [27]. The efficacy of the treatment with levonorgestrel intrauterine device 
(LNG-IUD) in adenomyosis has also been shown in a variety of publications [28]. 
The use of LNG-IUD in adenomyosis represents a direct application of a hormonal 
treatment to the site of the disease. This treatment is able to reduce symptoms and 
menstrual blood loss. However, the spontaneous expulsion rate is higher in patients 
with adenomyosis and seems to be related to the insertion technique, the placement 
timing, and the type and size of the intrauterine device [29, 30]. The efficacy and 
safety of low-dose LNG-IUDs in the treatment of adolescent patients with adeno-
myosis need to be element of randomized trials.

The ideal medical treatment option in adolescents with adenomyosis guarantees 
a protective long-term effect with low complication rate. So far, the choice in daily 
practice needs to be individual and might be combined with interventional and 
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surgical solutions. The detection of an abnormal menstrual pain by a regular assess-
ment of adolescents’ menstrual cycles should be the first diagnostic step [2]. 
Evidence-based treatment guidelines for adolescent patients with dysmenorrhea, 
dyspareunia, and pelvic pain and the suspicion of adenomyosis are needed in order 
to avoid overestimation or underestimation and overtreatment or undertreatment of 
the disease [31].

35.5  Conclusion

The meaning of an early diagnosis of the disease adenomyosis in adolescents is the 
preservation of the integrity of the uterus and the prevention of adenomyosis- and 
treatment-related harm of the central reproductive organ combined to an effective 
treatment of the symptoms. Prospective randomized trials are needed to describe the 
ideal combination of medical, interventional, and surgical treatment in order to 
reduce symptoms and maintain the uterine physiology in adolescent women.
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36.1  Introduction

Adenomyosis is defined as a disease in which endometrial-like glandular epithelium 
and stromal tissue develop in the myometrium. Although the pathological diagnosis 
according to the above definition requires surgical removal of the uterus or the 
lesions, recent advances in image diagnostic technology such as magnetic reso-
nance imaging (MRI) and ultrasonography enable us to make accurate diagnosis of 
adenomyosis without surgery. Based on the improvement of image diagnosis in 
adenomyosis, there are accumulating evidence about the efficacy and adverse 
effects of medical treatment for the symptom of adenomyosis according to the con-
dition of adenomyosis. Two major symptoms of adenomyosis are pain and 
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Table 36.1 Major symptoms of adenomyosis

Symptom Details
Pain Dysmenorrhea, chronic pelvic pain, dyspareunia, and defecation 

pain
AUB Heavy menstrual bleeding (HMB) and anemia, prolonged menstrual 

bleeding, and intermenstrual bleeding
Subfertility Infertility, miscarriage, and preterm birth

abnormal uterine bleeding (AUB) (Table  36.1). In this chapter, we describe the 
points to deal with adenomyosis patients with pain and AUB at the reproductive age.

36.2  Symptoms of Pain and AUB

Typical symptoms of adenomyosis are pain, AUB, and subfertility. Adenomyosis is 
a disease affecting the women at reproductive age. According to the questionnaire 
survey in 2015 by the Japan Society of Obstetrics and Gynecology, the average age 
for the first diagnosis of adenomyosis was 38.2 years, and 79.0% of the cases diag-
nosed with adenomyosis had dysmenorrhea and/or heavy menstrual bleeding 
(HMB) [1]. A US survey using the ICD code reported that the prevalence of adeno-
myosis was highest in the early 40s [2]. Thus, the main age group receiving treat-
ment for adenomyosis is in the late 30s to 40s, while some adenomyosis patients 
suffer from severe dysmenorrhea from menarche. Based on the patient background, 
especially age and desire of childbearing, the treatment plan needs to be determined, 
because recent studies have revealed that adenomyosis affects pregnancy outcomes.

Symptoms of AUB consist mainly of HMB, HMB-related anemia, and irregular 
uterine bleeding, and those of pain include dysmenorrhea, chronic pelvic pain, dys-
pareunia, and defecation pain (Table 36.1). Although adenomyosis does not neces-
sarily result in infertility, recent meta-analysis studies have shown that in  vitro 
fertilization (IVF) patients with adenomyosis tend to have a decrease in implanta-
tion rate and clinical pregnancy rate and an increase in miscarriage rate [3–5]. As 
symptomatic treatment, tranexamic acid and iron drug are used for menorrhagia, 
and nonsteroidal anti-inflammatory drugs (NSAIDs) are used for pain. NSAIDs 
have a temporary pain-relieving effect. Laxatives are used for constipation due to 
intestinal peristalsis associated with adenomyosis.

In 2011, the International Federation of Gynaecology and Obstetrics (FIGO) sys-
tems for nomenclature of symptoms of normal and AUB in the reproductive years 
(FIGO AUB System 1) and for classification of causes of AUB (FIGO AUB System 
2; PALM-COEIN) were published [6–8]. In FIGO AUB System 2, PALM- COEIN 
(polyps, adenomyosis, leiomyoma, malignancy and hyperplasia, coagulopathy, ovu-
latory dysfunction, endometrial, iatrogenic, and not yet classified) is the acronym 
standing for disorders which cause AUB symptom. Adenomyosis is in the PALM 
categories which comprise disorders that are definable by imaging and/or histopatho-
logical evaluation. Thus, adenomyosis is recognized as the causative disorder of AUB.
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36.3  Pain of Adenomyosis in Patients at Younger 
Reproductive Age

As for many of adenomyosis patients, their symptoms of pain and AUB first appear 
in the 30s and 40s and become worse. However, adenomyosis-related pain that 
occurs early after menarche is often caused by cystic adenomyosis which appears a 
hemorrhagic cyst with a diameter of 15–30 mm surrounded by the hypertrophic 
wall. Strong menorrhalgia characterizes juvenile-onset cystic adenomyosis and is 
sometimes hormonal treatment-resistant. The cause of juvenile cystic adenomyosis 
is suggested to be a congenital malformation caused by a defect in the developmen-
tal process of Müllerian ducts. The most common location of the lesion is the ante-
rior wall of the uterus at the level of insertion of the round ligament. Figure 36.1 
shows typical MRI findings of cystic adenomyosis. It has been reported that most of 
the uterine adenomyosis that led to surgery of the lesion removal in the early 10s to 
20s was cystic adenomyosis [9–11]. As the initial choice of hormonal treatment of 
juvenile cystic adenomyosis, oral contraceptives/low-dose estrogen-progestins 
(OC/LEP) and a progestin dienogest (DNG) are used to control the symptoms as 
well as the progression of the disease. When cystic adenomyosis-related pain is 
resistant to hormonal treatment, surgical resection of the lesion should be consid-
ered, because cystic adenomyosis is relatively easy to distinguish the boundary 
between the lesion and the normal myometrium and the surgical removal of the 
lesion relieves pain markedly.

36.4  Pain and AUB of Adenomyosis in Patients at Elder 
Reproductive Age

The symptoms of women with adenomyosis emerge and worsen in the late 30s, 
which reduces their quality of life (QOL) and work performance. Therefore, both 
early diagnosis and proper therapeutic intervention are important in clinical 

MRI (Axial image)

T1-weighted image T2-weighted image

Fig. 36.1 Magnetic resonance imaging (MRI) of cystic adenomyosis. T1- and T2-weighted axial 
images were demonstrated. Arrowhead, cystic adenomyosis
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practice. The presence of adenomyosis is associated with recurrent implantation 
failure, recurrent pregnancy loss, preterm birth, preeclampsia, and placenta previa 
[3, 4, 12–18]. To relieve pain in women with adenomyosis, may levonorgestrel-
releasing intrauterine system (LNG-IUS), DNG, and OC/LEP are primarily selected 
[19–24]. To relieve HMB, LNG-IUS is primarily selected among progestins and 
OC/LEP [23–25]. An enlarged uterus is a major cause of LNG-IUS expulsion. 
Markedly enlarged uterus and HMB with severe anemia have increased risk of mas-
sive uterine bleeding during DNG treatment. It is speculated that venous thrombo-
embolism (VTE) is a life-threatening event in adenomyosis patients with HMB 
accompanied by severe anemia, and OC/LEP may affect the increased risk of VTE 
in these patients. Once progestins and OC/LEP are effective in relieving the symp-
toms, they can suppress the disease progression for a long term (Fig. 36.2). When 
the patient has a desire to raise a baby at present, it is encouraged to attempt to 
conceive early after cancellation of the hormonal treatment (Fig. 36.2). Unless pro-
gestins and OC/LEP are effective, GnRH agonist and antagonist are chosen as alter-
native drugs [22, 25, 26]. GnRH agonist and antagonist alleviate the symptoms of 
adenomyosis most strongly but are not suitable for the long-term treatment 

� Pain
� AUB

YesNo

Hysterectomy

Temporary hormonal treatment
Fertility treatment including IVF-ET

Resistance to symptomatic treatment

Hormonal treatment
LNG-IUS, DNG, OC/LEP

Long -term 
Hormonal 
treatment

GnRH agonist
/antagonist

Desire to conceive

Options: HIFU, UAE and MEA

Adenomyomectomy

Effective
Not 

effective

Pregnancy
Childbearing

Severe symptoms
Miscarriage

Recurrence 
of symptoms

Fig. 36.2 An example of the treatment strategy for adenomyosis patients with pain and abnormal 
uterine bleeding (AUB). DNG, dienogest; LNG-IUS, levonorgestrel-releasing intrauterine system; 
OC/LEP, oral contraceptives and low-dose estrogen-progestin; HIFU, high-intensity focused ultra-
sound; UAE, uterine artery embolism; MEA, microwave endometrial ablation; IVF-ET, in vitro 
fertilization and embryo transfer
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(Fig. 36.2) because of the adverse effects caused by strong inhibition of circulating 
estrogen levels.

Two major pathogenic theories of adenomyosis are considered [27]: (I) infiltra-
tion of endometriotic lesions from the uterine serosa to the myometrium and (II) 
infiltration of eutopic endometrium into the myometrium by way of the damaged 
interface between uterine endometrium and myometrium. Considering the theory in 
the pathogenesis of adenomyosis, hormonal therapy such as OC/LEP and DNG 
against endometriosis at the uterine serosa may help prevent the onset of adenomyo-
sis, but further investigations are needed to elucidate this issue.

When the patient with adenomyosis does not have a desire to bear a child not 
only at present but in the future, hysterectomy is the best choice among the treat-
ment of adenomyosis (Fig. 36.2). In hysterectomy, open, vaginal, and laparoscopic 
surgeries are selected according to the facility, taking into consideration factors 
such as the size of the uterus, history of pelvic surgery, and the presence or absence 
of endometriosis [28]. Microwave endometrial ablation (MEA), uterine artery 
embolization (UAE), and high-intensity focused ultrasound (HIFU) are the options 
of minimally invasive approaches (Fig. 36.2) [29–34]. For example, adenomyosis 
with a severe heart disease is a good indication for these treatments. MEA is selected 
when HMB is the main symptom of the patients who have no desire to raise children 
in the future [30]. Symptoms can be improved by cauterization of not only the endo-
metrium but adenomyosis lesions close to the endometrium. When adenomyosis 
causes dilation or deformation of the uterine cavity, there is a high possibility of 
recurrence of symptoms after MEA due to the insufficient cauterization. Major 
complications of MEA are lower abdominal pain and uterine infection. UAE is also 
a treatment for symptomatic patients who do not want to conceive anymore [29, 32, 
33]. UAE has adverse effects such as lower abdominal pain, uterine infection, and 
decreased ovarian function after the treatment. HIFU induces focal thermocoagula-
tion of the adenomyotic lesions targeted by ultrasound or MRI. The coagulation 
necrosis obtained with HIFU is much less painful compared to the ischemic necro-
sis obtained by UAE. HIFU can only be recommended to women with symptomatic 
adenomyosis and no plans for future pregnancy, no suspect pelvic adhesions, no 
lower abdominal surgery, body weight  <  100  kg, and abdominal wall thick-
ness < 5 cm [29, 31, 34]. In contrast, when the patient with hormone treatment- 
resistant adenomyosis wants to conceive, adenomyomectomy, the uterus-sparing 
conservative surgery in adenomyosis, is an option to relieve the symptoms.

In 40s, the symptoms of adenomyosis become stronger, and the adenomyosis 
cases with resistance to hormonal therapy are increased. As the consequence, surgi-
cal intervention is more often required due to the severe symptoms, and it is often 
the case that hysterectomy should be considered in the end. Immediately before 
menopause, continuous treatment with GnRH agonist and antagonist is also an 
option of medical treatment. Recently, the number of adenomyosis patients in their 
40s who wants to conceive is increasing, and early fertility treatment using assisted 
reproductive technology (ART) must be recommended for them, although their 
pregnancy rate and live birth rate are low even in the treatment with ART under the 
influence of aging. There is a lot of evidence about ovarian cancer derived from 
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ovarian endometrioma [35]. Regarding adenomyosis, adenomyosis is often observed 
in the uterus with endometrial cancer. A recent study has demonstrated that patients 
with adenomyosis have an increased risk of endometrial and thyroid cancer [36]. In 
addition, several reports have demonstrated endometrial cancer that probably devel-
oped from adenomyosis [37–40], although it is difficult in many cases to pathologi-
cally certify whether endometrial cancer originates with adenomyosis. In our 
genomic analyses, 60% of adenomyosis lesions have some kinds of somatic muta-
tions, and KRAS mutations were observed most frequently [41, 42], suggesting that 
gene mutation in adenomyosis is involved in the pathogenesis of adenomyosis- 
derived endometrial cancer.

36.5  The Efficacy of Adenomyomectomy 
for Symptomatic Adenomyosis

In the adenomyosis cases with infertility, it is difficult to determine whether adeno-
myosis is the cause of infertility, because uterine fibroid and endometriosis, which 
are often present together with adenomyosis, may cause infertility. Therefore, fertil-
ity treatment should be conducted primarily. In the ART program, freeze-all strat-
egy, GnRH agonist treatment before embryo transfer, and thawed embryo transfer 
are recommended. When pain and HMB are too severe to continue fertility treat-
ment, adenomyomectomy is considered. The presence of adenomyosis has been 
shown to increase miscarriage and preterm birth [3, 4, 12, 13, 15, 17, 18]. A history 
of miscarriage after 12 weeks or preterm birth less than 30 weeks can be an indica-
tion of adenomyomectomy. Adenomyomectomy is effective to improve AUB and 
pain regardless of the surgical procedure [43, 44]. Table  36.2 demonstrated that 
adenomyomectomy markedly improved severe pain and AUB in our facility. 
Although postoperative hormonal therapy is not always necessary, it should be con-
sidered according to the symptoms under the periodic postoperative observation. In 
principle, the mode of delivery in the pregnancy after adenomyomectomy is elective 

Table 36.2 Pain and HMB are markedly improved by adenomyomectomy. The symptoms of 43 
patients with symptomatic adenomyosis who underwent adenomyomectomy (open surgery) at the 
University of Tokyo Hospital from 2015 to 2017 were evaluated before and 3 months and 1 year 
after surgery. Dysmenorrhea, chronic pelvic pain, dyspareunia, and defecation pain were evaluated 
by visual analogue scale (VAS, 0–100). Menorrhagia was evaluated by menorrhagia multi- attribute 
scale (MMAS, 0–100). Of the 43 patients, the age at the surgery was 39.5 ± 3.9 years old, 36 
patients (84%) were nulliparous, and 30 patients (70%) had endometriosis. *, P  <  0.05 vs 
before surgery

Symptom (mean ± SD) Scale Before surgery
After surgery
3 months 1 year

Dysmenorrhea VAS (0–100) 85 ± 17 18 ± 21* 14 ± 16*
Chronic pelvic pain VAS (0–100) 41 ± 30 14 ± 21a 7 ± 13a

Dyspareunia VAS (0–100) 33 ± 29 11 ± 18* 7 ± 12*
Defecation pain VAS (0–100) 27 ± 27 11 ± 16* 7 ± 13*
Menorrhagia MMAS (0–100) 24 ± 18 80 ± 20* 83 ± 17*
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cesarean section [45]. In pregnancy after adenomyomectomy, the risks of uterine 
rupture and placenta accreta have been pointed out. According to a report on preg-
nancy cases after adenomyomectomy, uterine rupture was observed in 3.6% of post-
operative pregnancies [46]. There is also a report of 6.3% for placenta accreta [47]. 
Therefore, the perinatal risk of pregnancy after adenomyomectomy is higher than 
that of other uterine surgeries, and pregnancy management at the intensive perinatal 
care facility is essential. Before conducting adenomyomectomy, this information 
about the perinatal complications needs to be fully understood by the patients who 
plan to undergo adenomyomectomy. A survey by the Japan Society of Obstetrics 
and Gynecology suggests that uterine adenomyomectomy is effective in preventing 
miscarriage for infertile women with focal adenomyosis [18, 48]. In 40 infertile 
patients with adenomyomectomy performed at the University of Tokyo Hospital, 
clinical pregnancy rate was 28% (11/40), and miscarriage rate was 9% (1/11). In 
addition, 91% of pregnant cases (10/11) were via ART, and 45% of pregnant women 
(5/11) were over 40 years old. These findings suggest that adenomyosis patients 
over 40 years old become increasingly like to be pregnant when they can obtain 
good-quality frozen embryos before surgery. Further accumulation of the evidence 
about the efficacy of adenomyomectomy on infertility is needed.

36.6  Conclusion

Pain and AUB in adenomyosis patients should be managed according to the severity 
of their symptoms, their ages, and their desires to conceive. Since the symptoms 
often worsen in the late 30s to early 40s, it is sometimes difficult to deal with 
adenomyosis- related infertility and recurrent miscarriage at that time. Hormonal 
therapy is usually conducted as the treatment for moderate and severe symptoms. 
However, regardless of the severity of the symptoms, it is acceptable to choose hor-
monal treatment for adenomyosis patients who want to bear children in their future, 
since hormonal therapy such as LNG-IUS and DNG has a potential to stop the 
progression of adenomyosis. Accumulation of new evidence will enable the optimi-
zation of the lifelong approaches to adenomyosis.
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37.1  Introduction

Adenomyosis is best defined by Bird in 1972 as “the benign invasion of endome-
trium into the myometrium, producing a diffusely enlarged uterus which micro-
scopically exhibits ectopic non-neoplastic, endometrial glands and stroma 
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surrounded by the hypertrophic and hyperplastic myometrium” [1]. In the past, 
adenomyosis was thought to be present only in parous women. However, it is fre-
quently encountered in nulliparous infertile patients also. Earlier, the only way for 
diagnosis was a retrospective histopathology after hysterectomy. Recently, adeno-
myosis is frequently diagnosed in infertile patients owing to better, accurate, and 
noninvasive diagnostic methods. Further, with the routine use of transvaginal ultra-
sound in infertility practice, the burden of adenomyosis in the infertile population 
has become more evident. Naftalin et al. and Puente et al. made it clearer for clini-
cians to uniformly diagnose and report the disease [2, 3]. In women undergoing 
assisted reproductive technologies (ARTs), studies show the prevalence to be about 
25%, going up to 80% in the presence of endometriosis.

Given the broad and unclear spectrum of the disease and no clear guidelines from 
regional governing bodies on its types, the role of adenomyosis on fertility is not 
very clear. Generally, adenomyosis is divided into two types: diffuse, in which 
numerous foci of endometrial glands and stroma are dispersed within the myome-
trium, and focal (adenomyoma), in which circumscribed nodular aggregates are 
observed in the myometrium [also called focal adenomyosis of the outer myome-
trium (FAOM)]. A third type called cystic adenomyoma is also mentioned by some 
authors and is a rare variation of focal adenomyosis with additional compensatory 
hypertrophy of the surrounding myometrium [4]. FAOM is usually found in asso-
ciation with endometriosis, whereas diffuse type has not been found to have such a 
strong correlation.

Many theories have been proposed on the causal relation of adenomyosis and 
infertility, but its exact mechanism is still elusive. This difficulty can be due to the 
fact that a strong association exists between endometriosis and adenomyosis, which 
can be as high as 90%. This has led some authors to believe that the two represent the 
same underlying disease and the association with infertility has been explained in the 
same pathophysiological terms. Theories from abnormal uterine peristalsis to abnor-
mal shape and composition of the endometrium have been postulated, but functional 
studies on the effects of adenomyosis on endometrial receptivity are still scarce.

The treatment options for such cases depend on the woman’s age, reproductive 
status, and clinical symptoms. Many different medical and surgical methods are 
being offered, but there is still no drug specific for adenomyosis. Many medications 
are used off-label to manage pain and bleeding and sometimes even improve fertil-
ity outcome. The use of progestins like norethisterone acetate and dienogest is 
becoming popular due to its anti-proliferative and anti-inflammatory effects. Some 
minimally invasive surgical options like endometrial ablation, hysteroscopic adeno-
myoma resection, laparoscopic resection of adenomyosis, uterine artery emboliza-
tion, and even high-intensity focused ultrasonography are offered. Laparoscopy for 
focal lesions and laparotomy for removal of the specimen in cases of larger diffuse 
lesions are other options. In spite of all these, there is no conclusive evidence of a 
“best” method, and proper randomized studies targeting impact on fertility are 
lacking.
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37.2  Adenomyosis and Fertility Outcome

37.2.1  Proposed Theories for Factors Causing Infertility

Even though adenomyosis was first mentioned about 160 years ago, the disease is 
yet to be fully discovered [5]. It is hypothesized that adenomyosis might cause 
infertility by altering the normal myometrial architecture and function by affecting 
the uterine peristalsis and/or by interfering with sperm transport. In an interesting 
case control study on baboons, a clear correlation was found between adenomyosis 
and primary infertility [6]. Various mechanisms causing infertility are proposed by 
different authors, and any or a combination of many of these can lead to this dread-
ful condition.

It is known that specific uterine peristalsis that directs the sperm transport toward 
the peritoneal opening of the fallopian tubes especially on the side of dominant fol-
licle is crucial in the early reproductive process. This characteristic depends on the 
myometrial architecture. In adenomyosis, this normal architecture is disturbed, and 
this results in abnormal peristalsis with increased intrauterine pressure [7]. It seems 
reasonable to assume that this may affect fertility in these women.

A rapid sperm transport from the cervix to the tubes is observed and is essential 
in humans for effective reproduction. The dynamics involved in this transport were 
described by Kunz et al. who used technetium-labeled albumin macrospheres of the 
size of sperms at the external os and followed these using serial scintigrams. Their 
analysis revealed that the progress of these spheres increased with advancement of 
the follicular phase. Lyons et al. observed that uterine peristaltic contractions had 
maximum frequency during the preovulatory period and were of cervico-fundal pat-
tern [7, 8]. Hence, dysperistalsis caused due to adenomyosis might affect this effec-
tive sperm transport and cause problems in conceiving.

Besides causing abnormal uterine peristalsis, adenomyosis can interfere in repro-
duction by altering the shape of the uterine cavity itself. Using ultrasound, Puente 
et al. analyzed the coronal sections of the uterine cavity in patients with adenomyo-
sis and found that 22.6% women had moderate alterations, while 10.1% had severe 
modifications showing a pseudo T-shaped uterine cavity [2]. This modification has 
an impact on implantation in natural as well as assisted reproduction pregnancies.

Many authors have suggested changes at a cellular level that can hinder endome-
trial receptivity and implantation. P450 (P450arom) protein and mRNA expression 
was found to be present in patients with adenomyosis and not in controls [9]. 
Clinical pregnancy rates were found to be statistically lower in patients with high 
endometrial P450arom mRNA levels, and Brosens et al. proposed this could be an 
important reason even in IVF [10]. Research also suggests alteration of estrogen and 
progesterone receptors in these women which can reduce the β-3 integrin secretion 
and hinder receptivity. It has also been found that leukemia inhibitory factor (LIF) 
is an essential molecule for successful implantation during human reproduction. 
Dysregulation of LIF in women with adenomyosis, especially during the window of 
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implantation, can cause difficulty in implantation [11]. Furthermore, abnormal 
expression levels of many implantation-related factors (HOXA10, LIF, IL-6, cyto-
chrome P450) in the eutopic endometrium of adenomyotic women have been found 
to result in impaired implantation of even good-quality embryos [12]. Having said 
that, it is also found that the genes involved in the timing of the window of implanta-
tion or the endometrial receptiveness are not dysregulated in this disease, which 
means that there is mainly a defect with the functional aspect of implantation [13]. 
All these factors, either alone or in combination, can cause problems in achieving a 
successful pregnancy, and some of these changes are an intriguing target for future 
investigation.

37.2.2  Effect on Pregnancy Outcomes

It has become quite evident in recent times that adenomyosis can have a negative 
impact in the fertile life of a woman. In this matter, Puente et al. performed a cross- 
sectional study of more than 1000 patients prior to reproductive treatment. They 
found that the prevalence of adenomyosis was 24.4% and 22% in women aged 
≥40 years and ≤40 years, respectively. This was found to be higher in women with 
recurrent pregnancy loss (38.2%) and previous ART failure (34.7%) when com-
pared with the rest. Interestingly, they also found that four out of five patients had 
the diagnosis missed in earlier transvaginal ultrasonography [2]. Given this, at what 
stage adenomyosis will affect the pregnancy is not clearly understood, but this can 
occur at various stages.

Given the fact that adenomyosis causes abnormal uterine shape, vascularity, and 
peristalsis, it has been thought that this can affect the implantation of the embryo. 
Various studies addressing this have had inconclusive varied results. In a classic 
study by Martinez-Conejero et al., the authors evaluated the role of the disease in 
women undergoing ovum donation cycles where the embryo quality was good and 
endometrial hormonal milieu was similarly managed by exogenous hormones. They 
found that implantation rates were similar in women with and without the disease. 
Moreover, the gene expression profile of the endometrial samples during the win-
dow of implantation did not differ between the groups [13]. However, a recent meta- 
analysis found that implantation was significantly lower in women with adenomyosis 
undergoing ART [14]. This variation begs the question whether adenomyosis 
directly affects implantation or whether it is due to other confounding factors, and 
further research is still necessary.

Based on the above speculations, it is also thought that adenomyosis can affect 
the clinical pregnancy rate (CPR) in ART cycles. Due to the different definitions of 
CPR used in various studies, this information is difficult to obtain. Younes et al. 
evaluated 12 different studies and found significantly reduced CPR per cycle. An 
earlier meta-analysis also showed that women with adenomyosis had a 28% reduc-
tion of CPR in IVF/ICSI cycles as compared to controls [14, 15]. This makes it quite 
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evident that these women have a reduced chance of a clinical pregnancy; however, 
randomized studies using similar definitions for CPR will be more helpful.

Adenomyosis causes changes in the myometrial architecture and thus affects the 
vascularity by distorting the spiral arteries. This vascular change is assumed to 
cause increased miscarriages in these women. While some studies have found a 
similar miscarriage rate, most others have not. In the study performed using donor 
oocytes on women with and without adenomyosis with similar age and reason for 
infertility, there was a significant increase in miscarriage rates in the affected women 
(13.1% vs. 7.2%) [13]. Similar results were obtained in the two meta-analyses 
showing that adenomyotic women had a significantly higher miscarriage rate as 
compared to controls [14, 15]. Despite the fact that the exact cause leading to abor-
tions is not clear, we do know that adenomyosis has a negative impact and it causes 
increased miscarriage rates.

The most important indicator of whether the disease has an impact on the overall 
fertility of the woman is the live birth rate. By reducing the CPR and increasing the 
abortions, it is safe to assume that the overall live birth rate (LBR) will also drop. 
Very few studies have followed up these women up to their delivery and calculated 
the live births. While many studies found that there was a fall in the LBR, the drop 
was not found to be significant in some. To address this, Younes et al. made it quite 
evident in their meta-analysis that there is a 41% drop in LBR in patients with 
adenomyosis compared to healthy women, and more recent studies also agree to 
that [14, 15]. Hence, to put in simple terms, adenomyosis dose affect the fertility 
and that is reflected by the reduced live birth rates.

It is assumed that adenomyosis can affect the pregnancy outcome due to its vari-
ous effects on the myometrial architecture and blood supply. To date, there are only 
one or two meta-analysis on establishing a relationship between the disease and 
perinatal complication. In a very recent systemic review, such outcomes were ana-
lyzed according to the mode of conception and adjusted to age when possible. It was 
found that for risk factors like preterm delivery, preeclampsia, small for gestational 
age, low birth weight, and postpartum hemorrhage, adenomyosis was a significant 
risk factor independent of the mode of conception [16]. Even after such strong cal-
culations, data on this aspect is still inadequate, and more studies are needed.

In spite of this evidence, there is still a lack of information on exactly which type 
of adenomyosis is more relevant in view of the reproductive life of the woman. 
Studies on animals have already found an association of adenomyosis with primary 
infertility. A very recent and thought-provoking study by Bourdon et al., which had 
a database spanning more than 10 years and consisted of women who had adeno-
myosis diagnosed exclusively by MRI by experienced radiologists, has found that 
focal adenomyosis is associated with primary infertility. Even though the focal phe-
notype was frequently associated with severe forms of endometriosis, deeper analy-
sis suggested that it had an independent association [17]. To summarize, adenomyosis 
does affect fertility by increasing miscarriages and reducing clinical pregnancies 
and the live births and also that the focal variant might be of more significance.
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37.3  Management

37.3.1  Medical Management of Adenomyosis-Related Infertility

It is believed that endometrial cells invade the myometrium at sites in the junctional 
zone that are weakened, either from genetic predisposition or from uterine auto- 
traumatization and induced hypoxia. This causes neoangiogenesis and leads to a 
vicious cycle. Like endometriosis, adenomyosis is an estrogen-dependent condition 
that usually responds to medical treatment. Medical management in adenomyosis is 
focused on breaking this cycle and trying to achieve a hypoestrogenic environment 
which in turn causes reduction in the size of the lesion and normalize the uterus. 
These various treatment modalities are being tried before and after IVF procedures 
and are scrutinized.

Most of the literature is focused mainly on medical management for adenomyosis- 
associated dysmenorrhea, abnormal uterine bleeding, and pelvic pain, with less 
focus on associated subfertility. It is still assumed that by reducing the volume of the 
uterus and the defect, it will help improve fertility outcomes. Treatment options 
include GnRH-a, oral contraceptives (OCs), progestins, danazol, and, more recently, 
selective estrogen receptor modulators (SERMs), selective progesterone receptor 
modulators (SPRMs), and aromatase inhibitors (AIs) along with some other experi-
mental drugs.

Adenomyotic tissue contains estrogen, progesterone, and androgen receptors 
and also aromatase and sulfatase enzymes which catalyze the conversion of andro-
gens to estrogens. Together with circulating hormones, locally produced estrogens 
also stimulate the growth of this estrogen-dependent tissue. Physiology suggests 
that if we reverse this process, we can obtain good results. The most widely used 
drug for this purpose is a GnRH agonist. Along with causing a hypoestrogenic state, 
these agents also reduce the expression of aromatase cytochrome P450  in the 
eutopic endometrium. To assess this on IVF outcomes, Xiaoni Hou et al. recently 
compared outcomes using long agonist protocols with and without prior suppres-
sion by GnRH agonist depots. They found that the suppressed patients needed a 
significantly longer and higher dose of gonadotropins for stimulation and a number 
of oocytes retrieved were also less. But, on the other hand, these women had a sig-
nificantly higher implantation and live birth rate [18]. On the other hand, another 
study found CLBR to be higher in the non-pretreatment group, and this was attrib-
uted to the fact that the hyperestrogenic environment during ovarian stimulation 
negates the effect of the suppression [19]. In another older study, the authors used 
agonist suppression before frozen embryo transfer cycles and found a significantly 
higher implantation and clinical pregnancy rate [20]. Based on existing literature, 
we can assume that agonist pretreatment can have a beneficial effect on implanta-
tion and live birth rates, but with a negative effect of longer and increased stimula-
tion and lower oocyte retrieval [14]. More prospective trials and meta-analyses are 
still needed for a definitive answer.
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Besides the use of GnRH agonists, various other drugs are used in patients with 
adenomyosis. These are mainly focused on relieving other ill effects like pain or 
AUB, but many also help in reducing the overall uterine volume. A very recent 
study has demonstrated a correlation between the uterine volume and pregnancy 
outcome in these women by analyzing frozen embryo transfer cycles [21]. 
Medications like COCs, danazol, and LNG-IUD have been found to help in reduc-
ing the uterine volume, but the time required to achieve this extended to more than 
2 years. This is not desired in women wishing pregnancy. In another randomized 
trial, Badawy A et al. found that aromatase inhibitors, specially letrozole, was as 
effective as agonists in reducing the adenomyoma size (adenomyoma volume reduc-
tion by 8.6% and 29.7% vs. 5.7% and 34.6% after 4 and 8 weeks of treatment) [22]. 
There is also new evidence to suggest a role of antiplatelet therapy in treating ade-
nomyotic lesions by suggesting that these undergo repeated tissue injury and repair 
(ReTIAR), and platelets induce epithelial-mesenchymal transition (EMT) and 
fibroblast-to-myofibroblast transdifferentiation (FMT), leading ultimately to fibro-
sis. Studies on mice have demonstrated beneficial effects, but clinical use cannot be 
advocated yet without further studies. Hence, either due to the lack of studies or due 
to an increased “time to pregnancy” effect of these medications, medical manage-
ment prior to fertility treatment is not a popular choice while dealing with 
adenomyosis- related infertility.

Along with the drugs, many newer nonsurgical techniques are in the process 
of evaluation. These procedures include uterine artery embolization (UAE) and 
high- intensity focused ultrasound (HIFU). Though UAE has been found to help 
in relieving the symptoms by decreasing the vascularity, it is associated with 
complications like infarctions and hence seldom used. Its role in preserving and 
enhancing fertility is not studied. On the other hand, HIFU is a noninvasive local 
thermal ablation technique which has been used in the treatment of both focal 
and diffuse adenomyoses and has been found beneficial. In a review article, many 
studies were included which evaluated the safety profile and fertility outcomes in 
women undergoing HIFU. In one study, out of 68 patients who had HIFU proce-
dure, 54 conceived and 21 had a live birth [23]. This can be an attractive treat-
ment option in the future, but its use should be based on strict selection criteria, 
and its efficacy, safety, and long term side effects need to be validated by ran-
domized trials.

Overall, it seems that all these factors work by reducing the size of the lesion and 
the uterus and ultimately creating a favorable environment. This can then help 
improve pregnancy and live birth rates. The most commonly used and studied drug 
is GnRH agonist, but as it has negative effects in IVF cycles, it can be used after 
ovarian stimulation and before a frozen embryo transfer. It also seems that long 
agonist protocols can offer some benefit and can be used in these women. Newer 
drugs and techniques need proper validation and approvals from regional governing 
bodies before implementing in daily practice.
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37.3.2  Surgical Management of Adenomyosis-Related Infertility

The surgical management of women with associated subfertility is highly contro-
versial, and there remains an overall lack of consensus regarding the value of con-
servative surgery with or without medical management to improve reproductive 
outcomes. Surgery for adenomyosis is a less popular but yet a valid option. While it 
is assumed that by removing the pathology one can improve fertility outcomes, it is 
still invasive and hence carries its own risks. Various techniques like adenomyomec-
tomy with or without myometrial reduction, electrocoagulation of adenomyoma, 
and myometrial excision have been used, but no method has been proven to be 
superior. Laparoscopy, hysteroscopy, or laparotomy is being used, but laparotomy is 
usually preferred, as meticulous identification, excision, and proper closure of the 
defect are mandatory to prevent uterine rupture. Factors like the method of removal 
of adenomyotic tissue, the degree of residual adenomyosis, the method of recon-
structing the uterine wall, postoperative complications, and the interval between the 
procedure and conception are of immense importance. The role of surgery in 
improving fertility outcomes is still questionable and requires further research.

Since 1990, various kinds of surgeries have been demonstrated. From excision of 
adenomyotic tissue after longitudinal incision of the uterus to the wedge resection 
and using.

Classical V-shaped resection technique, multiple newer techniques have been 
experimented, including a uterine “muscle flap” method that stresses fertility pres-
ervation. This procedure was described by Osada et  al. in 113 women. Of these 
women, 81.4% demonstrated normal blood flow in that area after 6 months, and a 
significant number of women conceived and delivered. No cases of uterine rupture 
were reported. Similarly, a study including 102 women in search of pregnancy who 
underwent a laparoscopic adenomyomectomy observed a 31.4% clinical pregnancy 
rate post-surgery; however, two cases of placenta accreta which required a postpar-
tum hysterectomy were reported. The evidence suggests that the triple-flap tech-
nique, when performed by surgical experts, seems beneficial in women who fail to 
achieve a live birth after all efforts.

Another approach using hysteroscopy can be useful in cases with cavity modifi-
cations. Regarding such cavity abnormalities induced by adenomyosis, a prospec-
tive study evaluating the role of hysteroscopic enlargement metroplasty in women 
with a T-shaped uterus and infertility demonstrated better live birth and reduced 
miscarriage rates after the procedure [24]. Surgical procedures which were initially 
done for a focal lesion are now also being done for diffuse adenomyosis. Studies 
have wide heterogenicity and hence all methods are not comparable. In a systemic 
review and meta-analysis, it was found that these procedures can be helpful in 
reducing the uterine volume and getting superior reproductive outcomes but proper 
care must be taken to avoid complications [25]. All cases must be evaluated on a 
case-to-case basis, and decisions should be made accordingly after careful 
evaluation.
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37.4  Conclusion

Adenomyosis still continues to mystify patients and gynecologists. As we are even-
tually learning more about the disease, we realize that it is quite prevalent in the 
infertile population. Due to its frequent association with endometriosis, the disease 
in the uterus is often overlooked, which according to many can be the primary 
source of these estrogen-dependent conditions. A lack of standardization in diagno-
ses makes this disease challenging to study. Although pain and bleeding problems 
are common symptoms, sometimes subfertility or even infertility is the only sign of 
this uterine disease. Advances in science and technology have provided us with 
quite new information regarding the immunological and vascular defects causing 
infertility in these women, and this can help in developing new and targeted treat-
ment options in the future. Existing literature suggests early IVF and embryo cul-
ture with or without the use of suppression using GnRH agonists or even aromatase 
inhibitors prior to embryo transfer can give good and early results. Surgical man-
agement, in spite of being helpful in some instances, is still not recommended for 
all, and patient selection guidelines are pending. Guidelines from regional govern-
ing bodies, when available, will be helpful. All cases must be evaluated individually, 
and a personalized treatment plan must be suggested depending on the patients’ 
need and the extent of the disease.
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38.1  Introduction

Adenomyosis, characterized by the presence of endometrial epithelial and stromal 
cells within the myometrium, is an enigmatic gynecological disorder with an esti-
mated prevalence of 20–35% [1, 2]. It is a significantly heterogeneous disease, both 
in phenotype and clinical outcomes varying from normally sized to much enlarged 
uterus and from heavy dysmenorrhea and hypermenorrhea to no symptom [3]. 
Several studies demonstrated a negative impact of adenomyosis on fertility, preg-
nancy, and neonatal outcomes [4].
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38.1.1  Fertility Outcomes after ART

Adenomyosis is associated with a significantly lower clinical pregnancy rate and 
higher miscarriage rate after ART especially when a short downregulation protocol 
is administered for ovarian stimulation. Indeed, the protocol for ovarian stimulation 
may be crucial for the fertility outcome in patients with adenomyosis [5]. Long 
GnRHa protocols produce a period of estrogen deficiency that may temporarily 
inactivate adenomyosis, reduce the uterine volume, and normalize some of the dis-
torted endometrial functions. This period of potentially therapeutic estrogen defi-
ciency does not occur in GnRH antagonist or short GnRHa cycles.

The positive effect of the long GnRHa pretreatment before ART in patients with 
adenomyosis is supported by two retrospective controlled studies comparing 
GnRHa pretreatment versus no treatment before fresh embryo [6] and frozen 
embryo transfer [7]. Currently, two RCT studies are ongoing to conclusively eluci-
date this issue [8, 9]. Finally, it is currently unknown if alternative treatments with 
less side effects such as progestins could be beneficial prior to ART.

As mentioned above, adenomyosis is a very heterogenic disorder with varying 
extent of lesions, ranging from multiple lesions with diffuse myometrial hypertro-
phy to more discrete focal lesions [10]. It is plausible that the impact of adenomyo-
sis on the reproductive course is not always the same rather than dependent on the 
degree of the uterus involvement.

Two studies compared the effects of focal versus diffuse adenomyosis on clini-
cal pregnancy rate after ART [6, 11]. The pooled results gave a statistically non-
significant OR of 1.36 favoring focal adenomyosis (CI: 0.67–2.75) [12]. In another 
prospective study, 152 women had MRI prior to in vitro fertilization [13]. The 
pregnancy rate in the group with maximum JZ thickness < 10 vs. >10 mm was 63 
vs. 14%. Implantation failure rate was 96% in patients with an average JZ thick-
ness > 7 mm and a maximal JZ >10 mm, compared with 38% in other patient 
groups. This study indicates an increase in adverse implantation outcome in rela-
tion to the JZ thickness.

In a study which included only patients with adenomyosis receiving donated 
oocytes, it has been demonstrated that despite having no difference in the pregnancy 
rate, a higher risk of miscarriage was reported in the adenomyosis group, indicating 
a detrimental effect of adenomyosis on the reproductive outcome irrespective of the 
embryo quality [14]. A large Chinese retrospective cohort study aimed to investi-
gate the effect of ultrasound-diagnosed adenomyosis on assisted pregnancy out-
comes. This study included 18,568 women undergoing in  vitro fertilization and 
confirmed that despite there was no statistical difference in the embryo implantation 
rate, clinical pregnancy rate, or multiple pregnancy rate between two groups, early 
miscarriage rate in the adenomyosis group was significantly higher than that in the 
control group. Furthermore, the live birth rate was 22.8% in women with adeno-
myosis and was observed to be significantly lower than 33.3% in the control group 
(P = 0.026) [15].
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38.1.2  Pregnancy Outcomes

Most of the studies that evaluated pregnancy outcomes in patients with adenomyo-
sis included a much higher number of ART pregnancies in the case group than in the 
control group. Since ART pregnancies are anyway at a higher risk of adverse preg-
nancy outcomes such as preterm birth and low birth weight [16], it is uncertain if the 
observed adverse outcomes can be attributed to adenomyosis or are just the effect of 
the ART conception. However, in a recent study, all outcomes measured were ana-
lyzed according to the mode of conception and adjusted to age when possible [4]. 
Interestingly, the increased risk of preeclampsia, SGA, preterm delivery (<37 weeks), 
low birth weight, and PPH in patients with adenomyosis persisted. It seems that at 
least for these pregnancy complications adenomyosis represents a significant risk 
factor independently of the mode of conception. A retrospective study aimed to 
explore if fetal and maternal outcomes, in particular the incidence of a SGA infant, 
are different in pregnant women with endometriosis only from those with the con-
comitant presence of diffuse or focal adenomyosis. Patients with diffuse adenomyo-
sis compared with those with endometriosis only had significantly lower 
pregnancy-associated plasma protein A, higher mean uterine artery pulsatility index 
in the first and second trimesters of pregnancy, and higher incidence of SGA [17].

Although the risk of preterm delivery, adjusted for endometriosis, is higher in 
patients with adenomyosis (OR 2.49; 95% CI 1.81, 3.41) [28], a meta-analysis 
showed no significant difference in severe preterm delivery (<32 weeks) [4].

38.1.3  Obstetrical Outcomes

Women with adenomyosis have a higher risk of fetal malpresentation (OR 2.84; 
95% CI 1.60, 5.81) and C-section delivery (OR 4.44; CI 2.64, 7.47) than women 
without adenomyosis [4]. Operative vaginal deliveries are not more frequent in 
women with adenomyosis [18].

The reported increased risk of C-section in patients with endometriosis has to be 
interpreted with caution as the biggest study on the topic was based on a patient- 
reported questionnaire collected during the pregnancy for the diagnosis of adeno-
myosis, while a significant difference in age, primiparity, and sterility treatment 
between groups was described [19]. Nevertheless, a sensitivity analysis, which 
included only two studies with balanced groups for age and mode of conception 
showed also an increased risk for C-section [4]. The significantly increased risk of 
fetal malpresentation indicates an independent association with adenomyosis since 
no other factor could be demonstrated as the reason for fetal malpresentation in the 
concerned studies. Consequently, the increased risk of elective C-section in patients 
with adenomyosis could be partially attributed to the adenomyosis-dependent 
increased risk of fetal malpresentation. If patients with adenomyosis are also at an 
increased risk of failed vaginal delivery and secondary C-section is unclear.
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An increased risk of severe PPH in women with adenomyosis has been described in 
an older study, supported by a prevalence of 17.2% histologically confirmed adeno-
myosis cases found in women who needed a cesarean hysterectomy [20]. The higher 
rate of placental malpresentation could also contribute to the increased blood loss [21].

Women with adenomyosis have also a significantly higher risk of placental mal-
position (OR 4.94; 95% 1.70, 14.34) and of PPH than women without adenomyosis 
(OR 2.90; 1.39, 6.05) [4].

38.1.4  Neonatal Outcomes

A meta-analysis of four studies [7, 8, 22, 28] showed a significantly higher risk for 
small for gestational age (SGA) infants in women with adenomyosis (OR 2.86, 95% 
CI 1.68, 4.88) [4]. Studies matched for endometriosis showed that the risk of SGA 
remained significantly higher in patients with endometriosis (2 studies, OR 2.10; 
95% CI 1.17, 3.77) [4]. Two studies including both natural and ART pregnancies 
showed also a higher risk of birth weight < 2500 g and < 1500 g in the adenomyosis 
group [23, 28]. Shin et al. examined the risk of low birth weight (<2500gr) sepa-
rately in pregnancies after ART and natural conception. In ART pregnancies, a sig-
nificantly higher risk in the adenomyosis group was shown (25 vs. 187 women; OR 
7.69; 95% CI 2.56, 35.34). However, in natural conception pregnancies, no signifi-
cant difference between groups was found.

No statistical difference has been demonstrated for intrauterine growth restric-
tion or intrauterine fetal death in patients with adenomyosis when compared to 
patients without adenomyosis.

38.2  Conclusion

Due to the large variety of criteria used to diagnose adenomyosis, the inadequate 
characterization and classification of adenomyosis in most of the published studies, 
a comparison between women with adenomyosis and women without adenomyosis 
is often difficult. Certain diagnostic criteria for adenomyosis have been proposed 
[24], and we strongly suggest that these are systematically used in future studies in 
order to investigate which adenomyosis characteristics, if any, are the most signifi-
cant for the reproductive course. A recent article proposed that seven items should 
be assessed when examining and describing a uterus with adenomyosis by ultra-
sound: presence, location, differentiation (focal/diffuse), appearance (cystic/non- 
cystic), uterine layer involvement, extent, and size of lesion [25]. A similar 
MRI-based classification distinguishing between internal adenomyosis, external 
adenomyosis, and structural-related adenomyoma subtypes with a potential relation 
for therapeutic strategy has been proposed [26].

The frequent coexistence of adenomyosis with other gynecologic disorders such 
as endometriosis and uterine fibroids is well known [27, 28]. As both endometriosis 
and uterine fibroids correlate with adverse pregnancy outcomes [29–32], future 
studies have to consider the existence of endometriosis and uterine fibroids.

M. D. Mueller et al.



515

Meanwhile, as a negative association between adenomyosis and fertility out-
come has been reported in several studies after short protocol downregulation in 
ART, a mixed or ultralong GnRHa protocol should be followed as this association 
is less significant in ART following these regimens. Adenomyosis also correlates 
with adverse pregnancy outcomes such as preterm delivery, preeclampsia, C-section, 
fetal malpresentation, SGA, low birth weight, and PPH. Gynecologists should be 
aware of these risks to indicate proper pregnancy controls enabling an early diagno-
sis and treatment of pregnancy complications. Matched controlled studies with 
proper adenomyosis classification extending from fertility desire to postpartum 
period are needed to investigate the role of specific adenomyosis subtypes and their 
treatment in every aspect of the reproductive course.
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39.1  Introduction

A review and meta-analysis of 8 retrospective cohort studies assessing 5573 patients 
with endometrial cancer by Raffone et al. recently attempted to answer the question 
if cancer risk is increased in patients with adenomyosis. The authors concluded that 
the supposed association between adenomyosis and endometrial cancer appears 
unsupported. The prevalence of adenomyosis in patients with endometrial cancer 
was not different from that reported for other gynecological disorders [1]. The co- 
occurrence of adenomyosis and endometrial cancer might be due to the high inci-
dence of adenomyosis in perimenopausal and postmenopausal women [2]. However, 
even if adenomyosis does not increase the risk of endometrial cancer, the presence 
of adenomyosis still seems to be related to the following questions: Is adenomyosis 
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a confounder in the diagnosis and staging of endometrial cancer? Does endometrial 
cancer arise from adenomyosis? Is there a malignant transformation or do the enti-
ties coexist? Is there a special risk for endometrial cancer in patients with adeno-
myosis using hormone replacement therapy or patients with breast cancer and 
related endocrine treatment and adenomyosis?

39.2  Malignant Transformation of Adenomyosis

Adenomyosis is one of the most common benign histological findings in hyster-
ectomy specimens in patients with endometrial cancer. In the current literature, 
several case reports describe endometrial cancer arising from adenomyosis and 
differentiate this entity from endometrial cancer coexisting with adenomyosis 
[3–5]. Kucera et al. described a rate of 6.8% of malignant changes of adenomyosis 
in a total of 219 patients with endometrial cancer. The authors identified benign 
glandular hyperplasia or atypical complex hyperplasia simultaneously in all cases 
of cancer- positive adenomyosis [6]. Machida et al. compared cases with endome-
trial cancer arising in adenomyosis (EC-AIA) (n = 46) to 350 cases of coexisting 
endometrial cancer and adenomyosis (EC-A) and described the clinical differ-
ences between both entities [7]. EC-AIA can be defined by the following histo-
pathological characteristics: endometrial cancer should not be present in the 
eutopic endometrium and must arise from the epithelium of adenomyotic foci, 
and endometrial stromal cells have to surround the ectopic endometrial glands as 
a feature of adenomyosis [1] (Figs. 39.1 and 39.2). At present, the mechanism of 
malignant transformation of adenomyosis is not completely understood due to its 
low incidence, missing clinical trials and the heterogeneity of the current research 
[8]. So far, the effect of hormone replacement therapy and endocrine treatment in 
patients with breast cancer on adenomyotic lesions is not fully understood [9, 10].

Fig. 39.1 Adenomyosis 
within the uterine 
myometrium. Endometrial 
glands surrounded by 
myometrial cells. 
Hematoxylin-eosin stain. 
(Photograph by H. Krentel)
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Fig. 39.2 Endometrial 
cancer within 
adenomyosis. 
Hematoxylin-eosin stain. 
(Photograph by H. Krentel)

39.3  Diagnosis and Staging of Endometrial Cancer 
in Patients with Adenomyosis

The differentiation between adenomyosis, EC-A, and EC-AIA is challenging. The 
classical first sign of a beginning endometrial cancer, a postmenopausal bleeding, 
might be missing or be delayed in patients with endometrial cancer within the myo-
metrium. Usually endometrial lesions can be detected by transvaginal ultrasound. 
The endometrium might be thickened or irregular. Additionally, intracavitary tumors 
can be visualized by hydrosonography. Diagnostic hysteroscopy with intrauterine 
biopsy and abrasion is the next step in the diagnosis of suspicious endometrial 
lesions. The histopathological examination of the uterus reveals malignant lesions 
and allows a clear differentiation. In patients with endometrial cancer arising in 
adenomyotic lesions, the diagnosis by transvaginal ultrasound might be hindered as 
a reliable differentiation between adenomyosis and endometrial cancer within ade-
nomyosis lesions is not possible. Transvaginal Doppler sonography might detect 
irregular vascularization as a sign of malignancy. However, in patients with endo-
metrial cancer arising from adenomyosis, the tumor can be found within the myo-
metrium without intracavitary extension in 50–67% of the cases [7, 11]. Thus, these 
lesions cannot be visualized by hysteroscopy, and it turns out to be difficult to obtain 
a reliable biopsy. A hysteroresectoscopic approach is an additional option in the 
hands of the skilled hysteroscopic surgeon [12]. However, a uterine perforation with 
possible spillage of cancer cells to the peritoneal cavity should be avoided. A pos-
sible imaging alternative in the differentiation of endometrial carcinoma and uterine 
benign lesions is the use of 3D amide proton transfer-weighted MR imaging [13].

In cases of endometrial cancer within adenomyotic lesions, the initial localiza-
tion of the malignant lesion also represents a challenge for staging and classification 
of endometrial cancer [14]. The definition of depth of malignant infiltration of the 
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uterine wall and thus the oncological classification can be difficult. This can also 
affect the subsequent decisions regarding lymphadenectomy and adjuvant therapy. 
Compared to endometrial cancer coexisting with adenomyosis, endometrial cancer 
arising in adenomyotic lesions is associated with a deep myometrial tumor invasion 
[7, 15, 16]. Matsuo and co-authors associated EC-AIA with a decreased disease- 
free survival and a worse survival outcome [7, 11]. Other authors reported a less 
deep myometrial invasion in EC-A compared to patients with endometrial cancer 
without adenomyosis [17]. This might be related to the simple fact of an increased 
diameter of the uterine wall in patients with coexisting adenomyosis. The results 
regarding the prognosis of adenomyosis-related endometrial cancer remain contro-
versial. EC-A seems to be associated with favorable tumor characteristics, while 
EC-AIA could be related to a poorer prognosis [2, 17–20]. A comparison of the 
results appears to be difficult as some authors did not differ between EC without 
adenomyosis, EC-A, and EC-AIA.

39.4  Conclusion

The recent literature shows that adenomyosis does not increase the risk of endome-
trial cancer. The presence of adenomyosis can be a confounder in the accurate diag-
nosis and staging of uterine malignancies. Endometrial cancer arising in adenomyotic 
lesions is rare and has to be differentiated from endometrial cancer coexisting with 
adenomyosis. EC-AIA seems to be related to a deep myometrial tumor invasion. Its 
impact on the oncological outcome requires further investigations. The possible 
correlation between endometrial cancer and adenomyosis should be considered, 
especially in perimenopausal and postmenopausal patients and patients using hor-
mone replacement therapy.
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40.1  Treatment of Endometriosis

The most commonly laparoscopic removal of endometriosis lesions can improve 
pain; however, the procedure is associated with complications and a high recurrence 
rate [1, 2]. A more radical surgery including cystectomy has also constant recurrence 
rates [3]. In cases of deep infiltrating endometriosis, resection of the nodule with part 
of the bowel may resolve symptoms without affecting fertility. However, it associates 
with serious complications, and postoperative follow-up alone is insufficient to pre-
vent recurrence; therefore, drug therapy is necessary to reduce the recurrence rate. 
Koga et al. reported that regular and prolonged medication until the patient wishes to 
conceive is highly recommended to prevent postoperative recurrence of endometrio-
sis [4, 5]. Hence, an alternative to surgery is the use of long-term hormonal therapies. 
Several therapies have been thoroughly investigated or approved for treating endo-
metriosis [6]. Gonadotropin-releasing hormone agonists have been widely used; 
however, their duration of use is limited because of unwanted symptoms and loss of 
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bone mineral density associated with low estrogen (E) status. Progestins have 
recently been more commonly used, and oral contraceptives (OC), such as, low-dose 
estrogen plus progestin (LEP), are used as off-label first-line treatments [7, 8].

The most commonly used LEP products are administered on a 28-day (21 + 7 
placebo) cyclic regimen. Although the 28-day cycle mimics the length of a natural 
menstrual cycle, there is no scientific/medical rationale for this approach [9, 10]. 
Treatment guidelines from the American College of Obstetricians and Gynecologists 
recommend extended-cycle combined oral contraceptives as initial treatment [11]. 
Extended LEP regimens may involve 12  weeks of administration rather than 
3 weeks of active tablets, followed by 1 week of placebo tablets, thereby reducing 
the number of withdrawal bleeds. Moreover, several additional studies on the con-
tinuous use of LEP had been conducted [12–14]. Extended LEP regimens suppress 
ovarian function more reliably than 28-day cyclic regimens, with greater improve-
ment of symptoms associated with menstruation [13–15].

Hormone withdrawal symptoms experienced with 28-day LEP products are 
common during drug-free intervals. Dysmenorrhea is often a typical symptom of 
endometriosis-related pain. Therefore, extended LEP products, which reduce the 
frequency of menstrual periods, may be particularly beneficial in patients with 
endometriosis [16]. However, patients receiving fixed extended LEP products fre-
quently experience irregular bleeding/spotting while taking active tablets [17].

Recently, a placebo-controlled, double-blind, randomized trial is conducted to 
evaluate the efficacy and safety of 28-day cyclic and 84-day extended regimens of 
ethinylestradiol 0.02  mg plus levonorgestrel 0.09  mg (NPC-16) in patients with 
dysmenorrhea in Japan. The cyclic and extended regimens of NPC-16 significantly 
reduced dysmenorrhea severity compared to placebo. The extended regimen was 
superior to cyclic regimen in reducing the dysmenorrhea [18].

A more recent development is a flexible extended LEP product comprising 20 μg 
of ethinylestradiol/3 mg of drospirenone (DRSP) [19]. The flexible regimen con-
sists of a repeat cycle of 120 consecutive days of an active tablet followed by a 
4-day tablet-free interval, either after 120  days or after ≥3 consecutive days of 
bleeding and/or spotting between days 25 and 120 [20]. Studies on flexible regi-
mens have shown that extending the established 28-day cyclic regimen to a flexible 
extended regimen does not change the steady-state pharmacokinetics of ethinyl-
estradiol or DRSP and have confirmed the efficacy and tolerability of flexible regi-
mens for contraception and dysmenorrhea. Therefore, a flexible regimen could 
provide a valuable additional treatment choice for women with endometriosis and 
adenomyosis. Due to coagulation and reactivation of the fibrinolytic system during 
menstruation in adenomyosis, the use of LEP should be avoided in patients at risk 
for thrombosis, such as those who are obese, those who smoke, and those aged [21].

40.2  Treatment of Adenomyosis

No randomized controlled trials have shown the efficacy of LEP for adenomyosis. 
However, LEP is expected to decrease menstrual bleeding and relieve pain in 
patients with adenomyosis by causing endometrial desquamation and atrophy. 
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However, it is well known that LEP treatment may not be enough to control pain 
symptoms of adenomyosis. Dienogest may be beneficial in cases of pelvic pain due 
to adenomyosis and unresponsive to LEP [22]. Dienogest is an anti-androgenic drug 
with high selectivity for progesterone receptors. It suppresses ovulation and ovarian 
function and has a direct effect on endometriosis lesions and is highly effective in 
the treatment of chronic pelvic pain with endometriosis [23]. In particular, it is an 
effective treatment for perimenopausal or obese patients in whom LEP use is unfa-
vorable. Irregular uterine bleeding is a problem; however, its frequency can be 
reduced with continuous administration.

40.3  Mechanism of LEP

LEP acts on the hypothalamus and pituitary gland, suppressing ovulation and result-
ing in the loss of cyclic fluctuations in estrogen secretion. As a result, the prolifera-
tion of the endometrium is suppressed, and the amount of menstrual blood decreases. 
Since prostaglandin (PG) levels are lowest in the early follicular phase, it suppresses 
excessive PG production from the endometrium, which is seen in patients with dys-
menorrhea, and reduces the size of endometrioma [24]. Patients with endometriosis 
have higher intrauterine pressure and more frequent contractions. Inhibition of PG 
production reduces excessive uterine contractions, which is the main cause of dys-
menorrhea [25]. In addition, basic data on LEP exists. A study by Meresman et al. 
showed that the ectopic endometria of endometriotic patients had higher prolifera-
tive capacities and a lower number of apoptotic cells than the endometrium of 
women without endometriosis; however, the number was comparable after LEP 
administration [26]. Moreover, the number of nerve fibers in the endometriosis tis-
sue was exhibited to decrease after LEP administration [27].

40.4  Endometriosis in Adolescents

Recently, the need for dysmenorrhea and endometriosis management in adolescent 
women has been increasingly discussed, and early intervention in young women is 
crucial. The American College of Obstetricians and Gynecologists developed the 
following recommendations and conclusions [28]: First, most adolescents experi-
encing dysmenorrhea have primary dysmenorrhea, which is defined as painful men-
struation in the absence of pelvic pathology. Primary dysmenorrhea usually begins 
when adolescents reach ovulatory cycles, usually within 6–12 months of menarche. 
Second, secondary dysmenorrhea refers to painful menses due to pelvic pathology 
or a recognized pathological medical condition. Furthermore, Martin et al. reported 
that the prevalence of endometriosis among adolescents with pelvic pain is high but 
treatable and prompt identification helps ensure that adolescents are referred earlier 
to appropriate specialists [29]. Thus, the management of adolescents with endome-
triosis should be consistent with best practice guidelines. Furthermore, based on a 
recent report, we believe that there is an overwhelming preference for initiating 
hormone treatments in young women.
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The long-term maintenance therapy of OC is expected to alleviate symptoms and 
shrink the lesions. The Practice Committee of the American Society for Reproductive 
Medicine (ASRM) in 2014 mentioned that endometriosis should be viewed as a 
chronic disease that requires a lifelong management plan with the goal of maximiz-
ing the use of medical treatment and avoiding repeated surgical procedures [30]. 
The timing of the onset of symptoms, the desire to have a baby, and the beginning 
of the decline in fertility are different individually, and it is often difficult to find a 
best solution. To maintain the quality of life of women at each stage of life, it is 
important to select the most effective treatment method, taking into account the 
implementation of reproductive medicine, including assisted reproductive 
technology.
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41.1  Introduction

Endometriosis is defined as “the presence of viable, estrogen-sensitive, endometrial- 
like glands and stroma associated with inflammatory response outside the uterus” 
[1]. Endometriosis affects 6–10% of women of reproductive age, and it has been 
reported to be found in women between 12 and 80  years old [2]. The average 
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diagnosis is approximately 28 years old [3]. It is reported in 21–47% of women with 
subfertility and 71–87% of women with chronic pelvic pain [4, 5]. Pain symptoms 
such as dysmenorrhea, deep dyspareunia, nonmenstrual pelvic pain, and dyschezia 
are the major symptoms in endometriosis which was reported in 92% of the patients 
[1]. Typically, the pain precedes the onset of menses and lasts for the duration of the 
cycle. Less commonly patients also present with cyclical pain at other sites, relating 
to endometriosis at extrapelvic sites. Endometriosis has a multifactorial etiology 
[1]. The theories on the disease include retrograde menstruation and refluxed endo-
metrial tissue implanting on pelvic structures, metaplasia of the coelomic pluripo-
tent mesothelial cells in the peritoneum, and implantation of cells via hematogenous 
or lymphatic embolization. The discovery of the molecular mechanisms associated 
with endometriosis improved the understanding of traditional theories. Recently 
discovered features of endometriosis are chronic inflammation with increased 
cyclooxygenase activity and increased local aromatase activity, increased number 
of activated macrophages, and proinflammatory cytokines. Concomitant immune 
dysfunction impairs the clearance of the refluxed endometrial tissue and promotes 
the progression of the disease by aiding adherence and invasion, angiogenesis, and 
sensory (sympathetic and parasympathetic) innervations [1]. Treatment of endome-
triosis is very challenging, and commonly preferred methods are medical therapy 
and surgical interventions. The surgical intervention provides a treatment that is 
directly correlated to patient symptoms with long-term pain relief and is associated 
with improved quality of life. Hence, it remains a necessary part of the management 
algorithm [6]; however, it may be associated with complications. Moreover, the 
recurrence rate of pain symptoms after surgery is not negligible [7], so medical 
treatment strategies play a pivotal role in endometriosis treatment and appears as the 
first choice in the case of pain, deep endometriosis, extragenital endometriosis, ade-
nomyosis, and infertility (before IVF). Prevention recurrence after surgery, in 
patients not desiring surgery, empiric treatment, recurrence after a complete exci-
sion in the first surgery, and medical therapy with surgical therapy are the other 
indications to consider medical therapy. The most important issue about medical 
treatment of endometriosis is that alternate treatments are all effective, but the 
symptoms tend to recur after the discontinuation of the treatments [1]. Whatever 
treatment is chosen, often long-term or repeated medication is necessary. Therefore, 
not only the efficacy but also the tolerability and costs of a drug are relevant. First- 
line medical treatment should focus on the drugs that can be used for a long term 
with minimal adverse effect profile (Table 41.1).

NSAIDs may be utilized to control the pain due to endometriosis. On the failure 
of NSAID treatment, suppressive treatment should be initiated. Estradiol (E2) has 
the highest importance in the maintenance of endometriosis; hence, the medical 
therapies used to treat endometriosis-related pain primarily acts by suppressing 
ovulation, and the main principle is to induce amenorrhea [9].

The first-line treatment choices are combined oral contraceptives (COCs) and 
oral progestins. The GnRH analogs follow these drugs. Current guidelines recom-
mend an accurate diagnostic workup of women with endometriosis prior to admin-
istering second-line hormonal treatments, which include gonadotropin-releasing 
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hormone analogs (GnRH-as) or aromatase inhibitors (AIs) [2]. Danazol has been 
shown to be effective in controlling endometriosis-related pain. Levonorgestrel-
containing intrauterine system can be used for the endometriosis- related pain so as 
antiprogesterone gestrinone and aromatase inhibitors such as letrozole and anastro-
zole (Table  41.2). Norethisterone acetate (NETA), depot medroxyprogesterone 
acetate (DMPA), GnRH analogs/antagonists, and danazol are FDA-approved drugs 
in the treatment of endometriosis.

41.2  Progestins in the Treatment of Endometriosis

Progesterone is a steroid hormone and the main source of production is in the ova-
ries, adrenal glands, and placenta. During the menstrual cycle, with the effect of 
estrogen endometrium proliferates and following ovulation, secretion of progester-
one from the corpus luteum inhibits proliferation of the endometrium, and it enters 
into the secretory phase in which tissue remodeling is stimulated until the preg-
nancy or the menstrual shedding. Progestins are synthetic compounds that mimic 
the effects of progesterone. The progestins differ concerning their profile and 
potency of action on the hypothalamic-pituitary axis, metabolic processes, breast, 
and genital organs. Progestins decrease the frequency and increase the amplitude of 
pulsatile gonadotropin-releasing hormone (GnRH) release in the hypothalamus. 
This effect decreases the release of follicle-stimulating hormone and luteinizing 
hormone. Continuous exposure to progestins suppresses ovarian steroidogenesis 
causing anovulation with decreased ovarian sex steroids production. The hypoestro-
genic status caused by the drugs induces the decidualization both in the eutopic and 
ectopic endometrial tissues. Another suggested mechanism might be the direct anti- 
inflammatory effect of progestin therapy since the association between changes in 
cytokine mRNA expression and nuclear receptors protein expression has previously 
been shown by Grandi et al. [11].

When compared with COCs, progestins pose a reduced risk for thrombosis, 
myocardial infarction, and stroke and can be administered to patients with migraine 
with aura and patients of less than 35 years of age with migraine without aura [12]. 

Table 41.1 Criteria for the ideal medication for endometriosis [8]

Curative rather than suppressive
Treats pain and fertility at the same time
Acceptable side-effect profile
Long-term use should be safe and affordable
Noncontraceptive nature
No interference with spontaneous ovulations and normal implantation
Enhances spontaneous conception
No teratogenic potential and safe to use periconceptionally
Inhibits the growth of already existing lesions
Aborts the development of new lesions
Efficacious for all endometriosis phenotypes including superficial disease, endometriomas, 
deep-infiltrating endometriosis, and extrapelvic endometriosis and adenomyosis
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Table 41.2 Medical treatment alternatives for endometriosis-associated pelvic pain [10]

Medical 
treatment Indication Priority

Adverse effects and 
complications Comment

NSAID Dysmenorrhea First Nausea, vomiting, GI 
irritation, vertigo, headache

Only symptomatic

Combined oral contraceptives
Cyclic Dysmenorrhea First Nausea, weight gain, water 

retention, depression, 
intercyclic bleeding, breast 
tenderness, headache, 
decrease in menstrual 
bleeding

Continuous Dysmenorrhea 
noncyclic 
chronic pelvic 
pain

First Nausea, weight gain, water 
retention, depression, 
intercyclic bleeding, breast 
tenderness, headache, 
amenorrhea

Progestins
MPA, 
NETA, CPA, 
DNG, DYD

Dysmenorrhea 
noncyclic 
chronic pelvic 
pain

First Nausea, weight gain, water 
retention, depression, 
intercyclic bleeding, breast 
tenderness, headache, 
amenorrhea, delay in 
regulation of menstrual 
pattern

NETA and MPA are 
approved for 
endometriosis 
treatment by FDA

LNG-IUS Dysmenorrhea 
dyspareunia

Second 
or third

Bloating, weight gain, 
headache, breast tenderness

Effective in 
symptomatic 
rectovaginal 
endometriosis, not 
approved for 
endometriosis by 
US FDA

GnRH 
agonists

Dysmenorrhea 
dyspareunia

Second 
or third

Hypoestrogenism (vasomotor 
symptoms, vaginal dryness, 
decrease in libido, irritability, 
decrease in bone mineral 
density)

Approved for 
endometriosis by 
FDA

GnRH 
antagonists

Dysmenorrhea 
dyspareunia
Chronic pelvic 
pain

Second 
or third

Vasomotor symptoms, 
decrease in bone mineral 
density, headache, nausea, 
difficulty sleeping, absence of 
periods, anxiety, joint pain, 
depression, and mood 
changes

Approved for 
endometriosis 
treatment by FDA

Aromatase 
inhibitors

Dysmenorrhea 
noncyclic 
chronic pelvic 
pain

Third Hypoestrogenism ovulation 
induction

Should be combined 
with COC or 
GNRHa; not 
approved for 
endometriosis by 
FDA
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Generally, progestins have good long-term tolerability. The potential disadvantages 
might be in women desiring contraception since few options are approved as con-
traceptives (desogestrel, the etonogestrel-releasing subdermal implant, and the 
levonorgestrel intrauterine device) [13].

41.2.1  Classification

Progestins can be classified according to their chemical structure in 
17- hydroxyprogesterone derivatives and 19-nortestosterone derivatives [2, 9]. 
Different forms of the C-21 progesterone (medroxyprogesterone acetate and dydro-
gesterone) or C-19 nortestosterone (norethisterone, lynestrenol, desogestrel, and 
dienogest) have been widely utilized in the treatment of endometriosis [14] 
(Table 41.3). Several progestins are available for the treatment including norethis-
terone acetate (NETA), cyproterone acetate (CPA), medroxyprogesterone acetate 
(MPA), desogestrel (DSG), etonogestrel (ETG), levonorgestrel (LNG), and dieno-
gest (DNG). Currently, only depot MPA and NETA as monotherapies are approved 
by the FDA for the treatment of endometriosis [15].

Table 41.2 (continued)

Medical 
treatment Indication Priority

Adverse effects and 
complications Comment

Danazol Dysmenorrhea 
noncyclic 
chronic pelvic 
pain

Second 
or third

Hyperandrogenism (acne, 
edema, decrease in breast 
size)

Approved for 
endometriosis 
treatment by FDA

Modified from the study, Gezer and Oral [10]
CPA cyproterone acetate, DNG dienogest, FDA Food and Drug Administration, GI gastrointesti-
nal, GnRH gonadotropin-releasing hormone, IUS intrauterine system, LNG levonorgestrel,  
MPA medroxyprogesterone acetate, NETA norethisterone acetate

Table 41.3 Classification of progestogens [16]

Progestogens

Progesterone and structurally related compounds
Compounds structurally related to 
testosterone

Progesterone Retroprogesterone 19-nortestosterone derivatives
Progesterone Dydrogesterone Estrane

   Norethisterone
Gonanes
   Oesogestrel
   Gestodene
   Norgestimate
   Norgestrel

17-OH-progesterone 
derivatives

19-norprogesterone 
derivatives

Estrane/pregnane
   Dienogest

Chlormadinone acetate
Medroxyprogesterone 
acetate
Cyproterone acetate
Megestrol acetate

Nomegestrol acetate
Promegestone
Nestorone
Trimegestone

Spironolactone derivative
Drospirenone
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41.2.2  Mechanism of Action

The exact mechanism of action of progestins in controlling endometriosis-related 
pain is still unknown since the basic mechanism of the endometriosis-related pain is 
unexplained. There are three main mechanisms suggested for the pain in 
endometriosis:

• The effect of active bleeding from the endometriotic lesions
• The overexpression of the growth factors and proinflammatory cytokines in the 

ectopic endometrium
• The irritation or direct invasion of pelvic nerves

The progestins stimulate atrophy or regression of endometrial lesions. The effec-
tiveness of progestins for treating endometriosis is not just related to its growth 
inhibiting actions, but also to its induction of anovulation, inhibition of blood vessel 
growth, and anti-inflammatory actions [17]. The common characteristic of proges-
tins is the secretory transformation of estrogen-primed uterine endometrium, but the 
doses required to achieve this effect differ among the different derivatives [17]. 
Progestins also reduce the frequency and increase the amplitude of pulsatile 
gonadotropin- releasing hormone (GnRH) release, resulting in a reduction in follicle- 
stimulating hormone (FSH) and luteinizing hormone (LH) secretion. As a result of 
this effect, continuous application of progestins leads to the suppression of ovarian 
steroidogenesis with anovulation and low serum levels of ovarian steroids [17]. The 
long-standing hypoestrogenic and hypergestagenic state causes decidual transfor-
mation of the eutopic endometrium, and to some degree, the same effect is observed 
in ectopic lesions. In order to induce decidual transformation with resultant necrosis 
and resorption of the implant, however, concomitant estrogen action is required. As 
continuous progestin therapy results in low serum estradiol levels, breakthrough 
bleeding is a common occurrence.

There is a portion of patients with endometriosis who does not respond to medi-
cal therapy with progestins. In a very recent review, Donnez et al. found that OCPs 
and progestogens are effective in two-thirds of women suffering from endometrio-
sis. However, other options are required in case of failure, and in one-third of women 
it is due to progesterone resistance [18].

Bulun et al. explained this theory owing to reduced levels of progesterone recep-
tors and lack of PR isoform named progesterone receptor B. Progesterone induces 
secretion of paracrine factors on stromal cells, and neighboring epithelial cells 
induce the expression of 17-hydroxysteroid dehydrogenase type 2. 17- hydroxysteroid 
dehydrogenase type 2 is responsible for metabolizing the estradiol (E2) to estrone 
(E1). The inability of endometriotic stromal cells to produce progesterone-induced 
paracrine factors may be due to the lack of PR-B and very low levels of progester-
one receptor A [19]. Furthermore, there are also underlying dysregulated signaling 
factors in endometriosis and decreased progesterone signaling pathways leading to 
progesterone resistance [20].
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41.2.3  Molecular Effects on Target Tissue

The mode of action of the progestins on the endometriotic implant is still an unset-
tled issue. Earlier studies postulated activity via the steroid receptor mechanism that 
secretory changes in ectopic lesions were followed by decidual transformation and 
atrophy. Later studies did not confirm this hypothesis. Endometriotic foci either 
contain progesterone receptors in very low concentrations or do not contain proges-
terone receptors (mainly PR-β is undetectable and PR-α is markedly reduced), and 
the function of the enzyme systems differs widely between eutopic and ectopic 
endometrial tissues [21]. As a contradiction, progestins cause the downregulation of 
their effects by reducing the synthesis of the receptors, and as a result of all these 
alterations, sensitivity of the implants to progesterone decreases during long-term 
treatment. Endometriosis has different patterns of action: some implants remain 
unchanged at the end of long-term progestin treatment; in some implants, an arrest 
of growth is observed and some have secretory changes, but the expected decidual 
reaction and necrosis could not be revealed [22]. On the comparison of ultrastruc-
tural changes between eutopic and ectopic endometrium, endometriotic foci are 
found to remain proliferative in the luteal phase [23]. This insensitivity to the effect 
of progestins (progesterone blockage) may be as a result of alterations in enzyme or 
reduced receptor concentrations systems in the ectopic endometriotic implants [23]. 
In ectopic endometrium, 17-β-hydroxysteroiddehydrogenase type 2 is defective and 
cannot be activated by progestins, resulting in increased proliferation, as estradiol is 
not inactivated [23]. Furthermore, aromatase in ectopic implants has been found to 
have a pathologic activity [23]. It is known that the endometriotic foci produce more 
estradiol, converting androgens to estrogens. A new mechanism of controlling the 
growth of endometriosis by progesterone and progestins was proposed recently, 
which postulates progestins were found to reduce TNF-α-induced NF-κB which in 
turn inhibits the proliferation of endometriotic stromal cells [24]. Moreover, proges-
tins suppress the matrix metalloproteinases, which enable the implantation and pro-
gression of ectopic endometriotic implants [24]. In a rat endometrial autograft 
model, it was demonstrated that progestins (dienogest) inhibited the process of 
angiogenesis in the ectopic endometrium that reduced the development and pro-
gression of endometriotic implants. In addition, progestins were found to inhibit the 
proliferation of endometrial stromal cells in vitro due the arrest of cells in the G0/
G1 phase of the cell cycle [25]. Another mechanism of action could be progestins’ 
direct effect on nerve fibers. Progestins and COCs were found to reduce nerve fiber 
density and nerve growth factor and nerve growth factor receptor p75 expression in 
peritoneal endometriotic lesions [26].

The suggested mechanisms of progestins in resolving endometriosis-related pain 
are summarized as follows [14, 17]:

• Ovarian suppression
• Effects on endometrial morphology (desidualization, atrophy, and alteration in 

steroid receptor ligand binding)
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• Local modulation of immune response (suppression of IL-8 production, increase 
of nitric oxide production, reduction of TNF-α-induced nuclear factor-χ-β)

• Effects on angiogenesis (suppression of transcription of bFGF, suppression of 
VEGF and cysteine-rich angiogenic inducer [CYR61])

• Progesterone receptor expression and progesterone resistance
• Direct effect on nerve fiber intensity

41.2.4  Route of Administration

Progestins can be administered as oral preparations, injections, subdermal implants, 
and intrauterine systems (Table 41.4).

41.2.4.1  Oral Route

41.2.4.1.1 Dienogest
Dienogest (DNG) is a C-19-nortestosterone progestogen derivative and is a fourth- 
generation selective progestin with anti-inflammatory properties [27]. DNG has a 
strong progestational effect as dydrogesterone but differs from it with its moderate 
antagonist action on the androgen receptors and moderate antigonadotrophic effects 
[28]. It has no androgenic, glucocorticoid, mineralocorticoid activity, or estrogenic 

Table 41.4 Available forms of progestins in the treatment of endometriosis [10]

Route of 
administration Generic name Dosage
Oral route Dienogest 2 mg a day

Medroxyprogesterone 
acetate

Usually 30 mg a day, but may be up to 60 mg a day 
if necessary

Norethisterone Usually 2.5–5 mg a day
Dydrogesterone 10–30 mg a day
Cyproterone acetate 10–12.5 mg a day
Progestogen only pill
   Desogestrel
   Drospirenone

75 mcg a day
4 mg a day

Depot injection Depot 
medroxyprogesterone 
acetate

One 50 mg injection each week, or one 100 mg 
injection every 2 weeks, or one 150 mg injection 
every 2–3 months. Injected into muscle

Subdermal 
implant

Etonogestrel In single rod, 68 mg with a life span of 3 s

Intrauterine 
system

Levonorgestrel 
intrauterine system

This device contains 52 mg of levonorgestrel, which 
is slowly released into the uterus over a period of up 
to 3 years. The device has two strings attached that 
protrude through the cervix into the vagina. 
Regularly check that the strings are still present, as 
the device may be expelled unnoticed. Heavier 
bleeding may be a sign that the device has been 
expelled

Modified from the study, Gezer and Oral [10]
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activity. Like the other 19-norprogestins, it enables the suppression of the endome-
trium in low doses, having a short half-life and high bioavailability. Dienogest is 
bound to albumin and does not accumulate in oral doses of 2 mg/day. It has been 
shown to be effective with good tolerability with doses 2–4 mg daily in continuous 
administration for 3–24 months in patients with endometriosis [29–31]. DNG has 
been compared with GnRH agonists (buserelin acetate and leuprolide acetate) [30] 
and has been found to have a lower adverse effect profile. The main side effects 
were the bleeding problems that were observed in 80% of patients within the first 
3 months of treatment, which later on were reduced [30]. It has a good safety and 
efficacy profile, with a progressive decrease in adverse effects and bleeding irregu-
larities, and the decrease in pain for at least 6 months after cessation of the treatment 
[31]. Prospective randomized studies that evaluated dienogest 2 mg daily against 
placebo or versus leuprorelin depot showed a significant improvement in 
endometriosis- related symptoms with comparable effectiveness to GnRH agonist 
treatment [28, 32].

A potential adverse effect of the DNG treatment is decreased bone mineral den-
sity. Seo et al. conducted a study to evaluate the effect of long-term postoperative 
dienogest use for the treatment of endometriosis on bone mineral density. The 
results of the study suggested that long-term postoperative DNG treatment might 
have an adverse effect on BMD in reproductive-aged women, a bone loss occurring 
mostly during the first 6 months of treatment [33]. The results of a very recent ret-
rospective study were in line with the previous literature. Kim et al. searched the 
changing pattern of bone mineral density levels after 3 years of dienogest use post 
endometrioma surgery and investigated the possible predictive factors for BMD 
reduction. The results showed that the treatment was associated with a significant 
and gradual decrease in BMD, and no predictive factors for BMD reduction during 
the first year of treatment with dienogest were found [34]. In 2017, Ebert et al. con-
ducted a 52-week, open-label, single-arm study named “The VISanne Study to 
Assess Safety in ADOlescents-VISADO” including 21 centers among six European 
countries to evaluate the safety and efficacy of dienogest 2  mg in adolescents 
between 12 and 18 years with suspected endometriosis. In adolescents, dienogest 
2 mg for 52 weeks was associated with a decrease in lumbar BMD, followed by 
partial recovery after treatment discontinuation. The authors concluded that a tai-
lored approach is needed in this population to decrease the risk of osteoporosis [33].

41.2.4.1.2 Norethisterone (Norethindrone) Acetate
NETA is a C-91-nortestesterone derivative. It has been approved for the treatment 
of endometriosis (2.5 mg daily continuous administration) by FDA. In randomized 
controlled trials, NETA has been shown to be effective in endometriosis-related 
pelvic pain [15, 35]. The advantages of NETA are control of uterine bleeding, posi-
tive effect on calcium metabolism, and lack of negative effect on lipoprotein profile 
[35]. There is also increasing data on the effective use of NETA in rectovaginal 
endometriosis [15, 17].
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41.2.4.1.3 Dydrogesterone
Dydrogesterone was first reported to be effective in endometriosis treatment in the 
1960s [36]. It is manufactured by treating progesterone with ultraviolet light. A 
daily dose of 10–30 mg is used for the treatment of endometriosis. It has good oral 
bioavailability and is very similar to natural progesterone structurally as it binds the 
receptor 50% more than progesterone [37]. Several studies used dydrogesterone at 
doses of between 10 and 60 mg/day, for various numbers of days per cycle for peri-
ods of 3–9 months showed that the majority of the patients reported a reduction in 
their symptom severity or being symptom-free after taking the medication [38–44]. 
Cyclical usage of the drug was also studied and shown to be effective in reduced 
blood loss and shortened bleeding times with satisfying symptom relief among 
women with dysmenorrhea [43, 44]. In a Cochrane review published in 2012 to 
determine the effectiveness of both the progestagens and anti-progestagens in the 
treatment of painful symptoms of endometriosis, Brown et al. found that only one 
RCT out of 13 was on dydrogesterone and concluded that there was no evidence of 
a difference in objective efficacy at 6 months between dydrogesterone and placebo 
(OR 0.53, 95% CI 0.14–1.94) [45]. Dydrogesterone is a good treatment of choice 
especially in patients with a desire for fertility since the drug does not inhibit ovula-
tion and can be used in the treatment of pain, bleeding, and cycle control.

41.2.4.1.4 Medroxyprogesterone Acetate
Medroxyprogesterone acetate (MPA) is a C-21-progestogen derivative. It has been 
studied comparing placebo to GnRH agonist (Nafarelin) in 15–50 mg doses daily in 
continuous administration [46]. MPA has been shown to have greater efficacy at 
alleviating the pain and improving the quality of life against placebo, but the effec-
tiveness was found to be equivalent to GnRH agonist [46]. MPA causes break-
through bleeding in long-term use.

41.2.4.1.5 Cyproterone Acetate
Cyproterone acetate (CPA) is a C-21-progestogen derivative. It is mainly an anti- 
androgen with weak progestational activity. CPA in 10–12.5 mg daily in continuous 
administration has been studied comparing to oral contraceptives (desogestrel and 
ethinyl estradiol) for treatment of endometriosis [47]. Both study groups have been 
found equally improved due to pain, sexual satisfaction, and quality of life after 
6 months of treatment. The side effects of CPA are the main drawback of its general-
ized use. It is associated with depression, decreased libido, hot flushes, and vaginal 
dryness.

41.2.4.2  Other Routes of Application

41.2.4.2.1 Depot Injections
Depot injections of MPA are very effective in suppressing endometriosis-related 
complaints. Depot MPA (DMPA) has been studied in doses 150 mg intramuscularly 
or 104 mg subcutaneously in 3 months. It was compared with combination of oral 
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contraceptive with danazol and GnRH agonist (leuprolide acetate) [48, 49]. No dif-
ferences were observed in the reduction of pain symptoms, but demineralization of 
bone and hypoestrogenism side effects were found in the GnRH agonist group and 
bleeding problems were frequent in the MPA group. DMPA achieved good pain 
relief and minimal side effects (bloating and spotting). The optimum interval for 
administration should be every 3 months. In long-term use of DMPA, prolonged 
delay of resumption of ovulation is a major concern in women desiring pregnancy. 
Therefore, this type of application is recommended only in elderly patients, who do 
not desire pregnancy. Breakthrough bleeding is an important side effect that inter-
feres with the quality of life. Furthermore, bone demineralization due to hypoestro-
genism may be detrimental for the long-term use.

41.2.4.2.2 Subdermal Implants
A new approach to improve the use of progestins in endometriosis is the develop-
ment of subcutaneous implants. Subdermal implants (etonogestrel contraceptive 
implant/Implanon-68 mg in single rod with a life span of 3 years) have been found 
to be equally effective compared with DMPA in pain relief in 12 months use [50]. It 
is a safe, well-tolerated alternative for the treatment of endometriosis and achieving 
long-term contraception. A study aimed to investigate the efficacy of etonogestrel 
(ENG)-releasing implant in treating patients with rectovaginal endometriosis 
showed that the treatment quickly improved the intensity of nonmenstrual pelvic 
pain, deep dyspareunia, dysmenorrhea, and dyschezia. At the 6-month follow-up, 
there were improvements in all domains of the Endometriosis Health Profile 
(EHP-30) compared with baseline. At the 6-month follow-up, volume of the recto-
vaginal nodules was significantly lower compared with baseline [51].

41.2.4.2.3 Intrauterine Systems
To reduce the adverse side effects of medical treatments, a new aspect is the intra-
uterine administration of progestins, which can be an effective treatment of symp-
tomatic endometriosis. The precise mechanism of action of levonorgestrel 
intrauterine system (LNG-IUS/Mirena-releasing 0.02 mg levonorgestrel/day with a 
lifespan of 5  years) in the treatment of endometriosis is unclear. However, the 
patients with pelvic pain due to endometriosis have been shown to be improved 
after LNG-IUS administration, and antiproliferative effects in the ectopic endome-
trium have been shown [52]. LNG-IUS was compared with depot GnRH agonist 
and has been shown to have similar efficacy to control the pain-related symptoms 
[53]. It has also been suggested to be effective against the pain in rectovaginal endo-
metriosis [52]. LNG-IUS has been found to be effective in the treatment of adeno-
myosis [54]. Main advantages of LNG-IUS are lack of necessity for repeated 
administrations, institution of highly effective contraception, and minimal hypoes-
trogenic side effects. As the disadvantages, the cost and the probability of unex-
pected bleeding should be noted. Irregular bleeding during the initial months of 
application is frequent side effect of the device, but 70% of the women will be 
amenorrheic in 6 months.
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41.2.5  Side Effects

The main side effects of progestins can be listed as follows:

• The disturbances of lipid and carbohydrate metabolism and the clotting system, 
observed more with C-19-derivatives

• Negative influences on mood swings and depression, experienced more with 
C-17-derivatives

The individual reactions to the progestins differ depending on the type and dos-
age of the progestin [55–57]. Levonorgestrel is the cause of spotting, breakthrough 
bleeding, bloating, weight gain, and headache in up to a third of the patients.

41.3  Results for Treatment for Pain

Progestins in treating the pain associated with endometriosis have shown to be effi-
cient [28, 47, 58]. Symptom improvement was reported between 60% and 94% [14, 
17]. The results, in general, were similar to the results obtained with continuous use 
of oral contraceptives (estrogen-progestin combination therapy). Furthermore, pro-
gestins were also effective in gastrointestinal symptoms in patients with colorectal 
endometriosis [59], as well as urinary symptoms [60] and ovarian endometriomas 
[60]. The advantages of progestins are related to the escaping of estrogen-based side 
effects. The disadvantages are the bleeding problems such as spotting, which can be 
managed with increasing dosages, adding estrogen, or discontinuing the progestin 
for 5–7 days [17].

Several RCTs have investigated the efficacy of DNG in treating endometriosis. 
In a randomized, double-blind trial, the efficacy of dienogest 2 mg for providing 
pain relief was compared with placebo in 12 weeks among 198 women with endo-
metriosis, dienogest significantly reduced the mean VAS score representing a statis-
tically significant difference in favor of dienogest [27]. A systematic review by 
Andres et al. reported that DNG (2 mg/day) is superior to placebo and as effective 
as GnRH analogs in reducing pelvic pain and growth of endometriotic lesions. They 
also found that extended therapy with DNG (2 mg/day) showed an improvement in 
pelvic pain after 24–52 weeks with tolerable side effects [61]. Two years later, Pinto 
et  al. reported that DNG is an effective medication to control symptoms of pain 
related to DIE, even without reducing the volume of DIE nodules. A literature 
review conducted by Murji et al. was in line with the previous literature reporting 
that dienogest offers an effective and tolerable alternative or adjunct to surgery and 
provides many advantages over combined hormonal contraceptives for the treat-
ment of endometriosis [62]. In a recent RCT comparing the effects of dienogest and 
a combined oral contraceptive pill (COCP) after laparoscopic surgery on pain and 
quality of life in women with severe endometriosis, Kashi et al. found that postop-
erative administration of dienogest or COCP reduced endometriosis-associated pain 
and improved quality of life in women with severe endometriosis; however, no 
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significant difference was registered between the two intervention group regarding 
the pelvic pain scores [63].

NETA is one of the most frequently studied progestogens in literature with 
DNG. Both drugs are associated with safety drawbacks as NETA may modify serum 
cholesterol lipoprotein distribution, whereas DNG may deplete bone mineral con-
tent [58, 64]. Among the literature, NETA was also found to be an effective treat-
ment option in endometriosis-associated pain. In a study conducted by 
Muneyyirci-Delale and Karacan, NETA seemed to be a cost-effective alternative 
with relatively mild side effects in the treatment of symptomatic endometriosis. 
Dysmenorrhea and noncyclic pelvic pain were relieved in 48/52 (92.3%) and 25/28 
(89.2%) of patients, respectively [65]. Vercellini et al. compared the patient satisfac-
tion with NETA versus DNG, the implementation of dienogest was not associated 
with statistically significant amelioration in overall pain relief, psychological status, 
sexual functioning, or health-related quality of life [66]. In a retrospective study 
conducted by Forno et al. in 2019, colleagues compared the effects of dienogest and 
norethindrone acetate in symptomatic women with ovarian endometriomas, analyz-
ing the efficacy in reducing endometrioma size and symptom relief. Progestin ther-
apy was effective in both groups in reducing the size of endometriomas and related 
symptoms, but dienogest had a greater effect on symptoms relief and higher drug 
tolerability [67].

In a very recent meta-analysis, Peng et al. investigated the effect of dydrogester-
one for the treatment of endometriosis and found that with limited evidence, dydro-
gesterone may have some advantages over gestrinone, GnRH agonists, and other 
therapeutic interventions in treating endometriosis [68]. In the ORCHIDEA study, 
Sukhikh et al. compared the effectiveness of two different treatment regimens of 
dydrogesterone in the management of endometriosis-related chronic pelvic pain 
(10 mg 2 or 3 times daily, either between the 5th and 25th days of the menstrual 
cycle or continuously) and found that both regimens demonstrated a pronounced 
and similar reduction in the severity of chronic pelvic pain and dysmenorrhea and 
led to marked improvements in all study parameters related to the quality of life and 
sexual well-being [69].

In a prospective, randomized trial with MPA, the regression rate of ectopic 
implants was reported as 50% and the partial regression rate as 13% in the treatment 
group which was 12% and 6%, respectively, in the placebo group. Pain reduction 
with MPA was found as effective as danazol [70].

Gonadotropin-releasing hormone agonists are second-line medical therapies in 
the treatment of endometriosis. The prospective randomized studies in the literature 
comparing GnRH analogs with low-dose progestins are limited. Vercellini et  al. 
used a monthly combination of ethinyl estradiol 0.02 mg and desogestrel 0.15 mg 
versus goserelin 3.6 mg, while Regidor et al. compared daily lynestrenol 5 mg ver-
sus monthly leuprorelin 3.7 mg and Strowitzki et al. studied dienogest 2 mg daily 
versus leuprorelin depot monthly injections [30, 71, 72]. In a double-blind study, a 
significant reduction of pain was found during and 1 year after treatment, but there 
were no differences between the medications used. In the aforementioned study, 
Vercellini et al. found a significant reduction of deep dyspareunia and cyclic pain in 
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both groups, with goserelin superior to the oral contraceptive [72]. Nonmenstrual 
pain was diminished in all of the treatments [72]. Utilizing the repeat laparoscopy, 
Regidor et al. observed a significant reduction of endometriotic implants in the leu-
prorelin group (r-American Fertility Society scores were reduced from 21.8 to 11.5 
points with leuprorelin and from 27.2 to 25.5 points with lynestrenol; p < 0.000014 
Wilcoxon test). There was no significant improvement in symptoms such as chronic 
pelvic pain and dyspareunia [71].

In a recent Cochrane review in which 11 RCTs were included, the authors con-
cluded that both continuous progestins (especially continuous high-dose progestin 
(in the form of MPA)) and the antiprogestin, gestrinone, are effective therapies for 
the treatment of painful symptoms associated with endometriosis, but there had 
been no evidence of progestin use, either in oral or depot form, being superior to 
other types of treatment in endometriosis-related pain symptoms [45]. This conclu-
sion should be treated with caution particularly in light of the absence of suitable 
placebo-controlled trials.

In conclusion, pain relief established by utilizing acceptable dosages of proges-
tins is indistinguishable from the results of danazol or GnRH analogs. Systematic 
investigations of various progestins in altered dosages are lacking, and there are no 
conclusive data from prospective randomized placebo-controlled trials up to date. 
Studies comparing DNG with GnRH analogs and DNG with NETA have found both 
drugs to be equally effective [66, 73].

41.4  Patients with Rectovaginal Endometriosis

In deep-infiltrating rectovaginal endometriosis, the guidelines recommend complete 
excision, but treatment symptomatically with progestin is also possible [14]. In a 
prospective randomized controlled trial comparing NETA versus a combination of 
estrogen and CPA, the symptom reduction was proved to be feasible [58]. In both 
treatment groups, dyschezia, pelvic pain, deep dyspareunia, and dysmenorrhea 
were reduced significantly [58]. A study comparing NETA alone versus NETA 
combined with an aromatase inhibitor in symptomatic pain relief has confirmed 
NETA’s effects [74]. The positive effect of CPA was also observed in a prospective 
randomized controlled trial comparing CPA for 6 months versus an oral contracep-
tive; the quality of life and psychiatric profile improved significantly in the treat-
ment group [47]. Another study conducted by Morotti et  al. evaluated patient 
satisfaction at 6-month dienogest treatment in women with symptomatic rectovagi-
nal endometriosis who had pain persistence after 6 months of norethisterone acetate 
therapy. The results of this 24-week pilot open-label prospective study showed that 
DNG was superior to NETA in improving pain and quality of life, and DNG may be 
an alternative to surgery for the patients resistant to other progestins [75]. LNG-IUS 
was also proposed to be effective in rectovaginal endometriosis in observational 
studies [52].
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41.5  Patients with Infertility

The reported rates of pregnancy following progestin treatment (MPA, lynestrenol, 
or norethisterone acetate) vary from 5% to 90% depending on the stage of endome-
triosis. Lynestrenol 5–10 mg daily was reported with 60% subjective improvement 
and a 5% pregnancy rate. On the contrary, 40% failure and the recurrence rate were 
observed [76].

Progestins are also a treatment of choice before fertility treatments. In a prospec-
tive study, Iwami et al. analyzed a new controlled ovarian hyperstimulation (COH) 
regimen: progestin-primed ovarian stimulation (PPOS) in patients with endometrio-
sis and compared DNG with dydrogesterone (DYG) to show the appropriate pro-
gestin for PPOS. The results show that a smaller number of oocytes were retrieved 
in the DNG group than in the DYG group; however, the rate of mature oocytes was 
significantly higher in the DNG group than in the DYG group. The fertilization rate 
was comparable between the two groups, and the authors concluded that the patients 
taking DNG for PPOS can continue endometriosis treatment and obtain good- 
quality embryos during COH [77].

A prolonged course of hormonal therapy before IVF treatment for suppression of 
the disease is acclaimed to play an important role in endometriosis-related infertil-
ity. The use of progestins in this regard was studied by Mueller et el., among infer-
tile women of reproductive age, who planned to undergo IVF after the laparoscopic 
resection of ovarian endometriomas. They divided patients into three groups as 
dienogest group, the GnRH analog group, and patients without any hormonal ther-
apy within 6 months preceding IVF. The results show that dienogest be a possibly 
more efficient treatment option for this kind of patient as the clinical pregnancy rate 
was 2.5 times (44.7% vs. 16.7%, p = .012) and delivery rate was three times higher 
(36.8% vs. 11.1%, p = .013) in dienogest pretreatment group when compared with 
no intervention group. In a study conducted in 2019 by Tamure et al., authors inves-
tigated the benefit of dienogest (DNG) treatment just before IVF-embryo transfer 
and found that DNG treatment did not provide any benefits to improve the clinical 
outcomes for infertile women with endometriosis [78]. A year later, Barra et  al. 
evaluated the administration of DNG before IVF in women with endometriosis who 
had previously failed one IVF cycle and hypothesized that the anti-inflammatory 
and anti-angiogenic activity of DNG may theoretically improve IVF outcomes in 
women with endometriosis. The results show that the cumulative implantation, clin-
ical pregnancy, and live birth rates were significantly higher in the DNG-treated 
group (39.7%, 33.3%, and 28.6%) than in the nontreated group (23.9%, 18.2%, and 
14.8%; p = 0.049, 0.037, and 0.043, respectively). They also found that the largest 
diameter of endometriomas significantly decreased after DNG pretreatment and the 
use of DNG increased significantly the number of oocytes retrieved [79]. The results 
of a very recent RCT, comparing DNG pretreatment for endometriosis suppression 
with gonadotropin-releasing hormone agonist in patients with endometriosis pursu-
ing IVF treatment, showed that there was no statistically significant difference 
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between both groups regarding ovarian stimulation, response parameters, and preg-
nancy outcomes, but the DNG group had a lower cost of treatment, lower side 
effects, higher FertiQoL treatment scores, and higher tolerability scores indicating 
that DNG is a suitable and safe substitute for GnRHa pretreatment in endometriosis 
patients [80].

MPA was suggested as another treatment of choice in women with ovarian endo-
metriosis undergoing controlled ovarian hyperstimulation for IVF. A study investi-
gated the use of medroxyprogesterone acetate or a short protocol for controlled 
ovarian hyperstimulation in patients with advanced endometriosis who have normal 
ovarian function showed higher rates of the mature oocyte, D3 high quality embryo, 
and hMG dose in the study groups using MPA compared with the short protocol. 
The number of >10–14 mm follicles on the trigger day, D3 top-quality embryos, 
viable embryos, rates of cancellation, fertilization, implantation, and pregnancy out-
comes were similar among the groups. Authors suggested that MPA COH could be 
effective for women with ovarian advanced endometriosis who has a normal ovarian 
function [81].

41.6  Postoperative Hormonal Suppression

“Adjuvant” medical therapy following endometriosis surgery to prevent the recur-
rence of the disease was a suggested treatment of choice from the point that the 
existence of microscopic lesions after the surgery may lead to proceeding symp-
toms. According to clinical data available, the length of the postsurgical medical 
suppression is the key point for reducing the symptoms.

In a Cochrane meta-analysis in 2004, updated in 2011, authors investigated the 
effectiveness of medical therapies (GnRHas, danazol, progestogens, gestrinone, 
or COCs) for hormonal suppression after surgery for improving painful symp-
toms, reducing disease recurrence, and increasing pregnancy rates and found that 
there was no evidence of benefit associated with postsurgical medical therapy 
[82]. However, in most of the included studies, the patients’ outcomes were exam-
ined at 3 months. In another RCT including 450 women testing the benefits of a 
3 month course of medical therapy after surgery confirmed the previous findings 
[83]. In contrast with the previous findings, Muzii et al. found that lower recur-
rence rates for dysmenorrhea were obtained with a continuous COC schedule 
[84]. In line with the previous paper, Grandi et al. reported in a systematic review 
that some COCs decreased the risk of disease recurrence after conservative sur-
gery, but progestin- only contraceptives did not [85]. In a recent review, Zakhari 
et  al. reported that when hormonal suppression (CHC, progestin, LNG-IUS, 
GnRH agonist) is initiated within 6 weeks of endometriosis surgery, there is a 
significant reduction in endometriosis recurrence and pain scores at up to 1 year 
postoperatively [86].

In conclusion, with the current data available, short course of suppressive ther-
apy may not be beneficial, and longer periods are needed to prevent disease recur-
rence, and also more RCTs are needed to analyze the effect of progestins on disease 
recurrence after surgery.
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41.7  Progestins in Adenomyosis

Hysterectomy is a “gold standard” and definitive therapy for uterine adenomyosis; 
however, conservative treatment is required in a group of patients who have a desire 
for fertility and deny surgical management. Available literature on the medical treat-
ment of adenomyosis is limited. According to the fact that both endometriosis and 
adenomyosis share similar origins regarding estrogen dependency, medical treat-
ment strategies follow the same principles which aim to reduce endogenous estro-
gen production or inducing endometrial differentiation with progestins [87]. 
Although there are merging data on the efficacy of medical treatment in patients 
with adenomyosis, no drug is currently labeled for adenomyosis.

The first study investigating the effect of DNG treatment for up to 24 weeks on 
symptomatic adenomyosis showed that DNG is an effective and well-tolerated ther-
apy for symptomatic adenomyosis although some patients experienced reported 
worsening menorrhagia [88]. In a double-blind, placebo-controlled trial conducted 
in 2017, Osuga et al. investigated 67 patients randomly assigned to receive DNG 
(2 mg/day, orally) or placebo for 16 weeks with adenomyosis. After 16 weeks of 
treatment with DNG, the results showed that DNG was effective and well tolerated 
as a treatment for painful symptoms in patients with adenomyosis, not complicated 
by a severe uterine enlargement or severe anemia [89]. The comparison between 
DNG and GnRH analogs found both drugs to be effective for the pain symptoms, 
while GnRH analogs were more effective on abnormal bleeding and uterine volume 
reduction with 4 months of treatment [90].

A study conducted by Muneyyirci-Delale showed that treatment with a low dose 
(5 mg/day) of NETA for the treatment of adenomyosis in women with pelvic pain, 
dysmenorrhea, and abnormal uterine bleeding showed significant improvement in 
both dysmenorrhea and bleeding [91].

LNG-IUD is the most promising treatment option for the medical treatment of 
adenomyosis. In a study, overall satisfaction was 72% among women treated with 
LNG-IUD for 3 years, and a significant decrease in dysmenorrhea and uterine vol-
ume was observed compared to baseline [54]. In line with the previous reports, a 
prospective longitudinal study conducted among 1100 women with adenomyosis 
who received the LNG -IUD were followed up over 60 months showed that 25.9% 
of the patients had amenorrhea and 21.9% had shortened periods. The incidence of 
adverse events was <10%; hence, long-term use of LNG-IUD was reported as effec-
tive and acceptable for the treatment of symptomatic adenomyosis [92]. Moreover, 
LNG-IUD seems to be the best optimal treatment in women with the moderate 
enlarged uterus [93]. Regarding the increased expulsion rates with the increased 
uterine volume [93], combining GnRHa and LNG-IUD treatment may be effica-
cious in patients with adenomyosis and enlarged uterus [94]. When compared with 
COCs, LNG-IUD seems to be more effective and has a better effect on quality of 
life when compared with hysterectomy [95].

In a study, Liang et  al. investigated the effect of pretreatment with the 
levonorgestrel- releasing intrauterine system on IVF outcomes in women with ade-
nomyosis, and differences were found in implantation rates (32.1% vs. 22.1%, 
p = 0.005) and clinical pregnancy rates (44% vs. 33.5%, p = 0.045) between the 
LNG-IUD group and control group [96].
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41.8  Recent Guidelines on Hormonal Therapy 
with Progestins in Endometriosis

European Society of Human Reproduction and Embryology (ESHRE) [97] 
Endometriosis - Guideline of European Society of Human Reproduction and 
Embryology (2022)
Progestogens (including progestogen-only contraceptives)
• It is recommended to prescribe women progestogens to reduce endometriosis-

associated pain (strong recommendation).
• The GDG recommends that clinicians take the different side effect profiles of 

progestogens into account when prescribing them (GPP).
• It is recommended to prescribe women a levonorgestrel-releasing intrauterine 

system or an etonogestrel-releasing subdermal implant to reduce endometriosis-
associated pain (strong recommendation).

American College of Obstetricians and Gynecologists (ACOG) [98]
Committee Opinion on Dysmenorrhea and Endometriosis in the 
Adolescent (2018)
• First-line therapy for adolescents with either surgically diagnosed and destroyed 

endometriosis or presumed endometriosis includes suppressive hormonal ther-
apy using a continuous combined hormonal contraceptive, a progestin-only 
agent, or 52 mg of LNG-IUD.

National Institute for Health and Care Excellence (NICE) [99]
Endometriosis: Diagnosis and Management (2017)

Hormonal Treatments
• Offer hormonal treatment (e.g., the combined oral contraceptive pill or a proges-

togen) to women with suspected, confirmed, or recurrent endometriosis.

European Society of Human Reproduction and Embryology (ESHRE) [100]
Guideline on the Management of Women with Endometriosis (2013)

Empirical Treatment of Pain
• The GDG recommends clinicians to counsel women with symptoms presumed 

to be due to endometriosis thoroughly, and to empirically treat them with ade-
quate analgesia, combined hormonal contraceptives, or progestagens—GPP.
Hormonal Therapies for Treatment of Endometriosis-Associated Pain

• Clinicians are recommended to prescribe hormonal treatment [hormonal contra-
ceptives (level B), progestagens (level A), antiprogestagens (level A), or GnRH 
agonists (level A)] as one of the options, as it reduces endometriosis-associ-
ated pain.
Progestagens and Antiprogestagens

• Clinicians are recommended to use progestagens (medroxyprogesterone acetate 
[oral or depot], dienogest, cyproterone acetate, norethisterone acetate, or dan-
azol) or antiprogestagens (gestrinone) as one of the options, to reduce endome-
triosis-associated pain—A.
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• The GDG recommends that clinicians take the different side-effect profiles of 
progestagens and antiprogestagens into account when prescribing these drugs, 
especially irreversible side effects (e.g., thrombosis, androgenic side 
effects)—GPP.

• Clinicians can consider prescribing a levonorgestrel-releasing intrauterine sys-
tem as one of the options to reduce endometriosis-associated pain—B.

World Endometriosis Society (WES) [101]
Consensus on Current Management of endometriosis (2013)

Empirical Medical Treatment
• Well-tolerated, low-cost, easily accessible options such as nonsteroidal anti-

inflammatory drugs (NSAIDs), other analgesics, combined OCP, and progestins 
should be considered for use as first-line empirical medical treatment (strong).

• In some circumstances, second-line medical treatment with gonadotrophin-
releasing hormone agonists (GnRH-a) with add-back HRT, or the LNG-IUS may 
be considered for use as empirical medical treatment for women who are not 
optimally treated with first-line empirical therapy prior to surgical diagnosis and 
treatment, while awaiting laparoscopic surgery (weak).
Medical Therapy for Women with Symptomatic Endometriosis

• Well-tolerated, low-cost, easily accessible options such as nonsteroidal anti-
inflammatory drugs (NSAIDs), other analgesics, combined OCP, and progestins 
should be considered for first-line medical treatment of laparoscopically diag-
nosed endometriosis (strong).

• Second-line medical treatments could include gonadotrophin-releasing hormone 
agonists (GnRH-a, which should be used with add-back HRT, routinely), the 
LNG-IUS and depot progestins (weak).

Society of Obstetricians and Gynaecologists of Canada (SOGC) [102]
Clinical Practice Guideline on Endometriosis—Diagnosis and 
Management (2010)

Medical Management of Pain Associated with Endometriosis
• Administration of progestin alone—orally, intramuscularly, or subcutaneously—

may also be considered as first-line therapy (I-A).

American College of Obstetricians and Gynecologists (ACOG) [103]
Practice Bulletin for Management of Endometriosis (2010)
• In patients with known endometriosis and dysmenorrhea, OCs and oral norethin-

drone or DMPA are effective compared with placebo and are equivalent to other 
more costly regimens—B.

American Society of Reproductive Medicine (ASRM) [104]
Treatment of Pelvic Pain Associated with Endometriosis—A Committee 
Opinion (2014)

Medical Therapies for Endometriosis
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• Progestogens most commonly used for the treatment of endometriosis include 
medroxyprogesterone acetate (MPA) and 19-nortestosterone derivatives (e.g., 
levonorgestrel, norethindrone acetate, and dienogest). As with OCs, their pro-
posed mechanism of action involves decidualization and subsequent atrophy of 
endometrial tissue. Another more recently proposed mechanism involves proges-
togen-induced suppression of matrix metalloproteinases, a class of enzymes 
important in the growth and implantation of ectopic endometrium. Inhibition of 
angiogenesis has also been proposed as a mechanism to explain the effectiveness 
of progestins in the treatment of endometriosis. In observational studies involv-
ing treatment with MPA, dydrogesterone, or norethindrone acetate, pain has 
been reduced by 70–100%. A meta-analysis of four randomized, controlled trials 
comparing MPA to danazol alone, danazol and combined OCs, or a GnRH-a 
(goserelin acetate) concluded that MPA was as effective as the other treatments 
(odds ratio [OR] 1.1; 95% CI 0.4–3.1). Randomized studies concluded that dien-
ogest was significantly better than placebo and as effective as the GnRH-a buse-
relin, LA, or triptorelin in reducing pain symptoms with diminished side effects 
of hot flushes and bone mineral density loss. The levonorgestrel-releasing intra-
uterine system (LNGIUD) represents another approach to the medical treatment 
of endometriosis. A randomized, controlled trial comparing the LNG-IUD to 
expectant management after laparoscopic surgical treatment for symptomatic 
endometriosis found that the LNG-IUD was more effective than no treatment in 
reducing symptoms of dysmenorrhea. Other studies have demonstrated improved 
symptoms associated with rectovaginal endometriosis and a significant decrease 
in the extent of disease observed at second-look laparoscopy after 6 months of 
treatment with the LNG-IUD. Relief of endometriosis pain with the LNG-IUD is 
similar to GnRH-a.

41.9  Conclusion

New effective substances have been introduced for the medical treatment of endo-
metriosis in the last 50 years. Although there have been few studies with a limited 
number of subjects on progestin use in endometriosis, the beneficial effect of pro-
gestins for the treatment of endometriosis-related complaints was confirmed. 
Progestins are accepted to be one of the major treatment choices in the management 
of pain and other symptoms related to endometriosis. They are exceptionally useful 
especially when long-term treatment is indicated and repeated courses of treatment 
are necessary. Medical treatment is also one of the mainstays of adenomyosis treat-
ment. Although hysterectomy is a “gold standard” and definitive therapy for uterine 
adenomyosis, conservative treatment is required in a group of patients who have a 
desire for fertility and denies surgical management. LNG-IUD is the most promis-
ing treatment option for the medical treatment of adenomyosis.
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42.1  Introduction

Although endometriosis and adenomyosis are different diseases, they both grow 
and regress in an estrogen-dependent fashion. Both endometriotic and adenomyotic 
lesions express steroid receptors and enzyme aromatase [1]. Circulating estrogens 
produced by the ovaries and locally produced estrogens stimulate the growth of 
endometriotic and adenomyotic tissue. Both danazol and aromatase inhibitors have 
been used to treat endometriosis and adenomyosis because they have hypoestro-
genic effects.
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Danazol is an isoxazole derivative of 17 alpha-ethinyl testosterone, which is 
characterized by anti-gonadotropic, hypoestrogenic, and hyperandrogenic proper-
ties. It lowers the mid-cycle luteinizing hormone surge and increases serum free 
testosterone levels. In vitro, danazol has direct inhibitory activity on endometrial or 
endometriotic cells [2–4], which can alleviate endometriosis-related pain. Also, 
danazol competitively inhibits aromatase activity in endometriosis-derived stromal 
cells supporting its local application to treat endometriotic lesions [5]. It was also 
demonstrated that danazol diminishes the expression of aromatase cytochrome 
P450 in the eutopic endometrium of women with adenomyosis [6].

The aromatase P450 is a crucial enzyme for estrogen biosynthesis because it 
catalyzes the conversion of androstenedione and testosterone to estrone and estra-
diol via hydroxylation. The aromatase P450 is aberrantly expressed in the eutopic 
and ectopic endometrium of women with endometriosis. Estrogen stimulates the 
production of cyclooxygenase type 2 enzyme, resulting in elevated levels of prosta-
glandin E2, which is a potent stimulator of aromatase P450 activity [7]. Based on 
this biological background, aromatase inhibitors (AIs) have been used to treat endo-
metriosis and adenomyosis.

42.2  Endometriosis

42.2.1  Danazol

Danazol was very popular for the treatment of endometriosis during the 1970s and 
1980s. However, due to the severe androgenic side effects and to the marketing of 
other drugs, the use of danazol significantly declined in the last 20 years [8, 9].

Several randomized controlled trials (RCTs) demonstrated the efficacy of dan-
azol in treating endometriosis-related pain. A double-blind, placebo-controlled 
RCT compared the efficacy and tolerability of danazol and medroxyprogesterone 
acetate (MPA) in the treatment of mild-moderate endometriosis [10]. After diagnos-
tic laparoscopy, 59 patients randomly received danazol (200 mg three times daily; 
18 women), medroxyprogesterone acetate (MPA; 100 mg/day; 16 women), or pla-
cebo (17 women) for 6 months. A second laparoscopy was performed 6 months 
after the discontinuation of the hormonal therapy, demonstrating full or partial reso-
lution of peritoneal implants in 60% of the patients receiving danazol and in 63% of 
those receiving MPA. In contrast, in the placebo group, the resolution was observed 
in 18%, and the implant size was increased in 23% of the patients. Pelvic pain, 
lower back pain, and dyschezia significantly improved in patients treated with dan-
azol and MPA compared with placebo, but they did not differ from each other in 
these actions. Another RCT investigated the efficacy of postsurgical treatment with 
danazol in women with American Fertility Society (AFS) stage III or IV endome-
triosis [11]. Women were assigned either to treatment with oral danazol (600 mg/
day; 36 women) for 3 months or no therapy (41 women). At 6-month follow-up, 
23% of patients on danazol and 31% of those without any treatment had moderate/
severe pelvic pain recurrence; the respective cumulative pain recurrence rates at 
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12 months were 26% and 34% in the two study groups. Fedele et  al. compared 
cyproterone acetate (CPA; 27 mg plus ethinyl estradiol 0.035 mg/day; 11 women) 
and danazol (600 mg/day; 12 women) for 6 months in patients with laparoscopically 
diagnosed endometriosis [12]. A second laparoscopy was performed at the end of 
treatment in some patients, showing a partial regression of endometriotic lesions in 
both groups, with no significant differences between them. Dysmenorrhea disap-
peared in all patients during treatment. At 6-month follow-up after treatment dis-
continuation, dysmenorrhea recurred in 66% of the patients treated with CPA and in 
58% of those treated with danazol; at 12-month follow-up, the recurrence rates were 
89% and 92%, respectively. Noncyclic pelvic pain improved during treatment in 
both groups; 6 months after treatment interruption, it recurred in four patients both 
in the CPA and in the danazol group; after 12 months, just one woman in the dan-
azol group did not have this symptom. Deep dyspareunia was less affected by both 
treatments, and after 12 months, it recurred in all women. An RCT including infer-
tile patients with a laparoscopic diagnosis of endometriosis compared a 6-month 
treatment of oral gestrinone (2.5 mg twice weekly; 20 women) with oral danazol 
(600 mg/day; 19 women) [13]. Women were followed for at least 12 months after 
the end of the treatment. During both treatments, there was a significant decrease in 
the severity of pain. Symptoms recurred during the follow-up in 57% of the patients 
treated with gestrinone and 53% of those treated with danazol. Twenty-seven stud-
ies included in a Cochrane review evaluated the use of danazol versus gonadotrophin- 
releasing hormone (GnRH) agonists in patients with endometriosis showing no 
significant difference between the two treatments in improving dysmenorrhea, deep 
dyspareunia, and noncyclic pelvic pain [14]. In 1988, a large RCT compared a 
6-month treatment with oral danazol (800 mg per day; 80 women) or intranasal 
nafarelin (400 or 800 μg/day; 77 and 79 women, respectively) in 213 patients with 
laparoscopically confirmed endometriosis [15]. More than 80% of the women in 
each treatment group had a decrease in the extent of disease. Also, the rate of 
patients who experienced severe pain symptoms decreased from about 40% to 
5–10%, while the percentage with no or minimal discomfort grew from 25% to 
70%. Wheeler et  al. conducted a double-blind, multicenter RCT, including 270 
patients [11]. Patients were randomized to a 24-week treatment with leuprolide 
acetate (3.75  mg every month; 128 women) or oral danazol (800  mg/day; 125 
women). At baseline, there was no difference in dysmenorrhea, dyspareunia, and 
pelvic pain between the study groups. After 6 months of treatment, pain symptoms 
similarly improved in both groups: a complete resolution of dysmenorrhea and pel-
vic pain was reported by 99% and 55% of patients on leuprolide and 96% and 60% 
of patients on danazol, respectively. At the same follow-up, patients treated with 
danazol had greater improvement of dyspareunia than those treated with leuprolide. 
An open-label RCT compared oral danazol efficacy (200 mg three times daily; 20 
women) and intramuscular triptorelin (3.75  mg every 6  weeks; 20 women) for 
6 months in the management of moderate and severe endometriosis. Both pain con-
trol and the revised AFS score at second-look laparoscopy did not show a significant 
difference between the two medications [16]. An open-label, parallel-group RCT 
compared a combined oral contraceptive (COC; ethinylestradiol 0.02  mg and 
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desogestrel 0.15 mg) plus oral danazol (50 mg/day for 21 days of each 28-day cycle; 
40 women) versus intramuscular depot MPA (150 mg every 3 months; 40 women) 
[17]. At 1-year follow-up, symptoms significantly improved in both study groups; 
dysmenorrhea was greater in women allocated to COC plus danazol because of the 
virtual absence of regular flow in patients receiving depot MAP.

Vaginally administered danazol can be used in combination with other therapies. 
A prospective pilot study (15 women) demonstrated the effectiveness of treatment 
with vaginal danazol (100 mg per day) in improving the pain symptoms caused by 
rectovaginal endometriosis that persist after insertion of a levonorgestrel-releasing 
intrauterine device. Adverse effects of the treatment were minimal and well 
 tolerated [18].

In conclusion, several randomized controlled trials demonstrated that danazol 
effectively treats endometriosis-associated pain symptoms (Table 42.1). However, 
its use is limited by the occurrence of androgenic side effects (Table 42.2) and the 
availability of other efficacious and better-tolerated drugs.

42.2.2  Aromatase Inhibitors

Over the last 15 years, several studies documented the efficacy of AIs in treating 
endometriosis-related pain symptoms. An open-label RCT compared the effective-
ness of letrozole (LTZ, 2.5  mg/day) combined with either norethindrone acetate 
(NETA; 2.5 mg/day; 17 women) or triptorelin (11.25 mg/day every 3 months; 18 
women) for 6 months in treating pain symptoms caused by rectovaginal endome-
triosis [19]. The severity of both nonmenstrual pelvic pain and deep dyspareunia 
significantly decreased during treatment in both study groups, although no statisti-
cal difference between the two groups was reported. A recent RCT compared the 
efficacy and tolerability of continuous COC (one tablet of 20  mg ethinyl estra-
diol/0.1 mg levonorgestrel) versus continuous COC combined with LTZ (2.5 mg/
day) in treating pain in patients with a surgical diagnosis of endometriosis [20]. 
Eight hundred twenty patients were included in the study, and they received the 
treatment for 6 months. The intensity of chronic pelvic pain and deep dyspareunia 
significantly decreased at 1-month after treatment in both study groups; chronic 
pelvic pain continued to decline during treatment. Similarly, the intensity of deep 
dyspareunia significantly decreased at 6-month follow-up in both study groups. The 
intensity of chronic pelvic pain and deep dyspareunia was significantly lower in 
patients receiving LTZ and COC than in those receiving COC alone. Pain scores 
continued to decrease throughout the trial. In all patients, menstrual cycles resumed 
within 8 weeks after the discontinuation of the treatment. At 6-month follow-up 
after completing therapy, the intensity of dysmenorrhea, deep dyspareunia, and 
chronic pelvic pain was significantly decreased compared with baseline values in 
both study groups. At 12-month follow-up, no significant difference was observed 
in the intensity of dysmenorrhea symptoms between the two study groups.

Several studies documented the efficacy of AIs in treating pain caused by deep- 
infiltrating endometriosis. A prospective open-label nonrandomized trial compared 

S. Ferrero and F. Barra
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Table 42.2 Adverse effects reported in randomized controlled trials investigating the efficacy of 
danazol in patients with endometriosis

First author, 
year 
published

Dosage of 
danazol Side effects

Telimaa, 
1987 [10]

600 mg/
day

Weight increase in 6 months from (59.3 ± 1.2 kg) to (62.7 ± 2.6 kg); 
acne frequency after 1 month (30%), after 6 months (63%). Edema 
frequency (65%) after 1 month, (47%) after 6 months. Muscle 
cramps frequency after 6 months (32%). Spotting after 1 month 
(55%), after 6 months (26%)

Henzl, 1988 
[48]

800 mg/
day

Hot flushes (68%). Weight increase, edema, and myalgia 
(statistically significantly greater than the nafarelin group)

Fedele, 1989 
[12]

600 mg/
day

Weight increase (2.8 ± 1.1 kg). Hot flushes. Breast pain-tension. 
Acne. Seborrhea. Nausea. Hirsutism. Liver enzymes increase

Fedele, 1989 
[13]

600 mg/
day

Weight increase (68%). Hot flushes (31%). Decreased breast size 
(26%). Vaginal dryness (11%). Acne (31%). Seborrhea (21%). 
Nausea (16%). Muscle cramps (26%). Deepening of voice (5%). 
Hirsutism (11%). Increase of liver transaminases (11%)

Dmowsky, 
1989 [49]

800 mg/
day

Headaches (60%). Fatigue (40%). Irritability (40%). Depression 
(50%). Sleep disturbances (30%). Vaginal dryness (30%). 
Vasomotor symptoms (60%). Acne (60%). Weight increase (3.9 kg).

Bromham, 
1995 [51]

400 mg/
day

Headache (4.4%). Skin rush (1.5%). Hirsutism (2.2%). Nausea 
(3.7%). Vomiting (1.5%). Voice change (3.7%). Tiredness (1.5%). 
Muscle cramps (2.2%). Depression (2.9%). Shaking (1.5%). Acne 
(0.73%). Dizziness (1.5%). Faintness (0.73%). Increase of liver 
transaminases (1.5%)

the effectiveness of NETA or a combination of LTZ and NETA in treating pain 
symptoms caused by rectovaginal endometriosis [21]. The study included 82 
patients, and the treatment was administered for 6 months. Both treatments improved 
the intensity of chronic pelvic pain and deep dyspareunia. However, the intensity of 
the symptoms was significantly better in patients receiving the combined therapy 
than in those treated with NETA alone. Pain symptoms recurred after the discon-
tinuation of treatment in both study groups. A prospective study including six 
women with colorectal endometriosis demonstrated that LTZ and NETA adminis-
tration improves pain and dyschezia, symptoms mimicking diarrhea-predominant 
irritable bowel syndrome, intestinal cramping, abdominal bloating, and passage of 
mucus in the stools [22]. The same authors showed that the combined treatment 
with LTZ and NETA quickly improves pain and urinary symptoms of patients with 
bladder endometriosis [23].

Some studies investigated the impact of aromatase inhibitors on ovarian endome-
triomas. As expected, all the studies proved that aromatase inhibitors decrease the 
size of ovarian endometrioma. However, contradictory results have been reported 
that aromatase inhibitors cause the complete disappearance of ovarian endometri-
otic cysts. Lall Seal et al. treated five patients with recurrent ovarian endometrioma 
with LTZ, desogestrel, and ethinylestradiol for 6 months [24]. In all patients, the 
size of the ovarian endometriomas decreased within 3 months of initiation of treat-
ment. One patient had complete regression of cyst within 3 months of initiation of 
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treatment; the remaining patients had complete regression of cysts at the end of the 
6-month treatment. Subsequent follow-up showed no recurrence of the endometri-
otic ovarian cyst (maximum up to 2 years). All the patients reported improvement in 
the intensity of pain within 1 month of treatment initiation; the intensity of pain 
continued to decrease throughout treatment. A prospective study investigated the 
impact of 3-month treatment with LTZ (5 mg/day) combined with NETA (5 mg/
day) on ovarian endometrioma size [25]. Eight women with 14 endometriomas 
were enrolled in the study. The mean endometrioma diameter decreased 50% (from 
4.6 ± 1.6 cm to 2.3 ± 1.6 cm, p < 0.01). This change in diameter corresponds to a 
mean endometrioma volume reduction of 75%. Dysmenorrhea, dyspareunia, and 
nonmenstrual pelvic pain also improved with treatment. More recently, an Italian 
patient-preference study including 40 women compared the efficacy of NETA or 
NETA combined with LTZ in treating ovarian endometriotic cysts [26]. After 
6  months of treatment, the endometriomas volume significantly decreased com-
pared with baseline in both study groups; it was significantly smaller in patients 
receiving the combined treatment than in those treated with NETA alone. However, 
in none of the 40 patients included in the study did the endometriomas disappear. 
Furthermore, in both study groups, at 6 months after the discontinuation of treat-
ment, the volume of the endometriotic cysts was comparable to baseline. Therefore, 
the author concluded that aromatase inhibitors’ efficacy should be balanced with the 
need to administer long-term treatment.

AIs have also been used to prevent the recurrence of endometriosis after surgery. 
In an RCT, Soysal et al. compared 6-month treatment of anastrozole (1 mg/day) plus 
subcutaneous goserelin (3.6 mg every month; 40 women) with subcutaneous gosere-
lin alone (3.6 mg every month; 40 women) in patients who underwent conservative 
surgery for severe endometriosis [27]. The combination of anastrozole and goserelin 
was better in improving pain than goserelin alone. Furthermore, patients treated with 
goserelin plus anastrozole, compared to those treated with goserelin alone, had a 
longer symptom recurrence period (>24 vs. 17  months). At 24-month follow-up, 
symptoms recurred in three women (7.5%) treated with goserelin plus anastrozole, 
while recurrence was observed in 14 women (35%) treated with goserelin- only. A 
prospective Iranian RCT including 144 infertile patients with endometriosis com-
pared the following three postoperative treatments: LTZ (2.5 mg/day for 2 months; 
47 women; group 1), triptorelin (3.75 mg every month for 2 months; 40 patients; 
group 2), and no medication (57 women; group 3) [28]. At baseline, there was no 
difference in the prevalence of pain symptoms among the three groups. After 1 year 
of follow-up, the rate of symptom recurrence was similar in the three study groups: 
6.4% in patients treated with LTZ, 5% in those treated with triptorelin, and 5.3% in 
those who did not receive postoperative hormonal therapy. The pregnancy rate was 
23.4% in patients treated with LTZ, 27.5% in those treated with triptorelin, and 
28.1% in those who did not receive postoperative treatment.

Theoretically, the vaginal administration or aromatase inhibitors may guarantee 
the efficacy in improving pain symptoms, and it may minimize the adverse effects. 
A cynomolgus monkey study showed that anastrozole could be administered by a 
vaginal polymer-based drug delivery system [29]. Subsequently, a phase 1, 
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randomized, multicenter, parallel-group, three-arm, open-label study investigated 
the doses, pharmacokinetics, pharmacodynamics, and safety/tolerability of anastro-
zole and the levonorgestrel delivered to the systemic circulation by an intravaginal 
ring [30]. In addition, a phase 2 trial showed that there is no interaction of anastro-
zole on levonorgestrel [31].

42.3  Adenomyosis

42.3.1  Danazol

Limited data are available on the systemic treatment of adenomyosis with danazol 
due to the high incidence of androgenic adverse effects.

Igarashi used an intrauterine device containing 175 mg of danazol to treat patients 
affected by adenomyosis [32]. The treatment effectively reduced the size of the 
uterus, and pregnancy was achieved in 66.6% of the patients. In another study, an 
intrauterine device containing 300–400 mg of danazol was employed for the treat-
ment of 14 women with adenomyosis [33]. During treatment, there was complete 
remission of dysmenorrhea in 9, reduction in 4, and no change in 1 patient, respec-
tively; additionally, there was complete remission of hypermenorrhea in 12 and no 
change in 2 patients, respectively. A decrease in dysmenorrhea and hypermenorrhea 
was observed at the first menstruation following the initiation of treatment and per-
sisted after removing the danazol IUD. With the danazol-IUD therapy, in 9 out of 14 
patients a reduction in the myometrium’s maximum thickness (from the surface of 
the uterus to the border between the myometrium and the endometrium) as mea-
sured by MRI was observed. During the treatment, blood danazol levels were unde-
tectable, ovulation was not inhibited, and no side effects were reported. The same 
device loaded with danazol was used in a murine model of adenomyosis. In this 
preclinical study, it was reported that the adenomyotic nodule number decreased as 
the danazol dose increased, with a low and stable plasma drug concentration [34]. 
Another study published in the abstract form confirmed the efficacy of the danazol- 
loaded intrauterine device in the treatment of adenomyosis [35]. The device was 
inserted in 50 patients resistant to previous oral danazol therapy or GnRH analog 
treatment. The therapy improved dysmenorrhea and hypermenorrhea. There were 
no systemic side effects because serum danazol concentration was not detectable. 
Ovulation and menstruation were the same as in pre-treatment cycles.

Cervical injections of danazol at 2-week intervals for 12 weeks have also been 
successfully used for treating adenomyosis, showing a 60% improvement in bleed-
ing, pain, and dyspareunia, and a decrease in uterine size [36].

A prospective noncomparative study including 21 symptomatic women with 
adenomyosis found that the danazol-loaded intrauterine device was responsible for 
complete relief of dysmenorrhea in 17 (81%) and improvement of menstrual bleed-
ing in 16 (76%) patients after 6 months of treatment. The treatment caused no sys-
temic side effects. The only disadvantage of the danazol-loaded intrauterine device 
in this series was uterine spotting and spontaneous expulsion [37].
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A prospective Italian study investigated the efficacy of vaginally administered 
danazol (200 mg/day) in treating young women with menorrhagia [38]. The treat-
ment was administered every day at night and continued for 6 months. The severity 
of blood loss was significantly reduced in all of the women after 2 months of treat-
ment. After 6 months of treatment, there was a decrease in bleeding duration and the 
total number of pads and/or tampons used. Uterine volume was significantly 
reduced, and hematocrit, hemoglobin, and red blood cell count increased. The med-
ical treatment did not affect hormonal parameters, and the menstrual cycle remained 
unaffected; few local vaginal adverse effects (such as vaginal irritation) were 
recorded. After 6 months of treatment, 80% of women were very satisfied with their 
treatment, 16% were satisfied, 4% were uncertain, and none were dissatisfied. 
Dysmenorrhea, dyspareunia, and pelvic pain significantly decreased after 3 months 
of treatment, with a persistent effect of 6 months. A subsequent retrospective study 
investigated the clinical efficacy of long-term vaginal danazol treatment in patients 
with adenomyosis [39]. Women were treated with a daily low-dose vaginal danazol 
(200 mg) for 6 months, followed by two different schedules: continuous treatment 
for further 18 months (n = 30) or intermittent cyclic treatment with 3 months’ ther-
apy followed by 3 months’ interval for further 18 months. Both protocols improved 
dysmenorrhea, dyspareunia, and menstrual bleeding at 6, 12, and 24  months of 
treatment.

A study published only in the abstract form compared low-dose dienogest with 
low-dose danazol for the long-term treatment, and of adenomyosis [40]. The daily 
dose of dienogest could be decreased from 2.0 to 1.5 or 1.0 mg. The daily dose of 
danazol could be reduced from 200 to 50 or 33 mg. Both therapies were effective in 
the treatment of adenomyosis. Still, some patients in the low-dose danazol treat-
ment group developed polycythemia as an adverse effect, and the administration of 
the drug was therefore discontinued. There was no significant difference in the val-
ues of serum hormones, tumor markers, or lipid metabolism between both groups.

42.3.2  Aromatase Inhibitors

A non-blind RCT compared the efficacy of GnRH-a and aromatase inhibitors in 
treating adenomyosis [41]. Thirty-two patients were allocated to receive oral LTZ 
(2.5 mg/day) or subcutaneous goserelin (3.6 mg) for 12 weeks. There were no sig-
nificant differences between the post-treatment adenomyoma volume of the two 
groups. Goserelin was more efficacious than LTZ in improving chronic pelvic pain, 
dysmenorrhea, menorrhagia, metrorrhagia, and dyspareunia, although the differ-
ence did not reach statistical significance. Hot flashes were significantly more fre-
quent in patients treated with GnRH-a than in those treated with LTZ.

A case report described the use of an aromatase inhibitor combined with a 
GnRH-a in a 34-year-old woman wishing to preserve fertility [42]. The patient suf-
fered severe menorrhagia and hypermenorrhea. The patient failed previous 
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treatments with buserelin acetate, goserelin acetate, E2 and medroxyprogesterone 
acetate, and oral danazol. The patient was thus treated with oral anastrozole (1 mg/
day) and goserelin acetate. The combined therapy caused a rapid decrease in the 
uterine volume; a small amount of bleeding continued for 30 days and ultimately 
stopped. Forty-five days after the initiation of this treatment, the uterine size was 
reduced by 60%, with no further reduction after that. The dosage of anastrozole was 
increased to 2 mg/day at 65 days after treatment initiation. After 120 days of com-
bined treatment, the patient continued the therapy with goserelin alone. After 
6 months, there was no increase in the uterine size.

A prospective study published only in the abstract form investigated the 
changes in the sonographically detectable alterations of the myometrium caused 
by adenomyosis after treatment with aromatase inhibitor [43]. Overall, 34 patients 
received oral LTZ (2.5 mg/day) for 6 months; 4 patients (11.8%) discontinued the 
therapy because of adverse effects. After 3-month treatment, there was a signifi-
cant decrease in uterine volume; a further decrease was observed after 6 months 
of treatment. The treatment caused a significant decrease in the size of the anechoic 
area, the thickness of the uterine wall, the larger diameter of localized adenomyo-
mas, and the total adenomyoma volume. Also, the treatment improved pain 
symptoms.

42.4  Conclusion

Several RTCs performed between 1980 and 1990 documented the efficacy of 
danazol in treating endometriosis-related pain (Table 42.1). However, as it is now 
well accepted that patients with endometriosis require long-term treatment, the 
high incidence of androgenic adverse effects (Table  42.2) has significantly 
decreased the use of this drug [8, 9, 44]. Several studies documented the efficacy 
of AIs in treating different forms of endometriosis, including ovarian endome-
trioma and deep-infiltrating endometriosis (Table 42.3). However, AIs cause sig-
nificant adverse effects and, therefore, they are not suitable for the long-term 
treatment of endometriosis [45, 46]. The use of AIs can be considered in patients 
with severe pain that is not responsive to other hormonal therapies and in which 
surgery may be associated with potentially relevant complications.

Limited data are available on the use of danazol for the treatment of adenomyo-
sis. Some studies showed that a danazol-load intrauterine device might improve 
symptoms of patients with adenomyosis [33, 35, 47]. However, this device has 
never been introduced in the market. Vaginally administered danazol may decrease 
the menstrual blood loss in premenopausal women with adenomyosis [38, 39]. An 
RCT demonstrated that AIs might improve the symptoms caused by adenomyosis 
[41]; however, these results were not confirmed by other studies. Therefore, AIs 
should not be routinely used for the treatment of adenomyosis.
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Table 42.3 Studies investigating the use of aromatase inhibitors to treat endometriosis

Authors Study design n Treatment

Length of 
treatment 
(months) Findings

Ailawadi, 
2004 [52]

Phase 2, 
open-label, 
nonrandomized 
proof-of-concept 
study

10 LTZ (2.5 mg/day) 
and NETA (2.5 mg/
day)

6 Improved ASRM 
score and 
symptoms
Stable BMD

Soysal, 
2004 [27]

RCT 40 
vs. 40

ANZ (1 mg/
day) + goserelin 
(3.6 mg/4 weeks)
Placebo + goserelin 
(3.6 mg/4 weeks)

6 Higher time to 
recurrence after 
surgery in the ANZ 
group (> 
24 months vs. 
17 months)
After 24 months: 
recurrence in 
3/40 in the 
combined 
treatment vs. 
14/40 in patients 
treated with 
goserelin alone
Higher BMD loss 
in patients treated 
with the combined 
therapy

Amsterdam, 
2005 [53]

Prospective 
open-label phase 
2 trial

18 ANZ (1 mg/
day) + ethinyl 
estradiol (20 mcg/
day) and 
levonorgestrel 
(0.1 mg/day)

6 Improved pain 
symptoms
Stable BMD

Hefler, 2005 
[54]

Nonrandomized 
pilot study

10 LTZ (0.25 mg) in 2 g 
vaginal suppository

6 Improved 
dysmenorrhea and 
QoL
Stable dyspareunia 
and CPP
Stable BMD

Remorgida, 
2006 [55]

Open-label 
prospective study

12 LTZ (2.5 mg/
day) + NETA 
(2.5 mg/day)

6 Improved pain 
symptoms and 
QoL
Stable BMD

Remorgida, 
2007 [56]

Open-label 
prospective study

12 LTZ (2.5 mg/
day) + desogestrel 
75mcg/day

6 Interrupted for 
functional ovarian 
cysts
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Table 42.3 (continued)

Authors Study design n Treatment

Length of 
treatment 
(months) Findings

Ferrero, 
2009 [21]

Prospective, 
open-label, 
nonrandomized 
trial

41 
vs. 41

LTZ (2.5 mg/
day) + NETA 
(2.5 mg/day)
NETA 2.5 mg/day

6 Comparable pain 
symptoms and 
QoL 
improvement—
lower dyspareunia 
and CPP after 
3- and 6-month 
treatment with LTZ
Stable and 
comparable BMD

Loss, 2009 
[57]

Prospective pilot 
study

20 ANZ (1 mg/
day) + goserelin 
(3.6 mg/4 week)

3 15/20 reduction of 
endometrioma 
volume
Ca-125 reduced by 
61%

Ferrero, 
2010 [22]

Prospective study 6 LTZ (2.5 mg/
day) + NETA 
(2.5 mg/day)

6 Improved pain and 
gastrointestinal 
symptoms
Stable BMD

Roghaei, 
2010 [58]

RCT 38 vs. 
37 
vs. 31

LTZ (2.5 mg/day)
Danazol (600 mg/
day)
No hormonal therapy

6 Comparable pain 
symptoms 
improvement in 
LTZ and danazol 
groups after 
surgery; return to 
baseline for the 
placebo group

Alborzi, 
2011 [28]

RCT 47 vs. 
40 
vs. 57

LTZ (2.5 mg/day)
Triptorelin 
(3.75 mg/4 weeks)
Control

2 Comparable pain 
symptoms 
recurrence and 
reproductive 
outcomes
Ovarian functional 
cysts in 24.3% 
LTZ and 2.5% 
triptorelin groups

(continued)
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Table 42.3 (continued)

Authors Study design n Treatment

Length of 
treatment 
(months) Findings

Ferrero, 
2011 [19]

RCT 17 
vs. 18

LTZ (2.5 mg/
day) + NETA 
(2.5 mg/day)
LTZ (2.5 mg/
day) + triptorelin 
11.25 mg/3 months

6 Comparable pain 
symptoms 
improvement
Higher reduction 
of rectovaginal 
nodule in 
triptorelin group
Higher adverse 
effects in the 
triptorelin group
Reduced BMD in 
the triptorelin 
group and stable in 
NETA groups

Ferrero, 
2013 [59]

Prospective, 
nonrandomized, 
self-controlled 
study

8 LTZ (2.5 mg/
day) + NETA 
(2.5 mg/day)

12 Significant and 
comparable 
reduction in the 
volume of 
rectovaginal 
nodules after 6 and 
12 months for all 
the treatment 
options

Ferrero, 
2014 [26]

Patient- 
preference study

20 
vs 20

LTZ (2.5 mg/
day) + NETA 
(2.5 mg/day)
NETA (2.5 mg/day)

6 Comparable pain 
symptoms 
improvement
Higher reduction 
in endometrioma 
volume in LTZ 
group
Return to baseline 
in both groups 
after 6 months of 
follow-up
Stable and 
comparable BMD

Agarwal, 
2015 [25]

Prospective 
cohort study

8 LTZ (5 mg/
day) + NETA (5 mg/
day)

3 Pain symptoms 
improvement
Reduction in 
endometrioma 
volume

ANZ anastrozole, ASRM American Society for Reproductive Medicine, BMD bone mineral den-
sity, CPP chronic pelvic pain, LTZ letrozole, QoL quality of life, RCT randomized controlled trial
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43.1  GnRH Physiology

GnRH is a decapeptide released in a pulsatile fashion from the hypothalamus. It acts 
on the pituitary plasma membrane receptor, which has a characteristic seven trans-
membrane configuration, leading to the release of follicle stimulating hormone 
(FSH) and luteinizing hormone (LH) from the anterior pituitary. This further leads 
to stimulation of the end organ, the ovary, with the production of sex steroids. The 
pulsatile nature of GnRH release is critical to its function and when administered 
continuously leads to an initial stimulation of FSH/LH release followed by down 
regulation of receptors responsible for the release of gonadotropins [1]. The desen-
sitization and down regulation of these gonadotropin receptors ultimately leads to 
reduction in ovarian sex steroid production.

Knobil’s groundbreaking work in which rhesus monkeys with lesions were given 
pulsatile synthetic GnRH hourly to restore the release of gonadotropins from the 
pituitary [1] was pivotal in our understanding of the HPO axis. When synthetic 
GnRH was administered continuously, gonadotropin release was inhibited and it 
was discovered that the pattern of GnRH delivery had a critical impact on its down-
stream effects. The finding that pulsatile GnRH release is critical to HPO function, 
together with the realization that treatment with exogenous continuous GnRH ago-
nist/analogue would lead to blockage of gonadotropin and thus ovarian sex steroid 
release, was key in our understanding of this complex physiologic phenomenon. 
Ultimately, this work has led to the clinical use of GnRH agonists to suppress the 
gonadotropin secretions by the hypothalamus and ovarian estradiol production for 
multiple clinical applications.

43.2  Clinical Uses

The work of Knobil and others has led to the use of GnRH agonists to suppress 
the HPO for the purposes of treating a wide variety of conditions including endo-
metriosis, uterine fibroids, dysmenorrhea, adenomyosis, dysfunctional uterine 
bleeding, and for fertility preservation [1]. In addition, GnRH analogues are also 
widely used in the world of assisted reproductive technology to chemically shut 
down the HPO axis in a reversible manner, thereby allowing for the blockage of 
ovulation. Conversely, one of the early uses of GnRH agonists was in a pulsatile 
manner to induce ovulation in patients with PCOS or with hypothalamic 
hypogonadism.

43.3  Impact of GnRH Agonist Amino Acid Substitution 
on Clinical Effect

The 1977 Nobel Prize in Physiology and Medicine was awarded jointly to Drs. 
Roger Guillemin and Andrew Schally for the discovery of brain peptide production 
including the sequencing of GnRH [2, 3]. Since that time, amino acid substitutions 
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have been made to the synthetic decapeptide in order to increase biological stability 
and enhance potency resulting in chemical hypophysectomy. The half-life of endog-
enous GnRH and gonadorelin, its synthetic analog, is just 2–4 min [4]. Renal clear-
ance and degradation by peptidases are the key reasons for the short half-life. The 
fast clearance is key to its ability to act in a pulsatile manner. In order to limit deg-
radation and lead to a longer duration of action together with a higher potency at 
suppressing the HPO axis, synthetic analogs have to be structurally altered by sub-
stituting amino acids. For example, by substituting more hydrophobic amino acids 
at the 6th and 10th positions of the decapeptide (see Fig. 43.1), the molecule’s vul-
nerability to degradation by peptidases, which cleave at these sites, is markedly 
decreased. This leads to a longer half-life for the synthetic analogue and a more 
potent physiologic effect. As an example of their protection from elimination and 
degradation, the synthetic analogs nafarelin and leuprolide have half-lives of about 
3 h [5].

In addition to amino acid sequence, the route and frequency of GnRH agonist 
administration may also be important determinants of clinical effect. GnRH ago-
nists can be administered in several forms for the treatment of endometriosis. For 
example, nafarelin acetate is a nasal spray, that is administered twice daily. In 
addition, a short acting leuprolide acetate formulation can also be injected subcu-
taneously on a daily basis. Alternative options for long acting forms are depot 
leuprolide acetate or goserelin acetate, whose properties allow administration in a 
monthly or quarterly dosing regimen [6]. Efficacy in suppressing ovarian function 
has enabled GnRH agonists to become important medications in the management 
of endometriosis and adenomyosis. However, although effective, these medica-
tions are sub-optimal owing to their side-effects and thus alternative approaches 

Amino Acid Configurations of GnRH Agonists 

Peptide position

AGENT 1 2 3 4 5 6 7 8 9 10

GnRH Pyrog His Trp Ser Tyr Gly Leu Arg Pro Gly

Gonadorelin Pyrog His Trp Ser Tyr Gly Leu Arg Pro Gly 

Leuprolide* Pyrog His Trp Ser Tyr Leu Leu Arg Pro Ethylamide

Nafarelin* Pyrog His Trp Ser Tyr Nap Leu Arg Pro Gly 

Goserelin* Pyrog His Trp Ser Tyr Ser Leu Arg Pro Aza-Gly

Deslorelin Pyrog His Trp Ser Tyr Trp Leu Arg Pro Ethylamide

Buserelin Pyrog His Trp Ser Tyr Ser Leu Arg Pro Ethylamide

Tryptorelin Pyrog His Trp Ser Tyr Trp Leu Arg Pro Gly 

Major sites of cleavage

Fig. 43.1 Amino acid configurations of GnRH agonists. *FDA approved for the treatment of 
endometriosis. (Adapted from [5])
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to achieving ovarian suppression without complete loss of circulating estrogens 
have been sought.

43.4  Adenomyosis

Adenomyosis is the growth of endometrial glands and stroma within the myome-
trium. Challenges in studying adenomyosis treatment include inconsistent diagno-
sis without hysterectomy and the overlap in presence of endometriosis. The first 
report of the efficacy of GnRH agonist for treatment of adenomyosis, which had 
been confirmed pathologically, was in 1991. A uterus had a 64% reduction in uter-
ine volume along with clinical improvement of dysmenorrhea and pelvic pain. 
However, on discontinuation of GnRH agonist, the symptoms quickly returned [7]. 
The data on adenomyosis treatment with GnRH agonists and antagonists is limited 
to mostly case reports. However, preliminary empiric treatment with these agents 
for suspected adenomyosis related pain results in relief of pelvic pain and dysmen-
orrhea [8].

43.5  Endometriosis

Endometriosis, which is the presence of endometrial glandular tissue and stroma 
outside the uterine cavity, occurs in approximately 6–10% of reproductively aged 
women. Many women with endometriosis experience severe dysmenorrhea, dyspa-
reunia, and non-menstrual pelvic pain; others remain asymptomatic [6]. The tradi-
tional diagnosis of endometriosis is made when endometriotic implants are 
visualized in the surgical field and confirmed by pathologic evaluation of tissue 
biopsy [6].

As may be expected with other chronic pain syndromes, the physical and emo-
tional burden perpetrated by endometriosis can lead to a significant reduction in the 
quality of life and reductions in household and workplace productivity [9]. The 
endometrial-like tissue can be present anywhere in the pelvis or abdomen and 
responds to estrogen in the same manner as the endometrium. Circulating estradiol 
levels stimulate endometriosis growth and can cause the significant pain associated 
with this disease. Although comprehensive multidisciplinary programs have been 
proposed and established [10], the primary treatment options for endometriosis are 
surgical excision and/or ablation of the ectopic endometrium, hormonal manipula-
tion, or a combination. Many patients only experience relief from a lifetime of pain 
when they enter menopause at which point circulating estradiol levels are low, and 
usually lead to regression of the endometriosis. By decreasing circulating estradiol 
levels pharmacologically, the goal is to maintain a level of estradiol high enough to 
prevent unnecessary bone loss, but lower than premenopausal physiologic levels 
resulting in atrophy of endometriotic implants. This goal has proven challenging 
with single medications.
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43.6  GnRH Agonists for the Treatment of Endometriosis

Given that endometriosis is an estrogen dependent disorder, GnRH agonist induced 
suppression of estradiol has been a cornerstone in the medical management of endo-
metriosis. Several early studies demonstrated agonists to be as effective as previ-
ously FDA approved danazol in the treatment of endometriosis but without the 
androgenic side effects [11–13]. However, hypoestrogenemia induced impact on 
bone limited FDA approval to 6 months. Three FDA approved GnRH Agonists are 
currently used for the treatment of endometriosis: leuprolide acetate (Lupron), gos-
erelin acetate (Zoladex), and nafarelin acetate (Synarel). Lupron and Zoladex are 
depot injections. Lupron has a one month 3.75 mg form as well as with dosing of 
11.25  mg subcutaneous every 3  months. Zoladex, also a depot preparation, is 
administered 3.6 mg subcutaneously every 28 days. Intranasal nafarelin dosing is 
either 400 or 800 ug daily.

An important weakness with the above treatments is recurrence of endometriosis 
symptoms following discontinuation of medical therapy. The recurrence rate fol-
lowing cessation of GnRH therapy within 5 years is between 53 and 74%. The 
recurrence rate is higher in patients with advanced disease (73%) when compared 
with minimal disease (37%); however, the overall median recurrence rate was 53% 
over 5 years [14]. Hence the search for improved agonists for the management of 
endometriosis continues. Currently, orally administered GnRH agonists are being 
evaluated for the treatment of endometriosis including relugolix and linzagolix. As 
yet, neither is FDA approved for this indication.

43.7  Impact on GnRH Agonists on Bone

The major adverse effects associated with GnRH agonists and antagonists are 
related to the hypoestrogenemia that occurs as a result of their mechanisms of 
action. These commonly include vaginal dryness, vasomotor symptoms, decreased 
libido, mood changes, irregular bleeding/amenorrhea, and a reversible reduction in 
bone mineral density. Prolonged use results in the increased loss of bone mineral 
density, which led to restrictions on the approved duration of therapy with these 
drugs. Six months of agonist use can lead to around 6–12% BMD loss [15]. Although 
the pain relief experienced by patients using these drugs is significant, this side 
effect profile is a deterrent to their use.

43.8  Add-Back Therapy as a Strategy to Protect Bone 
and Extend GnRH Agonist Use

Use of add-back is the recommended strategy to maintain efficacy of the GnRH 
agonist, while at the same time reducing unwanted hypoestrogenic side effects. 
Add-back relies on the realization that agonists may suppress the HPO axis beyond 
that necessary for an endometriosis therapeutic effect. Therefore, sex-steroids are 

43 GnRH Agonists and Antagonists in Endometriosis and Adenomyosis Therapy



582

prescribed in conjunction with the agonist (add-back) to reduce unwanted hypoes-
trogenic effects without compromising efficacy.

Much of the initial work on add-back was conducted at UCLA by Drs. Judd and 
Surrey who evaluated norethindrone as add-back [16, 17]. They demonstrated that 
hypoestrogenic side effects could be reduced with add-back without compromising 
efficacy [17]. Since those foundational studies, many hormonal and non-hormonal 
such as etidronate add-backs have been evaluated. For example, high dose medroxy-
progesterone acetate (MPA) supplementation at 100 mg/day diminishes the hypoes-
trogenic side effects of goserelin acetate 3.6 mg daily without changing its efficacy 
in endometriosis [18]. As an alternative, 0.3 mg/day or 0.635 mg/day conjugated 
estradiol + MPA (Provera) 5 mg/d, administered in conjunction with 3.6 mg monthly 
goserelin was as effective as goserelin alone in improving pelvic symptoms of endo-
metriosis but reduced both the vasomotor symptoms/vaginal dryness and loss of 
bone mineral density (BMD) associated with goserelin therapy alone administered 
over 6 months [19]. Similarly, use of either goserelin alone or together with 17-beta 
estradiol (2 mg/d) plus 1 mg/d norethisterone acetate were equally effective in treat-
ment of endometriosis of 88 women randomly assigned to one of the two treatment 
groups; however, the menopausal symptoms were significantly reduced in the 
patients whose treatment included hormone replacement therapy (HRT) compared 
to goserelin alone plus placebo [20].

In 1998, one of the largest studies of its kind showed that add-back hormone 
therapy resulted in relief of endometriosis symptoms in addition to protection of 
bone mineral density at 1 year of treatment with Leuprolide acetate depot. Bone 
density was maintained in all three treatment arms, which included either: norethin-
drone acetate 5 mg daily alone, norethindrone acetate 5 mg and conjugated equine 
estrogens 0.625  mg daily, or norethindrone acetate 5  mg and conjugated equine 
estrogens 1.25 mg daily. Add-back therapy with 5 mg norethindrone acetate alone 
maintained the efficacy of the leuprolide while providing bone protection leading to 
FDA approval for this use [21]. Norethindrone acetate 5 mg remains the only FDA 
approved add-back therapy at this time. However, some patients do not tolerate the 
side effects of this high dose progestin only add-back and would prefer the hypoes-
trogenic side effects over the side effects of norethindrone acetate. An additional 
alternative to progestin alone add-back involved the use of testosterone, which is 
also bone protecting [22]. Further, tibolone is a synthetic steroid with weak proges-
terone, estrogen, and androgen activity, used in the treatment of menopausal symp-
toms has been explored as an alternative for add-back therapy and to mitigate 
unwanted side-effects. A prospective, randomized placebo controlled double-blind 
study of 29 women with moderate to severe endometriosis observed that vasomotor 
symptoms associated with GnRH agonist treatment were significantly reduced with 
the addition of Tibolone 2.5 mg/day. Although BMD was not one of the study out-
comes, a decrease in the urinary calcium to creatinine ratio, which is a clinical 
indicator of the metabolic effects hypoestrogenism has on bone, was observed in the 
treatment group when compared to the placebo group which received only Goserelin 
and iron supplementation [23]. Agarwal et al. showed that 6 months treatment with 
daily intranasal GnRH agonist deslorelin along with low estradiol +/− testosterone 
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add-back resulted in reduction in endometriosis symptoms without significant 
hypoestrogenic side effects. Women were randomized to receive one of three add- 
back regimens with the deslorelin. They received either 50 mcg/d transdermal estra-
diol via a patch, 300 mcg/d intranasal estradiol spray or the estradiol spray along 
with 275 mcg/d testosterone spray. Importantly, even in the two estradiol alone add- 
back groups, there were no cases of endometrial hyperplasia. In each of these three 
groups, changes in BMD after 6 months of treatment was negligible when com-
pared to baseline [24]. This pilot study was the first to report the use of unopposed 
estradiol or estradiol plus testosterone as add-back and demonstrated a good safety 
profile and supports the concept that complete ablation of ovarian function may not 
be necessary to achieve beneficial effects on endometriosis symptoms.

43.9  Estrogen Threshold Hypothesis and the Suggestion 
of an Alternative Strategy

Problems with add-back are that it adds a degree of complexity and expense. An 
alternative concept to add-back for the reduction of unwanted GnRH induced 
hypoestrogenic effects on bone was proposed by Barbieri in 1992 [25]. His estrogen 
threshold hypothesis (ETH) pertains to the concept that a range of estradiol concen-
trations approximately between 30–50 pg/ml are sufficient for bone calcium metab-
olism to minimize bone loss while maximizing the therapeutic effects of estrogen 
suppression on endometriosis. Therefore, there is a key therapeutic estradiol range 
of 30–50 pg/ml at which bone turnover by osteoclasts is minimized, yet the endo-
metriotic implants are adequately deprived of the stimulatory effects of estradiol, to 
block the growth of endometriosis (Fig. 43.2) [25].

Support for the ETH is derived from a randomized placebo-controlled study 
comparing nafarelin 400 mcg daily and leuprolide 3.75 mg monthly in terms of 
efficacy and adverse effects. Patients were treated with either drug for 6 months, and 
then followed for an additional 6 months. Both treatment arms of the study showed 
improvement in dysmenorrhea, pelvic pain, and dyspareunia to equal degrees; how-
ever, the side effect profile differed significantly between the two groups. The leup-
rolide had a significantly larger reduction in bone mineral density (P = 0.002), and 
increased frequency of vasomotor symptoms [26].

The other key differences between the two were circulating estradiol levels. In 
the nafarelin group, estradiol levels remained higher (around 30 pg/ml) than in the 
leuprolide arm (around 15 pg/ml), indicating a lesser degree of hypothalamic sup-
pression. Since both therapies were equally effective at improving endometriosis 
pelvic pain, the differences observed between the two groups could be explained by 
the ETH [15] and reinforced the concept that complete suppression of the HPO 
function was not necessary for clinical benefit and maintenance of vasomotor func-
tion and bone mineral density.

A second pilot study from Japan compared conventional dose nafarelin to half 
dose after the first month and found comparable efficacy in both groups but with 
much less of a negative impact on bone mineral density in the low dose group 
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Fig. 43.2  Estrogen threshold therapeutic window. (Adapted from [25])

(5.56% versus 1.38%). This further supported the concept of low dose agonist use 
or variable suppression of the HPO axis [27].

43.10  Empiric Use of GnRH Agonists

In a study by Ling et al., 100 women were randomized to receive placebo or depot 
leuprolide 7.5 mg/month over 3 months for suspected endometriosis based on moder-
ate to severe pelvic pain. Women in the intervention group had significantly more 
improvement in all pelvic pain measures when compared to placebo. Following the 
study, all subjects had laparoscopy to confirm suspected endometriosis and 78% and 
87% of women had surgically confirmed disease in the leuprolide and placebo groups, 
respectively. These results lead to the conclusion that empiric therapy with leuprolide 
can be started when endometriosis is suspected, leading to avoidance of the require-
ment that surgical intervention for diagnosis [28]. As a result, since 1999, ACOG 
sanctioned the empiric use of GnRH agonists prior to surgical confirmation of disease.

43.11  Post-Operative Use of GnRH Agonists

Another special clinical situation for the use of GnRH agonists is immediately fol-
lowing conservative surgery. Endometriosis recurrence rates vary greatly between 
studies depending on diagnostic and follow up criteria. However, the overall 

H. P. Anglin et al.



585

recurrence rates range between 6 to 67% [29]. Some studies have evaluated the use 
of biomarkers for surveillance following treatment of endometriosis in an attempt to 
diagnose and tailor treatment accordingly. Although a high priority research area in 
women’s health that has seen important recent advances with novel clinical markers 
such as differential expression of microRNA and exosomes in women with endome-
triosis compared to controls, none have proven adequate or been validated for use in 
the diagnosis of endometriosis [29–33].

Postoperative treatment of endometriosis is important to prolong the pain-free 
interval after surgery. This may be particularly important when residual disease that 
could not be surgically addressed has clearly been left in the pelvis (ACOG Practice 
Bulletin: Endometriosis 2010). A large RCT with 109 women, who had undergone 
laparoscopy to confirm and treat endometriosis, received either Nafarelin 200 mg 
twice daily or placebo for 6 months following surgery. They were followed long 
term to determine if the length of time required to initiate alternative medical treat-
ment was different between the two groups. The patients in the Nafarelin group had 
a >2 year period requiring no alternative therapy versus not even 1 year (11.7 months) 
in the placebo group. In addition, the treatment group had significantly improved 
pelvic pain scores following the 6 months of treatment. This study led to the conclu-
sion that medical management with GnRH agonists significantly prolongs the recur-
rence of symptoms following surgical management [34]. In a further study to assess 
the value of postoperative agonist therapy [35], conservative (uteriovarian sparing) 
surgery was performed on 269 women with mild to moderate disease and then ran-
domized postoperatively to receive either goserelin depot injections or placebo for 
6 months. Patients were followed for 2 years with monitoring of dysmenorrhea, 
deep dyspareunia, non-menstrual pelvic pain, and general discomfort. Both symp-
tom severity and time to recurrence were significantly less in the treatment arm 
when compared to placebo at both the one and two year follow ups (Fig. 43.3). This 
study further supports the use of postoperative treatment with goserelin following 
conservative surgery for endometriosis to prolong the symptom free period follow-
ing surgery.
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Recurrence rate following surgical treatment of endometriosis is upwards of 
40% [36]. The recurrence rate of endometriosis following excisional surgery is high 
(up to 53% at 5 years), especially in young patients who have uterine and ovarian 
sparing procedures when compared with hysterectomy or hysterectomy with ova-
ries removed [37].

Hysterectomy with bilateral salpingo-oophorectomy reduces risk of recur-
rence sixfold when compared with hysterectomy alone; further supporting the 
theory that the growth of endometrial implants is driven by the presence of estro-
gen. However, in young premenopausal women, conservation of at least one 
ovary is recommended [36]. The complex nature of these excisional procedures 
may lead to incomplete removal of endometrial implants for treatment of pelvic 
pain, due to either extensiveness of the disease complicating the excision process 
or the microscopic nature, resulting in missed lesions even with high resolution 
laparoscopic surgeries. Much work with ultrasound and other technologies is 
being conducted to better define extent of disease and lesion margins both pre- 
and intra-operatively [38–40] with a view to either avoiding diagnostic surgery 
or more complete surgical excision of disease during surgery. These strategies 
have yet to be used on a widespread basis and hence, for the time being, surgical 
limitations further contribute to medical management being used first line to treat 
this disease.

43.12  GnRH Antagonists for the Treatment of Endometriosis

Pituitary gonadotropins and sex steroid production from the ovary are blocked by 
continuous stimulation of the GnRH receptor by an agonist or blockage by an antag-
onist. Agonist therapy had been utilized for a number of years, prior to the availabil-
ity of a competitive antagonist. By binding competitively to the GnRH receptor, they 
also block the GnRH receptor expression, leading to a fast, dose dependent suppres-
sion of gonadotropin release [41]. Although the initial flare with GnRH agonists may 
be utilized in the setting of an “agonist trigger” in modern ART protocols, this can be 
detrimental in the treatment of endometriosis, where an early rise in gonadotropins 
and estradiol prior to desensitization of GnRH receptors can lead to an exacerbation 
of pelvic pain. In a large randomized controlled trial of 120 women treated with a 
GnRH agonist, patients were found to have a statistically significant increase in pel-
vic pain accompanied by a decrease in quality of life temporarily when compared to 
placebo alone [42]. A major benefit of antagonist therapy is rapid suppression of the 
HPO without the initial “flare” that is observed with GnRH agonists.

Elagolix is the first GnRH antagonist approved for the treatment of endometrio-
sis. It is a small, non-peptide molecule that is a potent antagonist of the GnRH 
receptor. Because of its non-peptide structure, it can be taken orally. This is in con-
trast to GnRH agonists which are peptides and are subject to GI degradation [43]. 
Elagolix is FDA approved for the treatment of endometriosis, with limitations for its 
length of treatment due to bone loss resulting from the therapeutic hypoestrogen-
emia. The half-life of elagolix is a mere 4–6 h, requiring daily dosing. An RCT of 
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45 premenopausal women showed that FSH, LH, and estradiol concentrations 
dropped in a dose dependent manner within 1 day of taking the oral elagolix with 
200 mg twice daily causing maximal estradiol suppression. At concentrations of 
100 mg twice daily, cessation of ovulation occurred with undetectable progesterone 
levels throughout the 21 day course of treatment [44]. Elaris Endometriosis I and II 
were two Phase 3, double blind RCTs which compared low (150 mg daily) and high 
(200 mg twice daily) dose elagolix in 872 women with surgically diagnosed endo-
metriosis accompanied by moderate to severe pelvic pain. When compared to the 
placebo groups, both doses had significantly improved symptoms of dysmenorrhea 
and non-menstrual pelvic pain (Fig. 43.4). Patients in the higher dose group had 
significantly better results, including reduced analgesic use and reduction of dyspa-
reunia [45]. Both doses in the phase 3 clinical trials led to adverse effects, notably a 
reversible reduction in bone mineral density (Fig. 43.5) and elevated serum lipids at 
the end of the 6 month treatment period [45] which were not observed in the 3 month 
Phase 2 trial.
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Fig. 43.5 Mean percent change from baseline to month 6 in bone mineral density with Elagolix. 
(From Taylor et al. NEJM 2017)

In the 12 month extended phase 3 studies, the two now FDA approved dosages 
of elagolix resulted in dose-dependent magnitudes of serum estradiol suppression, 
which in turn resulted in differing efficacy and side effect profiles [46]. The 150 mg/
day dose leads to mean circulating estradiol levels of 41  pg/ml which is in the 
middle of the therapeutic window proposed by Barbieri [25] and leads to a good 
balance between efficacy and bone loss. The higher 200 mg bid dose leads to a more 
profound suppression of estradiol with circulating levels around 12 pg/ml and as a 
result has greater pain improvement but with more bone loss. The 150 mg once 
daily dosing leads to improvement in endometriosis symptoms without substantial 
impact on bone mineral density and is approved for 24 months. However, because 
of the more profound suppression of estradiol with the higher 200 mg bid dosing, a 
greater negative impact on BMD occurred with approval being limited to 
6 months of use.

43.13  Conclusion

Use of GnRH agonists and antagonists to suppress estradiol for the treatment of 
endometriosis and adenomyosis symptoms continues to evolve. Early studies with 
agonists focused on ensuring efficacy. However, the impact on BMD lead to a lim-
ited FDA approval of 6 months. Add-back has extended the approval to 12 months, 
which is helpful but still challenging for the treatment of a chronic disease. The 
acceptance of variable ovarian suppression together with the availability of an oral 
GnRH antagonist have been notable advances. However, even with low dose elago-
lix and because of bone concerns, approval is limited to 24 months use. Future work 
will hopefully help better define mechanisms of bone loss and endometriosis pain 
suppression and will need to address the disjoin between duration of approval and 
chronic nature of the disease. The use of low dose addback in conjunction with vari-
able and incomplete ovarian suppression may well lead to therapeutic options that 
are both efficacious and safe for long-term use.

H. P. Anglin et al.
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44.1  Introduction

Guidelines for clinical practice are systematically developed statements to assist 
care providers and patient decisions about appropriate health care for specific clini-
cal circumstances [1]. Their purpose is to improve patient care by informing clinical 
practice, to reduce unwarranted variability and to expedite implementation of effec-
tive intervention. A number of national and international guidelines have been pub-
lished on the diagnosis and management of endometriosis in the last two decades 

E. Sarıdoğan (*) 
Institute for Women’s Health, University College London, University College London 
Hospital, London, UK
e-mail: ertan.saridogan@nhs.net 

N. F. Topbas Selcuki 
Department of Obstetrics and Gynecology, University of Health Sciences Turkey, Istanbul 
Sisli Hamidiye Etfal Training and Research Hospital, Istanbul, Turkey

44

The original version of the chapter has been revised. A correction to this chapter can be found at 
https://doi.org/10.1007/978-3-030-97236-3_45

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022, 
corrected publication 2022
E. Oral (ed.), Endometriosis and Adenomyosis, 
https://doi.org/10.1007/978-3-030-97236-3_44

https://orcid.org/0000-0002-5749-9987
mailto:ertan.saridogan@nhs.net
https://doi.org/10.1007/978-3-030-97236-3_44


594

([2, 3], ACOG 2010 [4], [5], ACCEPT 2012 [6], ASRM 2012 [7], [8, 9]). Although 
there are some differences, many aspects in these guidelines are in agreement with 
each other. This is not surprising as most guidelines use a similar methodology, 
some more robust than others, and look at the same published evidence. This usu-
ally results in agreement in most areas. However, there are many knowledge gaps in 
certain areas, and this usually requires development of recommendations based on 
opinion which probably accounts for the variability between different guidelines. A 
list of the major international guidelines is given in Table  44.1 and national 

Table 44.1 List of some of the available international guidelines on endometriosis*

European Society of Human Reproduction and Embryology (ESHRE) guideline, management 
of women with endometriosis, 2013 [8]
WES (World Endometriosis Society) consensus on current management of endometriosis, 2013 
[10]
European Society of Urogenital Radiology (ESUR) guidelines: MR imaging of pelvic 
endometriosis  [11]
Systematic approach to sonographic evaluation of the pelvis in women with suspected 
endometriosis, including terms, definitions and measurements: a consensus opinion from the 
International Deep Endometriosis Analysis (IDEA) group [12]
ACCEPT (Australasian Certificate of Reproductive Endocrinology and Infertility Consensus 
Expert Panel on Trial Evidence 2012 Endometriosis and infertility [6]
ACOG 2010 Practice Bulletin: management of endometriosis [4]

*ESHRE Guidelines have been recently updated and the new full guidelines are available at https://
www.eshre.eu/Guidelines-and-Legal/Guidelines/Endometriosis-guideline.aspx

Table 44.2 List of some of the available national guidelines on endometriosis

National Institute for Health and Care Excellence Guideline, Endometriosis: diagnosis and 
management [13]
Obstetrical and Gynaecological Society of Malaysia, Clinical Guidelines for the Management 
of Endometriosis, [14]
CNGOF (College National des Gynecologues et Obstetriciens Francais) Guidelines for the 
Management of Endometriosis, [9]
Turkish Society of Endometriosis and Adenomyosis Guidelines, Diagnosis and Management of 
Endometriosis, [15]
National German Guideline (S2k), Diagnosis and treatment of endometriosis, [16]
SOGC (Society of Obstetricians and Gynaecologists of Canada), Endometriosis: Diagnosis and 
Management, [5]
Federation of Obstetrics and Gynaecological Societies of India, Good clinical practice 
recommendations on endometriosis, [17]
Endometriosis – new clinical guidelines for better and equal care in Sweden [18]
Clinical practice guidelines for the treatment of extragenital endometriosis in Japan, 2018 [19]
Clinical evaluation and management of endometriosis: guideline for Korean patients from the 
Korean Society of Endometriosis [20]
Guideline for the diagnosis and treatment of endometriosis (Cooperative Group of 
Endometriosis, Chinese Society of Obstetrics and Gynecology, Chinese Medical Association) 
[21]
Federacion Mexicana de Colegios de Obstetricia y Ginecologia, Diagnosis and treatment of 
endometriosis, [22]
The statement of Polish Society’s Experts Group concerning diagnostics and methods of 
endometriosis treatment [23]
Diagnosis and Management of Endometriosis in New Zealand, [24]
South African guideline for treatment of endometriosis [25]
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guidelines in Table  44.2. Some guidelines cover management of endometriosis- 
associated infertility (ASRM [7], ACCEPT [6]) or diagnosis only (ESUR [11] and 
IDEA group guidelines [12]), whereas others cover all aspects of endometriosis 
including diagnosis, medical or surgical treatment and management of endometrio-
sis-associated infertility (ESHRE, ACOG, CNGOF, National German, Turkish, 
Indian, Malaysian and Korean). Although all of the international and most of the 
national guidelines are published in English language, Swedish, Chinese, Mexican 
and Polish guidelines are only available in their national languages.

There have been fewer guidelines on adenomyosis, and this may reflect the fact 
that the knowledge gap on this condition is much bigger compared to 
endometriosis.

Endometriosis is quite often described as an enigmatic disease. Its aetiology, 
pathogenesis and even diagnosis are poorly understood. Similarly, there are many 
unknowns about its management; hence, both clinicians and patients resort to guide-
lines prepared by experts from respected societies.

44.2  Methodology

Guideline development methodology varies considerably between various exam-
ples. Some organizations have well-established methodology for guideline develop-
ment in line with internationally agreed standards. For example, ESHRE has 
developed a manual in 2007 for its guideline development groups, and this has been 
updated in 2019  in line with Guidelines for Research and Evaluation in Europe 
(AGREE) instrument [1]. In contrast, some other organizations have developed 
documents based on consensus agreed by ‘experts’ depending on their personal 
experience, their opinion and their knowledge of the published literature (WES 
Consensus document, [10]). Older guidelines are written more in line with a ‘narra-
tive review’ style (ASRM, Endometriosis and infertility: a committee opinion).

After deciding on a topic, development of guidelines usually starts with the for-
mation of the ‘guideline development group (GDG)’ which may include experts in 
the field, non-expert clinicians, patient representative(s), relevant allied health-care 
professionals and research specialists who are experienced in systematic literature 
searches. However, most guidelines have been developed by ‘expert clinicians’ 
only; only the ESHRE GDG includes all individuals listed above.

The GDG determines the ‘scope’ of the guidelines and may determine the ‘key 
questions’ that would need to be covered within the guideline. The questions are 
quite often formed in a standard format to include ‘population’, ‘intervention’, 
‘comparison’ and ‘outcome’ (PICO). This then helps preparing the search terms 
that will be used for the systematic literature search. ASRM and ACCEPT guide-
lines cover fertility aspects of endometriosis, whereas other guidelines cover both 
pain and infertility.

The evidence available in the published literature is usually graded on the basis 
of its strength. There are a number of grading systems, but in general these classify 
the published evidence under a number of groups:
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 1. Systematic review and meta-analysis of randomized controlled trials (RCTs)
 2. Well-designed controlled studies without randomization or quasi- 

experimental studies
 3. Well-designed descriptive studies, comparative/correlation studies, case series
 4. Expert committee opinions or reports

The quality of evidence may be upgraded in the presence of large effect or dose 
response but would be downgraded for the risk of bias, inconsistency, indirectness, 
imprecision and publication bias [26]. Once the evidence is gathered and summa-
rized, ‘recommendations’ are written and make condensed statements on the use/
usefulness of a particular approach, supported by summary evidence.

44.3  Diagnosis of Endometriosis

Recommendations on the diagnosis of endometriosis vary amongst the guidelines 
and cover statements on the significance of symptoms, examination, imaging such 
as ultrasound and magnetic resonance imaging (MRI), biomarkers, laparoscopy and 
histopathological examination. There is low-quality evidence on the usefulness of 
symptoms and clinical examination; however, some guidelines make recommenda-
tions on these tools in diagnosing endometriosis. For example, ESHRE guidelines 
recommend considering endometriosis in women with dysmenorrhea, non-cyclical 
pelvic pain, deep dyspareunia, infertility, fatigue and cyclical nongynaecological 
symptoms such as dyschezia, dysuria, rectal bleeding and shoulder pain (ESHRE). 
Similarly, NICE, CNGOF and SOGC recommend using symptoms in the diagnosis, 
but most other guidelines do not make specific recommendations.

Similarly, the recommendations on the place of clinical examination in the diag-
nosis of endometriosis are based on low-quality evidence or expert opinion. CNOF, 
ESHRE, NICE and SOGC make specific recommendations on pelvic, abdominal or 
rectal examination.

Most guidelines advise against the use of biomarkers such as CA-125  in the 
diagnosis of endometriosis. In contrast, there is overall agreement that transvaginal 
ultrasound examination is useful in diagnosing ovarian endometriomas and deep 
endometriosis based on good-quality evidence. In order to standardize the reporting 
of ultrasonographic findings, the International Deep Endometriosis Analysis (IDEA) 
group developed a consensus statement to implement terms and definitions to 
describe the anatomical structures and locations when diagnosing endometriosis 
[12]. With such standardization, they aim to minimize the terminology used between 
endometriosis centres and allow comparison of data.

The opinion on the use of MRI for diagnosis is divided, whilst ESHRE guide-
lines state that the place of MRI is not well established, NICE and Turkish guide-
lines advise against the use of MRI, and CNGOF guideline suggests MRI can be 
used for the diagnosis of endometriosis. The European Society of Urogenital 
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Radiology (ESUR) developed a guideline to establish protocols on the indications, 
technical requirements, patient preparation and reporting of the findings for the 
diagnosis of pelvic endometriosis on MRI [11].

Visualization of endometriosis with or without histological confirmation at lapa-
roscopy (or at laparotomy) is recommended for the diagnosis of endometriosis in 
CNGOF, ESHRE, NICE and Turkish guidelines, but there are no specific recom-
mendations on the place of laparoscopy in other guidelines.

44.4  Medical Treatment for Endometriosis-Associated Pain

The CNGOF guidelines recommend histological or surgical confirmation of endo-
metriosis before instituting long-term medical treatment, as far as possible. However, 
ESHRE, NICE, Malaysian, Korean, Indian and Turkish guidelines recommend 
empirical treatment with combined oral contraceptives (COC) or progestins for the 
treatment of pain due to presumed endometriosis. ACOG guidelines also recom-
mend that gonadotropin-releasing hormone analogues or agonists (GnRHa) can be 
used for 3 months for empirical treatment.

There is overall agreement that medical treatment using combined hormonal 
contraceptives, progestins and GnRHa can be used for the treatment of pain associ-
ated with endometriosis. It is suggested that efficacy, patient preference, cost, avail-
ability and side-effect profile will need to be taken into account when deciding on 
the medical treatment option. Danazol is mentioned in some guidelines (CNGOF, 
Korean, Indian and Turkish guidelines) without clearly endorsing its use due to its 
side-effect profile, but others do not make a recommendation on it (e.g. ESHRE and 
NICE guidelines). ESHRE, Turkish and Malaysian guidelines state that aromatase 
inhibitors have a limited place in the treatment of pain related to endometriosis.

44.5  Surgical Treatment for Endometriosis-Associated Pain

There is overall consensus that surgical treatment of endometriosis is recommended 
for the treatment of endometriosis-associated pain based on high-quality evidence, 
although ACOG guidelines state that this may be the case in the short term. There is 
again overall agreement that excision of endometrioma is a preferred surgical 
approach over drainage and coagulation in all guidelines. German guidelines rec-
ommend removal of peritoneal endometriosis, whereas ESHRE, Indian and South 
African guidelines suggest that both excisional ablative approaches can be utilized. 
ESHRE and Turkish guidelines state that deep endometriosis can be surgically 
treated by excising it but that this treatment should take place in a centre of expertise 
by a multidisciplinary team. Hysterectomy with or without oophorectomy has been 
recommended in guidelines which address the subject of endometriosis-associated 
pain. CNGOF, ESHRE, Korean and Turkish guidelines specifically recommend 
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hysterectomy with bilateral salpingo-oophorectomy together with removal of endo-
metriotic lesions in women who do not have a desire to have further pregnancies, 
whereas ACOG guidelines indicate that the ovaries should be conserved in women 
with normal ovaries.

44.6  Management of Endometriosis-Associated Infertility

All published guidelines recommend against the use of hormonal therapies to 
improve fertility in women with endometriosis-associated infertility. The CNGOF, 
ESHRE, German, Indian, Korean, South African and Turkish guidelines recom-
mend surgical treatment of endometriosis, particularly for early endometriosis, to 
improve spontaneous pregnancy rates. However, the ASRM guidelines state that 
there is insufficient evidence to recommend surgical treatment and that ACOG 
guidelines suggest that surgery does improve pregnancy rates, but the magnitude of 
improvement is unclear. Overall, there is agreement amongst the guidelines that 
excision of endometrioma is superior to drainage and coagulation in improving 
spontaneous pregnancy rates when the subject of endometrioma is specifically 
addressed. ESHRE guidelines highlight the detrimental impact of endometrioma 
surgery on ovarian function, particularly in those who had previous surgery. Some 
guidelines indicate that the benefits of surgery to improve fertility in women with 
deep endometriosis are not well established (CNGOF, ESHRE) or are not recom-
mended due to limited/weak evidence of benefit and higher risk of complications 
(Turkish guidelines). There is overall agreement that in infertile women who had 
previous surgery, assisted reproductive technologies (ART) are better than repeat 
surgery.

ASRM, ESHRE and Turkish guidelines recommend intrauterine insemination 
with superovulation (or controlled ovarian stimulation) in women with early stage 
(ASRM stage I/II) endometriosis. ART is recommended when other treatments have 
failed or when there is additional male factor or severe tubal damage. Some guide-
lines (ACCEPT, ESHRE, Turkish guidelines) highlight the issue that women with 
endometriosis tend to have lower pregnancy rates following ART. Most guidelines 
advise against surgical treatment of endometriomas prior to ART to improve preg-
nancy rates.

44.7  Adenomyosis

Adenomyosis has been included in CNGOF, German, Turkish and Indian guidelines 
as a separate section. These guidelines identify MRI as the most reliable method of 
diagnosis, although transvaginal ultrasound is deemed to be sufficiently reliable. 
Levonorgestrel intrauterine system is identified as an effective treatment for 
adenomyosis- associated heavy menstrual bleeding and pain. These guidelines state 
that hysterectomy is the preferred surgical treatment in women who no longer desire 
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pregnancy. Turkish guidelines also cover the impact of adenomyosis on fertility and 
emphasize there is some evidence that adenomyosis may compromise fertility and 
have a detrimental impact on the outcome of IVF treatment. Limited evidence on 
the potential benefit of uterus-sparing surgery for adenomyosis in women who wish 
to preserve uterus/fertility has been summarized in the Turkish guidelines.

44.8  Conclusion

A number of national and international guidelines have been available since the 
publication of the first ESHRE Guidelines on the Management of Women with 
Endometriosis in 2005 [2]. These have gradually evolved, and revised or updated 
versions have been published (ESHRE, CNGOF Guidelines). There are significant 
differences between the scope and focus of these guidelines; whilst some cover all 
aspects of endometriosis, others solely address endometriosis-associated infertility. 
The majority of recommendations are in agreement with each other, although there 
are subtle differences between different guidelines.
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