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In this special issue, we have secured a series of insightful
articles from experts in this field of research and care to
address endometriosis from a broad and longitudinal per-
spective. Specifically, this special issue brings forward sev-
eral articles with novel insights into the pathogenesis of
endometriosis and addressing the state-of-the-art in clinical
markers of endometriosis. We think this collection of papers
will help focus attention on how the adverse health impacts
of endometriosis often compromise our patients in diverse
ways for years to decades of their lives. The cumulative
impact of endometriosis on the health of women across the
lifespan can be parsed into two sets of issues, namely, those
of (1) assessment and treatment of the pelvic/intraperitoneal
compartment and (2) potentially systemicmore remote risks,
in terms of location (other tissues/organs) and time in the
lifespan. As the guest editors for this special issue, we offer a
plea to you, our colleagues. Endometriosis is indeed a disease
with unique pathophysiology but can we please abandon use
of terms implying that it is a disease of deep “enigmatic”
mystery?We know that it is a subchronic to chronic predom-
inantly intraperitoneal, often progressive and destructive,
inflammatory disease that has a massive impact on the health
of many postpubertal women. Given the known role of
chronic inflammation as a prominent factor in the occurrence
of numerous other diseases, we must determine the extent
to which this process in the intraperitoneal compartment
does or does not “spill over” into systemic inflammation that
creates broader health risks. It is only with a comprehensive
perspective that we can develop and implement a coherent
strategy for care of those who suffer from endometriosis.

“It is our view that there are ample opportunities to pur-
sue research regarding the impact of endometriosis across
the lifespan and to pursue development of a number of
therapeutics that could plausibly be expected to be both safe
and beneficial for women suffering with this disease. This is
not an argument for taking our eye off the prize meaning
endometriosis as the primary disease; rather we owe it to each
of our patients to consider all of the impacts at all times in
life that this disease may incur. We urge deeper and broader
understanding of such risks and pursuit of safe and effective
interventions for the care of our patients” [1].

Claude L. Hughes
Warren G. Foster

Sanjay K. Agarwal
Liselotte Mettler

References

[1] C. L. Hughes, W. G. Foster, and S. K. Agarwal, “The impact
of endometriosis across the lifespan of women: foreseeable
research and therapeutic prospects,” BioMed Research Interna-
tional, vol. 2015, Article ID 158490, 8 pages, 2015.

Hindawi Publishing Corporation
BioMed Research International
Volume 2015, Article ID 365951, 1 page
http://dx.doi.org/10.1155/2015/365951

http://dx.doi.org/10.1155/2015/365951


Research Article
Clinical Outcome after Colonic Resection in
Women with Endometriosis

Bettina Klugsberger,1,2 Andreas Shamiyeh,1,2 Peter Oppelt,2,3,4

Christina Jabkowski,2,3 Wolfgang Schimetta,5 and Dietmar Haas2,3,4

1 Second Surgical Department, Ludwig Boltzmann Institute for Surgical Laparoscopy, Academic Teaching Hospital,
Linz General Hospital, 4021 Linz, Austria

2 Faculty of Medicine, Johannes Kepler University, 4040 Linz, Austria
3 Department of Obstetrics and Gynecology, Women’s General Hospital, 4020 Linz, Austria
4Department of Gynecology, Erlangen University Hospital, 91054 Erlangen, Germany
5Department of Applied Systems Research and Statistics, Johannes Kepler University, 4040 Linz, Austria

Correspondence should be addressed to Bettina Klugsberger; bettina.klugsberger@akh.linz.at

Received 29 July 2014; Accepted 18 August 2014

Academic Editor: Sanjay K. Agarwal

Copyright © 2015 Bettina Klugsberger et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Background. In severe forms of endometriosis, the colon or rectum may be involved. This study evaluated the functional results
and long-term outcome after laparoscopic colonic resection for endometriosis. Patients and Methods. Questionnaire survey with
24 women who had experienced typical symptoms, including pelvic pain, infertility, and endometriotic lesions in the bowel and
undergone laparoscopic surgery, including low anterior resection, from 2009 to 2012, was conducted. Results. Information about
the postoperative outcome was obtained from 22 women and was analyzed statistically. Twenty-one had undergone low anterior
resection; one patient required a primary Hartmann procedure due to a rectovaginal fistula. The conversion rate was 4.5%. Major
complications occurred in one patient, including an anastomotic leakage, and a Hartmann procedure was carried out subsequently
in this patient. The symptoms of pain during defecation, pelvic pain, dyspareunia, dysmenorrhea, and hematochezia showed clear
improvement one year after the operation and at the time of the questionnaire. Conclusion. Laparoscopic low anterior resection
for deeply infiltrative endometriosis is technically demanding but feasible and safe, and it improves the clinical symptoms of
endometriosis in the bowel.

1. Introduction

Endometriosis is one of the most frequent benign diseases
and can affect 7–15% of women of reproductive age [1]. The
condition is defined as the presence of endometrial glands
and stroma outside the uterus. These ectopic endometrial
implants are usually located in the pelvis but can occur almost
anywhere in the body [2]. In severe forms of the condition,
the colon or rectummay be involved in approximately 25% of
cases [3]. Depending on the menstrual cycle, endometriosis
may cause clinical symptoms such as pain, functional disor-
ders, and infertility. Surgical removal of the affected tissue is
the “gold standard” treatment in these cases [4].

No guidelines or standardized recommendations are
available on the surgical approach in patients with deeply

infiltrating endometriosis. The therapeutic strategies that
have been described (e.g., shaving, disk resection, and seg-
mental resection) are inconsistent [5–10], as is the definition
of this specific form of endometriosis itself. The revised
version of the Enzian classification may help quantify and
define the disease further [11].

The aim of the present study was to evaluate the func-
tional results and long-term outcome after laparoscopic
colonic resection for endometriosis.

2. Patients and Methods

Approval for the study from the local institutional ethics
committee was obtained on April 9, 2014 (ref. numberL-
17-14). An analysis was carried out of the data for 24
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patients who had undergone laparoscopic rectal resection for
deeply infiltrating endometriosis between January 1, 2009,
and December 31, 2012, at the Departments of General
Surgery and Gynecology at the General Hospital in Linz,
Austria. Endometriosis was confirmed histologically after
laparoscopic surgery. All of the operations were carried
out by the same team of four visceral surgeons (each of
whom had previously carried out at least 100 laparoscopic
colonic resections) and four gynecologists (each ofwhomhad
previously carried out at least 200 laparoscopies).Thepatients
were classified postoperatively using the Enzian classification
(Figure 1).

Twenty-two of the patients were interviewed postop-
eratively by phone in May 2014 by a gynecologist; two
patients could not be reached by phone. A questionnaire
was filled out for each patient, recording responses on
intestinal and gynecological symptoms: presence of pain
associated with menstruation, diarrhea, constipation, hema-
tochezia, dyspareunia, and dysmenorrhea. The responses—
scored using a numerical rating scale from 0 (absent) to
10 (unbearable)—were documented before surgery, 1 year
after surgery, and at time of the phone survey. All data
concerning the operations and changes resulting from it were
reported. Informed consent was obtained from all of the
patients.

Criteria for inclusion in the study were symptomatic
deeply infiltrating endometriosis with histological confirma-
tion, age over 18 years, and legal capacity. Irregularities in the
study protocol and absence of a consent form were exclusion
criteria.

All of the women underwent a bimanual rectovaginal
examination, vaginal ultrasonography, and colonoscopy. The
indication for surgery was established by the gynecologist
on the basis of intestinal stenosis associated with intestine-
related symptoms. Complete laparoscopic management was
planned in all of the patients, including resection of all visible
endometriotic lesions. On the basis of the intraoperative
findings, bowel resection was performed if there was deep
invasion of the bowel—that is, with infiltration at least into
the muscularis mucosae.

The laparoscopic procedure was performed with the
patient in the Lloyd-Davies position. The operation was
started by the gynecologist. Access was via the umbilical
port (11mm), with peritoneal insufflation with CO

2
gas to

the pressure of 12mmHg. After insertion of the laparoscope
(Storz, Germany), additional ports were established under
direct vision—one suprapubic (12mm), one in the right iliac
fossa (5 or 12mm), and one in the left iliac fossa (5mm).
After exploration of the pelvic cavity, adhesiolysis and ovarian
cystectomy were performed if necessary. All endometriotic
lesions were excised.

Low anterior resection (LAR) of the rectumwas necessary
in some cases, and the operation was then continued by
the general surgeon. The colorectum was mobilized and
the ureter was visualized on the left side. The pouch of
Douglas (rectouterine pouch) was opened, and the rectum
was released from themesorectal tissue before the colorectum
was separated caudal to the endometriotic nodule using an
endostapler. Depending on the size of the affected bowel, the

colorectumwas withdrawn through a small 3–5 cm Pfannen-
stiel incision and resected as much as needed. Dissection was
carried out with monopolar scissors and the LigaSure Atlas
device (LigaSure 5mm Blunt Tip 44 cm; Covidien Austria
Ltd., Brunn am Gebirge, Austria).

The anvil of a circular stapling device (Touchstone,
29mm; Dach Medical Group, Bürmoos, Austria) was
inserted into the descending colon, which was then returned
to the peritoneal cavity.The incision was closed with running
sutures and the anastomosis was carried out laparoscopically
with the circular stapling technique. Intraoperative endo-
scopic assessment of the anastomosis was performed.

2.1. Statistical Analysis. For intraindividual comparisons
between the three time points, Friedman’s exact rank sum test
was used for metric variables, none of which had normally
distributed data sets, followed by Schaich-Hamerle multiple
comparisons. Dichotomous variables were compared using
the exact Cochran-Q test, followed by multiple comparisons
with exact McNemar tests with Bonferroni correction. The
only comparison of a dichotomous variable between two time
points was performed using the exact McNemar test.

For subgroup analysis, the t-test for independent samples
was used to compare metric variables with normally dis-
tributed data sets; the exact Mann-Whitney 𝑈 test was used
to compare metric variables without normally distributed
data sets and the only variable that was measured on an
ordinal scale; and Fisher’s exact test was used to compare
dichotomous variables.

Forward stepwise multiple regression analyses were car-
ried out to detect preoperative factors influencing pain during
defecation and dyspareunia. The same independent variables
were used in both regression analyses: age (years), time
of follow-up (month), body mass index (kg/m2), size of
endometriotic lesion (cm), duration of surgery (minutes),
duration of gynecological surgery (minutes), total duration
of surgery (minutes), pain during defecation preoperatively,
diarrhea preoperatively, constipation preoperatively, lower
abdomen pain preoperatively, dyspareunia preoperatively,
dysmenorrhea preoperatively, menstrual-related pain during
defecation preoperatively, hematochezia before surgery, pre-
operative findings in the abdomen, and Enzian classifications
of the C1, C2, and C3 compartments.

Type I error was not adjusted for multiple testing. The
results of the inferential statistics are therefore only descrip-
tive. Statistical analysis was performed using the open-source
R statistical software package, version 3.0.2.

Data are presented as means ± standard deviation (SD).

3. Results

After a median follow-up period of 42.4 ± 14.04 months, 22
women were contacted for a phone interview. Two women
could not be reached by phone. The patients’ mean age was
35.9 ± 6.21 years. Seven patients (31.8%) reported that they
had had a pregnancy since the time of the surgery. The
patients’ mean body mass index (BMI, calculated as weight
in kilograms divided by the square of height in meters) was
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Figure 1: The Enzian classification.
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22.5 ± 3.0. The mean operating time was 287.2 ± 100.09min
(Table 1). Nine patients (40.9%) had previously undergone
abdominal surgery.

Twenty-one patients received low anterior resection; the
conversion rate was 4.5% (1/21). One patient required a
primary Hartmann procedure due to a rectovaginal fistula.
Major complications occurred in one patient, including an
anastomotic leakage. A Hartmann procedure was carried out
subsequently in this patient (Table 2).

Nine patients (40.9%) reported hematochezia preopera-
tively; two patients (9.1%) reported hematochezia 1 year after
the operation (P = 0.004). Eleven patients (50%) reported
alterations in the stool form after surgery. The preoperative
values reported for the intensity of diarrhea and constipation
(on a scale of 0 = absent to 10 = unbearable) were 1.82 ±
3.16 and 3.09 ± 3.94, respectively. One year after surgery, the
reported values for the intensity of diarrhea and constipation
were 1.95± 2.85 and 2.23± 3.21, respectively. No improvement
was seen over time with regard to diarrhea and constipation,
with overall 𝑃 values of 0.885 and 0.825, respectively.

A total of seven patients (31.8%) were receiving hormonal
therapy before surgery, compared with eight patients (36.4%)
1 year postoperatively. Before surgery, 15 patients (68.2%)
reported menstrual related pain during defecation, with a
mean pain value (on a scale of 0–10) of 6.77 ± 3.57. The mean
value for preoperative pelvic painwas 8.18± 2.87. Twopatients
(9.1%) reported menstrual related pain during defecation 1
year after the operation, with mean pain values at that time
of 1.41 ± 2.44. The mean score for pelvic pain 1 year after
surgery was 2.95 ± 2.98. There was also clear improvement
with regard to dyspareunia and dysmenorrhea. The clinical
symptoms reported by the patients before surgery, 1 year after
surgery, and at the time of the phone survey are summarized
in Table 3.

All of the patients had lesions in compartment C (rectum
and sigmoid). One patient (9.1%) was classified as C1, nine
patients (40.9%) were classified as C2, and 12 patients (54.5%)
were classified as C3. The mean size of the endometriotic
lesions was 2.86 ± 1.30 cm.

Regression analysis showed that dyspareunia 1 year after
surgery can be predicted using a model including pre-
operative dyspareunia, age, and endometriotic lesions in
compartment C2 (adjusted 𝑅2 = 0.628) (see Supplemental
Digital Content 1 in Supplementary Material available online
at http://dx.doi.org/10.1155/2014/514383).

A subgroup analysis was carried out to check potential
errors related to the time of the questionnaire. The patients
were divided into two subgroups: median follow-up period
>46 months (n = 11) and median follow-up period ≤46
months (n = 11). However, there was no evidence that the
interval between the operation and the survey had any effect
on the results (Supplemental Digital Content 2).

4. Discussion

Surgical therapy in patients with deeply infiltrating
endometriosis of the bowel may be associated with highly
morbid conditions including rectovaginal fistula, temporary

Table 1: Demographic and clinical characteristics in the 22 patients.

Characteristics Mean ± SD
Age (years) 35.9 ± 6.2
BMI 22.5 ± 3.0
Follow-up (months) 42.4 ± 14.0
Size of endometrial lesion (cm) 2.9 ± 1.3
Operating time (minutes) 287.2 ± 100.1
BMI: body mass index.

Table 2: Types of surgery carried out.

Operation Patients (𝑛)
Laparoscopic low anterior resection 21
Conversion to open procedure 1
Anastomotic leak, Hartmann procedure 1
Primary Hartmann procedure in a case of
rectovaginal fistula 1

or definitive artificial anus, and anastomotic insufficiency
[12], in addition to considerable blood loss, blood transfusion
requirements, and a need to convert the procedure to a
laparotomy [13–17]. However, several studies have reported
that colorectal resection for deeply infiltrating endometriosis
is a safe and effective procedure, with an acceptable rate
of postoperative complications and that it significantly
improves the patients’ quality of life [18, 19].

In the present study, considerable improvements were
observed postoperatively in pain-related symptoms such as
pain during defecation, dysmenorrhea, dyspareunia, pelvic
pain, and hematochezia. Postoperative pregnancy rates of 45–
48% have been reported in the literature [20]. The rate was
31.8% in the present study, but none of the patients underwent
preoperative fertility examinations and the extent to which
they made use of assisted reproduction services afterwards
was not investigated.

The anastomotic leakage rate was 4.5% and the con-
version rate was also 4.5% in the present study. Jelenc et
al. reported a conversion rate of 5.4% and an anastomotic
leakage rate of 5.8% (3/52) [12]. The results are therefore
comparable with those in the literature, although the small
number of patients included is amajor limitation of the study.
Despite this, there was a notable improvement in the patients’
clinical symptoms.

It is also notable that the marked postoperative improve-
ment in symptoms that was observed showed no major dif-
ferences between the two time points of 1 year postoperatively
and the time of the questionnaire survey. This may suggest
that sustained improvement occurs and is maintained even
several years after surgery.This hypothesis is supported by the
subgroup comparison of the questionnaire time point, which
showed that the time point had no significant influence.

5. Conclusions

The present study shows that laparoscopic low anterior
resection in patients with deeply infiltrating endometriosis
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Table 3: Patients’ clinical symptoms before surgery, 1 year postoperatively, and at the time of the phone survey.

Characteristics Preoperative 1 year postoperatively At time of
telephone survey 𝑃

a
𝑃
b

𝑃
c

𝑃
t

Pain during defecation1 6.77 ± 3.57 1.41 ± 2.44 1.91 ± 2.81 <0.001∗∗ 0.007∗∗ <0.903 <0.001∗∗

Diarrhea1 1.82 ± 3.16 1.95 ± 2.85 1.5 ± 2.15 0.885
Constipation1 3.09 ± 3.94 2.23 ± 3.21 2.41 ± 3.11 0.825
Pelvic pain1 8.18 ± 2.87 2.95 ± 2.98 2.09 ± 2.96 0.001∗∗ <0.001∗∗ 0.528 <0.001∗∗

Dyspareunia1 3.18 ± 3.45 1.64 ± 2.54 1.86 ± 2.46 0.147 0.169 0.997 0.003∗∗

Dysmenorrhea1 8.00 ± 3.10 2.45 ± 3.00 2.73 ± 3.37 <0.001∗∗ <0.001∗∗ 0.997 <0.001∗∗

Hematochezia (yes/no) 0.004∗∗ 0.004∗∗ >0.999 <0.001∗∗

Data are presented as means plus or minus standard deviation.
1Numerical rating scale: the question can be answered with 0 (absent) to 10 (unbearable).
𝑃
t: 𝑃 value overall; 𝑃a: 𝑃 value before surgery versus 1 year postoperatively; 𝑃b: 𝑃 value before surgery versus time of telephone survey; 𝑃c: 𝑃 value 1 year

postoperatively versus time of telephone survey. ∗𝑃 < 0.05; ∗∗P < 0,01.

of the bowel has positive effects on pain during defecation,
dysmenorrhea, dyspareunia, pelvic pain, and hematochezia 1
year after surgery and also later. Laparoscopic low anterior
resection is a technically demanding but feasible and safe
procedure, and these results suggest that it improves the
clinical symptoms of endometriosis in the bowel and the
fertility rate.
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LAR: Laparoscopic low anterior resection
SD: Standard deviation.
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Endometriosis is an estrogen-dependent, chronic, proinflammatory disease prevalent in 10% of women of reproductive age
worldwide. Characterized by the growth of endometrium-like tissue in aberrant locations outside of the uterus, it is responsible
for symptoms including chronic pelvic pain, dysmenorrhea, and subfertility that degrade quality of life of women significantly. In
Canada, direct and indirect economic cost of endometriosis amounts to 1.8 billion dollars, and this is elevated to 20 billion dollars
in the United States. Despite decades of research, the etiology and pathophysiology of endometriosis still remain to be elucidated.
This review aims to bring together the current understanding regarding the pathogenesis of endometriosis with specific focus on
mechanisms behind vascularization of the lesions and the contribution of immune factors in facilitating lesion establishment and
development. The role of hormones, immune cells, and cytokine signaling is highlighted, in addition to discussing the current
pharmaceutical options available for management of pain symptoms in women with endometriosis.

1. Introduction

Endometriosis is a gynaecological condition characterized
by the growth of endometrium-like tissues within and out-
side of the pelvic cavity. Almost 50% of adolescents with
intractable dysmenorrhea or pelvic pain and 4% of women
undergoing tubal ligation are diagnosed with endometriosis
[1]. It has been well established that many women have a
delay in diagnosis of endometriosis despite having significant
dysmenorrhea and the other related symptomatology starting
at a young age [2]. An important factor that contributes to
the diagnostic delay is the lack of noninvasive methods for
detecting endometriosis. Although endometriosis can be
asymptomatic, chronic pelvic pains that are aggravated dur-
ing the period of menstruation, as well as subfertility, prompt
women to seek help. Based on scientific evidence that endo-
metriosis is dependent on estrogen for growth, current phar-
maceutical interventions focus on estrogen inhibition by
means of either contraceptive usage or the use of drugs that
inhibit ovarian secretion of estrogen. These interventions
have been effective in managing pain and diminishing

endometriotic lesions to some extent. However, the high rate
of recurrence of endometriosis after pharmaceutical treat-
ment or surgical ablation of the lesions drives researchers to
seek other therapeutics that can effectively treat endometrio-
sis, in terms of both symptom resolution and cure from the
disease.

In this review we consolidate the current knowledge
regarding the pathogenesis of endometriosis with specific
focus on the mechanisms behind lesion vascularization and
the contribution of immune factors in facilitating lesion
development. We also focus on progesterone resistance and
the role of estradiol in endometriosis. Lastly, key successful
pharmaceutical interventions in improvement of symptoms
commonly associated with endometriosis are discussed.

2. Current Theories on Endometrial
Lesion Establishment

The most widely accepted theory on the pathogenesis of
endometriosis is Sampson’s theory of retrograde menstru-
ation. This theory proposes that viable endometrial tissue
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is disseminated into the peritoneal cavity via the fallopian
tubes during menstruation and subsequently implants onto
peritoneal tissue or pelvic organs [3, 4]. Although only 1–
10% of women are diagnosed with endometriosis, it has been
found that 76–90% of healthy women undergo retrograde
menstruation, as seen during laparoscopy at themenstrual or
perimenstrual period [5, 6].While increasedmenstrual efflux
in women with endometriosis may predispose them into
developing endometriosis, it is likely that womenwith disease
suffer from fundamental differences in genetic, immunologi-
cal, or biochemical factors that contribute to the development
of endometriosis. Evidence for Sampson’s theory comes from
women with cervical stenosis and other congenital outflow
obstructions.Thesewomenhave an increased risk of develop-
ing endometriosis [7, 8]. This observation was recapitulated
in a baboon model of endometriosis with experimentally
induced cervical stenosis [9], possibly from increase in ret-
rogrademenstruation. Additionally, intraperitoneal injection
of menstrual endometrium has been shown to successfully
induce peritoneal endometriosis in the baboonmodel, with 3
out of 4 of the baboons in the study showing laparoscopically
confirmed lesion progression after 12 months [10]. Despite
multiple lines of evidence favoring this theory, cases of
endometriosis in premenarchal girls, newborns, andmales all
demand secondary explanations [11].

The coelomic metaplasia theory postulates that endo-
metriosis arises from themetaplasia of cells lining the visceral
and abdominal peritoneum following various hormonal,
environmental, or infectious stimuli.The basis for this theory
lies in embryological studies revealing that the abdominal,
pelvic, and thoracic peritoneum, the Mullerian ducts, and
the germinal epithelium of the ovary are all derived from
the coelomic wall epithelium. Since the cellular material that
comprises the peritoneum and endometrium shares common
embryonic origin—that is, the coelomic epithelium—there
is a chance that the aforementioned stimuli may trigger the
transformation of peritoneum into endothelial cell types.This
theory may provide explanations to the above-mentioned
cases of endometriosis that are inadequately explained by
the theory of retrograde menstruation as well as cases of
endometriosis in ectopic sites such as the lungs. Despite this,
metastasis is a phenomenon that increases with age and as
such does not adequately explain the drastic decline in the
incidence of endometriosis following menopause in older
women [11, 12]. Similarly, the embryonic rest theory proposes
that the lesions arise from cells remaining from Mullerian
duct migration during embryonic development following a
specific stimulus such as estrogen, which plays a crucial role
in the pathogenesis of endometriosis [13].

More recently, the stem cell theory has garnered much
attention as several lines of experimental evidence showed
the participation of both endometrial stem/progenitor cells
and bone marrow-derived stem cells in the pathogenesis
of endometriosis. It is believed that endometrial stem/pro-
genitor cells from the basalis layer of the endometrium can
travel via retrograde menstruation, lymphatic or vascular
dissemination into the peritoneal cavity to develop into
endometriotic lesions.The enhanced proliferative capacity of
the stem cell and their ability to differentiate intomultiple cell

types may then give these cells a selective advantage in the
establishment and progression of the lesion [12]. Leyendecker
et al. [14] found that not only are the expressions of the estro-
gen receptor, the progesterone receptor, and aromatase P450
paralleled in the basalis layer and the ectopic endometrial
lesion, but also endometrial fragments of the basalis layer
are shed with a higher rate in women with endometriosis.
Hematogenous dissemination of bone marrow-derived stem
cells may also contribute to the pathogenesis of endometrio-
sis. In one experiment, hysterectomized LacZ transgenicmice
were experimentally induced with peritoneal endometriosis
and then given bone marrow transplantation with cells from
a LacZ transgenic mouse. LacZ expressing cells were then
found in the ectopic lesion, demonstrating the potential
participation of the bone marrow stem cells in the origin and
persistence of the disease [15]. The stem cell theory offers an
explanation for the exceptions that other theories cannot offer
and demonstrates great potential as a theory describing the
pathogenesis of endometriosis.

Following translocation of the endometrial tissue into
the peritoneal cavity, the endometrial fragments must sur-
vive the defenses of the body, attach to a surface, and
subsequently invade and modify the peritoneal membrane
in order to establish a lesion. The eutopic endometrium
of women with endometriosis has been shown to differ
significantly from healthy controls. Not only are eutopic
endometrial cells from women with endometriosis more
resistant to cell mediated immune attack [16], but also they
have been shown to have increased proliferative capacity
[17] and increased aromatase expression, leading to increased
estrogen concentrations, mediated by prostaglandin E

2
[18].

These alterations may be a result of inherited or acquired
genetic factors. Studies show that the risk of endometriosis
is approximately six times higher when the woman has a
first-degree relative with a severe form of endometriosis [19].
Polymorphisms in genes involved in detoxification processes,
estrogen receptors, cytokines, immunomodulatory proteins
(i.e., Toll-like receptors), and factors involved in both attach-
ment and invasion have been studied and confirmed in
women with endometriosis. Defective immune surveillance
is also thought to be a contributing factor to the ability of
sloughed endometrium to successfully establish into a lesion.

Attachment of endometrial tissuemay be facilitatedmore
easily with larger fragments, owing to the intact integrity
of the cells and tissue composition [20]. Current knowledge
suggests that endometrial stromal cells are involved in the
attachment of the lesion, whereas endometrial glandular
epithelial cells primarily play a role in the invasion and
growth of the lesion [21]. An aberrant integrin expression
profile of eutopic endometrium in women with endometrio-
sis is thought to play a fundamental role in the implantation
of the endometrial cells to the collagen types I and IV,
fibronectin, vitronectin, tenascin, and laminin of the peri-
toneum [21].

Following attachment, degradation of the extracellular
matrix (ECM) takes place, allowing endometrial cells to
invade and potentially establish endometriotic foci from
which the lesion will progress. The endometrium of women
with endometriosis has been shown to have increased
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proteolytic capacity. Anomalous expressions of plasminogen
activator system proteins as well as various matrix metal-
loproteinases (MMPs) seem to be responsible for this phe-
nomenon [22]. Recent studies have shown that MMP-2,
MMP-3,MMP-7, andMMP-9 levels are all increased in endo-
metriosis [23]. In addition, urokinase-type plasminogen acti-
vator (uPA), which catalyzes the conversion of plasminogen
to plasmin, has been shown to be elevated in the eutopic
endometrium and ectopic endometriotic lesion, as well as the
peritoneal fluid (PF) of women with endometriosis [22, 24].
Plasmin is involved in the degradation of ECM proteins as
well as the activation of MMPs and growth factors and thus
likely plays a vital role in the establishment of a lesion [24].

3. Increased Estradiol Production and
Progesterone Resistance in Endometriosis

As discussed earlier, the most widely accepted theory of ret-
rograde menstruation postulates the pathogenesis of endo-
metriosis to beginwith the invasion and proliferation ofmen-
strual effluents in the PF. From there, studies suggest that
aberrant immunemechanisms and responses to ovarian ster-
oids found in only a subset of women would lead to the
development of endometriotic foci in the peritoneal mem-
brane. Interestingly, in a baboon model of endometriosis,
menstrual phase endometrium injected intraperitoneally dis-
played enhanced adherence to the peritoneal membrane
compared to the luteal phase endometrium [10]. This sug-
gests that menstrual phase endometrial fragments express
selective factors that are yet to be characterized, allowing
for subsequent implantation in aberrant locations. Under
normal physiological circumstances, human endometrium is
under cyclical regulation by estrogen and progesterone, with
the superficial, functionalis endometrial layer undergoing
proliferation, differentiation, and shedding if implantation
does not occur. However, the cellular components of the
ectopic endometriotic lesions respond to ovarian steroids in
a different manner when compared to normal eutopic endo-
metrium [25]. Macroscopically apparent structural malfor-
mation of the endometrial epithelium of women with endo-
metriosis lends clues to increased incidence of infertility in
women with endometriosis [26] and perhaps offers an expla-
nation as to why only a subset of women develop endomet-
riosis.

Estradiol (E2), a biologically active formof estrogen, plays
a critical role in the reconstruction of the endometrium after
menstruation. Proliferation of endometrial cells and reestab-
lishment of vasculature of the functionalis endometrial layer
are driven by the actions of E2 interacting with its nuclear
receptors, ER-𝛼 and ER-𝛽. Endometrial E2 arises mainly
from the ovaries and also from extraovarian tissues such
as the adrenal gland and adipocytes which arrive at tissue
via circulation. Aromatase P450 (aromP450) is an enzyme
that catalyzes the conversion of ovarian androstenedione
into estrone. From there, 17𝛽-hydroxysteroid dehydroge-
nase type 1 (17𝛽-HSDT1) further catalyzes the conversion
of estrone into E2. Prostaglandin E

2
(PGE
2
) is synthe-

sized from arachidonic acid by the activity of rate limiting

enzyme cyclooxygenase-2 (COX-2). PGE
2
induces aromP450

production via the cAMP cell signaling cascade in the
ectopic endometriotic stromal cells in a dose dependent
manner [27]. In the endometrium of healthy women, the
activity of aromP450 is undetectable [27]. However, both
endometrium and the ectopic endometriotic lesion of women
with endometriosis express this enzyme in significantly high
amounts, allowing local production of E2. The ability of the
lesion to produce E2 de novo, in addition to manufacturing
the enzymes required for its production, may facilitate the
implantation of endometrial fragments in the peritoneal
cavity [27, 28].

Due to widely implicated roles of E2 in the pathogenesis
of endometriosis, a variety of pharmaceutical interventions
targeting the inhibition of estrogen production are adminis-
tered to women with endometriosis, but with mixed success.
Most of all, the symptoms of pain may be managed while
on treatment; however, pain often reappears promptly with
the discontinuation of the treatment. Around half of patients
using progestins reported recurrence of pelvic pain after
treatment cessation [29]. Furthermore, long term usage may
be deterred by the undesirable side effects consisting of break-
through bleeding, weight gain, and bone mineral density
loss from treatments including GnRH (gonadotropin releas-
ing hormone) agonists and depot progestins (medroxypro-
gesterone acetate) [30]. A third-line treatment, aromatase
inhibitors (AI), can be used in conjunctionwith other types of
inhibitors targeted towards estrogen suppression. However,
with some women showing development of resistance to cur-
rent hormonal therapies, further investigations are needed
targeting improvements to current therapeutic interventions
[31].

In addition to the enhanced local production of E2 in
both eutopic endometrium and ectopic endometriotic lesions
in women with endometriosis, resistance to progesterone
contributes to the pathogenesis of endometriosis. Proges-
terone, which is mainly produced during the secretory phase
of the menstrual cycle, inhibits the action of estrogen and
prepares the endometrium for implantation. The process
of decidualization, whereby the endometrial epithelial and
stromal cells begin to differentiate, is facilitated by pro-
gesterone. Similar to estrogen, progesterone interacts with
two receptor isoforms, PR-A and PR-B, each with distinct
functions. Gene ablation of PR-A in mice leads to uterine
and ovarian abnormalities, while ablation of PR-B does not
affect uterine or ovarian function [32]. Furthermore, both
PR-A and PR-B transcripts are made from a single gene
with a shorter PR-A transcript than PR-B, which results
in the ability of PR-A to become transrepressor of PR-B
and other nuclear receptors [32]. Interestingly, endometriotic
lesions lack PR-B, and the transrepressor PR-A is barely
expressed [33]. This is evidence that progesterone resistance
in endometriosis may lie at the molecular level. Decreased
responsiveness to progesterone is further substantiated by
Bulun et al. [17] which showed decreased responsiveness of
endometriotic stromal cells to progesterone by measuring
the levels of prolactin mRNA, which is normally induced
by progesterone. Treatment of endometriotic stromal cells
withmedroxyprogesterone acetate (MPA), a synthetic variant
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of progesterone, resulted in much lower levels of prolactin
mRNA compared to eutopic endometrial stromal cells [17].
Such resistance to progesterone treatment ensures increased
local concentration of E2 due to the inability of progesterone
to activate 17𝛽-hydroxysteroid dehydrogenase type 2 (17𝛽-
HSDT2), which catalyzes deactivation of E2 to estrone [34].
Normally, progesterone mediated factors from endometrial
stromal cells induce expression of 17𝛽-HSDT2 from the
endometrial epithelial cells in a paracrine manner. This
mechanism was suppressed in Ishikawa endometrial epithe-
lial cell line cultured with conditioned medium from the
ectopic endometriotic stromal cells [34]. Thus, studies show
that, unlike eutopic endometrium, progesterone resistance is
prevalent in the ectopic endometriotic lesions, which may
contribute to the increased concentration of local E2 thatmay
further promote the growth of the endometriotic lesions.

4. Angiogenesis and Vasculogenesis
in Endometriosis

Angiogenesis refers to a complex process of new blood vessel
formation from previously existing vessels. This process
plays a fundamental role in reproduction, development, and
wound repair. In adults, endothelial cell proliferation is a
highly regulated process established by a balance between
angiogenic and angiostatic factors that are activated when
necessary and then inhibited completely when the need is
eliminated [35]. Cases of increased rate of endothelial cell
proliferation are often linked with cancer and tumor develop-
ment [36] which are known to be dependent on angiogenesis
for growth and metastasis [37]. Vasculogenesis, on the other
hand, refers to a process of de novo formation of blood vessels
arising from migration, proliferation, and incorporation of
angioblasts or endothelial progenitor cells (EPCs) from the
bone marrow, usually occurring during embryogenesis [36].
The survival of endometriotic implants on the peritoneal
membrane within the peritoneal cavity relies upon the estab-
lishment of blood supply for the provision of oxygen and
nutrients to the developing lesions. Endometriotic lesions
are densely vascularized, fueling the notion that angiogenesis
and/or vasculogenesis may be involved [38]. Analogous to
the process of vascularization of tumors, endometriosis may
utilize mechanisms of both angiogenesis and vasculogenesis
to establish its own vascular network to sustain its survival
(Figure 1). Here, we discuss potential mechanisms exploited
by the developing endometriotic lesions towards establish-
ment of its own vasculature supply.

The endometrial fragments sloughed off from the endo-
metrium of the uterus may harbour innate angiogenic poten-
tial due to the following characteristics. The human endo-
metrium, composed of functionalis and basalis layer, is a
unique organ that undergoes proliferation, differentiation,
and regeneration with each menstrual cycle under the reg-
ulation of ovarian steroid hormones, estrogens, and pro-
gesterone. Along with the growth of the endometrium, the
vasculature of the endometriumwill experience proliferation
and regeneration each cycle under the influence of the
ovarian steroids, specifically E2. Shifren et al. [39] measured

increased expression of vascular endothelial growth factor
(VEGF) mRNA in the functionalis layer of the endometrium
through proliferative and secretory phase of the menstrual
cycle, indicating angiogenesis is in play. In the same study, E2
was responsible for the stimulation of VEGF expression from
isolated human endometrial cells, as administration of E2 led
to an increase in VEGF mRNA expression compared to the
endometrial cells without E2 stimulus. Endometriosis is the-
orized to arise from implantation of endometrial fragments
in the peritoneal cavity. With healthy endometrium showing
innate angiogenic potential under the regulation of E2, it is
evident that aberrantly regulated VEGF expression and E2
level may facilitate the neovascularization of endometriotic
lesions that fuels its establishment in aberrant locations.

Indeed, VEGF plays a crucial role in facilitating the
process of angiogenesis in endometriosis. It is a vasoactive
substance involved in a variety of normal physiological
processes including wound healing and revascularization
of endometrium by mediating endothelial cell proliferation
and migration. In tumorigenesis, VEGF concentration is
typically correlated with increased vascularity in various
types of tissue associated tumors (reviewed in [40]). In
normal endometrium, VEGF mRNA and protein expression
can be driven by hypoxia [41]. Not surprisingly, the PF
of women with advanced stages of endometriosis contains
higher concentrations of VEGF compared to women with
mild endometriosis or healthy patients [42]. In addition,
this elevated level of VEGF concentration in both PF and
serum in endometriosis patients is positively associated with
increased proliferative activity and microvessel density of
the endometriotic lesions [43], indicating its involvement in
the development of blood vessels. Various sources of VEGF
have been indicated, including endometriotic lesions [44]
and PFmacrophages in endometriosis, which increase VEGF
expression when treated with ovarian steroids such as E2
and progesterone [45], solidifying the notion that VEGF
is involved in angiogenesis associated with endometriotic
lesions. Other angiogenic cytokines including IL-1𝛽, IL-6,
and IL-8 will be further discussed in other sections of this
review.

Vasculogenesis was generally accepted to be only preva-
lent during embryogenesis and that postnatal neovascular-
ization of tissues occurred solely through angiogenesis [46].
The paradigm has shifted with the discovery of CD34+ and
Flk1+ circulating endothelial progenitor cells (EPCs) in adult
peripheral blood with phenotypic characteristics of endothe-
lial cells in vitro [47]. This study in addition to the results
published two years later definitively showed the presence
and active involvement of bone marrow-derived EPCs in
neovascularization of tissues including the endometrium
[48]. Becker et al. (2011) confirmed the incorporation of
the bone marrow-derived EPCs into the vasculature of the
endometriotic lesion by transplanting GFP+ bone marrow-
derived cells intomice with surgically induced endometriosis
[49]. Laschke et al. (2011) further visualized the recruit-
ment of the bone marrow-derived EPCs into the site of
the endometriotic lesion development by elucidating the
involvement of stromal cell-derived factor-1 (SDF-1) in the
mobilization of bone marrow-derived EPCs into the lesions
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Figure 1: An overview of immune cells and mediators involved in the promotion of neovascularization and endometriotic lesion growth
on the peritoneal membrane. In women with endometriosis, high levels of angiogenic factors and inflammatory cytokines are found in the
peritoneal fluid (PF). Development of blood vessels of the lesions depends on two processes: vasculogenesis and angiogenesis. Vasculogenesis
is mediated by recruitment and incorporation of the bone marrow- (BM-) derived endothelial progenitor cells (EPCs) to proliferating
blood vessels in the endometriotic lesions. Recruitment of BM-derived EPCs is facilitated by stromal cell-derived factor- (SDF-) 1. Vascular
endothelial growth factor (VEGF) and other angiogenic factors including interleukin- (IL-) 6, IL-8, and tumor necrosis factor- (TNF-) 𝛼
mediate the process of angiogenesis by activating angiogenic switch of endothelial cells. Local production of estradiol by the lesion maintains
the expression of VEGF and promotes the production of VEGF and monocyte chemoattractant protein- (MCP-) 1 by the macrophages. In
women with endometriosis, natural killer (NK) cell cytotoxicity is diminished, which may be due to increased expression of IL-10 in the PF.
Immature dendritic cells (DCs) express VEGFR-2 on the surface and thus are theorized to play a role in angiogenesis by interacting with
VEGF. The integrated role of immune cells and mediators is a complicated process and requires further studies to piece together the details
available to fully appreciate their role in the pathogenesis of endometriosis.

[50]. To confirm the chemotactic ability of SDF-1, Laschke
et al. (2011) showed that, by antagonizing SDF-1 receptor—
CXCR-4—withAMD3100, the number of recruited EPCs and
the subsequent vascularization of endometriotic lesions sig-
nificantly decreased.These results were confirmed by another
study that demonstrated SDF-1 to be a chemokine capable
of trafficking hematopoietic stem cells and EPCs whereby
its focal concentration leads to increased vascularity of that
region [51]. Our group recently demonstrated that blocking
of SDF-1 in an alymphoid mouse model of endometriosis
resulted in a decrease in endometriotic lesion vascularization
and growth [52]. Collectively, these studies confirm that
vasculogenesis in addition to angiogenesis is taking place, as
demonstrated by the capacity of the lesion to mobilize and
incorporate EPCs from the bonemarrow into the vasculature
of the lesions.

Furthermore, different types of immune cells are involved
in the process of angiogenesis by producing proinflammatory
and angiogenic cytokines and by increasing their concen-
tration within the PF that bathes the endometriotic lesions
(reviewed in [53]). Lin et al. [54] elucidated the impor-
tance of immune cells by demonstrating that angiogenesis
of endometriotic lesions occurs after infiltration of VEGF
secreting neutrophils and macrophages into the lesions as

well as within the peritoneal cavity, indicating the essential
role played by infiltrating leukocytes in the mouse model of
endometriosis. In addition, dendritic cells (DCs) have shown
their involvement in angiogenesis. A study conducted by
Fainaru et al. [55] supports this argument by demonstrating
increased perivascular distribution of VEGFR-2 expressing
immature DCs in the endometriotic lesions with the ability
to induce the migration of endothelial cells in vitro.The pres-
ence of DCs in the peritoneal cavity resulted in endometriotic
lesion growth and vascularization of endometriotic lesion
in this mouse model of endometriosis. In another study
utilizing transgenicmousemodel with conditional DCdeple-
tion (diphtheria toxin-treated B6.FVB-Itgax-hDTR-EGFPtg),
researchers found that endometriosis lesions in DC depleted
mice were significantly greater in size compared to control
and showed decreased expression of CD69, a marker for T
and natural killer cell activation. Based on these findings,
it is apparent that DCs directly participate and regulate
angiogenic process as well as subset of immune activation
during endometriosis lesion development [55, 56].

Human endometrium has the unique ability to undergo
cyclical proliferation and regeneration of the functionalis
layer after physiological shedding of the endometrium.Thus,
endometrial fragments exuded from the uterus will retain
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angiogenic capabilities in the peritoneal cavity. Postnatal neo-
vascularization was once thought to be only possible in lim-
ited circumstances. It is now apparent that, in endometriosis
vascularization, both angiogenesis and vasculogenesis are
taking place at the site of the lesion. Under the regulation of
E2, which augments expression of VEGF from the peritoneal
macrophages, neovascularization of endometriotic lesion
seems to mainly occur from the preexisting blood vessels of
the peritoneal membrane under the process of angiogenesis.
The complete elucidation of mechanisms underlying the pro-
cess of angiogenesis remains complex due to other immune
cells and mediators that are involved in neovascularization.
In comparison, the process of vasculogenesis seems more
concise, as demonstrated by studies that clearly showed
the incorporation and recruitment of bone marrow-derived
EPCs to the vasculature of endometriotic lesion. Indeed,
neovascularization of the lesion utilizes both processes of
angiogenesis and vasculogenesis. Knowing the mechanisms
behind the establishment of vasculature will further aid
in the development of therapies targeted towards lesion
ablation, which may prove to be more beneficial compared
to currently existing hormonal therapies used in treatment of
endometriosis.

5. Immune Dysfunction and Endometriosis

Although endometriosis is common among women of repro-
ductive age, the incidence of endometriosis is small com-
pared to the occurrence of the retrograde menstruation
that is experienced by most women of the same category.
One hypothesis that arises then is that the women that
develop endometriosis compared to those that do not have
a defective immune system that is unable to recognize
and properly mount immune response to the endometrial
fragments within the pelvic cavity (Figure 1). It is speculated
that endometrial fragments themselves acquire the ability to
evade the immune system as they enter the pelvic cavity. We
cannot exclude the possibility that both the fragments and the
immune system are aberrant in women with endometriosis.
In this section, we summarize the potential implication of the
innate (macrophages, neutrophils, DCs, and NK cells) and
adaptive immune cells (T and B cells) in the pathogenesis of
endometriosis.

The menstrual endometrial fragments induce inflamma-
tion within the peritoneal cavity [57]. In response to the
presence of these fragments, the sentinels of the immune
system such as neutrophils and macrophages are among the
first to be recruited to the area. Indeed, macrophage con-
centration and proportion are increased in the PF of women
with endometriosis, and they are the primary contributors
to the elevated proinflammatory and chemotactic cytokines
found in the PF [58]. In addition to partaking in the growth
of peritoneal implants, macrophages are a major source
of angiogenic mediators including TNF-𝛼 and IL-8 [59].
Furthermore, macrophages are involved in the regulation
of hypoxia-induced angiogenesis by producing VEGF [45].
Macrophage depleted Balb/C mice display endometriotic

lesions that not only are smaller in weight and size compared
to the controlmice but also display reduced vascularization of
the lesion [60], indicating that macrophages are involved in
the process of growth and development of blood vessels. The
same study, however, found that macrophage depletion does
not prevent endometrial cells from implanting onto the peri-
toneal membrane, which suggests different mechanisms are
involved in the process of implantation in the pathogenesis
of endometriosis.

More recently, neutrophils have gained much attention
and have been hypothesized to play an important role in
the pathogenesis of endometriosis. Amongst most leukocytes
implicated in inflammation, neutrophils have the short-
est life span and contribute significantly to the resolution
of inflammatory reaction. Neutrophils from disease-free
women, when incubated with plasma or PF from women
with endometriosis, displayed decreased rate of apoptosis
compared to control women [61]. This study clearly indi-
cated a potential existence of antiapoptotic factors in the
plasma and PF in women with endometriosis that is not as
concentrated in women without the disease. IL-8 was one
of the potential factors investigated given its well established
role as a proinflammatory cytokine and a key factor involved
in the chemotaxis of neutrophils during inflammation. How-
ever, treatment with anti-IL-8 antibody prior to adding
PF or plasma from endometriosis patients did not have
marked difference in apoptosis rate of neutrophils, which
may indicate the presence of other factors that may be in
play. This study also showed that neutrophils from women
with endometriosis may be more resistant to spontaneous
apoptosis than the neutrophils from control. These findings
further contribute to the notion of dysregulated immune
response in women with endometriosis.

Dendritic cells (DCs), a type of antigen presenting cells
(APCs), are paramount in the activation of adaptive immu-
nity through antigen presentation to näıve T cells. Dendritic
cells, like macrophages, differentiate from monocytes in the
presence of IL-4/GM-CSF in vitro. However, in vivo, DCs
only require as low as picomolar to nanomolar concentrations
of antigens for presentation; thus they are powerful in
detecting and initiating adaptive immunity on foreign or self-
antigen [62]. Once an antigen is captured, maturation of DCs
occurs, whereby they gain the ability to activate the näıve T
cells into cytotoxic or T helper state. DCs also play a vital
role in the prevention of autoimmunity by acting as mobile
sentinels that bring self-antigens to the lymphoid organ-
resident naı̈ve T cells to promote induction of self-immunity
[62]. Immature DCs are nonexistent in the peritoneal mem-
brane of healthy women; however, they are found within
the endometriotic lesions and the surrounding peritoneal
membrane of women with endometriosis [63]. Furthermore,
the numbers of mature DCs are significantly decreased
in both functionalis and basalis layers of endometrium of
women with endometriosis throughout the menstrual phase
compared to the healthy endometrium [63]. The implication
of low distribution of immature DCs in the endometrium
or the diminished numbers of the mature DCs in both
functionalis and basalis layer throughout themenstrual phase
in women with endometriosis is unclear; however they likely
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promote angiogenesis of the lesion. Furthermore, conflicting
findings from two independent investigations obscure the
role of DCs in the pathogenesis of endometriosis. Stanic
and colleagues (2014) reported on the depletion of DCs
leading to the growth of the endometriotic lesion [56],
whereas Pencovich and colleagues (2014) reported on the
exact opposite—the depletion ofDCs attenuated the develop-
ment of endometriosis [64]. One possible explanation of the
differing results despite utilizing a similar transgenic mouse
model using diphtheria toxin (DT) (B6 FVB-Itgax-hDTR-
EGFPtg) [56] and B6.FVB-Tg(Itgax-DTR/EGFP) [64]may be
that the time for lesion retrieval was delayed by 3 days and
that the receptor for DT was human [56] compared to simian
DT receptor [64]. Investigations into the role of DCs need
further fine-tuning as they appear to play a crucial role in
the pathogenesis of endometriosis, in particular by promot-
ing angiogenesis and inducing activation of adaptive immu-
nity.

Diminished cytotoxicity of natural killer (NK) cells
within the peritoneal cavity has also been well documented.
Somigliana et al. [21] reported on the presence of immuno-
suppressants in both the conditioned media (CM) of normal
endometrial stromal cell and of endometriotic stromal cells.
This implies that the normal endometrium harbours innate
immunosuppressive ability against cytotoxic activity of NK
cells, possibly to allow the implantation of the embryo. In
women with endometriosis, this immunosuppressive effect
on NK cell cytotoxicity was greater, which in peritoneal
environment may allow endometrial fragments to develop
into lesions [21]. Such reduction in NK cytotoxicity seems
to stem not due to decrease in quantity but due to func-
tional defect, as the number of NK cells did not seem to
differ between patients and control [65]. Recently, IL-6 in
PF of women with endometriosis has been identified as a
possible immunosuppressant towards NK cell cytotoxicity
against autologous endometrial fragments [66].These studies
indicate possible association of NK cells with immune dys-
function in endometriosis.

The role of adaptive immunity, particularly T helper cells
and B cells, is less defined. In brief, cell mediated immu-
nity is facilitated by T helper type 1 cells (Th1) that tar-
get intracellular pathogens whereas humoral-mediated or T
helper type 2 cells (Th2) target extracellular pathogens and
are involved in B cell activation and antibody secretion. In
women with endometriosis, a polarization towards Th2 cells
has been observed due to strong intracellular expression of
IL-4 and absence of IL-2 from the lymphocytes isolated from
the ectopic lesions [67]. Furthermore, increased activation of
B cells was also detected from the eutopic endometrium as
well as the lesions compared to healthy endometrium. Indeed,
endometriosis is sometimes categorized as an autoimmune
disease due to anti-endometrial antibodies being detected in
the serum of women with endometriosis [68]. The balance
of T helper cells in women with endometriosis remains
controversial with some studies reporting diminished acti-
vation of both Th1 and Th2 in the PF of women with
endometriosis [69]. Furthermore, in contrast to Szyllo et al.,
another study failed to detect any difference in the intracel-
lular concentration of IFN-𝛾 and IL-4 from PF lymphocytes

between endometriosis patients and healthy controls [70]. In
particular, genome-wide gene array and immunostaining for
B (CD20+) and T (CD3+) cells in ovarian endometriomas
failed to detect gene expression and presence of either of
cell types despite overexpression of B lymphocyte stimulator
[71]. Contradictions in results between independent studies
are likely due to different experimental methods and thus
warrant further investigation.

6. Cytokines and Chemokines
in Endometriosis

Cytokines are the main mediators and communicators of
the immune system. Although these polypeptides are mostly
produced by immune cells, most nucleated cells also pro-
duce cytokines, albeit in lesser quantities. Immune cells
use cytokines to coordinate the host response to infection
or trauma via autocrine and paracrine signaling. Based on
their immune-regulatory role, cytokines are broadly classi-
fied as either pro- or anti-inflammatory. Proinflammatory
cytokines such as interleukin-1 (IL-1), tumor necrosis factor
alpha (TNF-𝛼), interferon gamma (IFN-𝛾), and granulocyte-
macrophage colony-stimulating factor (GM-CSF) primarily
initiate and amplify the inflammatory response to infection
or trauma by signaling the recruit of additional immune
cells and proinflammatory mediators to the site of injury.
Anti-inflammatory cytokines such as IL-4, IL-6, and IL-10
primarily regulate the intensity and duration of the inflam-
matory response by suppressing the effects of proinflamma-
tory cytokines, although some have inflammatory roles as
well [72]. Chemokines, such as monocyte chemoattractant
protein-1 (MCP-1), IL-8, and stromal cell-derived factor-
1 (SDF-1), are capable of recruiting immune cells to the
site of injury and stimulate them to produce additional
cytokines. The cascade of events that comprises the inflam-
matory response is an important aspect of endometriosis
development. The normal immune response to pathogens or
injury entails a delicate balance of inflammatory and anti-
inflammatory cytokines and regulators in order to be effective
and remain safe for the host. Thus, cytokine dysregulation
is recognized as an important aspect of the pathogenesis
of numerous conditions, including endometriosis. Previous
studies have found increased total leukocyte concentrations
in addition to noticeable disruption of the immune activity
in women with endometriosis [58]. Peritoneal fluid contains
higher concentration of proinflammatory and angiogenic
cytokines presumably produced from immune cells such as
macrophages and from the lesion itself, which contribute to
the pathogenesis of endometriosis (Figure 1). Furthermore,
the PF fromwomen with endometriosis has components that
polarize monocytes into macrophages instead of DCs, which
are potent antigen presenting cells compared tomacrophages
even in the presence of dendritic cell polarizing cytokines
in vitro [73]. In this section, we examine various cytokines
and chemokines that seem to play a significant role in the
establishment and survival of lesions in endometriosis.

IL-1 is an acute phase inflammatory cytokine that exists in
three main forms—IL-1𝛼, IL-1𝛽, and IL-1 receptor antagonist
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(IL-1Ra) [72]. The release of IL-1𝛼 and IL-1𝛽 by mononuclear
and epithelial cells in response to injury leads to inflamma-
tion, while IL-1Ra release attenuates this response by blocking
IL-1𝛼 and IL-1𝛽 binding.Various studies have reported higher
concentrations of IL-1𝛼 [74], IL-1𝛽 [75], and total IL-1 [76]
in the PF of women with endometriosis compared to normal
women, thus supporting the notion of a local inflammatory
environment in endometriosis.This idea is further supported
by studies reporting impaired expression of the soluble decoy
receptor IL-1-RII in the endometrium and PF of women
with endometriosis [74, 77], which would help attenuate the
effects of IL-1𝛼 and IL-1𝛽. Similarly, decreased levels of IL-
1Ra have been reported in the PF of patients with early stage
endometriosis [74]. These results may reflect an initial but
failed attempt to attenuate the local inflammation caused
by endometrial fragments in the pelvic cavity. The fact that
shed endometrial fragments would trigger such a strong
inflammatory response points to either a reduced capacity
of immune cells to clear these fragments or a potential
autoimmune condition that would cause peritoneal resident
immune cells to be more sensitive to endogenous damage
signals. A study by Bergqvist and colleagues found that
endometriotic lesion expresses higher levels of IL-1𝛽 than
eutopic endometrium of both normal women and women
with endometriosis, which indicates that the inflammation in
endometriosis is locally induced.

Tumor necrosis factor alpha (TNF-𝛼) is the most studied
protein of the TNF family and is primarily produced by
activated macrophages, NK cells and Th1 cells [72]. TNF-
𝛼 appears to act synergistically with IL-1, as they both
activate the canonical NF-𝜅B inflammatory pathway. Harada
and colleagues found increased levels of TNF-𝛼 in the PF
of women with endometriosis and detected a positive cor-
relation between TNF-𝛼 concentrations and endometriotic
lesion size [78]. Others have also reported higher levels
of TNF-𝛼 in the endometrium and PF of women with
endometriosis [76, 79] but only in mild or early stages
of the disease, which suggests that TNF-𝛼 plays a role
in the early stages of endometriosis when the lesions are
establishing. Interestingly, both TNF-𝛼 and IL-1 are capable
of inducing the expression of cyclooxygenase-2 (COX-2),
the enzyme that regulates the synthesis of prostaglandin E

2

(PGE
2
) [80]. Unlike the constitutive COX-1 enzyme, COX-

2 is undetectable under normal conditions and only becomes
upregulated in response to infection or injury. In womenwith
endometriosis, COX-2 has been found to be overexpressed in
isolated peritoneal macrophages, but not in isolated periph-
eral macrophages [81], which supports the idea that local
inflammatory factors are responsible for the upregulation
of COX-2 in macrophages. Furthermore, PGE

2
itself can

induce COX-2 expression, creating a positive feedback cycle
that promotes inflammation and pain via overproduction
of PGE

2
. PGE

2
can also attenuate macrophage cytotoxicity

and promote local estrogen synthesis, cell proliferation, and
angiogenesis (reviewed in [80]).

IL-6 possesses prominent inflammatory and anti-inflam-
matory functions, which makes it challenging to understand
its full role in endometriosis. Although mainly produced

by macrophages, Th1 cells and B cells, IL-6 can be pro-
duced by fibroblast and endothelial cells as well [72]. In
endometriosis patients, the PF levels of IL-6 have been found
to be increased compared to normal women [78, 82] and
positively correlated with the size and number of endometri-
otic lesions [78]. Bergqvist and colleagues reported higher
levels of IL-6 in both endometriotic lesion and eutopic
endometrium from endometriosis patients compared to nor-
mal women [83]. IL-6 also seems to increase in concentration
in more advanced stages of endometriosis [84, 85]. The
high levels of IL-6 could be produced by the increased
number of macrophages that infiltrate the peritoneal cav-
ity in endometriosis. However, peritoneal mesothelial cells
have also been shown to synthesize IL-6 in response to
IL-1𝛽 and TNF-𝛼 [86]. These last two are mainly pro-
duced by macrophages, which are presumably recruited to
the peritoneal cavity to help clear the endometrial frag-
ments. Increasing levels of IL-1𝛽 and TNF-𝛼 would induce
the production of IL-6 by peritoneal mesothelial cells, which
would further contribute to the local inflammation observed
in endometriosis.

IL-10 is a known anti-inflammatory cytokine capable of
inhibiting the synthesis of inflammatory cytokines IFN-𝛾, IL-
2, IL-3, TNF-𝛼, and GM-CSF [72]. Ho and colleagues found
increased levels of IL-10 in the PFofwomenwith endometrio-
sis compared to normal women [69]. A more recent study by
Suen and colleagues showed that serum levels of IL-10 were
higher in endometriosis patients compared to both healthy
subjects and subjects with other gynecological diseases [87].
They also demonstrated that, in a C57BL/6 mouse model
of surgically induced endometriosis, endometriotic lesion
growth can be promoted or decreased by administering or
depleting IL-10, respectively. The increased concentration
of IL-10 has been implicated in the decreased cytotoxicity
of NK cells observed in endometriosis [21] and supports
the notion that local cytokine dysregulation allows endome-
trial fragments to implant in the peritoneal cavity.

IL-8, also known as CXCL8, is a potent neutrophil chem-
otactic factor with proinflammatory and angiogenic effects
[88]. Studies have found higher levels of IL-8 in the PF of
women with endometriosis [82, 89], but not in the serum
[82] or peripheral blood [90]. These results point to a local
dysregulation of IL-8 in endometriosis. Others have reported
a significant correlation between IL-8 levels and disease stage
[90, 91], with higher levels of IL-8 reported in early stages of
endometriosis compared to more advanced stages [90, 91].
Akoum and colleages reported that IL-1 can induce IL-8
secretion in isolated epithelial and stromal endometriotic
cells and that E2 stimulation enhances endometriotic cell
responsiveness to IL-1 [92]. Given that endometriosis is
an estrogen-dependent condition, IL-1 mediated induction
of IL-8 could link local estrogen overproduction with the
recruitment of neutrophils to the site of lesion implanta-
tion. Interestingly, mesothelial cells isolated from the PF of
endometriosis patients have been reported to produce IL-8 in
response to IL-1𝛼 and TNF-𝛼 stimulation [89]. Furthermore,
in a study by Li et al., two human endothelial cell lines were
stimulated with recombinant human IL-8, which resulted in
endothelial cell proliferation and capillary tube organization,
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inhibited apoptosis, enhanced antiapoptotic gene expression,
and upregulated MMP-2 and MMP-9 expression [93]. This
evidence points to a crucial involvement of IL-8 in the estab-
lishment and maintenance of endometriotic lesions, likely
via the activation of angiogenic factors normally released in
response to injury.

Monocyte chemoattractant protein-1 (MCP-1) is a proin-
flammatory chemokine implicated in the activation macro-
phages, monocytes, and lymphocytes [88]. MCP-1 has been
detected in high concentrations in the PF of women with
endometriosis [82, 94] and has been reported to increase with
disease severity [94]. Although mostly produced by perito-
neal macrophages [95], MCP-1 production has been detected
in the glandular epithelium and stromal macrophages of
endometriotic lesions [96]. Arici and colleagues reported
that mesothelial cells isolated from the PF of women with
endometriosis not only produce MCP-1 in response to IL-1𝛼
and TNF-𝛼 stimulation, but also constitutively produce the
cytokine as well. They also found that, in healthy women,
MCP-1 production was correlated with stage of menstrual
cycle, where the PF of healthy women had higher MCP-
1 levels during the proliferative phase compared to the
secretory phase.These results point towards a responsiveness
of MCP-1 to ovarian hormones. In a later study, the same
group demonstrated that MCP-1 production and expression
in isolated endometrial stromal cells are inhibited by E2 in
a dose dependent manner [97]. Adding progesterone caused
a slight decrease that did not differ significantly from E2
treatment alone. They also determined that endometriotic
lesion can be stimulated to produce MCP-1 by IL-1𝛽 and
that this response is enhanced by E2

.
These results not

only show the significant involvement of MCP-1 in the
development of endometriosis, but also reveal the complex
interplay between the endocrine and immune systems by
showing the crucial role of estrogens in enhancing the
chemokine-induced recruitment of immunemediators to the
endometriotic lesion sites.

7. Conclusion

Current evidence indicates that immunological factors are
significantly involved in the pathogenesis of endometrio-
sis (summarized in Figure 1); however it is still unclear
if the dysfunctional immune response seen in women
with endometriosis is the cause for endometriosis develop-
ment. The aberrant immune cell behavior seen in women
with endometriosis helps the implantation and survival of
endometriotic lesions via upregulation of inflammatory path-
ways that are normally deployed in response to infection or
trauma. Endometrial cells from women with endometriosis,
which are precursors to endometriotic lesions, are able to
exploit the promotion of vasculogenesis and angiogenesis
mediated by the inflammatory response they trigger. In
this process, both immune cells and the local peritoneal
tissue orchestrate such processes using cytokine signal-
ing. Although the role of cytokines and chemokines in
endometriotic lesion survival is well established, it remains
poorly understood. Part of this is due to the fact that

these modulators are highly pleiotropic proteins that also
exhibit considerable redundancy in their functions. Because
of this, it is difficult to conclusively determine how they
influence the pathogenesis of endometriosis. The main ques-
tion continues to be whether cytokine dysregulation is one
of the triggers in the development of endometriosis or if
it arises after endometriosis has developed through other
mechanisms. These aberrant immune responses are further
exacerbated by the unique hormonal environment in which
they develop. However, it is evident that additional mech-
anisms are involved in triggering these aberrant immune
responses. Based on the evidence pointing to the aberrant
modulation of immune factors contributing to endometriotic
lesion implantation and survival, there are debating views
on whether to classify endometriosis as an inflammatory
condition or an autoimmune disorder. More research is
needed not only to reach a better understanding of this
condition, but also to improve our current approaches in its
treatment.
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Objective. To report reproductive outcomes following laparoscopic surgical excision of histologically confirmed r-ASRM stage III-
IV endometriosis. StudyDesign.A retrospective cohort studywas performed at the Royal Hospital forWomen, a university teaching
hospital, Sydney, Australia. Women who had fertility-preserving laparoscopic excision of stage III-IV endometriosis from 1997 to
2009 were contacted regarding reproductive outcomes. Results. In the study period, 355 women underwent surgery for stage III-
IV endometriosis. Follow-up data are available for 253/355 (71%) women. Postoperatively, 142/253 (56%) women attempted to
conceive with a conception rate of 104/142 (73%). Confidence intervals for pregnancy for women who were attempting conception
(including the nonresponders) range from 104/262 (40%) to 224/262 (85%). Median time to conception was 12 months. No positive
prognostic factors for pregnancy were identified on regression analyses. Conclusions. These data provide information to women
with suspected severe disease preoperatively concerning their likely postoperative fertility outcomes. Ours is a population with
severe endometriosis, rather than an infertile population with endometriosis, so caution needs to be applied when applying these
data to women with fertility issues alone.

1. Introduction

The correlation between endometriosis and infertility is well
documented, with monthly fecundity reported as 0.02 to
0.1, compared with couples without endometriosis of 0.07 to
0.2 per month [1, 2]. Despite this reduction in fecundity, a
causal relationship has not been proven with theories includ-
ing distorted anatomy, failure of implantation, hormonal
imbalances, and peritoneal dysfunction [3–6]. Laparoscopic
excision of endometriosis has been shown to significantly
reduce pain and improve quality of life [7–11]; however the
effect on fertility is still debated.

The revised American Society of Reproductive Medicine
(r-ASRM) staging system for endometriosis does not cor-
relate well with either pain or fertility outcomes [12, 13],

although data are available for mild-moderate disease (r-
ASRM I-II). Two randomised controlled trials (RCTs) exam-
ining surgical treatment of stage I-II endometriosis and
reproductive outcomes have contradictory findings [14, 15],
with ameta-analysis favouring surgery [16], although contro-
versy continues.

There are no randomised data on the effect of surgery for
moderate and severe stage (r-ASRM III-IV) endometriosis
on reproductive outcomes. Observational studies examining
reproductive outcomes following colorectal resection for
severe endometriosis have been reported and provide the
best evidence for women with severe disease regarding
reproduction [10, 17–21]. The number of patients in these
studies is limited (ranging from 46 to 177 women) and there
is a low likelihood of a RCT for advanced stage disease given
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ethical and cost constraints. With data for 253 women, the
current study describes the largest cohort ofwomen evaluated
for fertility outcomes following laparoscopic excision of stage
III-IV endometriosis.

2. Materials and Methods

Following approval from the local Human Research Ethics
committee (ref.: 09/120), women who underwent laparo-
scopic surgery for stage III-IV endometriosis from 1997 to
2009 were identified from the Department of Endo-Gynae-
cology database. Patients having non-fertility-preserving sur-
gery were excluded from the analysis.

Surgical treatment and follow-up were performed in
a standardised manner following departmental protocols.
Laparoscopy was performed under general anaesthesia using
a 4-port approach after establishment of pneumoperitoneum
via a Veress needle [22]. A visual inspection of the abdomen
and pelvis was undertaken, adhesions were divided as
required to normalise anatomy, and endometriosis was
resected with monopolar scissors using a retroperitoneal
approach [23]. Endometriomaswere excised using a stripping
technique [24] with the aim of removing all endometriosis.
Deeply invasive endometriosis in the cul de sac was removed
by sharp dissection with laparoscopic segmental bowel
resection undertaken where necessary to completely remove
disease [10, 18]. When there was residual disease, likely
serosal uterine endometriosis or adenomyosis or incomplete
resection, this was noted. Documentation of endometriosis
location and r-ASRM stage, intraoperative complications,
and associated procedureswas undertaken.The surgical tech-
nique undertaken during this time was unchanged and out-
comes were assessed by time intervals to assess for a potential
time-lag bias. Procedures were undertaken by advanced
trainees and consultant gynaecological surgeons. Drains were
not used in this study [25] and women were discharged from
hospital when their pain control was adequate, and they were
freely mobilising and had passed a trial of void following
indwelling catheter removal. Routine follow-up included a
postoperative visit at 4–8weekswhere a physical examination
was performed, and enquiries regarding return to activities
of daily living and specific questioning regarding bowel,
bladder, and sexual function were made. Fertility advice
given to women seeking pregnancy following surgery at this
department included instruction not to delay attempting
conception.

Women identified from the database as having r-ASRM
stage III-IV disease were mailed a questionnaire regarding
fertility outcomes following their index surgery. Nonrespon-
dents were mailed a second questionnaire if they had not
responded in one calendar month and then contacted by
telephone if they had not returned this second questionnaire
within a further month.

The questionnaire asked patients to self-report on preg-
nancies and attempts to conceive pre- and postoperatively.
Women were asked to report all pregnancies and whether
they conceived naturally or through assisted reproduc-
tive technology (ART). The pregnancy outcomes were also
recorded. Treatments prior to and following the index

Patients identified from database
 for laparoscopy for stage III-IV 

endometriosis
375

Exclusion for non-fertility-
sparing surgery

20

Patients contacted for study
355

Responses received 
261

Unable to contact
94

Patients included in the study
253

Declined participation
8

Figure 1: Flow diagram.

surgery, including pain relief, hormonal therapies, and other
laparoscopies, were also recorded.

Medical records were reviewed and the r-ASRM score
was reviewed and confirmed from the operative record.
Operation time, intraoperative, and postoperative complica-
tions as well as length of stay were recorded. Postdischarge
complications and time to return to normal activities of daily
life were also documented.

Data were recorded in a purpose-built database using
Statistical Package for Social Sciences, version 20 (SPSS,
Chicago, IL), with subsequent statistical analyses undertaken
with the same software. Levene’s test was used to assess
data variance. Where appropriate and according to the data
distribution, demographic data were compared using Student
𝑡-, ANOVA, and Chi squared tests. Time-to-pregnancy data
were extracted using Kaplan Meier survival analysis. Proba-
bility values of less than 5% were considered significant. Cox
regression analysis was performed on the data to investigate
predictive variables.

3. Results

From 1997 to 2009, 355 women underwent fertility-preserv-
ing laparoscopic surgery by 16 different surgeons for stage III-
IV endometriosis. Follow-upwas performed to the beginning
of 2012. Data were received from 253/355 (71%) women
(Figure 1). The median age of respondents was 37 years
(range 17–55). Patient demographics are reported in Table 1.
Comparing the entire cohort with those who were trying to
conceive and those who were successful in conceiving post-
operatively, there were no significant differences in age, body
mass index (BMI), previous surgery, smoking, indication
for index surgery, duration of surgery, previous pregnancy,
or length of hospital stay. All women had histologically
confirmed endometriosis.
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Table 1: Demographic data.

All participants
(𝑛 = 253)

Trying to conceive post-op
(𝑛 = 142)

Pregnancy post-op
(𝑛 = 109)

Age (median and range) 37 (17–55) 37 (26–50) 36 (26–48)
BMI (median and IQR) 24 (21–28) 24 (21–28) 24 (21–28)
Previous laparoscopic surgery 149 (59%) 83 (59%) 58 (53%)
Smoking

Yes 111 (44%) 60 (42%) 46 (42%)
Indication for surgery

Pain 164 (65%) 58 (41%) 48 (44%)
Fertility 27 (11%) 27 (19%) 24 (22%)
Both 58 (23%) 55 (39%) 35 (32%)
Not stated 4 (1%) 2 (1%) 2 (2%)

Prior pregnancy 79 (31%) 38 (27%) 30 (28%)
Trying to conceive pre-op 114 (45%) 95 (67%) 67 (62%)
Trial ART pre-op 20 (8%) 17 (12%) 10 (9%)
Duration of surgery mins (median and IQR) 120 (90–145) 120 (90–150) 120 (90–140)
r-ASRM stage

III 98 (39%) 51 (36%) 42 (39%)
IV 155 (61%) 91 (64%) 67 (61%)

Length of stay hours (median and IQR) 44 (29–52) 45 (29–51) 42 (28–50)
SD: standard deviation; IQR: interquartile range; ART: assisted reproductive technology; r-ASRM: revised American Society of Reproductive Medicine.

Surgical findings included 155/253 (61%) with stage IV
endometriosis; 111/253 (44%) with unilateral or bilateral
stripping of endometriomas; 9/253 (3%) women who had
laparoscopic segmental bowel resection at index surgery;
35/253 (14%) of women who had suspected adenomyosis
or incomplete resection of disease. Reasons for incomplete
resection included cervical disease or likely adenomyosis
22/35 (63%); beyond the scope of consent 8/35 (22%); or
beyond the skill of staff 5/35 (15%).

Postoperatively, 142/253 (56%) women attempted to con-
ceive, with 104/142 (73%) women achieving at least one
pregnancy. In addition, there were five pregnancies in women
who were not trying to conceive, for a total of 109 women
becoming pregnant. There was no significant difference in
fertility for women trying to conceive postoperatively with
stage III endometriosis compared to women with stage IV
disease 63/91 (69%).

Of the planned pregnancies, 66/104 (63%) were sponta-
neously conceived and 38/104 (37%) followed ART. Amongst
womenwho attempted to conceive, 38/104 (27%)were unable
to achieve a pregnancy either naturally or with ART. Of these,
20/38 (53%) tried natural methods of conception only, 9/38
(24%) tried ART only, and 9/38 (24%) tried both methods.
Postoperatively, 45/104 (43%) women had more than one
pregnancy. Thirty-eight women who had been pregnant
prior to surgery tried to conceive postoperatively. Of these,
26/38 (68%) succeeded in conceiving. All five unplanned
pregnancies occurred in women who had a prior pregnancy.

There were 114 women who had attempted to conceive
without success prior to surgery. Of these, 95/114 (83%)
attempted to conceive postoperatively, and of those women

67/95 (71%) were successful. Twenty women out of 142
(14%) who were trying for a pregnancy postoperatively had
previously undergone ART, 18/20 (90%) with 2 or more
(up to 12) attempts. Within this group 10/20 (50%) women
conceived; 3/10 (30%) conceptions were natural; 7/10 (70%)
women conceived with ART.

The outcomes for the first pregnancy (planned or
unplanned) following index surgery included term preg-
nancy in 70/109 (64%); preterm delivery 9/109 (8%) for a
live birth rate of 79/109 (72%). The rate of first trimester
miscarriage was 23% (25/109). One of 109 (1%) pregnancies
resulted in a midtrimester miscarriage and there were 4/109
(4%) terminations of pregnancy. There were no ectopic
pregnancies.

Kaplan Meier survival curve analysis (Figure 2) demon-
strates a median time to pregnancy of 12 months following
commencement of attempt to conceive for all pregnancies
(95% CI 7–17 months). The median length of time to con-
ception was 13 months (95% CI 5–20 months) for those
conceiving using ART and 12 months (95% CI 5–19 months)
for those who conceived naturally. For women planning to
conceive by ART (24/142 (17%)) postindex surgery, 8/24
(33%) had tried ART prior to surgery and 6/24 (25%) had
male factor infertility in addition to endometriosis. 10/24
(41%) were recommended to commence ART due to age or
other factors. In this group there was 1/24 (4%) spontaneous
conception prior to commencing ART and 14/24 (58%) who
conceived with IVF.

No positive prognostic factors for conception were iden-
tified on regression analysis of the data. In particular, when
comparing age bands 17–30, 30–34, 35–39, and 40–55, there
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was no significant difference (Figure 3). There were no
differences in fertility outcomes when time intervals were
compared, accounting for the long duration of the study or
by surgeon (advanced trainee or consultant). There was also
no difference in pregnancy rate for women with a previous
pregnancy, those who had used medical treatments prior to
their index surgery (the oral contraceptive pill, progestins,

or gonadotrophin releasing hormone analogues), or those
who had been trying for a pregnancy preoperatively. There
were no differences in pregnancy rates for women who had
endometriomas resected 64/111 (58%); womenhaving a bowel
resection 5/9 (55%); or those with incomplete resection of
disease 16/35 (46%) compared with those who did not.

There were 13 recorded complications. These included
two major intraoperative complications, one of blood loss
>2000mL requiring a blood transfusion and one uninten-
tional trauma to the bladder repaired laparoscopically. There
were four minor intraoperative complications of uninten-
tional entry into the vagina, with one of these requiring
a second suturing due to postoperative dehiscence. There
were one case of pulmonary oedema, two cases of urinary
retention, one urinary tract infection, and two patients who
had swelling or bleeding at a laparoscopic port site.

4. Discussion

Surgical excision of moderate-to-severe stage endometriosis
has been demonstrated to improve women’s pain symptoms
and quality of life in randomised placebo controlled trials
[7, 18, 26]. For fertility outcomes, the largest randomised
placebo controlled trial assessed only stage I-II disease and
reported an improvement in live birth rate following surgical
excision [14]. No RCTs exist for the reproductive outcomes of
moderate-to-severe disease and the evidence for this group
of women is limited to less robust data [3, 10, 17–20, 27].
Given the ethical and fiscal limitations of undertaking RCTs
for advanced disease, it is unlikely that these data will ever be
available and we must rely on other sources to fully inform
women of what their outcomes are likely to be with severe
disease treated surgically.

Many women with endometriosis seek treatment of
disease for pain but also desire fertility either immediately
following treatment or at some stage in their future [7, 8, 17–
19, 27, 28].Thefindings of this study indicate thatwomenwith
moderate-severe stage endometriosis have a good chance of
pregnancy following laparoscopic resection of their disease,
no matter what their initial presentation was, either pain or
fertility, with 34% of our cohort having fertility as one of
their reasons for undergoing surgery. Additionally, there was
no difference in fertility outcomes for those women having
surgery primarily for pain or fertility. Information that may
be given to women from this study is that pregnancy is likely
to happen spontaneously and the median time to conception
is 12 months. These data and the time to pregnancy are in
keepingwith other data fromboth early stage disease [28] and
more advanced disease that included bowel resection [10, 17–
19]. Clearly, additional factors such as male factor infertility
must be considered separately as an indicator of need to
progress to ART if required.

We recognise the retrospective nature of this study
and the inherent recall bias common to this methodology.
However, pregnancy is readily defined and women rarely
forget details of pregnancy, no matter its outcome; therefore
it is likely that the recall of patients in our cohort is correct.
A further potential limitation of our data are those lost to



BioMed Research International 5

follow-up; however our inclusion rate of 71% over a 13-year
period provides a robust data set. A confidence interval for
pregnancy may also be arrived at given the nonresponse rate
of 29%; if all nonresponders failed to conceive, the lower
limit for pregnancy would be 104/262 (40%). Conversely,
if all succeeded then the upper limit for pregnancy would
be 224/262 (85%). A sensitivity analysis on nonresponders
demonstrated no differences in age; disease severity or
location or presurgical fertility suggesting generalisability is
possible. Nonresponsewas primarily due to change of address
and lack of forwarding details, with only 8 women contacted
refusing participation in the study.

Increasing age is associated with declining fertility and
previous work reports it as a significant factor for fertility fol-
lowing resection of moderate-to-severe endometriosis [29–
31]. The results from our study that report no difference in
pregnancy rates based in age group are somewhat surprising,
and a type I error with only 16 women in the cohort of
women greater than 40 years of age trying to conceivemay be
contributory. The mean age for women trying for pregnancy
in this cohort was 37 and was not different from the mean
age of women achieving pregnancy at 36, with the range in
this group to 48 providing valuable preoperative information
to women suspected with severe disease regarding likely
chances of pregnancy postoperatively.

A further factor that may be affected by a type I error may
be the finding of adenomyosis or incomplete resection in only
14% of our population. The finding of adenomyosis has been
reported to decrease fertility rateswhen present [17, 19, 20, 29]
including women having bowel resection. With only 8.5% of
women in our study having adenomyosis, this finding should
be treatedwith cautionwhen counsellingwomen, since larger
studies have suggested an effect on fertility.

These data also provide information on the likely mode
and time to conception. Despite the severity of disease,
63% of women who became pregnant conceived naturally
with the rate of first trimester loss in keeping with reported
data [32, 33]. This rate of natural conception is marginally
above that reported from other works reporting pregnancy
following resection of advanced disease that ranges from 45
to 58% [10, 17, 19, 31]. Possible reasons for this may be that,
for women with both infertility and endometriosis, there is
often time pressure to conceive quickly after surgery and
women and their treating cliniciansmay view a trial of natural
conception postoperatively as a waste of time, particularly if
there had been previously failed ART [27, 28]. The approach
from the surgeons in this study was not to undertake ART
immediately postoperatively unless indicated, but to try for
natural conception. Our results suggest that indeed a trial
of natural conception is not time wasted, and there is a
high chance of spontaneous conception even following prior
attempts at ART in the postoperative period. A time limit
of 6–12 months for natural conception seems prudent, with
factors such as age and other causes of subfertility such as
male factor taken into consideration. Similar outcomes have
been previously reported from smaller cohorts [27, 34, 35].

Prior pregnancy did not increase postoperative concep-
tion in this study. Possible reasons for this may include
previous pregnancies occurring before the establishment of

severe endometriosis that has been demonstrated to develop
from mild forms over a six-month period [7]. This study
was not specific to women with endometriosis and infertility
that may also be contributory, since women with pain and
endometriosis may not have infertility as an issue and 65% of
our cohort had pain as their only indication for surgery. The
severity of disease may be a contributor to fertility with the
Endometriosis Fertility Index (EFI) established as a means
of assessing likely fertility outcomes for infertile women
[36] and women without infertility primarily [31]. The data
from this study show a high pregnancy rate naturally in
women with severe endometriosis whomay undergo ovarian
stripping for endometriomas or bowel resection and may be
used to further counsel regarding pregnancy outcomes when
surgery is performed by or under the guidance of expert
endometriosis surgeons.

Following surgery five women not trying to conceive
became pregnant with one resulting termination. All these
women had previously had a pregnancy and due to
endometriosis may see themselves as infertile not requiring
contraception. Given the results from our study following
resection of stage III-IV disease, it would be prudent to
recommend contraception to women who do not desire
a pregnancy or warn of the possibilities of an unplanned
conception after surgery.

The data from this study suggests that surgery performed
by or under the guidance of expert surgeons for women
with stage III and IV endometriosis yields good pregnancy
outcomes. Women may be reassured that pregnancy fol-
lowing excision surgery is common and likely to occur in
the first year of trying. These data indicate that women
with advanced stages of endometriosis treated surgically may
expect reasonable likelihood of fertility.

Condensation

Womenwho had surgery to remove stage III-IV endometrio-
sis and subsequently tried to conceive had a 73% chance of
pregnancy, the majority within 12 months of index surgery.
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Objective. To compare pregnancy rate after controlled ovarian hyperstimulation and intrauterine insemination (COH-IUI) with no
treatment in patients with endometriosis-associated infertility treated with laparoscopy. Design. A clinical cohort study. Setting.
University-level tertiary care center. Patients. 238 women with various stages of endometriosis after laparoscopic treatment.
Interventions. Either COH-IUI or follow-up for 12 months.Main Outcome Measures. The primary outcome measures were clinical
pregnancy and live birth rate. Predictive factors evaluated were female age, maternal BMI, and duration of infertility. Results. The
pregnancy rate attained after the integrated laparoscopy–COH-IUI approach was 53.4%, while it was significantly lower (38.5%)
in the control group. Similarly, a significant difference was observed in live births (48.3% versus 34.2%). Patients with severe
endometriosis were less likely to achieve pregnancy (38%) and live birth (35%) than their counterparts with milder forms (57% and
53%). Conclusions. In patients with endometriosis-based infertility, surgery followed by COH-IUI is more effective than surgery
alone.

1. Introduction

Endometriosis, the leading cause of infertility, has a preva-
lence of 0.5–5% in fertile women and 25–40% in infertile
women [1–3]. Although a broad spectrum of therapeutic
options is available, evidence-based management of infertil-
ity associated with endometriosis is still disputed [3–5].

Studies have provided conflicting results on surgery and
endometriosis. Although the majority of reports have indi-
cated that reparative surgery improves the rate of pregnancy
significantly, further research is needed on the efficacy of
surgery in endometriosis [1, 6]. Marcoux et al. [7] reported
that operative laparoscopy provides a significantly elevated
monthly fecundity rate compared to diagnostic laparoscopy
in endometriosis, while Parazzini et al. [8] found no signif-
icant improvement in the 12-month cumulative pregnancy

rates in stage I-II endometriosis. Women with advanced
endometriosis have a cumulative pregnancy rate of 44% after
12 months and 57.5% after 24 months, which is significantly
more favorable for stage III endometriosis patients than for
those with stage IV following surgery [9].

A combination of controlled ovarian hyperstimulation
(COH) with intrauterine insemination (IUI) has been eval-
uated for the treatment of infertility in surgically corrected
endometriosis [3, 5, 10], though the success of COH-IUI is
lower in endometriosis than in other types of infertility [5, 11].
COH-IUI after the surgical removal of endometrial deposits
improves the success rate less than in vitro fertilization (IVF)
[1, 3, 6].

The effect on pregnancy odds of COH-IUI after a combi-
nation of laparoscopic resection/ablation of the endometri-
otic lesions is little documented with conflicting results

Hindawi Publishing Corporation
BioMed Research International
Volume 2015, Article ID 282301, 8 pages
http://dx.doi.org/10.1155/2015/282301

http://dx.doi.org/10.1155/2015/282301


2 BioMed Research International

[12–15]. The aim of our present study was therefore to assess
whether COH-IUI has a significant effect on pregnancy
rate (PR), cumulative pregnancy rate (CPR), and live birth
rate (LBR) in infertile patients with endometriosis after
laparoscopic surgery.

2. Materials and Methods

This prospective clinical cohort study was conducted at the
Department of Obstetrics and Gynecology, University of
Szeged, from January 2002 to December 2008. All infertile
couples who presented at our infertility ward participated in
a complete investigation related to patient history, hysteros-
alpingogram, serum endocrine profile in the follicular phase,
midluteal progesterone concentrations, and sperm analysis of
the male partner.

2.1. Inclusion and Exclusion Criteria. Eligibility criteria were
as follows: the couple not conceiving after at least 1 year
of unprotected intercourse; the women being younger than
40; confirmation of an ovulatory cycle by midluteal serum
progesterone level; symptoms suggestive of endometriosis
(severe dysmenorrhea; deep dyspareunia; chronic pelvic
pain; ovulation pain; perimenstrual bowel- or bladder-
associated symptoms with or without abnormal bleed-
ing; and chronic fatigue); clinical signs (pelvic tender-
ness, a fixed (retroverted) uterus, tender uterosacral liga-
ments, or enlarged ovaries); incremental sonographic find-
ing (endometrioma(s)); and a normal spermiogram of the
partner according to the World Health Organization criteria
(sperm concentration at least 20 million/mL and 50% pro-
gressive motile spermatozoa within 1 h of ejaculation) [16].
Couples who presented with other gynecological pathologies
or coexisting causes of infertility besides endometriosis were
excluded.Womenwith additional obvious causes of infertility
such as any abnormality in anatomy, tubal factor, ovulatory
dysfunction, and polycystic ovarian syndrome were also
excluded from the study. Previous COH-IUI treatment or
steroid therapy and any condition affecting ovarian function
or blood-clotting disturbance that would exclude patients
from COH-IUI treatment (early menopause and ovarian
malignancy) also gained ground as exclusion criteria.

2.2. Patient Recruitment. After baseline registration, 382
patients were approached for potential participation, and
68 women declined to participate. In some patients with
endometriosis, surgerymay have been indicated to treat pain.
Women were excluded at this stage if they were medically
unfit for laparoscopy due to other diseases (𝑛 = 1) or
previous or current gynecological malignity (𝑛 = 1).
Another exclusion criterion was an inability to communicate
in Hungarian (𝑛 = 1). The participants were informed of
the study in detail and signed their informed consent to
participation.

All eligible participants (𝑛 = 311) were referred for
day-care operative laparoscopy for removal of endometriotic
lesions and adhesiolysis when necessary. At this stage, 47
participants were excluded as endometriotic lesions were not

found in the abdominal cavity during surgery. 26 women
were excluded because chromopertubation with methylene
blue dye revealed tubal patency as a cause of infertility besides
endometriosis.

In the remaining 238 cases, various stages of endometrio-
sis were identified by direct visualization, in accordance with
the revised American Society for Reproductive Medicine
classification [17]: 218 patients underwent laparoscopic
surgery and 20 patients were managed by laparotomy. Salp-
ingectomy was not performed. In 98 patients, an ovarian
endometrioma was removed, and cystectomy was associated
with adhesiolysis in 68 cases. In 198 patients, peritoneal
implants were electrocoagulated with bipolar forceps. In all
the patients, biopsy specimens were taken during surgeries,
and diagnosis was confirmed by histopathologic examina-
tion.

Current demographic data and clinical characteristics
were recorded after operation with the exception of the
duration of the menstrual cycle and infertility, which were
registered at the initial presentation before surgery. This was
followed by allocation of the participants into a case group
(COH-IUI intervention) or an equally large follow-up group
(observation without treatment). Nonrandom allocation was
based on age, BMI, and stage of endometriosis in order to
obtain two satisfactorily comparable matched study groups.
Both study groups underwent the same surgery protocol
for endometriosis. Excision of endometriotic lesions was
performed in 118 cases, cystectomy and adhesiolysis were
performed in 49 cases, and 98 patients underwent electro-
coagulation of the endometriotic deposits in the COH-IUI
treatment group, while 120 patients underwent resection, 49
received cystectomy with or without adhesyolysis, and 100
were electrocoagulated in the expectant management group.
Surgery was performed by the same authors in both groups
(Attila Keresztúri, József Daru, János Szöllősi, and Sándor
Koloszár). Figure 1 contains a flow chart for the study.

2.3. ControlledOvarianHyperstimulation, SemenPreparation,
and IUI. In the treatment group, COHwas started according
to the monofollicular protocol and was initiated in the
first menstrual cycle after the operation. The patients were
given clomiphene citrate (CC) 100mg/day (Clostilbegyt; Egis,
Hungary) between days 3 and 7 of the menstrual cycle. From
day 5 one ampoule Merional (IBSA Pharma, Slovakia, 75 IU
highly purified human menopausal gonadotropin (hMG)
containing follicle-stimulating hormone (FSH) with luteiniz-
ing hormone (LH)) was administered intramuscularly every
other day. When there was no sonographic evidence of ovar-
ian follicular activity and serum estradiol was <60 pg/mL,
the dose of Merional was doubled every other day. On day
5 or 6 of the stimulation, a transvaginal ultrasound (TVUS)
examination was carried out. If the size of the dominant
follicle and/or the thickness of the endometrium did not
reach the required size, the administration of Merional
was continued, with daily TVUS examination. When the
dominant follicle reached ≥17mm and the endometrium
was thicker than 9mm (consisting of 3 layers), 10,000 IU
human chorionic gonadotropin (hCG; Choragon, Ferring)
was given for luteinization after a determination of serum
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Assessed for enrollment (n = 382)

Enrollment

Excluded (n = 76) due to the fact that participants did not meet the
inclusion criteria

Endometriosis not found (n = 47)
Tubal infertility (n = 26)
Gynecological malignity (n = 1)
Medically unfit for laparoscopy (n = 1)
Not able to communicate in Hungarian (n = 1)

Refused to participate (n = 68)

Allocated to treatment or observation (n = 238)

Allocated to treatment (n = 119) Allocated to observation (n = 119)

Attended follow-up at 12 months Attended follow-up at 12 months
Interrupted treatment (mild OHSS)

(n = 3)
Unavailable at follow-up (n = 2)

Final evaluation (n = 116) Final evaluation (n = 117)

Figure 1: Study flow chart.

estradiol level. Whenever a risk of ovarian hyperstimula-
tion syndrome (OHSS) was suspected (e.g., >10 follicles,
>2 dominant follicles, ovary size > 10 cm, or a serum E2
level > 6000 pmol/L), luteinization was not carried out and
cycles with premature luteinization (progesterone levels >
1 ng/mL on the day of hCG) were also ruled out. Patients
that had undergone COH but had not been inseminated were
excluded from the study. Standard protocols were used for
insemination, which are detailed in a previous study [18]. In
brief, insemination involved extraction of the concentration
of sperm from the homogenized semen. Ejaculates, obtained
by masturbation, were prepared for IUI. The sperm was
washed and enriched by means of swim-up technology.
When the concentration reached the 40×106/mL value, 3mL
of washing fluid (Spermfit, Biomedical) was added to 1mL of
ejaculate. 400 g of themixture was centrifuged for 10minutes,
and the supernatant was drawn off.

Double IUI procedures were performed 36 hours after
hCG administration and on the subsequent day. All IUI
procedures were performed by the same four authors (Attila
Keresztúri, József Daru, János Szöllősi, and Sándor Koloszár).

To achieve the best possible effect in the IUI group, inter-
course was forbidden 5 days before the procedure and for
the rest of the cycle afterwards. The luteal phase was not
supported by any medication.

2.4. Patient Follow-Up. A serum hCG test was performed
to confirm pregnancy at the time of the first expected
menstrual period. Clinical pregnancy was diagnosed 2 weeks
after a positive test by ultrasound, indicating the presence
of an intrauterine gestational sac with a fetal echo. COH-
IUI treatment continued for a maximum of 6 cycles up to
successful pregnancy, with a no-treatment interval of 1-2
months interposed, which is acceptably effective [12].

The follow-up period lasted for 12 months from the
surgery in both study groups. The patients in the follow-up
group were referred for COH-IUI, while the patients who
had undergone insemination and did not achieve pregnancy
after the follow-up period were referred for IVF and embryo
transfer (IVF-ET). Our primary end point was pregnancy.
Secondary end points were overall cycle fecundity and live
birth. Miscarriage was defined as nonvital pregnancy or
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Table 1: Baseline characteristics of participants in the COH-IUI group (𝑛 = 116) and the control group (𝑛 = 117) at the Department of
Obstetrics and Gynecology, University of Szeged, from January 2002 to December 2008.

Treatment group
(COH-IUI) (𝑛 = 116) Control group (𝑛 = 117) 𝑝 value OR (95% CI)

Age (in years) (mean ± S.D.) 33.5 ± 4.2 32.9 ± 4.4 NS
Duration of menstrual cycle (days) (mean ± S.D.) 27.2 ± 3.4 29.3 ± 6.2 <0.05
Endometriosis

Stage I or II 48 (41.4%) 50 (43.7%) NS 0.95 (0.56–1.60)
Stage III or IV 68 (58.6%) 67 (57.3%)

Body weight (kg) (mean ± S.D.) 65.2 ± 7.3 64.0 ± 9.0 NS
Body mass index (kg/m2) (mean ± S.D.) 22.2 ± 1.9 21.9 ± 2.1 NS
Duration of infertility (years) (mean ± S.D.) 3.1 ± 2.1 2.9 ± 1.8 NS
Sperm parameters of partner

Sperm concentration (×106/mL) 79.9 ± 11.0 77.2 ± 13.0 NS
Range 21–139 16–153 NS

Sperm motility (%) 72.9 ± 4.0 77.1 ± 2.4 NS
Range 67–83 64–81 NS

Sperm morphology (%) 57.8 ± 5.4 53.9 ± 3.7 NS
Range 36–75 31–75 NS

COH-IUI: controlled ovarian hyperstimulation and intrauterine insemination; S.D.: standard deviation; OR: odds ratio, 95% CI: 95% confidence interval; NS:
statistically not significant.

the loss of a previously visible pregnancy, while an ectopic
pregnancy was a conception outside the uterine cavity.

2.5. Statistical Analyses. Statistical analysis was performed
with the 𝑡-test and chi-square test as appropriate. The data
were analyzed with the Statistical Package for the Social
Sciences (SPSS) for Windows (version 15.0; SPSS, Inc.,
Chicago, IL, USA). For sample size calculation, we used
StatMate 2 for Windows software. Assuming a PR of 11%
[13] following COH-IUI, it was calculated that 220 cycles
would be required to detect an absolute 5% increase with
an alpha error level of 0.05 and a beta error level of 0.2.
The crude probabilities of pregnancy and live birth rates
were calculatedwith the starting point of surgery. Cumulative
ongoing clinical pregnancy rates are illustrated for both
groups. To test between-group differences, theKruskal-Wallis
analysis of variance was used. Statistical significance was
set at 𝑝 < 0.05 and all statistical tests were 2-sided. The
study protocol was approved by the Clinical Research Ethics
Committee at the University of Szeged.

3. Results

Out of the 238women eligible for inclusion, 119were allocated
into the treatment group and 119 into the follow-up group.
One participant in the control group was lost to follow-
up, and 3 women did not take part in hormonal induction
because of the development of mild OHSS (Figure 1). The
baseline values were used as follow-up values in the statistical
analysis.

There were no significant differences between the two
groups concerning age, duration of infertility, body weight,
BMI, distribution of endometriosis stages, and sperm

Table 2: Cycle characteristics of the COH-IUI group (𝑛 = 281) at
the Department of Obstetrics andGynecology, University of Szeged,
from January 2002 to December 2008.

Hormone profile
Day 3 FSH (mIU/mL) 5.34 ± 2.1
Day 3 LH (mIU/mL) 4.89 ± 3.9
Day 3 E2 (pmol/L) 47.29 ± 40.0

hCG day E2 (pmol/L) 642.8 ± 312.2
hCG day P (ng/mL) 0.39 ± 0.19
hCG day endometrial thickness (mm) 12.11 ± 2.00
Day of hCG administration 9.12 ± 3.01
COH-IUI: controlled ovarian hyperstimulation and intrauterine insemi-
nation, expressed as mean ± standard deviation, FSH: follicle-stimulating
hormone, LH: luteinizing hormone, E2: estradiol, and P: progesterone.

parameters. Endometriosis was found in stage I or II in 100
patients (42.0%) and in stage III or IV in 138 patients (58.0%).
The patients were between 23 and 39 years of age (means:
33.5 years versus 32.9 years in the case and follow-up groups,
resp.), and the lengths of ongoing infertility were 3.1 years and
2.9 years in the case and follow-up groups, respectively. Both
the body weight (means: 65.2 kg versus 64.0 kg, in the case
and follow-up groups, resp.) and the BMI (means: 22.2 kg/m2
versus 21.9 kg/m2, in the case and follow-up groups, resp.)
were similar in the two groups.The duration of themenstrual
cycle ranged from 24 to 39 days in both groups (means: 27.2
days versus 29.3 days, in the case and follow-up groups, resp.).
Sperm qualities have also been tabulated (Table 1).

Table 2 provides an overview of the clinical characteristics
of the COH-IUI cycles. Both the hormone profiles on day
3 and the hormone profiles and endometrium thicknesses
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Table 3: Pregnancy characteristics of participants of the COH-IUI group (𝑛 = 116) and the control group (𝑛 = 117) at the Department of
Obstetrics and Gynecology, University of Szeged, from January 2002 to December 2008.

Treatment group (COH-IUI)
(𝑛 = 116) Control group (𝑛 = 117) 𝑝 value OR (95% CI)

CPR (per protocol) 62/116 53.4 45/117 38.5 0.026 1.84 (1.09–3.09)
CPR (endometriosis stages I-II) 31/48 64.6 25/50 50.0 NS 1.82 (0.81–4.10)
CPR (endometriosis stages III-IV) 31/68 45.6 20/67 29.9 NS 1.97 (0.97–4.00)
Miscarriage 2/62 3.2 3/45 6.7 NS 0.47 (0.08–2.92)
Ectopic pregnancy 2/62 3.2 1/45 2.2 NS 1.47 (0.13–16.7)
LBR per protocol 58/116 48.3 41/117 34.2 0.024 1.85 (1.09–3.14)
LBR (endometriosis stages I-II) 30/48 62.5 22/50 44.0 NS 2.12 (0.94–4.76)
LBR (endometriosis stages III-IV) 28/68 41.2 19/67 28.4 NS 1.77 (0.86–3.63)
Multiple pregnancy 4/62 6.5 0/45 0 NS 0.94 (0.88–1.00)
COH-IUI: controlled ovarian hyperstimulation and intrauterine insemination; CPR: cumulative pregnancy rate; LBR: live birth rate; NS: statistically not
significant.

on the day of hCG administration were appropriate. The
IUI protocol was cancelled in only 3 cases due to ovulation
induction, with CC+hMG causing mild OHSS.

Table 3 relates to the PR and LBR in the two groups. The
116 treated cases underwent 281 cycles of COH-IUI, with a
mean of 2.42 cycles per patient. 62 pregnancies occurred, thus
representing an overall cycle fecundity of 22.1% and a CPR of
53.4%.

Forty-five pregnancies were recorded among the 117
control participants. The CPR of 38.5% was significantly
lower than that among the COH-IUI cases (53.4%).The CPR
in the first 6monthswas 27.3%,with a further increase of 11.1%
in the following 6 months, which is significantly different
(𝑝 < 0.05).

The CPR in stages I-II and stages III-IV in the COH-
IUI group were 64.6% and 45.6%, respectively. The corre-
sponding rates in stages I-II and stages III-IV in the follow-up
groupwere 50.0% and 29.9%, respectively; the differences did
not reach the level of significance. The CPR was significantly
higher among those in stages I-II (64.6%) than in those
with endometriosis stages III-IV (45.6%) (𝑝 = 0.005). The
Kruskal-Wallis test revealed a significant difference (𝑝 =
0.003) in the cumulative ongoing pregnancy rates between
the two groups (Figure 2), indicating that the COH-IUI inter-
vention significantly increased the likelihood of pregnancy
relative to that in the follow-up group during the one-year
study period.

Among the total of 107 pregnancies, 5 spontaneous
abortions (4.7%) and 3 ectopic pregnancies (2.8%) were
recorded, and there was a higher LBR in the COH-IUI
group (48.3%) than in the follow-up group (34.2%). Four
participants had twins after COH-IUI (6.5%). A previous
diagnosis of endometriosis at stage I or II was associated with
a significantly higher LBR (57.1%) than that for stages III-IV
(37.8%) (𝑝 = 0.005).

As expected, patients with endometriosis tended to have
lower odds of pregnancy as the age increased (𝑝 = 0.04,
𝑟 = 0.62) and at higher BMI (𝑝 = 0.001, 𝑟 = 0.73).
The PR was significantly lower among women over 35 years
of age than among younger women (24.6% versus 53.8%).
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Figure 2: Cumulative ongoing clinical pregnancy rates in the two
study groups at the Department of Obstetrics and Gynecology,
University of Szeged, from January 2002 to December 2008.

The PR per cycle in women over 35 (12.3%) was similarly
significantly lower than in younger women (23.1%). To our
surprise, the duration of infertility was not a significant
predisposing factor for achieving pregnancy in endometriosis
(𝑟 = 0.21).Therewas no recognizable association between the
sperm parameters or endometrium thickness and the success
of COH-IUI.

4. Discussion

Our most striking finding is that the probability of concep-
tion and a resultant live birth is significantly higher after
integrated laparoscopy–COH-IUI management than that of
spontaneous pregnancy and live birth after surgical treatment
only in women with endometriosis and particularly among
those with a mild form.
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Twelve-month cumulative pregnancy rates in stages I-II
were 50% for spontaneous attempts and 64.6% for COH-IUI
and in stages III-IV were 29.9% for spontaneous attempts and
45.6% for COH-IUI in our study. Although these differences
are not significant, they suggest considerably elevated preg-
nancy odds for COH-IUI compared to expectant manage-
ment. Cumulative pregnancy rates for COH-IUI in stages I-
II were significantly higher than in stages III-IV. Moreover,
live birth rates are slightly more frequent following a COH-
IUI procedure than in the group with spontaneous attempts
during 12 months.

Based on our results, COH-IUI should therefore be
offered to patients as a treatment option after laparoscopy,
particularly in moderate-to-severe forms, in agreement with
other studies [19, 20] and in contrast with one study [15].
Gandhi et al. [15] stated that stimulation with gonadotropins
is superior to stimulation with CC.

The latest retrospective report has demonstrated
poorer results on the efficacy of postoperative COH-IUI in
endometriosis, where the cumulative pregnancy rate after
6 COH-IUI (12 months) was 45% and 42% in controls in
mild-to-moderate endometriosis and the corresponding
rates were 10%–20% in advanced endometriosis, respectively
[15]. These rates are somehow lower than our results, but
there were far fewer participants included in the study and
the results reported were mixed for COH only, IUI only,
and COH-IUI cycles. Furthermore, they mostly used only
CC/Letrozole as COH agents [15] and not CC/hMG, as we
did.

Endometriosis has the lowest likelihood of fertility among
infertile patients [5, 11], with the odds of fecundity in
untreated women with endometriosis ranging from 0.02 to
0.1% [21]. This is enhanced after laparoscopic treatment from
30–37% at 2 years [7, 22] to 60% at 3 years [23]. Our
results revealed that COH-IUI results in a PR per cycle
of 22.1% after surgery. A minor limitation of our study is
that a matched control study was performed rather than
a randomized controlled trial (RCT). No RCT has been
published on the effectiveness of COH-IUI treatment after
surgery. Furthermore, COH-IUI is an advocated treatment
option for minimal and mild endometriosis [3, 6], and there
is a relative dearth of reports on the fecundity rate of COH-
IUI after reparative surgery of moderate and advanced stages
[1].

It has been concluded by others [12, 13] that a course of
COH-IUI up to 3 cycles is the optimal regimen. However,
our data suggest that 6 cycles appear beneficial. Furthermore,
there is no consensus in the literature on prioritizing single or
double IUI; the reported trend is for better results with double
COH-IUI [24], and the double procedure was therefore
applied in our routine.

Although the power of our study is not sufficient for a
comparison of the endometriosis subgroups, it seems that
women with more severe endometriosis were less likely to
have a successful reproductive outcome from COH-IUI than
those with mild disease. In the cumulative pregnancy curve
(Figure 2), it should be noted that the immediate postoper-
ative period was particularly favorable for conception in the
follow-up group. Moreover, as expected, a significant inverse

correlation was observed between disease severity and spon-
taneous pregnancy. In contrast, among women with stage
I or II endometriosis, the fecundity rate remained elevated
throughout the first year after surgery, whereas patients with
endometriosis at advanced stages had a significantly higher
fecundity in the first half year than in the second (𝑝 <
0.05).This suggests that, after combined therapy with surgery
treatment, the ideal waiting time would be half a year for
endometriosis in an advanced stage.This contrasts somewhat
with a proposal made following a recent meta-analysis
where 6–18monthswas suggested for spontaneous pregnancy
[1].

Our results revealed that stimulation with CC/hMG
resulted in a higher CPR than that with CC [15]. As in the
literature [5], the rate of twins (6.5%) and the frequency of
OHSS (2.5%) were satisfactorily low in our sample, which is
characteristic of endometriosis.

Several reports have described factors leading to poor
prognosis of COH-IUI as an infertility diagnosis [1, 3–
6, 11], in accordance with our results, including advancing
female age [1, 3, 4, 6, 11], a higher BMI [11, 25], and
endometriosis itself. Inconsistent with previous reports, a
longer infertility period [5, 11, 25] did not decrease the
likelihood of conception in our dataset, and the success
of COH-IUI was not influenced by endometrial thickness
above 9mm [25], a poorer sperm motility [11, 25], or a
lower content of inseminated sperm [11, 25] in our patients
with endometriosis. Moreover, our study comprised selected
patients with infertility, while most of the previous reports
included women without infertility before the laparoscopy,
which could bias the studies.

Thedata on surgical treatment of advanced endometriosis
with the aim of pregnancy are inconclusive [1, 7, 9, 22, 23,
26]. In cases of ovarian endometrioma-associated infertility,
surgery must be considered as the first-line treatment, what-
ever the subsequent proposed technique [22]. Some studies
propose assisted reproductive technologies without prior
surgery in stage IV endometriosis, due to excessive ovarian
damage during surgery leading to a decreased ovarian reserve
and response and thus resulting in a lower PR [27, 28]. It
has also been established that the CPR is significantly higher
for IVF-ET than for COH-IUI (73% versus 41%), especially
in stage IV and in women over 38 years of age [13] when
prior surgery has not occurred. If COH-IUI is attempted, it
should not exceed three to four cycles, and a COH-IUI failure
beforehand does not affect the IVF-ET outcome adversely
[13].

A recent study [14] suggests that ovarian stimulation and
IUI in women with surgically treated mild endometriosis is
as effective as in unexplained infertility. Werbrouck et al. [14]
reported a PR per cycle of 21% in minimal endometriosis
and of 18.9% in the mild stage, following COH-IUI shortly
after laparoscopic excision, which is comparable to our result
(22.1%). However, the cumulative LBR within 4 cycles of
COH-IUI was higher in women with minimal or mild
endometriosis (70.2% and 68.2%) [14] as compared with our
results (62.5% versus 44.5%), but only 4 double IUI cycles
were used in regimen and only patients with no previous
pregnancy were included in our study.
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5. Conclusions

In conclusion, after operative treatment of any type of
endometriosis, COH-IUI is indicated as a second-line treat-
ment even in cases of advanced maternal age. The combined
approach of surgery and IUI may offer improved chances of
pregnancy for infertile women with endometriosis. Patients
should be advised to begin attempting to conceive naturally
soon after laparoscopic surgery. When pregnancy does not
occur within 6 months, they should move on to COH-IUI.
Further research is warranted to provide further evidence for
the role of postoperative COH-IUI in fertility treatment for
endometriosis.
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The purpose of this study was to assess the impact of 3 months of aromatase inhibition together with progestin add-back on ovarian
endometrioma size. This prospective cohort study was performed at University Medical Center (UC San Diego). Women trying
to conceive were excluded. After informed consent, all women were treated with the aromatase inhibitor letrozole (5mg/d) with
norethindrone acetate (5mg/d) add-back for 3months. Pre- and posttreatment assessments of endometrioma sizes were performed
by ultrasound.The impact of treatment on pain was determined using the patient assessed endpoints of the Biberoglu and Behrman
scale.These included assessing dysmenorrhea, dyspareunia, and nonmenstrual pelvic pain each on a scale from 0 to 3.The primary
endpoint of this study was the change in ultrasound documented endometrioma size. Fourteen endometriomas in 8 consecutive
women were treated for 3m. Mean endometrioma diameter decreased 50% from 4.6± 1.6 cm to 2.3± 1.6 cm (mean ± SD). This
represents a 75% decrease in endometrioma volume. Endometriosis symptoms of dysmenorrhea, dyspareunia, and nonmenstrual
pelvic pain also improved with treatment. In conclusion, a 3-month course of high dose aromatase inhibition with progestin add-
back significantly reduces ovarian endometrioma size and warrants further investigation.

1. Introduction

Endometriosis is the presence of endometrial tissue out-
side the uterus. As is the case with normal endometrium,
endometriosis is also estrogen sensitive. It undergoes prolif-
eration in the presence of estrogen and atrophy in its absence.
Although endometriosis lesions are typically small implants
commonly found on pelvic structures such as the bladder,
ovaries and in the cul-de-sac, they can sometimes form larger,
cystic lesions, which are called endometriomas. By far the
most common location for endometriomas is the ovaries.
Although it is unclear why endometriomas predominantly
develop at this site, it is assumed to be at least in part because
the ovary is the major site of estradiol production.

Endometriomas are not believed to regress sponta-
neously. Therefore in order to prevent the possibility of ovar-
ian torsion or cyst rupture, endometriomas are commonly

managed by surgical excision, which is both expensive and
invasive. Moreover, while there is minimal risk associated
with surgery, the complications associated with surgery are
potentially serious. In addition, excising endometrioma has
been shown to decrease ovarian reserve as judged by elevation
in FSH (Ferrero et al. 2012) and decreases in AMH [1, 2],
antral follicle count [3], and number of oocytes retrieved for
subsequent IVF [4]. Although surgical excision of endometri-
omas may have detrimental repercussions for those contem-
plating pregnancy, the presence of ovarian endometriomas at
time of oocyte retrieval for in vitro fertilization poses risks
of pelvic infection after oocyte retrieval and oocyte culture
contamination by endometriotic fluid [5–7]. Consequently,
women with endometriomas undergoing IVF and their
healthcare providers are faced with a unique and troubling
situation whereby excising endometrioma decreases ovarian
reserve thus compromising both natural and assisted fertility
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yet leaving endometriomas in place prior to IVF threatens
to increase the risk of pelvic infection and contaminate
the culture system thereby compromising results of this
expensive treatment.

Endometriosis contains the aromatase enzyme [8], inhi-
bition of which shrinks endometriosis lesions in post-
menopausal women [9]. The location of this enzyme appears
to have preponderance for endometriomas. Indeed, a recent
study revealed that aromatase expression and tissue estrogen
concentrations are profoundly higher in endometriomas
compared to peritoneal and deep infiltrating endometriotic
lesions [10]. The first successful use of an aromatase inhibitor
was documented in a postmenopausal woman with a recal-
citrant endometriotic lesion [11]. In this case, inhibition of
aromatase reduced circulating estradiol concentrations and
induced regression of the endometriotic implant. Although
no medical therapy has been conclusively shown to shrink
endometriomas, one study of 5 women did demonstrate
shrinkage of recurrent endometriomas with a 6m course
of aromatase inhibition [12]. Because of the reduction in
circulating estradiol levels, use of an aromatase inhibitor has
been associated with menopausal symptoms.The use of add-
back is now a common strategy to prevent hypoestrogenic
symptoms that would otherwise occur with estrogen sup-
pression.That study used a 30mcg oral contraceptive for this
purpose.

The primary objective of this study was to determine if
a three-month course of the aromatase inhibitor letrozole
(5mg daily) together with the add-back approved by the
FDA for use with GnRHa, 5mg norethindrone acetate daily,
could reduce endometrioma size in premenopausal women.
Secondary objectives included changes in patient reported
endpoints of dysmenorrhea, dyspareunia, and nonmenstrual
pelvic pain (NMPP) with treatment.

2. Materials and Methods

This study was approved by the UC San Diego IRB and
performed at the UC San Diego Center for Endometriosis
Research and Treatment, in the Department of Reproductive
Medicine.

Eight consecutive women wishing to try the off-label use
of letrozole were enrolled. In these women, 14 endometri-
omas were assessed. Inclusion criteria for being offered this
unproven therapy included not wishing to conceive over
the ensuing 6 months, ultrasound imaging consistent with
endometriomas, at least one endometrioma >3.0 cm mean
diameter as well as age >18 years and <45 years. Exclusion
criteria were women desiring pregnancy, contraindication to
either letrozole or norethindrone acetate, and those in whom
there was doubt as to the presence of an endometrioma.
All women in this study wished to preserve fertility. After
informed consent to try an off-label and unproven therapy for
the possible reduction in endometriomas size, each woman
received a 3-month off-label course of daily 5mg letrozole
with 5mg norethindrone acetate add-back. Because of the
relatively short course of therapy a higher, 5mg daily dose
of letrozole was used rather than the more typical and lower

Table 1: Baseline demographics of study population.

Mean ± SD Range
Age/years 32.4 ± 7.6 23–41
BMI/kg/m2 20.6 ± 2.3 16.7–23.2
Number of previous providers
consulted for pain 2.3 ± 1.3 1–4

Time since onset of
symptoms/years 8.2 ± 8.4 1–22

Mean baseline endometrioma
diameter/cm 4.6 ± 1.6 1.7–7.4

Mean baseline endometrioma
volume/cm3 60.1 ± 58.7 2.6–212.2

2.5mg daily dose. And as is typically the case, use of add-
backwas intended tominimize the negative effects of induced
hypoestrogenemia and thus make the letrozole therapy more
tolerable. All womenwere asked to use barrier contraception.
Pre- and posttreatment assessments of endometrioma sizes
were performed by transvaginal ultrasonography using GE
Volusonmachines.Themean of the largest two perpendicular
diameters of each endometrioma was recorded. Impact of
this treatment on pain was determined using the three
patient reported endpoints of the standard Biberoglu and
Behrman scale [13]. These included assessing dysmenorrhea,
dyspareunia, and nonmenstrual pelvic pain each on a scale
from 0 to 3, thus providing an overall pelvic pain symptom
score range from 0 to 9. Pain assessments were recorded prior
to initiating treatment and after 3 months of therapy.

2.1. Statistical Methods. JMP statistical software and Micro-
soft excel were used for the analyses. Because of the nonnor-
mal distribution of endometrioma sizes, the nonparametric
two-tailed Wilcoxon signed-rank test was used to compare
paired pre- and posttreatment endometrioma sizes. Unless
otherwise noted, data are shown as mean ± SD. A 𝑃 value
≤ 0.05 was considered significant.

3. Results and Discussion

Eight consecutive women with a total of 14 endometriomas
were enrolled. Their demographics are shown in Table 1.

With three months of treatment, mean endometrioma
diameter decreased 50% from 4.6 ± 1.6 cm, range from 1.7 to
7.4 cm, to 2.3 ± 1.6 cm, range 0–4.3 cm (𝑃 < 0.01) (Figure 1).
The change in diameter corresponds to a mean endometri-
oma volume reduction of 75% from 60.1 ± 58.7 cm3, range
2.6–212.2 cm3, to 15.0 ± 16.4 cm3, range 0–51 cm3 (𝑃 <
0.01). Aromatase inhibition induced a reduction in individual
implant volume (Figure 2).

With treatment, there was a reduction in patient reported
symptom endpoints of the Biberoglu and Behrman scale with
mean dyspareunia score decreasing from 2 to 0 and mean
dyspareunia and nonmenstrual pelvic pain scores decreasing
from 1 to 0.

Thus far there has been minimal data showing that pre-
menopausal ovarian endometriomas can be managed with
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Figure 1: Distribution of endometrioma diameter quartiles prior
to and after treatment with 3 months of aromatase inhibition plus
progestin add-back.

hormonal manipulation. The current pilot study shows for
the first time that a 3m course of aromatase inhibition with
progestin add-back can produce a mean of 75% decrease
in endometrioma volume. Results of this study highlight
the feasibility of shrinking ovarian endometriomas with a
relatively short, 3m course of a daily administered aromatase
inhibitor letrozole (5mg) and the progestin norethindrone
acetate (5mg).

Aromatase appears to be a key enzyme in endometriosis.
Within the lesions, it leads to the production of estrogen,
which in turn stimulates cyclooxygenase-2, thus resulting
in increased prostaglandin 𝐸

2
formation. In turn, PGE

2

stimulates aromatase expression and activity, thus producing
a positive feedback loop [14, 15]. This dysregulation of
aromatase appears to be particularly the case with regard to
endometriomas [10].

Although endometriosis affects fertility through mul-
tiple mechanisms, it is possible that women with ovarian
endometriomas represent a unique subgroup. For example,
it has been proposed that the mere presence of endometriotic
cysts on the ovary leads to increased ovarian inflammation
and microscopic structural changes in the ovarian cortex
such that there is a reduced follicular density [16].The authors
suggest consideration of surgical intervention even at an
early stage of cyst formation for the protection of ovarian
reserve. Based on our findings and the accumulating data
indicating that surgery on endometriomas further reduces
ovarian reserve, we propose that the impact of medical
treatment for endometriotic cysts also be comprehensively
evaluated with regard to ovarian reserve parameters.

The economic cost of managing endometriosis can be
substantial. For example, the annual healthcare dollar expen-
diture on endometriosis [17, 18] is comparable to that spent on
other chronic conditions such as Crohn’s disease, rheumatoid
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Figure 2: Change in individual endometrioma volumes. Mean
endometrioma volume decreased 75% from 60.1 cm3 to 15.0 cm3
with 3 months of aromatase inhibition plus progestin add-back.

arthritis, and asthma. This expense is likely related to both
the chronic nature of the disease and surgical management
that is often required. By reducing the need for surgical
intervention, the overall cost of managing endometriosis
should be reduced. In general terms, the replacement of a
surgical treatment by one that is medical is a natural and
desired evolution of healthcare as pathophysiology is better
understood.

Although our findings are encouraging, larger dou-
ble blinded, placebo controlled randomized trials will be
required to verify these preliminary findings. Additional rel-
evant questions also need to be addressed including optimal
dose and duration of therapy as well as determination of
any impact on ovarian reserve. It would also be helpful
to determine the duration of effect. Further, as a strategy
prior to IVF for the purposes of reducing the risks of pelvic
infection after oocyte retrieval and gamete culture medium
contamination, assessment of the impact of this strategy on
IVF complications and on pregnancy outcomes would be
useful.

4. Conclusions

In conclusion, we showhere for the first time that a 3m course
of aromatase inhibition plus progestin significantly decreases
ovarian endometrioma size. The major healthcare implica-
tions of this finding are (1) reducing costs and invasiveness in
the management of these common ovarian cysts by possibly
converting what was a surgical management to one that is
medical and (2) the prospect of improved safety and better
outcomes for women with endometriomas undergoing in
vitro fertilization.
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The assisted reproductive technologies, particularly in vitro fertilization (IVF), represent the most efficient and successful means
of overcoming infertility associated with endometriosis. Although older studies suggest that IVF outcomes are compromised in
endometriosis patients, more contemporary reports show no differences compared to controls. The exception may be evidence of
poorer outcomes and diminished ovarian response in women with advanced disease, particularly those with significant ovarian
involvement or prior ovarian surgery. Prolonged pre-IVF cycle suppressive medical therapy, particularly gonadotropin releasing
hormone agonists, appears to improve success rates in a subset of endometriosis patients. However, as of yet, there is no diagnostic
marker to specifically identify those who would most benefit from this approach. Pre-IVF cycle surgical resection of nonovarian
disease has not been consistently shown to improve outcomes with the possible exception of resection of deeply invasive disease,
although the data is limited. Precycle resection of ovarian endometriomas does not have benefit and should only be performed
for gynecologic indications. Indeed, there is a large body of evidence to suggest that this procedure may have a deleterious impact
on ovarian reserve and response. A dearth of appropriately designed trials makes development of definitive treatment paradigms
challenging.

1. Introduction

The impact of endometriosis on fertility and proposedmech-
anisms of this phenomenonhave been addressed elsewhere in
this paper. The assisted reproductive technologies and, more
specifically, in vitro fertilization (IVF) represent the most
successful means of achieving conception in endometriosis
patients struggling with infertility. This approach bypasses
anatomic distortion, potential compromise in tubal function,
and aberrations in the peritoneal environment associated
with this disease. In this paper, we shall explore the impact
of endometriosis on IVF cycle outcomes as well as whether
surgical or medical management of endometriosis per se can
impact success rates.

2. The Impact of Endometriosis on
IVF Outcome

The issue of whether the diagnosis of endometriosis has a
negative impact on the outcome of IVF has not been resolved.

Although several early studies suggested poorer outcomes
in comparison to controls, other showed no significant
differences [1]. A meta-analysis performed by Barnhart et al.,
which included only clinical trials published from 1983–98,
calculated that the number of oocytes obtained as well as
fertilization, implantation, and pregnancy rates was lower
after IVF in patients with endometriosis than in controls
with tubal factor infertility [2]. It is important to note that
pregnancy rates in both groups were extremely low (12.7%
versus 18.1%) and do not reflect the significantly improved
outcomes which are typically achieved in current practice. A
more contemporary Norwegian retrospective analysis from a
single center reported virtually identical live birth rates after
IVF for patients with endometriosis versus tubal infertility
(66.0% versus 66.7%) [3]. Implantation rateswere also similar
between the groups. Barcelos et al. more recently noted no
differences in the percentage of meiotic abnormalities in in
vitromatured oocytes from endometriosis or control patients
after ovarian stimulation [4].
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Table 1: Endometriosis and IVF: fresh embryo transfer with
nondonor oocytes 2012 SART Registry∗.

Age: <35 35–37 38–40 41-42
Implantation rate (%)

Endometriosis 36.2 26.6 15.8 9.0
All diagnoses 37.5 27.0 18.4 9.8

Live birth rate (%)
Endometriosis 41.8 32.6 20.5 10.0
All diagnoses 40.7 31.3 22.2 11.8

∗Modified from 2012 SART Clinical Summary Report [5].

The 2012 Clinic Summary Report of the Society for
Assisted Reproductive Technology reflects no real differences
in implantation or pregnancy rates when comparing the
subgroup of patients with endometriosis to the aggregate of
patients with all diagnoses undergoing IVF in the United
States [5] (Table 1). It is important to note that the database
does not reflect disease stage, past therapy, or presence of
ovarian endometriomas. Also of note is the fact that this
summary reports that only 3% of the cycles performed in
2012 in the United States were associated with a primary
diagnosis of endometriosis which is clearly an underestimate.
This discrepancy can be attributed to the decreasing role of
diagnostic laparoscopy as part of the infertility evaluation
leading to these patients being classified with a diagnosis of
either “unexplained infertility” or under some other primary
diagnosis that may have been considered to have a greater
impact on fertility.

One of the fundamental flaws of these reports is the failure
to uniformly control for other infertility variables that could
affect outcome including ovarian reserve and sperm function
testing, uterine evaluation, untreated hydrosalpinges, and
ovulatory factors. In addition, adenomyosis is frequently
found in patients with endometriosis and its presence may
have a deleterious impact on implantation [6, 7].

The summary data described above does not address
the question of whether patients with more severe disease
may have different outcomes than those with less extensive
endometriosis. Barnhart et al. in the previously described
meta-analysis of clinical trials from 1983–98 compared out-
comes in patients with American Society for Reproductive
Medicine (ASRM) stages I-II to those with stages III-IV
endometriosis [2]. Implantation and pregnancy rates as well
as number of oocytes retrieved were significantly lower in
the latter group. The results from earlier trials that addressed
the impact of more severe endometriosis were confounded
by the use of laparoscopic retrieval techniques which, in
the face of distorted anatomy and dense pelvic adhesions,
may have limited the ability to adequately retrieve oocytes in
patients with more extensive disease [1]. Nevertheless, these
outcomes were confirmed in amore recent trial by Kuivasaari
and colleagues who reported significantly lower implantation
rates in patients with ASRM stages III-IV endometriosis
versus controls with ASRM stages I-II endometriosis or tubal
factor infertility [8].

Opøien et al. noted in a large retrospective trial that in
comparison to tubal factor controls, patients with ASRM
stages I-II disease had lower fertilization rates whereas
patients withmore severe disease had fewer oocytes retrieved
despite requiring higher gonadotropin doses [9]. Neverthe-
less, pregnancy and live birth rates were not different. A con-
temporarymeta-analysis of 27 observational studies reported
a reduction in fertilization rates only (RR = 0.93, 95% CI:
0.87–0.99, 𝑃 = 0.03) in women with stage I/II endometriosis
undergoing IVF [10] In this same report, patients with
stage III/IV endometriosis were noted to have a decrease in
implantation rates (RR = 0.79, 95% CI: 0.67–0.93, 𝑃 = 0.006)
and clinical pregnancy rates (RR = 0.79, 95% CI: 0.69–0.91,
𝑃 = 0.0008). This analysis did not evaluate live birth rates
and is weakened by the heterogeneity of comparison groups
which were defined as “women without endometriosis.” The
poorer response in these patients may reflect aberrations in
granulosa cell estrogen and progesterone receptors that has
been reported in women with more extensive disease [11].

The presence of ovarian endometrioma(s) may repre-
sent a confounding variable in assessing IVF outcome. A
decrease in ovarian response in patients with endometriomas
necessitating higher gonadotropin doses has been described
[12, 13]. It has been suggested that this impactwas exacerbated
by the size and number of lesions. However, the impact of
these lesions cannot be addressed independently in that it is
extremely rare for a patient to only have an endometrioma
as the sole manifestation of endometriosis in the absence of
peritoneal disease. Studies which rely solely on ultrasound
diagnosis can neither make a definitive diagnosis of the
presence of an endometrioma nor can they rule out the
presence of additional disease, the presence of which can only
be assessed surgically.

Benaglia and coworkers also reported that although
responsiveness to gonadotropin stimulation and number of
oocytes retrieved were reduced in women with bilateral
endometriomas in comparison to controls without evidence
of endometriosis or endometriomas, the rates of top quality
embryos, implantation, clinical pregnancy, and live birth did
not differ between the groups [14]. This finding has been
confirmed by others [15, 16]. There is a dearth of evidence to
suggest an incidence of other differences in response among
endometriosis patients such as premature progesterone rise
or LH surge.

Filippi and colleagues assessed developmental compe-
tence of oocytes obtained from ovaries with unilateral unop-
erated endometriomas in comparison to those obtained from
the unaffected contralateral ovary [17]. No differences in
number of oocytes obtained, fertilization rates, or resulting
viable or high quality embryos were noted. In a classic large
retrospective trial, Olivennes et al. reported that the presence
of an endometrioma had no impact on any cycle outcome
parameters in comparison to tubal factor controls [18]. In
contrast, a more recent large study of 2245 patients noted
that, although stages III-IV patients in general fared as well as
controls, those with endometriosis not only required higher
gonadotropin stimulation doses but exhibited a trend towards
lower pregnancy and live birth rates [9].
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Another variable which has only recently been addressed
is that of deeply infiltrative endometriosis (DIE), a parameter
that is not included in the purely visual ASRM staging system.
Ballester et al. noted that the presence of DIE resulted in
significantly lower IVF pregnancy rates than in patients with
only superficial disease (58% versus 83%, 𝑃 = 0.03) [19,
20]. However, in this trial, neither the presence, size, nor
laterality of endometriomas had any impact on outcome.
These investigators suggest that the presence of DIE was the
strongest predictor of IVF outcome (odds ratio [OR] 0.26,
95% CI: 0.07–0.9, 𝑃 = 0.006).

Difficulties in comparing the results of these trials include
the inherent weakness of the ASRM scoring system which
does not specifically address extraperitoneal or deeply infil-
trating disease, variability in endometrioma size, number,
and laterality, and the use of ultrasound versus surgical
diagnosis of endometriomas. These confounding variables
may play differing impacts on outcomes but, in general, have
not been consistently addressed.

3. The Impact of Gonadotropin
Stimulation on Endometriosis

Given the well-accepted relationship between estrogen stim-
ulation and the maintenance as well as progression of
endometriosis, one could question whether the highly ele-
vated estradiol levels induced by gonadotropin stimulation
could exacerbate underlying disease. The data which address
this issue are limited but encouraging.

One study noted that 3–6 months after completion of
an IVF cycle, overall endometriosis symptom scores were
unchanged with 11% of patients reporting worsening and
77% reporting improvement [21]. Endometrioma size also
remained stable. D’Hooghe and coworkers performed a life
table analysis of patients with stage III/IV endometriosis
who underwent gonadotropin stimulation and reported that,
despite using higher gonadotropin doses resulting in higher
mean circulating estradiol levels, cumulative disease recur-
rence was lower in IVF than in intrauterine insemination
(IUI) cycles [22].

4. Impact of Medical Therapy for
Endometriosis on IVF Outcome

A host of medical interventions has been demonstrated to
have benefit in alleviating, if not eliminating, symptoms asso-
ciated with endometriosis. As has been addressed elsewhere
in this text, such agents as danazol, gonadotropin-releasing
hormone agonists (GnRHa), and progestins have not been
shown to enhance pregnancy rates associated with natural or
stimulated cycles in infertile women with endometriosis who
are not undergoing IVF. This paradox could be explained by
one of twomechanisms. Either the etiology of endometriosis-
related infertility is not suppressed by traditional medical
interventions or the negative impact of endometriosis on fer-
tility returns with resumption of ovulation after medications
are discontinued. If the latter were the case, then medical
suppression followed immediately by in vitro fertilization

should overcome the problem. A variety of studies have
shown that this may indeed be the case.

The largest body of work has addressed the prolonged use
of GnRHa prior to initiation of gonadotropin stimulation for
the assisted reproductive technologies. In a prospective ran-
domized multicenter trial, Surrey et al. evaluated 41 patients
with surgically confirmed endometriosis [23]. Twenty-five
were treated with a three-month course of a GnRHa prior to
ovarian stimulation and IVF. Twenty-six underwent standard
ovarian stimulation prior to IVF. Despite having a higher
percentage of patients withmore advanced disease, the group
administered a prolonged course of GnRHa exhibited a trend
towards higher implantation rates (42.7% versus 30.4%) and
significantly higher clinical pregnancy rates (80% versus
53.9%, 𝑃 < 0.05) than controls.

Similar outcomes have been reported by others [24–
29]. Three of the prospective randomized trials including
163 patients were assessed in a meta-analysis performed
by Sallam et al. [30]. Prolonged use of GnRHa resulted in
enhanced clinical pregnancy (OR 4.28; 95% CI: 7.0–9.15) and
live birth (OR 4.28; 95% CI: 1.08 ± 8.22) rates.

A more recent retrospective analysis from the Nether-
lands compared 68 patients treated with at least 3 months
of prolonged GnRHa therapy to 45 controls [31]. They
reported a benefit (which did not reach clinical significance)
only when fresh and cryopreserved embryo transfers were
combined. In a prospective randomized trial, Rickes and
coworkers assessed the role of prolonged GnRHa therapy for
6 months prior to either IVF or IUI after surgical treatment
of endometriosis [29]. A statistically significant benefit was
noted only among patients with more severe disease (stages
III and IV) who subsequently underwent IVF.

Comparing outcomes among these trials is extremely
difficult. Study designs and inclusion criteria vary. There
are significant variations in the duration of GnRHa therapy
amongst these trials which were published over a 24-year
period during which clinical and laboratory practices as
well as overall outcomes from the assisted technologies have
significantly changed (Table 2).

The mechanism of action by which administration of
prolonged GnRHa could impact IVF outcome has not been
definitively demonstrated. Previous studies have shown that
GnRHa may have an impact on suppressing peritoneal fluid
inflammatory proteins, metalloproteinase inhibitor concen-
trations, and increasing proapoptotic protein expression [32–
34]. Endometrial effects have also been postulated. Wang et
al. reported that GnRHa significantly decreased nitric oxide
synthesis expression within the endometrium [35]. Lessey
had reported that women with endometriosis were more
likely to have aberrant endometrial expression of 𝛽

3
integrin

and that a 3-month course ofGnRHa allowed for a 64% rate of
returned expression [36]. These results have been confirmed
in a murine model [37]. Farrell et al. demonstrated that an 8-
week course of GnRHa and norethindrone acetate resulted
in 9 ongoing IVF pregnancies in 11 patients with absent
endometrial 𝛽

3
integrin expression [38]. We had previously

demonstrated a 48.6% prevalence of aberrant expression
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Table 2: Impact of prolonged GnRHa prior to IVF in endometriosis patients.

1st author (reference) Year GnRHa duration Patients/cycles Clinical pregnancy (%) Design
No GnRHa Luteal GnRHa Prolonged GnRHa

Remorgida [24] 1990 6 months 60/60 33 32 56 Prospective randomized
Dicker [25] 1990 6 months 64/64 5∗ — 33 Prospective randomized
Nakamura [26] 1992 126 ± 57 days 32/32 — 27∗ 67 Retrospective
Marcus [27] 1994 2–7 months 84/181 — 11 35 “Semirandomized”
Chedid [28] 1995 3 months 145/171 23∗ 39 46 Retrospective
Surrey [23] 2002 3 months 51/51 — 53.8∗ 80 Prospective randomized

Rickes [29] 2002 6 months
47/82 — 47 75 Postoperative

Stage I/II 50 56 Prospective randomized
Stage III/IV 40∗ 82

Van der Houwen [31] 2014 3–6 months 113/113 Fresh 22.2 25 Retrospective
Fresh + cryopreserved 22.2 35.3

∗

𝑃 < 0.05 versus prolonged GnRHa.

in a group of consecutive high risk IVF patients with
endometriosis and/or prior failed embryo transfer despite
good embryo quality [39].

In order to assess the predictive value of endometrial
𝛽
3
integrin expression in determining which endometriosis

patients might benefit from precycle prolonged GnRHa
therapy, Surrey and colleagues randomized endometrio-
sis patients either to a 3-month course of GnRHa or to
proceeding directly to ovarian stimulation after obtaining
endometrial biopsies for 𝛽

3
integrin [40]. Unfortunately, this

study demonstrated that the biopsy results were of little value
in predicting which patients would benefit from GnRHa
therapy. One confounding variable in the study design was
that patients in the control group underwent immediate
gonadotropin stimulation after endometrial biopsy. Others
have suggested that the biopsy itself may have a beneficial
impact on enhancing implantation in patients with prior
implantation failure [41]. A more appropriate design, which
would potentially have had a negative effect on patient
recruitment, would have been to have the control group
also wait for three months prior to initiating gonadotropin
stimulation in order to mitigate any impact of the biopsy per
se.

Other interventions have also been employed in patients
with abnormal integrin expression. Tei and coworkers
administered danazol 400mg daily for 12 weeks to 9 patients
with aberrant expression and repeated IVF failures [42].
A significant increase in integrin expression in the first
posttreatment ovulatory cycle was noted although pregnancy
rates were not reported. A more recent retrospective trial
employed a brief course of an aromatase inhibitor during the
beginning of gonadotropin stimulation to integrin expression
negative patients undergoing IVF and reported similar clini-
cal pregnancy and live birth rates as those who were integrin
positive [43].

The use of oral contraceptives as pretreatment has also
been reported. de Ziegler et al. noted higher pregnancy rates
after a 6–8-week pre-IVF cycle course of oral contraceptives

in patients with either surgically diagnosed or sonograph-
ically suspected endometriosis than in controls without
endometriosis (35% versus 17.9%, 𝑃 = 0.01) [44]. The lack
of confirmed diagnosis of endometriosis and retrospective
design does represent confounding variables in this trial.

A recent publication has suggested that other markers
such as mid-secretory endometrial leukemia inhibitor factor
may be strongly associated with womenwho exhibit compro-
mised integrin expression and might also be used in com-
bination to better diagnose those patients with endometrial
abnormalities that could potentially benefit from interven-
tion [45].

There are several difficulties in interpreting the afore-
mentioned trials. There have been no comparative studies
among agents. The optimal duration of therapy has not
been established by comparative trials. The ideal subset of
endometriosis patients who would benefit from medical
intervention has not been ascertained although it would
appear that those with more severe disease and/or with prior
evidence of implantation failuremight be the best candidates.

5. Impact of Surgical Management of
Endometriosis on IVF Outcome

The effect of surgical management on endometriosis associ-
ated infertility has been addressed elsewhere in this issue.The
impact of this approach on IVF outcomes has not been evalu-
ated extensively. It would be appropriate to separate outcomes
from surgery associated with and without endometrioma
resection. We shall first address the latter.

The logic behind surgical resection of peritoneal dis-
ease would be to minimize any deleterious effects that
peritoneal implants or their secretory products might have
on oocyte quality, embryo development, or implantation.
Unfortunately, the evidence to support the fact that any of
these phenomena actually occur is lacking.

Most studies on surgical management are retrospective
in nature. Comparisons between the outcomes of various
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investigations are limited by variations in surgical techniques
(i.e., ablation versus resection), completeness of removal of
the disease, and differences in IVF laboratories. We had pre-
viously reported that IVF implantation rates were not affected
by the time interval from surgical resection of endometriosis
in the absence of endometriomas to oocyte aspiration (up to
5 years) or by endometriosis scores [46]. Implantation and
ongoing pregnancy rates were similar between a group of
patients who had undergone resection within 6 months of
oocyte aspiration and a second group who had undergone
resection greater than 6 months to 5 years before oocyte
aspiration (implantation rates 34.6% versus 36.7%). This
finding has been confirmed by others [47].

Contrasting reports have shown that precycle surgical
intervention may be beneficial. In a retrospective trial,
Opøien and coworkers evaluated outcomes in a single center
from patients with stage I/II endometriosis who underwent
surgical resection or controls who underwent diagnostic
laparoscopy only before IVF/ICSI [48]. Significantly higher
clinical pregnancy (40.1% versus 29.4%, 𝑃 = 0.004) and
implantation (30.9% versus 23.9%; 𝑃 = 0.02) rates were
achieved in those who underwent resection. Another inves-
tigative team, evaluating 825 patients with endometriosis-
related infertility over a seven-year period, reported that
overall pregnancy rates were significantly higher in patients
who underwent surgical resection and then IVF in compar-
ison to those who underwent surgery alone, IVF alone, or
no treatment (65.8%, 54.2%, 37.2%, and 11.8%) [49]. It is a bit
surprising that pregnancy rates from surgery alone would be
somuch higher thanwith IVF alone. However, it is important
to note that the pregnancy rates reported were not per cycle
but were cumulative and themean time to achieve pregnancy
after surgery was 11.8 ± 12.1months (range 1–66 months).

Patients with more deeply invasive endometriosis may
represent a separate subset. Bianchi et al. reported on a
cohort of patients who underwent extensive resection of DIE
prior to IVF [50]. Implantation and pregnancy rates were
significantly higher in patients who underwent resection but
fewer oocytes were retrieved and higher gonadotropin doses
were required in that group. One problemwith this trial is the
lack of surgical confirmation of disease in the control group.
Although not specifically limited to IVF, Douay-Hauser et al.
reported that extensive surgery for DIE had no effect on
global fertility but did result in a higher rate of complications
than in those who had undergone less extensive procedures
[51].

The lack of randomized trials regarding pre-IVF cycle
surgical management of endometriosis makes it difficult
to recommend this approach unless symptom relief is the
primary goal.

One circumstance in which there is little controversy
regarding surgical intervention is the presence of distal
tubal occlusion with hydrosalpinx which can be secondary
to endometriosis. A recent Cochrane meta-analysis of ran-
domized controlled trials has concluded that laparoscopic
salpingectomy or proximal tubal occlusion in women with
hydrosalpinges results in IVF pregnancy rates which are
similar to those in women without hydrosalpinges and

significantly greater than when the hydrosalpinx is left
untreated [52]. Outcomes have been shown to be similar after
proximal occlusion or salpingectomy [53]. Case series have
also reported success after hysteroscopic tubal occlusion with
placement of microinserts, although this is an off-label use of
the device [54].

The surgical management of the endometrioma and
specifically its impact on IVF outcome is fraught with contro-
versy. There are investigators who have suggested that these
lesions may represent a different pathophysiologic process
than other manifestations of endometriosis [55, 56]. Argu-
ments that have been made to support precycle endometri-
oma resection include (1) inability to access follicles at oocyte
retrieval, (2) concern that inadvertent exposure of oocytes
to endometrioma fluid could have a deleterious impact on
oocytes, and (3) the view that endometrioma resection would
improve IVF outcome. The first case may be true in the face
of large lesions (i.e., greater than 4-5 cm in mean diameter).
With regards to the second situation, at least one investigative
team has shown that exposure of oocytes to endometrioma
fluid has no impact on rates of fertilization on early embryo
development [57].

With regards to the third rationale, two meta-analyses
have been performed to assess the impact of endometri-
oma resection on IVF outcomes. Tsoumpou and coworkers
analyzed five studies which compared surgical resection of
endometrioma to no treatment and demonstrated no signif-
icant differences in response to gonadotropin stimulation or
in clinical pregnancy rates [58]. Benschop et al. performed
a Cochrane meta-analysis involving 312 patients in four
eligible studies and confirmed that surgical management
of endometriomas resulted in no benefits for a subsequent
IVF cycle [59]. It is important to note that these trials
did not control for the potentially confounding variables of
specific surgical techniques (aspiration, stripping and total
excision, partial resection, and ablation), endometrioma size,
or laterality. Indeed, it has been stated that the only indication
for removing an endometrioma greater than 3 cm in mean
diameter before IVFwould be to treat painful symptoms or to
improve ovarian access [60]. Garcia-Velasco and Somigliana
proposed a series of well-considered indications for surgical
intervention [61] as listed below.

Proposed Indications for Resection of a Suspected Endometri-
oma prior to IVF (Modified from [61]):

(i) rapid growth,
(ii) suspicious features noted on ultrasound,
(iii) painful symptoms that can be attributed to the mass,
(iv) potential for rupture in pregnancy,
(v) inability to access follicles in normal ovarian tissue.

Needless to say, if endometrioma resection is performed,
it is critical to proceed conservatively and to minimize
compromise of ovarian blood supply and preserve normal
ovarian tissue [62].
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Not only has excision of endometriomas failed to have
been shown to be of benefit, but there is compelling evidence
to suggest that such surgery may exert a deleterious effect.
The majority of evidence is based on excision of lesions
at least 3 cm in diameter [63]. However, the rationale for
resecting smaller stable lesions without suspicious character-
istics can be called into question. Nevertheless, Somigliana
and colleagues reported a 53% reduction in response to
gonadotropins in ovaries which had been operated upon
regardless of size of the cyst with an absence in follicular
development in 13% of cases after excision of unilateral
endometriomas [64, 65]. Although these outcomes have
not been demonstrated by all, two literature analyses are
telling. In one review, nine of 11 studies showed a statistically
significant postoperative decline in serum anti-Müllerian
hormone (AMH) levels, which was exacerbated by excision
of bilateral lesions [65]. In a more recent meta-analysis,
Muzii et al. extracted data on 597 patients from 13 of 24
evaluated studies [66]. Despite a high degree of heterogeneity
amongst the studies, they noted that the antral follicle count
was inherently lower in the affected ovary. This difference
only reached statistical significance after surgery.

Thus, clinicians should carefully consider the risks and
benefits of pre-IVF cycle endometrioma resection given the
lack of compelling data to support this procedure beyond
the aforementioned circumstances. Patients should be thor-
oughly counseled regarding risks to ovarian reserve and
response particularly in those who already have evidence of
compromise.

6. Conclusions

In general, IVF represents the most successful, but not
only, approach to overcome endometriosis-related infertility.
Contemporary evidence would suggest that women with
this disorder have similar cycle outcomes to other patients
going through IVF. However, patients with extensive ovarian
disease and those who have undergonemultiple prior ovarian
surgeries are more likely to have diminished ovarian reserve
and response to gonadotropins. It is therefore critical for
clinicians to perform a thorough assessment of ovarian
reserve, tubal patency, sperm function, and the uterine cavity
prior to initiating therapy.

There is good evidence to suggest that prolonged admin-
istration of GnRHa to at least a subset of patients with
endometriosis may improve cycle outcome. Unfortunately,
given the added expense and delay associated with this
approach, it would be ideal to identify the appropriate
patient subset and duration of therapy. In the absence of
adequate data, it would be logical to consider this approach
in endometriosis patients with prior failed cycles as well as
those who are symptomatic and with more severe disease.
Other agents such as danazol, aromatase inhibitors, and
oral contraceptives have been less extensively evaluated and,
therefore, their use cannot be recommended at this time.

Precycle surgical ablation or resection of asymptomatic
disease does not appear to be generally beneficial aside from
achieving symptom relief, although heterogeneity amongst
studies makes data analysis challenging. An exception to this

may be the resection of deeply infiltrative endometriosis,
although the number of studies is small.

Endometriomas should not be resected to enhance IVF
outcome and much evidence suggests a deleterious effect of
surgery on ovarian reserve and response. The indications for
this procedure should be limited to suspicious appearance,
rapid growth, progressive symptoms, and an inability to
aspirate follicles due to the size of the lesion. Conservative
surgical approaches taking great care to avoid compromise of
normal ovarian tissue and blood supply are critical.

The need for additional well designed prospective ran-
domized trials reflecting contemporary IVF laboratory prac-
tices is critical to allow clinicians to better care for these
challenging patients.
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[56] A. M. Sanchez, P. Viganò, E. Somigliana, P. Panina-Bordigno,
P. Vercellini, and M. Candiani, “The distinguishing cellular
and molecular features of the endometriotic ovarian cyst:
frompathophysiology to the potential endometrioma-mediated
damage to the ovary,”Human Reproduction Update, vol. 20, no.
2, pp. 217–230, 2014.

[57] F. Khamsi, Y. Yavas, I. C. Lacanna, S. Roberge, M. Endman, and
J. C. Wong, “GYNECOLOGY: exposure of human oocytes to
endometrioma fluid does not alter fertilization or early embryo
development,” Journal of Assisted Reproduction and Genetics,
vol. 18, no. 2, pp. 106–109, 2001.

[58] I. Tsoumpou, M. Kyrgiou, T. A. Gelbaya, and L. G. Nardo,
“The effect of surgical treatment for endometrioma on in vitro
fertilization outcomes: a systematic review and meta-analysis,”
Fertility and Sterility, vol. 92, no. 1, pp. 75–87, 2009.

[59] L. Benschop, C. Farquhar, N. van der Poel, andM. J. Heineman,
“Interventions for women with endometrioma prior to assisted
reproductive technology,”The Cochrane Database of Systematic
Reviews, no. 11, Article ID CD008571, 2010.

[60] K. Elter and E. Oral, “Surgical treatment before assisted repro-
ductive technologies,” Seminars in Reproductive Medicine, vol.
32, no. 4, pp. 253–261, 2014.

[61] J. A. Garcia-Velasco and E. Somigliana, “Management of
endometriomas in women requiring IVF: to touch or not to
touch,” Human Reproduction, vol. 24, no. 3, pp. 496–501, 2009.

[62] Y. Tang, S.-L. Chen, X. Chen et al., “Ovarian damage after
laparoscopic endometrioma excision might be related to the
size of cyst,” Fertility and Sterility, vol. 100, no. 2, pp. 464–469,
2013.

[63] E. Somigliana, G. Ragni, F. Benedetti, R. Borroni, W. Vegetti,
andP.G.Crosignani, “Does laparoscopic excision of endometri-
otic ovarian cysts significantly affect ovarian reserve? Insights
from IVF cycles,”Human Reproduction, vol. 18, no. 11, pp. 2450–
2453, 2003.

[64] L. Benaglia, E. Somigliana, V. Vighi, G. Ragni, P. Vercellini, and
L. Fedele, “Rate of severe ovarian damage following surgery for
endometriomas,” Human Reproduction, vol. 25, no. 3, pp. 678–
682, 2010.

[65] E. Somigliana, N. Berlanda, L. Benaglia, P. Viganò, P. Vercellini,
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Endometriosis is associated with a range of pelvic-abdominal pain symptoms and infertility. It is a chronic disease that can have
a significant impact on various aspects of women’s lives, including their social and sexual relationships, work, and study. Despite
several international guidelines on the management of endometriosis, there is a wide variety of clinical practice in the management
of endometriosis, resulting in many women receiving delayed or suboptimal care. In this paper we discuss the possibilities and
benefits of using electronic health records for clinical research in the field of endometriosis. The development of a wide range of
clinical software for electronic patient records has made the registration of large datasets feasible and the integration of research
files and clinical files possible. Integration of global standards on registration of endometriosis care in electronic health records
could improve reporting of research data and facilitate the execution of large, multicentre randomized trials on the management of
endometriosis. These highly needed trials could bring us the evidence needed for the optimisation of management of women with
endometriosis.

1. Introduction

Endometriosis is a chronic, oestrogen-dependent inflamma-
tory condition characterized by the presence of endometrial-
like tissue outside the uterus [1]. The WERF EndoCost
study has shown that the cost arising from women with
endometriosis treated in referral centres is substantial, result-
ing in an economic burden that is at least comparable to the
burden associated with other chronic diseases, like diabetes
mellitus [2]. The clinical importance of endometriosis is also
reflected by the immense number of publications on this
subject. A Medline search for “endometriosis,” on 1 October

2014, gives more than 20 000 results, with more than 800
papers published per year since 2009.

This large body of scientific research in endometriosis
has led to important advances in the understanding of the
aetiology and pathogenesis of endometriosis, and these novel
insights hold promise for the development of new diagnostic
and therapeutic approaches for the future [3]. Nevertheless,
some key questions in the management of endometriosis
remain unanswered. A noninvasive diagnostic test with
high sensitivity and specificity is lacking, and there are few
or insufficient data from randomized trials to inform the
optimal management of endometriosis [4]. The 2013 ESHRE
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Guideline on management of women with endometriosis
emphasizes the need for optimisation of management of
women with endometriosis because there is a wide variety
of clinical practice in the management of endometriosis,
resulting in many women receiving delayed or suboptimal
care [2].

Since early development in the 1960s, there has been a
steady evolution towards the replacement of the paper based
medical records by electronic health records (EHR). During
the last 5–10 years, there has been a very rapid expansion to
the point where now, in some countries, nearly 90% of all
health records are digital [5]. The past decades of progress in
health information technology have reshaped the way health
care is carried out and how health data are being documented
[5]. Research and development projects are ongoing in
several countries around the world on the development of
infrastructure for national health information, the use of
patient generated health data in clinical practice, and the use
of EHR data in clinical research [5–7]. At present, healthcare
practice stores huge amounts of patient-specific information
in EHRs and databases [5]. The use of these electronic
health data holds great promise to contribute to improving
clinical practice and medical research, to support health care
planning and to facilitate quality control of medical care.

In this paper, we discuss the possibilities and benefits of
using electronic health records for clinical research in the field
of endometriosis. In the first part, we discuss the key elements
that should be included in electronic health records from the
perspective of clinical research needs in endometriosis. In
the second part, we describe how electronic health records
could be optimally designed for the integration of clinical care
and research. In the last two paragraphs we discuss the costs,
possible savings, benefits, and limitations of implementing
integrated research files and EHRs on a large scale.

2. Necessary Data from a Research Perspective

In the mid-1990s, in response to concerns about quality of
reporting data from RCTs, an international group developed
the Consolidated Standards of Reporting Trials (CONSORT)
statement [8]. The CONSORT statement, published in 1996
and revised in 2001, is a set of guidelines designed to
improve the reporting of RCTs [8, 9]. In a systematic review,
the beneficial effect on reporting RCTs by adoption of the
CONSORT criteria has been demonstrated [10]. Since 1996,
the CONSORT statement has been extended to RCTs of
nonpharmacologic treatments [11]. Furthermore, additional
guidelines have been published for other types of studies,
for example, the STROBE-statement (STrengthening the
Reporting of OBservational studies in Epidemiology) for
observational studies and the PRISMA-statement (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
for systematic reviews and meta-analyses [12, 13].

Endometriosis has a significant effect on various aspects
of women’s lives, including their social and sexual relation-
ships, work, and study [2]. Women with endometriosis can

have a range of pelvic-abdominal pain symptoms, includ-
ing dysmenorrhoea, dyspareunia, heavy menstrual bleeding,
nonmenstrual pelvic pain, pain at ovulation, dyschezia, and
dysuria, as well as chronic fatigue [1]. Endometriosis is also
associated with infertility, with a strong association between
severity of disease and impact on fertility [1].

For research databases and randomised trials, well-
characterised and relevant outcomemeasures are very impor-
tant. Recommendations for pain scoring in clinical trials on
endometriosis have been published but they are lacking other
important aspects of the disease [14]. For example, the lack
of international agreement on terms and definitions to assess
clinical outcome in the surgical treatment of endometriosis
has led to the use of a multitude of different outcome
measures and the lack uniformity in the reporting of surgical
data. In a systematic review of 2011 on the surgical man-
agement of deep endometriosis with colorectal extension,
comparison between surgical techniques was impossible due
to incomplete and inadequate reporting in the trials under
investigation [15]. Out of 49 studies included in that review,
only one study reported data on all the outcome variables
under review (complications, pain, quality of life, fertility,
and recurrence) [15]. In another systematic review of 2010
on bowel resection for deep endometriosis,meta-analysis was
again impossible due to lack of uniformity in reporting of data
[16].

Recently the World Endometriosis Research Foundation
(WERF) has launched the WERF Endometriosis Phenome
and Biobanking Harmonisation Project (EPHect) [17–21].
The purpose of EPHect is to facilitate and enable large-
scale, cross-centre, longitudinal, epidemiologically robust,
biomarker and treatment target discovery research in
endometriosis through the development of a consensus on
detailed clinical phenotyping (phenome) data to be collected
from women with endometriosis and on standard operating
procedures (SOPs) for banking of biological samples from
women with endometriosis and controls, with respect to col-
lection, transport, processing, and long-term storage [17–21].
The global consensus of detailed phenotypic characterization
and standard operating procedures is anticipated to pro-
vide a platform to interpret biochemical, genetic/epigenetic,
genomic, and quality of life data relevant to endometriosis
symptoms and targeted therapies [17–21]. Projects such as the
WERFEPHect are very important to standardize reporting in
endometriosis research and similar, international, initiatives
with detailed guidelines for standardised reporting of other
aspects of endometriosis research, such as the medical and
surgical treatment of endometriosis, are needed to improve
and harmonize reporting.

In conclusion, it can be stated that an ideal clinical
endometriosis research file incorporates outcome measures
of all relevant aspects of endometriosis. Detailed guide-
lines for data to be collected in clinical endometriosis
research, such as the EPHect, should be developed for all
aspects of endometriosis research and form the basis of any
endometriosis research file. Furthermore attention should be
paid to report data according to international standards such
as CONSORT.
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3. Electronic Health Record (EHR): Integration
of Research and Clinical Practice

Several studies have demonstrated that implementing an
EHR can yield real benefits in terms of increased deliv-
ery of care based on guidelines, enhanced monitoring and
surveillance activities, reduction of medication errors, and
decreased rates of utilization for potentially redundant or
inappropriate care [22]. The success of EHRs depends on
the quality and completeness of the information available to
health care professionals in making decisions about patient
care and in the communication between health care profes-
sionals during patient care. It is important therefore to assess
the data quality if information is entered in electronic systems
by different health care professionals [6].

The main challenge in clinical practice is how relevant
and essential clinical research items for endometriosis can
be integrated in an electronic health record which remains
user friendly for daily clinical practice. To use EHR systems
efficiently for clinical research, a number of features are
required that, unfortunately, have not yet been implemented.
Functions are required to ensure the correctness, complete-
ness, and accuracy of the data within the EHR systems; there
also has to be a structured or coded use of nomenclature to
allow data extraction [5]. So far, EHRs have largely consisted
of unstructured, narrative text and to a small extent of
structured coded data. In the future it will be necessary to
implement more systematic terminologies and codes so that
the data contained in EHRs can be put to better use [6].
Two widely used clinical healthcare terminology databases
are the ICD (International Classification of Diseases) and
SNOMED-CT (systematized nomenclature of medicine clin-
ical terms) developed and supported by the WHO (World
Health Organization) and IHTSDO (International Health
Terminology Standards Development Organisation), respec-
tively [23, 24]. Using standardized nomenclature in EHRs is
important from a research perspective: the development of
strategies for automatic or convenient use of this nomen-
clature is essential for the integration of routine clinical
practice and scientific research. Furthermore, the consistent
use of standardized nomenclature not only facilitates data
extraction from EHRs, but also creates the possibility to
exchange, integrate, and compare data from different EHRs.
This “semantic interoperability” is on top of the Health
Informatics agenda. It targets the preservation of meaning
between heterogeneous patient-related and aggregated popu-
lation data across different vocabularies and coding systems.
In order to meet this demand, the WHO and IHTSDO have
decided to create a Common Ontology [25].

4. Benefits and Limitations of EHR
Use in Routine Clinical Practice and
Clinical Research

The introduction from an electronic health record has several
benefits in comparison to a paper based patient record.
The EHR enables centralized collection of data instead of
the fragmented paper records due to patient care provided

at multiple locations [26]. Furthermore EHRs can decrease
medical errors, facilitate detection of adverse health events,
and increase the safety of the process of giving medications
[26]. Finally the EHR has helped quality control and health
care planning through the possibility of evaluation of care
based on date extracted from patient records [26].

The next challenge is to adapt these clinical EHRs for use
in clinical research, reducing the need to develop separate
clinical research databases that require duplication of patient
data.High quality research requires very rigorous registration
of clinical data from the first patient contact till long term
follow-up after treatment. A possible method is to integrate
selectively clinical research in an existing EHR. In the context
of endometriosis, this could be done by integrating general
clinical data, as outlined in general guidelines for clinical
research (i.e., CONSORT and STROBE), and endometriosis-
specific data, as presented in endometriosis-specific guide-
lines. In Tables 1 and 2 a summary of recommendations for
the reporting of medical and surgical trials in endometriosis
is presented [14, 27]. In Table 3 an overview of the WERF
EPHect project is provided. Since it is impossible to record
too many research data in clinical practice, choices have to
be made by each research group about essential and optional
items. Ideally, a link should be constructed between the EHR
and direct web based reporting of patient reported outcomes.
This will become increasingly important in long term follow-
up of patients with endometriosis, in order to address the
problem of low response rates, leading to substantial amounts
of missing data and selection bias.

5. Costs and Possible Savings of
an Electronic Research File

The potential health and financial benefits of widespread
implementation of health information technology (HIT) in
the US has been estimated to be more than $81 billion
annually, by improving health care efficiency and safety [28].
However, this estimation has been challenged, since these
potential savings have not been realized in the USA [29] or
in the UK [30, 31].

This inability to realise financial benefits through the
implementation of HIT can be explained largely by inad-
equate management and development strategies by the IT
industry [29]. Indeed, few health IT vendors make products
that are easy to use, resulting in complaints from many
doctors and nurses that health IT systems slow them down
[29].

In contrast, EHR systems can be very successful if they are
developed in collaboration with medical staff and regularly
adapted based on feedback from clinical practice [28, 29].
This strategy makes the EHR-system more user friendly
and improves quality of care and patient outcomes at a
significantly lower cost than most electronic health care
systems [29].

At present, no data are available about cost and possible
cost savings from an electronic research file integrated within
the EHR used in daily practice. From our own experience
we believe that several important factors need to be taken
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Table 1: Recommendations for clinical trials in endometriosis.

Entry criteria
Surgical diagnosis of endometriosis in the last 5 years
Pain symptoms
Data capture at baseline:

(i) ASRM staging
(ii) baseline pain scores over at least 2 menstrual cycles
(iii) EHP-30
(iv) previous treatments and responses

Primary outcome measures
Daily ratings of pelvic pain
Daily ratings of dysmenorrhea
Ratings on an 11-point NRS
Secondary outcome measures
B & B with separate scores for each domain, administered weekly for 6 weeks, then monthly until 6 months, and then at 9, 12, 18, and
24 months
EHP-30 with separate and total scores, administered at the same tie points as the B & B
Use of rescue analgesia/therapies including an NRS before us and a record of the indication
Study specific adverse event questionnaires with direct questions and free text, administered at the same time points as the B & B
Detailed information as per the CONSORT guidelines, including

(i) the recruitment process
(ii) the number of participants who were excluded and why
(iii) the number of candidates who chose not to enter the trial and why
(iv) the use of prohibited concomitant mediations and other protocol deviations
(v) the number and reasons for withdrawal from each treatment group
(vi) the types rates and reasons for nonadherence with treatment in each group

Tertiary outcome measures
Daily NRS of three symptoms the patient feels are important for her, for example, dyspareunia, dyschezia, fatigue, and so forth
Adapted from Vincent et al., 2010 [14].
B & B = Biberoglu and Behrman.
NRS = numerical rating scale.

into account in cost calculations for an electronic clinical
research file. First of all, there is the time spent by researchers
extracting their data from patients files. As described above,
data in EHRs are very rarely coded and as such automated
data extraction is not possible. In the context of case control
trials, retrospective evaluation of EHRs is needed in order to
retrieve essential and relevant clinical research information
from cases and controls, a very time consuming and frus-
trating process. In the context of prospective cohort studies,
this situation leads to double registration of clinical data by
the medical staff on the one hand and the researchers on the
other hand. Secondly, the extra time required to enter data for
research purposes in EHRs can lead to improvement in their
accuracy and completeness and serve the quality of clinical
care as well.

In our hospital we have chosen to incorporate as many
research data as possible in our electronic health record
used in daily practice. Based on suggestions and feedback
from both researchers and medical staff we have tried to
minimize the burden of extra work/time and maximize the
gains for both clinical care and research aims. We estimate
that more detailed clinical records and facilitation of data

extraction from this clinical database for research will be cost
effective, in the sense that that the extra time spent by the
medical staff will be compensated by the time gained in data
extraction for research or quality control purposes. Our effort
is also expected to facilitate retrospective studies and data
registration for our Endometriosis Biobank [32].

6. Conclusion

The technological advancements of the last decades in EHRs
have supported improvement of clinical care and research.
These new technologies have facilitated the analysis of health
care processes and influencedmedial decisionmaking, health
care planning, and medical research. The development of
a wide range of clinical software for electronic patient
records has enabled the registration of large datasets and the
integration of medical records with clinical research files.
A fast and user friendly system is needed to enter clinical
research data and patient reported outcomes in EHRs, linking
clinical practice to clinical research in an online modal-
ity. General (CONSORT, STROBE, . . .) and endometriosis
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Table 2: Recommendations for designing and reporting studies in the surgical treatment of DIE.

Title and abstract
Study type Clearly define the study type (e.g., prospective, retrospective)
Introduction
Background Scientific background and explanation of rationale
Methods

Participants

Previous therapeutic surgery: type (diagnostic, therapeutic), number, laparoscopy or laparotomy,
endometriosis-related or not
Indication for surgery: pain, child wish completed, child wish uncompleted, child wish absent
Sample size and power calculation

Interventions

Endometriosis staging according to ASRM classification; operation time; length of hospital stay;
multidisciplinary team including details on which surgeon did which surgery; clear description of the surgical
technique according to the following definitions: shaving: superficial peeling of bowel serosal and subserosal
endometriosis (with diathermy or laser), superficial excision: selective excision of the bowel endometriosis
lesion without opening of the bowel wall, full thickness disc excision: selective excision of the bowel
endometriosis lesion with opening followed by closure of the bowel wall, and bowel resection anastomosis:
resection of a bowel segment affected by endometriosis followed by anastomosis report type and number of
concomitant procedures in detail

Follow-up period
Define the period of follow-up (in months)
Details on the follow-up procedure (e.g., telephone interview, questionnaire, and clinical evaluation)
Patients lost during follow-up period

Pain measurement

Define the method used for pain measurement: presurgery and postsurgery, number of patients using hormonal
treatment at the time of pain assessment, 11-point numerical scale for the assessment of menstrual pain
(dysmenorrhea), nonmenstrual pain, dyspareunia; use of other methods (interviews, questionnaires): provide
full details.
Patient-based or doctor-based

QOL measurement Define the method used for QOL measurement (e.g., EHP-30, SF-36, and EQ-5D)

Fertility rate

Number of patients with history of infertility
Number of patients wishing to conceive passively (wish for reservation/restoration of fertility during surgery,
without well-defined child wish at the time of surgery); number of patients wishing to conceive actively with a
well-defined child wish in the near future; number of patients wishing to conceive actively with a well-defined
child wish in the distant future

Recurrence rate

Define recurrence: (1) symptom recurrence based on patient history, but no proof of recurrence by imaging and
surgery; (2) endometriosis recurrence based on imaging: in patients with or without symptoms (pain and
infertility). Recurrence is then likely based on noninvasive imaging (e.g., ultrasound and MRI); (3) surgical
reintervention without recurrence of endometriosis: in patients with recurrent symptoms, surgery without
visual diagnosis of endometriosis, and with either normal pelvis or other abnormalities (e.g., adhesions); (4)
recurrence of visual endometriosis without histological proof: during laparoscopy endometriosis is visually
observed but either not biopsied or biopsied without histologically proven endometriosis; (5) recurrence of
histologically proven endometriosis: during laparoscopy endometriosis is visually observed and confirmed
histologically. Suspicious recurrent endometriosis is present if the criteria for categories 1 and 2 were met.
Proven recurrent endometriosis is present if the criteria for categories 4 and 5 were met. Additional surgery
without evidence for endometriosis is present if the criteria for category 3 are met.

Statistical methods Statistical methods used; life table analysis methods; handling of patients lost for follow-up
Results

Histological
confirmation

Report degree of endometriosis invasion in bowel
Report the median length of the resected colorectal segments (in cm)
Report the median largest diameter of the lesions (in cm)
Report the number of positive margins over the number of resected bowel specimens; report the number of
patients with at least one positive margin of the bowel resection specimen
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Table 2: Continued.

Complications

Report all major complications and their clinical management [surgery
(specify type of surgery), medical, and expectant] including rectovaginal fistulae,
anastomotic leaks, postoperative stomas, abscesses, and postoperative
bleedings in absolute numbers

Fertility rate

Report cumulative pregnancy rate (life table analysis)
Number of women who conceived
Median time to conceive after surgery
Mode of conception: spontaneous or medically assisted conception (ovulation induction; intrauterine
insemination with or without ovarian stimulation; assisted reproduction: IVF and ICSI; fresh cycle or cryocycle;
egg reception or embryo reception)
Live birth rate; ectopic pregnancy rate, miscarriage rate, and clinical pregnancy rate

Recurrence rate Report cumulative recurrence rate (life table analysis)
Discussion

Interpretation Interpretation of the results, taking into account study hypotheses, sources of potential bias or imprecision, and
the dangers associated with the multiplicity of analyses and outcomes.

Generalizability External validity of the trial findings

Overall evidence General interpretation of the results in the context of current evidence
Adapted fromMeuleman et al., 2012 [27].

Table 3: Overview of WERF EPHect.

Project I
Surgical phenotype data collection in endometriosis research
Provides a standard recommended and a minimum required surgical form (SSF and MSF) to collect data on the
surgical phenotype of endometriosis.

Project II
Clinical and covariate phenotype data collection in endometriosis research
Provides a standard recommended and minimum required self-administered endometriosis patient
questionnaire (EPQ) to capture detailed clinical and covariate data.

Project III
Fluid biospecimen collection, processing, and storage in endometriosis research
Provides recommended and minimum required standard operating procedures for biofluid collection,
processing, and storage in endometriosis research.

Project IV
Tissue collection, processing, and storage in endometriosis research
Provides standard recommended and minimum required standard operating procedures for tissue collection,
processing, and storage in endometriosis research.

Summary of Becker et al., 2014 [17], Vitonis et al., 2014 [18], Rahmioglu et al., 2014 [19], and Fassbender et al., 2014 [20].

specific (WERF EPHECT, . . .) international standards are
needed to decide which data should be collected for which
type of research. Ideally all data should automatically be
coded in internationally used clinical healthcare terminology
and be subject to quality control tools assessing completeness,
accuracy, and other dimensions.
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Ovarian endometriomas are a common manifestation of endometriosis that can represent a more severe stage of the disease.
There is much debate over the treatment of these cysts in infertile women, particularly before use of assisted reproductive
technologies. Evidence exists that supports surgical excision of ovarian endometriomas, as well as evidence that cautions against
surgical intervention. Certain factors need to be examined closely before proceeding with surgery or continuing with expectant
management. These include the patient’s symptoms, age, ovarian reserve, size and laterality of the cyst, prior surgical treatment,
and level of suspicion for malignancy. The most recent evidence appears to suggest that certain patient profiles may benefit from
proceeding directly to in vitro fertilization (IVF).These include symptomatic infertile patients, especially those that are older, those
that have diminished ovarian reserve, those that have bilateral endometriomas, or those that have had prior surgical treatment.
Although endometriomas can be detrimental to the ovarian reserve, surgical therapy may further lower a woman’s ovarian
reserve. Nevertheless, the presence of an endometrioma does not appear to adversely affect IVF outcomes, and surgical excision
of endometriomas does not appear to improve IVF outcomes. Regardless of treatment plan, infertile patients with endometriomas
must be counseled appropriately before choosing either treatment path.

1. Introduction

Endometriosis is a common gynecological problem affecting
6–10% of women of reproductive age. These women may
be asymptomatic, but the majority will present with pelvic
pain, infertility, or an adnexal mass. In fact endometriosis has
been reported to be as high as 35–50% in women presenting
with infertility [1]. The true prevalence of endometriosis in
infertilewomen is difficult to ascertain, ranging from9 to 50%
in the literature, partly due to the requirement of a surgical
diagnosis. In 2012, the Practice Committee of the American
Society for Reproductive Medicine no longer recommended
performing laparoscopy on asymptomatic womenwith infer-
tility to check for endometriosis,making it evenmore difficult
to quantify the true prevalence [2].

An endometrioma is the formation of a cyst within the
ovarywith ectopic endometrial tissue lining.This is one of the
most common manifestations of endometriosis. Endometri-
omas are found in 17–44% of patients with endometriosis
[3]. The prevalence of endometriomas is much easier to
determine since the diagnosis is based on ultrasound. The
sensitivity and specificity of diagnosis via ultrasound are 73%
and 94%, respectively [4]. Color Doppler can help to identify
vascularization of the mass and some authors have found
that ovarian endometriomas in women with pelvic pain are
more vascularized than in asymptomatic women [5]. Three-
dimensional ultrasound provides new and unique ways of
assessing ovarian cysts and is becomingmore popular in clin-
ical practice. Alcázar et al. reported that B-mode ultrasound
with the use of mean gray value has a sensitivity of 80%
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and specificity of 91% in discriminating endometriomas from
other unilocular cysts in premenopausal women [6]. Another
imaging modality for examining endometriomas is magnetic
resonance imaging (MRI). Endometriomas usually present as
hyperintense signals on fat-suppressed T1-weighted imaging
with a sensitivity of 90%, specificity of 98%, and accuracy of
96% [7]. Advanced techniques inMRI can further assist in the
differentiation of endometriomas from other ovarian cysts,
including hemorrhagic functional cysts.

There are three theories for formation of endometriomas.
The first was described by Hughesdon in 1957 in which he
suggested that there is an invagination of the ovarian cortex
after accumulation of menstrual debris from bleeding of
endometrial implants which results in a pseudocyst [8]. In
1994 Brosens et al. demonstrated through ovarioscopy that
in most cases endometriomas are formed by invagination of
the cortex and that active implants are located at the site of
invagination [9]. The second theory is that endometriomas
result from metaplasia of coelomic epithelium covering the
ovary [10, 11]. Finally, Nezhat et al. have postulated that large
endometriomasmay develop as a result of secondary involve-
ment of functional ovarian cysts by endometrial implants
located on the ovarian surface [12].

Although an ovarian endometrioma is described as an
ovarian cyst, its pathology is rather complex and completely
different from other benign ovarian cysts. The majority of
endometriomas are thought to be pseudocysts as described
by Hughesdon rather than intraovarian cysts [8, 13]. The
plane of cleavage between an endometrioma and ovarian
cortex may not always exist like in other benign ovarian
cysts. In a retrospective study, Scurry et al. examined two
oophorectomy and 27 cystectomy specimens from women
with endometriomas under the age of 35 years.These authors
wanted to determine whether histological examination is
of use in the classification of endometriotic cysts based
on the three theories of endometrioma pathogenesis and
if so whether classification is of clinical relevance. They
placed endometriotic cysts into four different categories:
(i) cortical invagination cysts; (ii) surface inclusion cyst-
related endometriotic cysts; (iii) physiological cyst-related
endometriotic cysts; and (iv) unclassified type. They found
that ovarian cystectomy specimens weremore difficult to cat-
egorize as the surgical excision of these cysts leads to adher-
ence between the cyst and underlying ovarian parenchyma,
artificial planes of cleavage, and fragmentation and tearing
of the tissue during excision. The most common diagnosable
cysts were the cortical invagination cysts. The majority of
cysts, however, were the unclassifiable type either because the
endometriosis process had destroyed evidence of their patho-
genesis or because they are derived from intraparenchymal
endometriotic deposits of undetermined origin [14].

Endometriomas are associatedwith amore severe formof
the disease and do not respond well to medical therapy. This
therapy may be able to improve pain or reduce the size of the
cyst but it will not improve infertility [10, 15]. Therefore, the
focus has been on surgical treatment in an attempt to improve
fertility.

The exact mechanism by which endometriomas cause
infertility is not known. Many authors have shown that there

is a decrease in ovarian reserve and follicular density in
women with endometriomas possibly due to an increase in
oxidative stress [16]. Paradoxically, surgical resection of these
cysts has been shown to further decrease ovarian reserve
[15]. These findings have led to a great deal of controversy
regarding the treatment of endometriomas in the setting
of infertility, particularly in women who are undergoing
assisted reproductive technology (ART). ART procedures not
only create an economic burden, but also emotional and
psychological stress. It is therefore imperative to elucidate
the effect of ovarian endometriomas on fertility and ART
procedures and, more importantly, the role of surgery.

In this paper, we will review the most recent literature
regarding the impact of endometriomas on ovarian reserve
and the pros and cons of surgical management.

2. Materials and Methods

This literature review was conducted by using the PubMed
database of English literature (search terms: endometrioma
AND infertility, surgery, ovarian reserve, assisted reproduc-
tive technologies) from 2008 to 2014 and cross-referencing.
Meta-analyses, literature reviews, randomized controlled tri-
als, and cohort studies were given priority. Our literature
search produced arguments both in favor of and against
surgical management of endometriomas.

3. Results/Discussion

3.1. Arguments for Surgical Excision. Evidence indicates that
the primary benefit of surgical treatment of endometriosis is
relief of pelvic pain. A Cochrane review in 2008, including
two randomized controlled trials, concluded that laparo-
scopic excision of an endometrioma is associated with a
decrease in symptoms of dysmenorrhea, dyspareunia, and
nonmenstrual pelvic pain [17].

The presumptive benefit of surgical treatment to reduce
or reverse the inherently damaging effects of endometriomas
on the ovarian cortex is more controversial. There may
be presurgical endometriosis-mediated damage to ovarian
reserve beyond the stretching of ovarian cortex that can lead
to loss of primordial follicles [16, 18]. Several studies have
shown that there is a loss of follicular density in ovaries with
endometriomas compared with unaffected ovaries [18–20].
One of the theories behind this follicular loss is that there is
increased oxidative stress in the ovarian cortex surrounding
endometriomas [16, 21, 22]. Sanchez et al. showed that there
are not only increased reactive oxygen species inside the
cyst, but also free iron which can be taken up by cells that
are in direct contact. This may cause a gonadotoxic insult
to individual follicles developing adjacent to the cyst. The
authors of this study did acknowledge that their observations
did not help to clarify if the surgical removal of the cyst
or the presence of the cyst itself is more damaging to the
otherwise healthy tissue [16, 21]. In another recent study,
Kitajima et al. elucidated a different mechanism of follicular
loss. They introduced the “burnout” hypothesis which states
the following: endometriomas cause focal inflammation in
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the ovarian cortex leading to fibrosis and loss of cortex-
specific stroma. This inflammation, with associated reduced
vascularization and increased oxidative stress, may then lead
to enhanced follicular recruitment and atresia resulting in
a decline in the antral follicle count (AFC) [23]. Qiu et al.
have demonstrated this reduced vascularization by detecting
ovarian interstitial blood flow changes and increased blood
flow resistance indices in women with endometriomas by
using transvaginal color Doppler sonography. They suggest
that these changes are indicative of ovarian interstitial fibrosis
and microvascular injury. These authors recommend the use
of transvaginal color Doppler sonography as a method of
monitoring an ovarian endometrioma cyst-induced injury to
surrounding ovarian interstitial vessels [24].

In several recent articles, Brosens et al. have emphasized
that the management of an endometrioma must focus on the
complex pathology of this condition as described above.They
have confirmed through ovarioscopy-guided biopsies that
endometriomas in situ show progressive smooth muscle cell
metaplasia and fibrosis of the cortical layer. Additionally, they
have found no correlation between the size of the endometri-
oma and the degree of ovarian pathology. They recommend
that due to this inflammatory process ectopic endometrial
tissue should be removed sooner rather than later irrespective
of the cyst size. They describe a technique using transvaginal
hydrolaparoscopy to not only diagnose an endometrioma but
also ablate the cyst at an early stage in a minimally invasive
fashion. Through transvaginal ovarioscopy or endoscopy of
the endometriotic cyst, the endoscopic surgeon can evaluate
the macroscopic pathology and determine the most appro-
priate surgical procedure, whichmay be through transvaginal
surgery [13, 25].

Such studies have clearly shown that an endometrioma
per se can have a gonadotoxic effect on the surrounding
follicles. However, only a few studies have looked at the
functional consequences and clinical implications of this
insult. In one small observational study, Somigliana et al.
showed reduced responsiveness to ovarian stimulation in
women with unilateral endometriomas [26]. They found a
decrease in the number of codominant follicles developing in
the affected ovary comparedwith the contralateral unaffected
ovary of the same patient. In another study, Benaglia et al.
found that endometriomas have a detrimental impact on
ovarian physiology by affecting ovulation [27]. The rate of
ovulation in ovaries with endometriomas was noted to be
significantly less than that of unaffected healthy ovaries. Barri
et al. went one step further and studied pregnancy rates
in women with endometriomas and found that expectant
management of infertile women with endometriomas was
associated with a pregnancy rate of 12% versus a conception
rate of 54.2% in women who had surgical removal of their
cysts [28].

Another persuasive argument favoring surgical excision
of endometriomas relates to the dangers of expectant man-
agement such as ovarian torsion, cyst rupture, progression
of endometriosis, or the threat of ovarian malignancy [15].
The two largest series reported a risk of occult malignancy in
endometriotic cysts at frequencies of 0.8% and 0.9% [29, 30].
In a pooled analysis of 13 ovarian cancer case-control studies,

endometriosis was associated with a significantly increased
risk of invasive low grade serous, clear cell, and endometrioid
ovarian cancers [31].This studywas limited by the fact that the
presence of endometriosis was self-reported. Nevertheless,
there appears to be a rare but calculable association between
endometriosis and ovarian cancer.

Finally, removal of endometriomas may allow for better
access of follicles at the time of oocyte retrieval.This technical
utility is in addition to the benefit of preventing some pelvic
infections after inadvertent drainage of the cyst [32–35].
Benaglia et al. reported that 2.8% of patients had acciden-
tal puncture of the endometrioma during oocyte retrieval,
but no infections occurred as a result [36]. Regardless,
according to the 2014 European Human Reproduction and
Embryology (ESHRE) guidelines for management of women
with endometriosis, antibiotics should be given prior to
transvaginal oocyte retrieval in patients with endometriomas
[37].

3.2. Arguments against Surgical Excision. Given that the
presence of an endometrioma can be detrimental to the
surrounding ovarian tissue, it is extremely important to be
cognizant of a woman’s ovarian reserve before proceeding
to surgery. Several studies have shown this preoperative
reduction in ovarian reserve by analyzing the commonly
used biomarker of ovarian reserve, anti-Mullerian hormone
(AMH) levels [38–40]. In a retrospective case-control study,
Kim et al. found that preoperative AMH levels were signif-
icantly lower in women with Stage IV endometriosis who
had endometriomas, compared to age-matched controls.
This difference was not observed in women with Stage III
endometriosis [38]. AMH was not affected by the size of
the endometrioma or laterality. This is in contrast to a
retrospective study by Hwu et al. that found women with
bilateral endometriomas had significantly lower AMH levels
compared to those with unilateral disease [39]. In both of
these studies, the authors recommend checking preoperative
AMH before performing an ovarian cystectomy and to use
this information when counseling women before surgery,
especially in those with low baseline AMH.

Furthermore, many publications including two recent
meta-analyses have raised concern over the deleterious effects
of ovarian cystectomy on ovarian reserve, specifically as
reflected by AMH levels [41, 42]. One small study of 13
women with endometriomas showed that AMH can recover
3 months postoperatively; however most investigators have
shown a decrease in AMH that can be sustained for up to
6–9 months even in the hands of experienced laparoscopic
surgeons [3, 40–45]. In a prospective study of 30 women
with endometriomas and 30 age-matched controls, Uncu
et al. demonstrated that surgical excision of endometriomas
leads to a decline in AMH that appears progressive [40].
Although the reduction in serumAMHwas more prominent
in women with excision of bilateral endometriomas versus
unilateral endometriomas, the difference between these two
groups was not statistically significant.The authors recognize
that this difference may not have been evident due to the
small sample size. More recently, Alborzi et al. reported
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a significant decline in AMH up to 9 months after laparo-
scopic cystectomy in 193 women with endometriomas [3].
Unlike Uncu et al., these authors found a more significant
decline of AMH in women with bilateral endometriomas,
which is in agreement with Celik et al. and Hirokawa et al.
[45, 46]. In fact, in a prospective study of 68 women with
endometriomas, Kwon et al. reported that bilaterality was
the only statistically significant factor in postoperative AMH
decline [47]. There does also appear to be an association
between the cyst size and postoperative AMH regression
[3, 40, 46, 47]. Celik et al. found that there was a greater
decline in AMH if the removed endometrioma was ≥5 cm
[45].

The research regarding the effect of laparoscopic cystec-
tomy of an endometrioma on the antral follicle count has
been conflicting. Some argue that AFC may better reflect the
specific damage to the operated ovary since this biomarker
controls for the laterality of the injury. AMH, on the other
hand, reflects the ovarian reserve of both gonads and can
be influenced by compensation of the healthy ovary for the
reduced reserve of the affected ovary [48].

Celik et al. reported an increase in AFC 6months postop-
eratively despite a decrease in AMH [45]. The authors specu-
lated that AFC cannot be a reliable ovarian reserve marker
after endometrioma excision. This is because the presence
of an endometrioma may underestimate the measurement of
AFC preoperatively. Alborzi et al. and Biacchiardi et al. also
found an increase in AFC 3 months postoperatively, but both
authors, like Celik et al., suggested that AFC is a less reliable
ovarian reserve marker in the presence of an endometrioma
[3, 44].

The use of AMH and AFC as ovarian reserve markers
before and after surgical treatment of endometriomas con-
tinues to be debated. In a recent meta-analysis, Muzii et al.
challenged the conclusion that AMH declines after removal
of an endometrioma [48]. These investigators emphasized
that the meta-analyses by Raffi et al. and Somiglinana et al.
that showed a reduction in AMH after excisional surgery had
extremely heterogeneous results which limits the impact of
the findings [41, 42]. Muzii et al. suggested that, in fact, AFC
may be the preferred ovarian reserve marker in this situation.
Moreover, the data from their systematic review indicated
that AFC is reduced both before and after surgery but that
this incremental decrease due to surgery is not significant.
They recommended that future research is needed to better
clarify the role of AMH and AFC in assessing the impact of
surgery on ovarian reserve.

There are several proposed mechanisms in which laparo-
scopic cystectomy may worsen ovarian reserve including
accidental removal of healthy ovarian cortex, thermal damage
from coagulation of bleeding vessels, and surgical-related
local inflammation [44]. Several authors have shown his-
tologic evidence of damage to the ovarian cortex after
laparoscopic cystectomy and that healthy ovarian tissue with
primordial follicles is often inadvertently removed during
cystectomy, particularly if the tissue is approaching the hilus
[49–51]. Matsuzaki et al. demonstrated that ovarian tissue
found on endometrioma cyst wall specimens was 10 times
more frequent than on other benign cyst wall specimens after

using the laparoscopic stripping method [22]. Transvaginal
ultrasound of the postoperative ovary after endometrioma
cystectomy has also shown a significant decrease in residual
ovarian volume which possibly leads to diminished ovar-
ian reserve [52]. Risk factors for removing more ovarian
parenchyma during a cystectomy include cyst size and
preoperative medical treatment [22, 49]. Although it was a
small retrospective study, Roman et al. found an increase in
the volume of ovarian tissue removed with an increase in
cyst diameter [49]. In contrast, in their prospective study of
77 women with endometriomas, Romualdi et al. observed
that more follicles were lost with surgery in women with
smaller cysts. This correlation was only found in younger
patients. The authors suggest younger women with small
endometriomas should be warned that healthy ovarian tissue
may be removed during surgery. Moreover, they observed
that endometriomas that had a fibroblastic capsule were asso-
ciated with an increased loss of follicular tissue after surgery
compared to endometriomas with a fibrocystic capsule. The
fibroblastic capsule was associated with more inflammation
and also seemed to be less defined with respect to healthy
ovarian cortex, thereby making it difficult to find a proper
cleavage plane at the time of surgery [53].

As demonstrated by the preponderance of the clinical
research literature, surgical removal of ovarian endometri-
oma cysts carries a significant risk of reduced fertility.
Additionally, the best treatment to improve fertility in these
affected women with or without surgical treatment is still
a matter of debate. Many of these women will seek fertility
treatment. Alborzi et al. conducted a randomized controlled
trial to compare the ovarian response to controlled ovar-
ian hyperstimulation (COH) and intrauterine insemination
(IUI) between normal ovaries and ovaries previously treated
by either laparoscopic ovarian fenestration and coagulation
or ovarian cystectomy in 65 women. They also compared
follicular response in 16 women with bilateral endometri-
omas in whom cystectomy was performed in one ovary
and fenestration and coagulation on the contralateral side.
These authors concluded that there is no significant difference
between excisional surgery and ablative surgery regarding
ovarian response or pregnancy rates to COH/IUI. They,
however, recommended that more studies with a larger
number of patients are required to verify this conclusion
[54]. To date, there have not been any further randomized
controlled studies specifically examining the best surgi-
cal approach to endometriomas before COH/IUI or even
expectant management versus surgical management before
COH/IUI. In a retrospective cohort study of 96 patients who
underwent operative laparoscopy to treat endometriosis-
related infertility, Gandhi et al. found that women with stage
III/IV endometriosis should be offered in vitro fertilization
(IVF) therapy if they have not achieved pregnancy sponta-
neously within the first few months after surgery rather than
COH/IUI.They did not specify whether any of these patients
had endometriomas [55].

Similarly, there are no randomized controlled trials that
compare nonintervention for ovarian endometriomas before
IVF versus surgical resection before IVF. Garcia-Velasco et al.
did, however, conduct a case-control study in which 56
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patients with endometriomas proceeded directly to IVF
treatment and 133 patients first underwent laparoscopic cys-
tectomy before IVF. They found no difference in the number
of mature oocytes retrieved, fertilization rate, implantation
rate, or pregnancy rate between these two groups of women.
They concluded that although surgical excision before com-
mencing IVF does not compromise fertility, it does not offer
improvement either [56].

Some studies have found decreased responsiveness and
a decreased number of oocytes retrieved in women with
endometriomas, while others have not [57]. Nevertheless,
the majority of studies have not detected a difference in
fertility outcomes. Suzuki et al. found that the number of
retrieved oocytes as well as number of embryos transferred
was reduced in women with endometriomas versus those
with tubal factor. Yet there was no difference in fertilization
rate, implantation rate, pregnancy rate, or live birth rate
[58]. On the other hand, in a retrospective case-control
study of 81 women with unilateral endometriomas, the AFC
and number of retrieved oocytes did not differ between
the affected and contralateral healthy ovary, regardless of
cyst size, during an IVF cycle [59]. Similarly, in a prospec-
tive cohort study of 29 women with unoperated unilateral
endometriomas undergoing IVF, Filippi et al. reported no
difference in number of oocytes retrieved or fertilization
rates in the affected versus unaffected ovary [60]. Benaglia
et al. reported that even the presence of unoperated bilateral
endometriomas does not affect the quality of the oocytes
retrieved or chances of pregnancy [61]. In an earlier study,
Reinblatt et al. demonstrated that the quality of embryos
obtained from IVF is not reduced in women with bilateral
endometriomas [62].

Multiple studies have indicated that surgical excision
of these cysts does not improve pregnancy rates before
IVF. Some have suggested that surgery may have a neg-
ative impact on IVF parameters [63]. In a meta-analysis
by Tsoumpou et al., there was no improvement in IVF
outcome after laparoscopic cystectomy. This study found
no significant difference in the ampules of gonadotropins
required, oocytes retrieved, embryos available for transfer, or
clinical pregnancy rates between expectant management and
surgical intervention [64]. In a prospective study comparing
operated and unaffected ovaries in women who previously
underwent unilateral excision of endometriomas, Ragni et al.
did find a lower number of developing oocytes and retrieved
oocytes from the operated ovary. However, there was no
difference in fertilization rates or high quality embryos in
these women [65]. These results are in accordance with
those of Bongioanni et al. who found reduced AFC in
womenwith prior cystectomy compared towomenwith tubal
factor infertility but no difference in IVF pregnancy rates
per cycle [66]. This again indicates that surgical excision of
endometriomas does not confer any additional benefits prior
to IVF. Cyst size has been implicated in a reduction in ovarian
response during IVF treatment. Somigliana et al. reported
that there is a 53% reduction of follicles >15mm at time
of hCG administration in ovaries with prior endometrioma
excision versus contralateral intact ovaries. This reduction
was observed regardless of cyst diameter (≤3 cm versus

>3 cm) [67]. On the other hand, Tang et al. observed that
damage to ovaries is more severe in terms of AFC, number of
dominant follicles, and number of oocytes retrieved during
an IVF cycle if an endometrioma ≥4 cm is removed [68].

Finally, several authors have argued that IVF, rather than
surgery, may be a more successful option in women with
recurrent endometriomas who have had previous surgical
excision [69, 70]. In a retrospective study of 173 patients,
the recurrence rate and re-recurrence of endometriomas
after laparoscopic cystectomy were reported to be as high
as 45.1% and 45.5%, respectively. Women who achieved
postoperative pregnancy were found to have less chances of
recurrence [71]. As stated above, surgical excision procedures
may lead to ovarian damage in women with endometriosis
and the additive effect ofmultiple surgeriesmay be evenmore
detrimental to a woman’s subsequent fertility.

3.3. Surgical Technique. Surgical technique in treating endo-
metriomas has been a point of controversy; however laparo-
scopic excision by stripping technique is one of the most
widely used approaches [72]. A recent meta-analysis showed
that stripping technique is a better method than drainage or
ablative surgery in terms of recurrence of pain symptoms,
increasing spontaneous pregnancy rates, and decreasing
recurrence and reoperation rates [17, 73, 74]. However, the
authors concluded that there is insufficient evidence to
recommend excisional surgery over ablative surgery with
respect to pregnancy outcome after COH and IUI (1.40, 95%
CI 0.47 to 4.15) [17]. The recommendations from the recent
ESHRE guidelines for women with endometriomas undergo-
ing surgery for infertility or pain are to perform laparoscopic
excision rather than drainage and electrocoagulation of the
endometrioma wall [37].

Opponents of cystectomy cite that the biggest draw-
back is removal of healthy ovarian cortex which leads to
decrease in ovarian reserve. Some evidence has indicated
that cyst drainage and vaporization or thermal coagulation
may be less harmful to ovarian reserve. Tsolakidas et al.
compared the laparoscopic stripping technique to a three-
step approach (laparoscopic drainage, GnRH analogue for
3 months, and laparoscopic CO

2
laser vaporization). These

authors documented that AMH does not decline in women
who underwent the ablation procedure compared to those
who underwent the stripping procedure [43]. Var et al.
randomized 48 patients with bilateral endometriomas to
either laparoscopic ovarian cystectomy or coagulation. After
the intervention the ovarian volume and AFC were reduced
in both groups, but the reduced AFC after cystectomy
was statistically significant. The cystectomy group also had
significantly reduced ovarian response to ovulation induction
[75].

In an effort to combine the benefits of both the stripping
procedure and ablation procedure, Donnez et al. proposed a
technique consisting of excising a large part of the endometri-
oma wall using the stripping technique and then using CO

2

laser on the remaining endometrioma wall when approach-
ing the hilus. Sixmonths after the surgery, the ovarian volume
and AFC in the operated and contralateral unaffected ovary
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were not significantly different. The spontaneous pregnancy
rate was 41% after a mean follow-up of 8.3 months and only
one case (2%) of recurrence was noted [76]. The authors did
not report IVF rates and therefore more research is needed
to assess the benefits of this combined technique on infertile
womenwhodonot achieve spontaneous pregnancy following
surgery.

4. Conclusion

Ovarian endometriomas, which are a common feature
of endometriosis, create a complex situation for infertile
patients. Both the presence of endometriomas and surgical
excision of endometriomas appear to be damaging to ovarian
function and ovarian reserve. The mechanism by which
these endometriotic cysts cause infertility may be related to
mechanical stretching of the ovarian cortex as well as an
inflammatory reaction with cytotoxic oxidative stress and
increased fibrosis. Surgery is the predominant clinical prac-
tice for the treatment of endometriomas and the most com-
mon surgical technique is stripping of the endometrioma.
Although this technique has several advantages including
increasing spontaneous pregnancy rates, it has also been
shown to further reduce ovarian reserve. Nevertheless, the
presence of an endometrioma does not appear to adversely
affect IVF outcomes and surgical excision of an endometri-
oma does not appear to improve IVF outcomes. The most
recent evidence suggests that asymptomatic infertile patients,
especially those that are older, have diminished ovarian
reserve, have bilateral endometriomas, or have had prior
surgical treatment, would benefit from proceeding directly
to IVF. This treatment path would avoid the risks associated
with surgery and reduce the time to achieve pregnancy for
the patient. In patients who have symptoms, intact ovarian
reserve, unilateral cysts, or sonographic features concerning
for malignancy or who are not planning on pursuing IVF,
surgery may well be indicated. These women need to be
adequately counseled on the potential for decrease in ovarian
reserve.

There is a lack of randomized controlled studies compar-
ing nonintervention to surgical excision of an endometrioma
before IVF in infertile women. Future research is needed to
better identify surgical techniques, such as aspiration with
sclerotherapy and drainage with endometrial ablation using
plasma laser energy, which may cause less ovarian damage.
Since many women may now decide on expectant man-
agement of their endometriomas, further study regarding
the implications of this treatment path are necessary. For
example, studies that evaluate whether the ovarian damage
mediated by an endometrioma is acute or progressive over
time, as well as further investigation of the cytotoxic impact
of an endometrioma on surrounding follicles during an IVF
cycle will be especially informative.
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Endometriosis is histologically characterized by the displacement of endometrial tissue to extrauterine locations including the
pelvic peritoneum, ovaries, and bowel. An important cause of infertility and pelvic pain, the individual and global socioeconomic
burden of endometriosis is significant. Laparoscopy remains the gold standard for the diagnosis of the condition. However, the
invasive nature of surgery, coupled with the lack of a laboratory biomarker for the disease, results in a mean latency of 7–11 years
from onset of symptoms to definitive diagnosis. Unfortunately, the delay in diagnosis may have significant consequences in terms of
disease progression. The discovery of a sufficiently sensitive and specific biomarker for the nonsurgical detection of endometriosis
promises earlier diagnosis and prevention of deleterious sequelae and represents a clear research priority. In this review, we describe
and discuss the current status of biomarkers of endometriosis in plasma, urine, and endometrium.

1. Background

Endometriosis is a debilitating gynecologic disease charac-
terized by the implantation of endometrial tissue in ectopic
locations, including the pelvic peritoneum, ovaries, and
bowel. The prevalence of endometriosis in reproductive age
women is 2–10% [1] and as high as 35–50% in women
with pain and/or unexplained infertility [2]. Endometriosis
is a major cause of disability and significantly compromised
quality of life in women and adolescents [3]. Symptoms
include dysmenorrhea, dyspareunia (pain with intercourse),
lower abdominal and/or back pain, dyschezia (pain with
bowelmovements), dysuria (painwith urination), and altered
bowel habits [4]. Inflammation and innervation at sites of
endometriotic lesions are implicated as causes of pelvic pain
[5, 6]. Endometriosis is a major cause of infertility due to
inflammation-associated reductions in oocyte quality and
endometrial receptivity to embryonic implantation [7]. A
heritable component to endometriosis is well supported,

though the specific genes involved remain an area of active
investigation. The risk for first degree relatives of women
with severe endometriosis is six times higher than for
relatives of unaffected women [8], and monozygotic twin
studies demonstrate high concordance rates not only for
histologically confirmed endometriosis but also for disease
stage [9].Though incomplete in accounting for the entirety of
reported clinicalmanifestations of the disease, Sampson’s the-
ory of retrograde menstruation is the most widely accepted
description of endometriosis pathogenesis [10]. This theory
holds that endometriosis originates from the implantation of
sloughed endometrial tissue refluxed into the pelvis via the
fallopian tube(s) during menstruation.

Remarkably, the gold standard for the diagnosis of
endometriosis remains direct visualization of lesions at
surgery preferably coupled with histologic confirmation of
endometrial glands and stroma in biopsies of suspected
lesions, and this reality has significant consequences. A
surgical diagnosis has multiple drawbacks, compared to a
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minimally invasive diagnostic, such as a blood or office-based
test. These include risks inherent to the procedure (organ
damage, hemorrhage, infection, and adhesion formation),
as well as general anesthetic complications. Also patients
need to travel to a hospital or outpatient surgicenter, with
associated financial costs to the patient and the healthcare
system, as well as prolonged time away fromwork and family.
The requirement for invasive surgery for the diagnosis of
peritoneal implants strongly contributes to an average latency
of 7–11 years from onset of symptoms to definitive diagnosis
[3, 11]. This delay in diagnosis is due, in part, to presumptive
treatment of pain with oral contraceptives (OCPs) and
nonsteroidal anti-inflammatory drugs (NSAIDs), as well as
reluctance of physicians to refer women to gynecologists for
definitive diagnosis, reluctance of women to confront their
own pain for fear of a cancer diagnosis, and dismissal of pain,
especially dysmenorrhea, as a “normal” event [12]. Delayed
diagnosis and treatment has significant consequences, as
endometriosis is more advanced in women whose diagnostic
laparoscopy is delayed, supporting progression of disease
over time [13]. Indeed, longitudinal placebo-controlled trials
with second look laparoscopy have demonstrated that 71–
83% of untreated lesions will progress or remain stable over
a 12-month period [14]. At more advanced stages (stage III-
IV of the revised American Fertility Society (rAFS) system)
of endometriosis, the severity of pelvic pain may lead to
hysterectomy often with oophorectomy. Endometriosis is the
third leading cause of hysterectomy in the United States [15],
and increasing evidence exists for the malignant transforma-
tion of ovarian endometriomas to ovarian cancer, particularly
the clear cell and endometrioid subtypes [16].

In this review, we describe and discuss the current status
of biomarkers of endometriosis in plasma, urine, and endo-
metrium. This review aims to encourage optimized study
design, data interpretation, and validation considerations in
future biomarker development studies.

2. Diagnostic Test for Endometriosis

Thegold standard for the diagnosis of peritoneal endometrio-
sis has been visual inspection by laparoscopy followed by
histological confirmation [7]. A noninvasive diagnostic test
could be developed for serum or plasma, urine, endometrial,
or menstrual fluid that can be recovered from the posterior
vaginal fornix and from the cervix during speculumexamina-
tion [17, 18]. A semi-invasive test could be developed in peri-
toneal fluid, obtained after transvaginal ultrasound guided
aspiration or in endometrium obtained after transcervical
endometrial biopsy [17, 18]. The most important goal of the
test is that no women with endometriosis or other significant
pelvic pathology are missed who might benefit from surgery
for endometriosis-associated pain and/or infertility [17–19].

To achieve this, a test with a high sensitivity is needed,
which is the probability of a test being positive when
endometriosis is present. At present, such a test does not exist
[17, 20].

A noninvasive test for endometriosis would be use-
ful for women with pelvic pain and/or subfertility with
normal ultrasound. This would include nearly all cases of

minimal-mild endometriosis, some cases of moderate-severe
endometriosis without clearly visible ovarian endometrioma,
and cases with pelvic adhesions and/or other pelvic pathol-
ogy, who might benefit from surgery to improve pelvic pain
and/or subfertility [17–19].

Although there is consensus in the World Endometriosis
Society that the development of a reliable noninvasive test is
one of the top research priorities in endometriosis [11, 21], the
development of such a test, from initial biomarker discovery
to a clinically approved biomarker assay is a long, difficult,
and uncertain process [22] which can be classified in four
different phases as described below [17, 18].

Phase I (Preclinical Discovery Phase). This phase consists of
exploratory preclinical studies aiming to identify potential
biomarkers. In endometriosis research, the state of the art in
this field has recently been reviewed by May et al. [23].

Phase II (Retrospective Validation). This phase consists of
preclinical assay development and validation of a clinically
useful noninvasive diagnostic test in the preclinical setting,
as has been done in the context of endometriosis in a recent
paper [24].

Phase III (Prospective Clinical Validation and Determination
of Clinical Utility).This phase establishes the diagnostic accu-
racy and predictive value in the target population, but this
phase has not yet been reached in endometriosis biomarker
research.

Phase IV (Commercialization). Product development by
industry, which has not yet been done successfully for
noninvasive endometriosis biomarkers.

Overall, most endometriosis biomarker studies have
remained at the level of Phase I [23] and only a few havemade
it to Phase II studies. Clearly, there is a need for well-designed
Phase II and Phase III trials tomake progress in this field [18].
A clinically reliable test for endometriosis can be expected
to have a profound impact on reduction of health care and
individual costs by [18]

(1) reducing time to diagnosis and the time wasted to see
numerous health care professionals;

(2) subsequently reducing the time before individualized
specialist care is invoked;

(3) subsequently reducing expensive hit-and-miss treat-
ments;

(4) subsequently reducing expensive fertility treatments
if the disease is under control before fertility is
impaired [25].

A worldwide study of costs caused by endometriosis
indicates that the average annual total costs per woman are
9579 euros, of which 66% is caused by costs for productivity
loss, while medication counts for only 10% of the total yearly
costs [26]. Furthermore, endometriosis-associated symp-
toms generated 0.809 quality-adjusted life years per woman
(the quality-adjusted life year is an outcome measure that
accounts for the quantity and quality of life and that allows for
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comparison of outcomes between diseases), while the general
population has 0.85–0.94 quality adjusted years per year [26–
28]. In summary, a non- or semi-invasive test would not
only reduce the cost associated with endometriosis but also
improve the quality of life of women with endometriosis by
allowing early diagnosis.

3. Blood Biomarkers

Blood is an interesting potential source of biomarkers because
it allows repeated measurements, is easily obtained, and
is highly suitable for high-throughput measurements [29].
Putative endometriosis biomarkers are mostly glycoproteins,
growth or adhesion factors, hormones, or proteins related to
immunology or angiogenesis [17, 23, 30]. Despite extensive
research, no single biomarker nor a panel of biomarkers in
peripheral blood has been validated as a diagnostic test for
endometriosis [17, 20].

Since the extensive review of May et al., 2010, research in
endometriosis biomarkers has accomplished the successful
validation of biomarkers in an independent sample dataset
[24], but still no test for endometriosis is commercially
available. As described earlier, different phases of biomarker
discovery exist (Phase I–IV) and endometriosis biomarkers
need to be validated prospectively in a clinical setting [17].

3.1. Glycoproteins

3.1.1. Cancer Antigen- (CA-) 125. The use of CA-125 as blood
biomarker for endometriosis has been examined extensively
[23, 24, 30–36]. Several studies have demonstrated the
utility of CA-125 for the diagnosis of endometriosis and
its correlation to disease severity, especially endometriotic
ovarian cysts [23, 32, 33]. However, CA-125 is not specific
for endometriosis, being a tumor marker elevated in ovarian
cancer [37, 38]. In addition to this lack of specificity, the
sensitivity to detect all endometriosis stages is low [31].
According to a meta-analysis by Mol et al., the sensitivity for
stage I–IV endometriosis was 50% and specificity was 72%.
For stage III-IV endometriosis, a sensitivity of 60% could be
obtained with a specificity of 80% [31].

CA-125 has been measured simultaneously with uro-
cortin [34], chlamydia antibody [35], CD23 [39], and inflam-
matory cytokines [32]. However, none of these combinations
provided a sufficiently high sensitivity or specificity for
endometriosis and results remained unvalidated. The com-
bination of CA-125, CA-19-9, and survivin mRNA showed
promise, boasting a sensitivity of 87% and a 10% false positive
rate [33]. A panel of CA-125, chemokine receptor (CCR) type-
1 mRNA, and monocyte chemoattractant protein- (MCP) 1
showed a sensitivity of 92.2% and specificity of 81.6% to detect
endometriosis [40]. CA-125 combinedwith interleukin-8 (IL-
8) and tumor necrosis factors-𝛼 (TNF-𝛼) in the secretory
phase had a sensitivity of 89.7% and specificity of 71.1% in
a study performed by Mihalyi and coworkers [36]. Ozhan
et al. stated that a panel consisting of CA-125, syntaxin-5,
and laminin-1 had 90% sensitivity, 70% specificity, and 88.7%
accuracy to distinguish endometriosis patients (𝑛 = 60) from

controls (𝑛 = 20) [41]. However, all these results remain to be
validated.

Another ovarian tumormarker, CA-19-9, has been shown
to be elevated in endometriosis and has a comparable or lower
sensitivity than CA-125 for the detection of endometriosis
[23]. A recent study showed a significant increase of CA-125
(𝑃 = 0.001), CA-19-9 (𝑃 = 0.015), and CA-15-3 (𝑃 = 0.017)
in endometriosis cases (𝑛 = 50) versus controls (𝑛 = 35) [42].
ROC curve analysis showed that the area under the curve was
the highest for CA-125 (0.938) [42]. For CA-19-9 a significant
positive correlation with disease severity was found [42].

Recently, a panel of 4 biomarkers (CA-125, VEGF, Annex-
in V, and glycodelin/soluble intercellular adhesion molecule
(sICAM)-1) showed a sensitivity of 74–94% and a specificity
of 55–75% in a training set and after initial validation in an
independent test set [24]. These results should be prospec-
tively evaluated.

3.1.2. Other Glycoprotein Markers. Follistatin, an inhibitor of
activin, has been shown to be increased in endometriosis
patients [23], especially in a subgroup of patients with ovarian
endometrioma, and showed good sensitivity and specificity
[43]. However, a follow-up study could not reproduce these
results [44]. In a study conducted by Signorile and Baldi, Zinc
(Zn)-alpha2-glycoprotein was identified by mass spectrome-
try (endometriosis cases 𝑛 = 5, controls 𝑛 = 5) as a possible
biomarker for endometriosis and confirmed by ELISA to be
differentially expressed (𝑃 = 0.019) in an additional cohort
of endometriosis patients (𝑛 = 120) and healthy controls
(𝑛 = 20) [45]. Reported sensitivity was 69.4% and specificity
was 100% [45].

Glycodelin A, a promoter of neovascularization and cell
proliferation, was examined in follicular phase serum of
adolescent girls with endometriosis (𝑛 = 33) aged 13–19
alongside TNF-𝛼 and IL-6, but none of these proteins showed
a different expression compared with adolescents without
endometriosis (𝑛 = 17) [46]. A different study assessing
glycodelin A found a significant increase in serum of women
with endometrioma (𝑛 = 57) compared with control women
undergoing sterilization or having benign ovarian cysts (𝑛 =
42) and demonstrated the potential use of glycodelin A as
a biomarker for ovarian endometriosis with a sensitivity of
82.1% and a sensitivity of 78.4% [47]. Glycodelinwas included
in a biomarker panel proposed by Vodolazkaia et al., for
the diagnosis of ultrasound-negative endometriosis [24], as
mentioned in the section above on “Glycoproteins.’’

3.2. Immunological Markers and Inflammatory Cytokines.
Inflammatory and immunological markers have been impli-
cated in the pathogenesis of endometriosis and have been
examined extensively as possible biomarkers for endometrio-
sis [23]. A plethora of cytokines has been assessed in the
search for a noninvasive diagnosis of endometriosis, includ-
ing IL-1, IL-6, IL-8, TNF-𝛼, MCP-1, and interferon-𝛾 (IFN-𝛾)
[23]. In a study by Panoulis et al., no difference in the serum
expression of the inflammatory markers CD40, CD40L and a
disintegrin and metalloproteinase domain 8 (ADAM8) was
detected between endometriosis patients (𝑛 = 47) and
controls (𝑛 = 29) [48]. Values of T-helper pathway related
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interleukins IL-10, IL-12, IL-17, and IL-23 levels were compa-
rable between infertile controls and endometriosis patients
with infertility [49]. Contrasting results regarding changes
in the complement system and soluble histocompatibility
antigen (HLA) have been recorded [23]. The inflammatory
marker C-reactive protein (CRP) has been shown to be
upregulated [23], especially when examined with a high
sensitivity assay making it possible to detect subclinical
inflammation in women with endometriosis [50]. However,
other studies could not find an upregulation [23, 51]. Sig-
nificantly increased IL-4 serum values have been found in
adolescents with endometriosis [52]. In a recent study, the
inflammatorymarker co-peptin was significantly (𝑃 = 0.002)
higher in women with endometriosis (𝑛 = 50) than in
women without endometriosis (𝑛 = 36) and was positively
correlated with disease severity [42]. At a cut-off value of
251.18 pg/mL, its sensitivity to predict endometriosis was 65%
and the specificity was 58.3% [42]. In a study by the same
group, the inflammatory biomarker YKL-40 was significantly
elevated (𝑃 < 0.001) in patients with endometriosis (𝑛 = 53)
compared with patients without endometriosis (𝑛 = 35)
and a positive correlation with disease severity was detected
[53]. A study by Mihalyi et al. found a panel consisting of
luteal plasma levels of IL-8, TNF-𝛼, and CA-125 that was able
to distinguish between 201 women with endometriosis and
93 controls with a normal pelvis with a sensitivity of 89.7%
and a specificity of 71.1% [36]. In a study by Vodolazkaia
et al., univariate analysis showed the differential expression
of several cytokines and chemokines in 232 women with
endometriosis and 121 controls [24]. However, no cytokines
or chemokines were included in the final proposed panel
of biomarkers after multivariate analysis [24]. Recently, the
putative use of chemokines as biomarkers of endometriosis
has been reviewed by Borrelli et al. [54]. In peripheral
blood, IL-8, MCP-1, and RANTES showed potential as a
biomarker, being significantly increased in endometriosis
cases versus controls in, respectively, 46.1%, 50%, and 75%
of the assessed studies [54]. However, no consensus exists on
whether cytokines are suitable to discriminate endometriosis
patients from patients with other pelvic pathology [24].

3.3. Oxidative Stress. Women with endometriosis might
experience increased oxidative stress in the pelvic cavity due
to the retrograde flow of menstrual erythrocytes that release
iron upon rupture [55].This has been confirmed by a number
of groups that found alterations in a range of proteins related
to oxidative stress. A significant reduction in serum has been
reported for paroxonase (PON-I), high density lipoproteins
[56], and plasma superoxide dismutase [57] and an increase
of total cholesterol, triglycerides, low-density lipoprotein,
lipid peroxidises [56], 25-hydroxycholesterol [58], heat shock
protein 70b (HSP70b) [59], and Vitamin E [57].

3.4. Cell Adhesion and Invasion. Levels of the sICAM-I have
been suggested to rise during early stages of endometriosis
(I-II) and decrease at stage III-IV [23]. Correspondingly,
sICAM-I has been included in a panel with three other
markers to diagnose endometriosis cases that could not
be identified by preoperative ultrasound [24]. In addition,

the cell adhesion molecule osteopontin was elevated in
plasma for all disease stages [60, 61].

After initial cell adhesion, invasion of endometrial tissue
fragments into the peritoneum may be facilitated through
remodeling of the extracellular matrix by matrix metallopro-
teinases (MMPs) [62]. MMP-2 [63] and MMP-9 [64] have
been found to be significantly increased in endometriosis
patients versus controls. Moreover, advanced endometriosis
is correlated with a higher MMP-2 expression [65]. In a
study by de Sanctis et al., mRNA levels of MMP-3 were
significantly higher in stage II–IV endometriosis cases than in
controls [66].The same study showed similar levels of MMP-
9 and vascular endothelial growth factor A (VEGF-A)mRNA
among cases and controls [66].

3.5. Angiogenesis. VEGF is an important regulator of angio-
genesis. Its usefulness as biomarker for endometriosis is
unclear, as some studies show elevated blood levels in
endometriosis patients while other studies do not record a
significant difference [23, 67]. Follow-up of patients with
advanced endometriosis showed reducedVEGF-A levels after
laparoscopic excision of the lesions [68, 69]. In another
study, danazol treatment of endometriosis patients resulted
in an increased VEGF concentration in plasma [70]. Despite
these contrasting results, a recent study proposing a panel
of biomarkers included VEGF in two panels to detect min-
imal/mild endometriosis with 80% sensitivity [24].

Pigment epithelium-derived factor (PEDF) is an inhibitor
of angiogenesis and has neurotrophic and anti-inflammatory
properties [71]. In a study by Chen et al., PEDF was signif-
icantly decreased in women with endometriosis (𝑛 = 43)
compared with women without endometriosis (𝑛 = 28),
independent of the phase of the cycle and correlated with
pain symptoms [71]. Other growth factors, such as soluble
epidermal growth factor (EGF) and platelet-derived growth
factor (PDGF) have been investigated, but no difference was
found between endometriosis patients and control women
[23]. Hepatocyte growth factor (HGF) was suggested to be
elevated in women with endometriosis [72], although this
was not confirmed in an additional study [23, 73]. The
serum concentration of its receptor, c-Met, was significantly
higher in endometriosis patients (𝑛 = 130) than in controls
(𝑛 = 39), in a stage dependent manner [74]. Elevations of
fibroblast growth factor-2 (FGF-2), angiogenin, and soluble
Flt-I (VEGFR-1) in serum of womenwith endometriosis have
all been recorded [23].

3.6. Hormones. Contrasting evidence exists on prolactin,
leptin, luteinizing hormone (LH), and adiponectin levels in
endometriosis patients versus controls, showing either no
difference, an increase (prolactin, leptin LH) or a decrease
(adiponectin) [23, 75, 76]. No consensus exists on changes in
steroid hormone levels [23].

3.7. Autoantibodies. Both total immunoglobulin levels and
antiendometrial antibodies have been investigated as poten-
tial biomarkers for endometriosis of which the latter showed
the most promising results, being more commonly present
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in endometriosis patients than in controls [23]. Like-
wise, specific antibodies against carbonic anhydrase, trans-
ferrin, 𝛼2-HS glycoprotein, lipid peroxide modified rab-
bit serum albumin, copper oxidized low-density lipopro-
tein and malondialdehyde-modified low-density lipoprotein,
laminin-I, and cardiolipin have shown promise as potential
endometriosis biomarkers [23]. Additionally, serum anti-
PDIK1L [77] and anti-syntaxin 5 autoantibodies [78] were
reported elevated in endometriosis patients. In patients with
ovarian endometrioma, autoantibodies against Insulin-like
growth factor 2mRNA-binding protein 1 (IMP1) were signifi-
cantly higher than in healthy controls [79]. In a study byGajb-
hiye et al., 40 endometriosis patients were compared with
30 controls [80]. Autoantibodies against different epitopes of
tropomyosin 3 (TPM3), stomatin-like protein 2 (SLP2), and
tropomodulin 3 (TMOD3) were significantly elevated in the
serumof endometriosis patients with bothminimal/mild and
moderate/severe disease [80].

3.8. miRNA. Micro RNAs (miRNAs) are highly conserved,
short noncoding sequences that regulate gene expression
at the posttranscriptional level. Generally, miRNAs repress
transcription of their targeted messenger RNAs. With over
2200 distinct miRNAs identified to date, miRNA regulatory
mechanisms are redundant, overlapping, and complex [81].
For example, most miRNA are able to regulate several hun-
dred transcripts and several miRNA often regulate the same
mRNA target [82]. Functional studies are increasingly clarify-
ing the regulatory roles of individual miRNAs. The reduced
proclivity of miRNA to degradation relative to mRNA [83]
and strong correlation between tissue and serum miRNA
expression evidenced in other disorders [84] are favorable
features of miRNA in the context of biomarker potential.

Recently, miRNAs in peripheral blood have been sug-
gested as potential endometriosis biomarkers, as reviewed by
Fassbender et al. [85]. Reduced plasma levels of miR-17-5p,
miR-20a, andmiR-22 [86] and elevated plasma levels of miR-
16,miR-191, andmiR-195 [87] have been found inwomenwith
endometriosis compared with women without endometrio-
sis. A study evaluating serum miRNA levels, found an
elevation of miR-199a and miR-122 and a decrease of miR-
145∗, miR-141∗, miR-542-3p, and miR-9∗ in endometriosis
patients compared with controls [88].

3.9. Proteomics. A variety of studies has been published
regarding protein “fingerprints” for the diagnosis of
endometriosis [23, 89–91]. A proteomic fingerprint model,
based on three peptide peaks, had 91.4% sensitivity and
95% specificity to detect endometriosis when comparing
126 patients with endometriosis with 120 healthy controls
[90]. Furthermore, this combination of peptide peaks was
validated in an independent cohort, showing a sensitivity
of 89.3% and a specificity of 90% [90]. A combination
of 5 peptide peaks, discovered by surface-enhanced laser
desorption/ionization time-of-flight (SELDI-TOF) mass
spectrometry, detected endometriosis with a sensitivity
of 88% and a specificity of 84% in the menstrual phase
[91]. These studies have shown promising results; however,
proteomics technologies are costly and time-consuming

[23], and there is a need for better standardization and
reproducibility of proteomic technologies before they can be
used reliably in clinical research projects [17].

3.10. Metabolomics. Additionally, studies regarding the
metabolome of endometriosis patients have been executed.
Stearic acid was significantly reduced (𝑃 = 0.030) in
endometriosis patients (𝑛 = 64) compared with controls
(𝑛 = 74) [92]. In a study comprising patients with ovar-
ian endometriosis (𝑛 = 40), eight metabolites and 81
metabolite ratios were significantly higher in the endometri-
osis group compared with healthy controls undergoing lapa-
roscopy for sterilization (𝑛 = 52) [93]. The combination
of hydroxysphingomyelin C16:1 and the ratio between
phosphatidylcholine C36:2 to ether-phospholipid C34:2,
adjusted for the effect of age and BMI, provided a sensitivity
of 90.0% and a specificity of 84.3% for the detection of
endometriosis [93]. A study comprising 22 women withmin-
imal/mild endometriosis and 23 controls found higher
values of Lactate, 3-Hydroxybutyrate, L-Alanine, Glycero-
phosphatidylcholine, L-Valine, L-Leucine, L-Threonine,
2-Hydroxybutyrate, L-Lysine, Succinic acid in the endomet-
riosis group and lower values of Glucose, L-Isoleucine, and
L-Arginine [94]. More research on the differences in the
metabonomic profile between women with and without
endometriosis should determine whether it could serve as a
noninvasive diagnosis of endometriosis.

3.11. Circulating Cell-Free DNA. In a study by Zachariah
et al., the concentration of circulating cell-free nuclear DNA
was higher in endometriosis patients compared with the
control group (𝑃 = 0.046), leading to the conclusion that
circulating cell-free DNA may be a potential biomarker for
endometriosis [95]. However, this assumption needs further
investigation.

3.12. Cell Populations. A range of cell populations, includ-
ing T cells, B cells, natural killer (NK) cells, macropha-
ges/monocytes, and polymorphonuclear neutrophils, has
been compared between endometriosis patients and healthy
controls [23]. However, for none of these populations the
utility as an endometriosis biomarker has been proven
[23, 96]. Recently, a CD25high forkhead box 3+ (FOXP3+)
subset of CD4+ regulatory T cells has been shown to be
decreased in peripheral blood of women with endometrioma
(𝑛 = 17) compared with healthy controls (𝑛 = 15) [97].
Additionally, the potential use of circulating angiogenic cells
as biomarkers for endometriosis has been examined, but no
difference between endometriosis patients and controls could
be detected [98].

4. Urine Biomarkers

For many diseases, urine has become among the most widely
used clinical sample for biomarker discovery due to ease
of access and less complex fluid composition. However, in
endometriosis biomarker development, urine as an approach
is significantly less targeted relative to blood. Since 2010, only
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11% of reported endometriosis biomarker studies were urine-
based [99].

Like serum, urine reflects an amalgam of systemic pro-
cesses. Analysis of pooled urine from healthy men and
women revealed that 70% of the urine proteins originate
directly from the urinary system and the remaining 30%
represent proteins from other organ systems filtered by the
kidney [100]. Though legitimizing urine as a diagnostic
medium, this finding also suggests potential for reduced
specificity, and it will be important to assess the ability of
a urinary assay to differentiate endometriosis from other
inflammatory conditions.

Urine-based biomarker candidates measured by a vari-
ety of protein detection methods have been reported sin-
gularly or combined in a panel of markers. Creatinine-
corrected soluble fms-like tyrosine kinase (sFlt-1) was found
to be significantly elevated in the urine of women with
endometriosis using enzyme-linked immunosorbent assays
(ELISA) [101]. Using an immunoblot technique, Tokushige
et al. demonstrated cytokeratin-19 (CK19) to be uniquely
expressed in 11 urine samples fromwomenwith histologically
proven endometriosis relative to samples from 6 women
free of disease [102]. A larger prospective study was sub-
sequently unable to confirm the diagnostic potential for
urinary CK19 [103], possibly due to different specimen col-
lection techniques or different subject characteristics. As in
serum, matrix metalloproteinases (MMPs) have been inves-
tigated for association with endometriosis. A panel consist-
ing of MMP-2, MMP-9, and MMP-9/neutrophil gealtinase-
associated lipocalinwas significantly elevated in a cohort of 33
women with endometriosis relative to expression in a group
of 13 controls [104].

Relative to blood, urine evidences a significantly nar-
rower dynamic range of proteins, thereby allowing more
rapid preparation of specimens for proteomic interrogation.
Additionally, the urine proteome is relatively stable for up
to six hours at room temperature and for over 17 years
stored at −70∘C [105]. Using matrix assisted laser desorp-
tion/ionisation time-of-flight mass spectrometry (MALDI-
TOF MS), several groups have reported differential peptide
profiles in the urine of women with endometriosis relative to
that of women without endometriosis at surgery [102, 106].
El-Kasti et al. identified a 3280.9Da periovulatory peptide
that differentiated all stages of endometriosis from controls
with 82% senstitivity and 88% specificity. Tokushige et al.
coupledMALDI-TOF with two-dimensional polyacrylamide
gel electrophoresis (2D-PAGE) to reveal 12-fold higher
expression of five proteins in affected women. Importantly,
MALDI-TOF does not allow direct identification of peptides
or proteins that are differentially synthesized or secreted,
which is fundamental to further validation and clinical assay
development, although protein pattern recognition holds
promise for the future.

Advances in mass spectrometry (MS) technologies and
bioinformatics have enabled protein analysis that can identify
qualitative and quantitative differences in large numbers
of lower abundance proteins. Cho et al. used 2D-PAGE
and tandem MS to identify significantly higher levels of 22

urine proteins in women with endometriosis including vita-
min D-binding protein, prealbumin, enolase-1, and alpha1-
antitrypsin [107]. As individual analytes, these proteins evi-
denced insufficient sensitivity and specificity for use as a
biomarker. Despite elevation in women with endometriosis,
enolase-1 lacked sufficient diagnostic power as an individual
analyte (sensitivity 56% and specificity 72%) in a separate
study [108].

5. Endometrial Biomarkers

Though more invasive than serology, endometrial tissue
is accessible via biopsy in the office setting and offers
the potential advantage of improved specificity. Devices
such as the Pipelle suction-based sampler are commonly
used in the office without the need for anesthesia. The
endometrium presents several unique characteristics with
respect to biomarker discovery. First, the endometrium
evidences remarkable sex steroid-driven cyclic variation
and regenerative capacity. Whole genome profiling of nor-
mal endometrium revealed tremendous molecular variation
between samples taken from the proliferative, early-secretory,
midsecretory, and late-secretory phases of the menstrual
cycle [109], and this basal cyclic variation in the endometrium
must be accounted for in the interpretation of endometrial
gene and protein expression signatures. An endometrial
diagnostic assay is preferably obtained in the proliferative
phase, as this avoids concerns regarding interruption of a
nascent unanticipated pregnancy.

In addition to menstrual cycle phase, gynecologic con-
ditions other than endometriosis have been shown to influ-
ence eutopic endometrial gene and protein expression. The
endometrial transcriptome in women with endometriosis
may have shared patterns of dysregulation with other inflam-
matory conditions such as hydrosalpinx [110] or other estro-
gen dependent diseases such as leiomyomata, endometrial
polyps, or adenomyosis [111, 112]. Clustered pathologies may
confound the interpretation of molecular measurements in
the delineation of a biomarker unique to endometriosis. Con-
sequently, screening and annotation of coexisting pathology
is an important consideration in the biomarker discovery
and validation process. A systematic review of over 200
potential endometrial biomarkers, including hormones and
their receptors (𝑛 = 29), cytokines (𝑛 = 25), factors
identified through proteomics (𝑛 = 8), and histology (𝑛 =
10) revealed sensitivity and specificity (reported in only 32
articles) ranging from 0 to 100% [113].

5.1. Endometrial Transcriptome. At the transcript level, sig-
nificant differences in gene expression exist in eutopic
endometrium fromwomen with versus without endometrio-
sis [114–117]. Both array-based global and targeted gene
expression studies [113] have identified genes and pathways
that may be involved in disease pathogenesis and reveal
potential candidates for the development of an endometrial-
based biomarker. Recently, whole genome microarray data
involving 144 endometrial specimens from women with
endometriosis or other benign gynecologic pathology (i.e.,
leiomyomata, endometrial polyp, and hydrosalpinx) and
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fromwomen with surgically confirmed normal findings were
used to developmenstrual cycle phase specific classifiers with
high accuracy in the detection of both endometriosis and
stage of disease [118]. In each cycle phase, specimens were
partitioned into 80% construction and 20% independent
validation sets for margin tree based training and testing of
classifiers. Interestingly, relatively few genes were required to
delineate endometriosis from other benign pelvic conditions
and to classify disease severity. For example, the two best
performing proliferative and early-secretory phase-specific
disease classifiers achieved 100% accuracy using less than 100
genes for each disease classification decision. These highly
informative gene sets provide a finite panel for biomarker
development purposes. The delineation of endometriosis
from other benign pelvic conditions represents an important
strength of this study considering the high rate of clustering of
estrogen dependent pathologies. Prospective validation in a
large independent cohort of endometrial specimens collected
at multiple centers is warranted.

5.2. MicroRNAs. MicroRNAs (miRNAs) evidence differen-
tial expression in the endometrium of women with versus
without endometriosis and therefore offer potential as an
endometriosis biomarker.

Like the endometrial transcriptome generally, microRNA
expression in normal endometrium exhibits dynamic
changes across the menstrual cycle. A comparison of miRNA
array based profiles of human primary epithelial cells
isolated from estrogen-dominant late proliferative (𝑛 = 4)
and progesterone-dominant mid secretory (𝑛 = 4) phase
endometrial specimens identified 24 differentially expressed
miRNAs [119]. This finding highlights both the prospect for
miRNA dysregulation in the pathogenesis of endometrial
disorders and the importance of accounting for menstrual
cycle phase in the interpretation of miRNA profiles in
biomarker discovery protocols.

Global differential expression of miRNAs in eutopic
compared with ectopic endometrium has been evaluated
by several groups [120–124]. Pan et al. identified differ-
ential expression of 48 miRNAs in a microarray analysis
of early to mid-secretory eutopic endometrial tissues from
endometriosis-free volunteers (𝑛 = 4), and from eutopic
(𝑛 = 4) and ectopic (𝑛 = 8) endometrial tissues from women
with endometriosis. Using arrays probing 377 miRNAs to
compare eutopic and ectopic (peritoneal) endometrium from
seven women with stage II–IV endometriosis, Teague et al.,
detected dysregulation of 22miRNAs, with predicted cognate
mRNA targets known to be involved in endometriosis patho-
genesis [121]. Interestingly, the dysregulation of miRNAs was
cycle phase independent, though the relatively small sample
size limited definitive correlation. Similar to peritoneal dis-
ease, ovarian endometriosis evidenced differential expression
of miRNAs relative to paired eutopic endometrium in several
studies [122, 123]. A more recent study revealed 156 miRNAs
differentially expressed between endometriotic tissue and
normal endometrium, including twelvemiRNAs known to be
involved in fibrinolysis and angiogenesis [124]. These studies
highlight molecular pathways that may be associated with
the development of endometriosis as well as the changes

in expression signature that exist in ectopically located
endometrial tissue.

In contrast to studies comparing miRNA expression in
eutopic versus ectopic endometrium, relatively few studies
have compared miRNA expression in eutopic endometrium
from women with and without surgically confirmed
endometriosis [120, 125, 126]. In a parallel miRNA-mRNA
array based comparison of three control early secretory phase
endometrium (𝑛 = 3) with endometria from four women
with moderate-severe endometriosis, six downregulated
endometriosis associated miRNA were identified from the
miR-9 and miR-34 miRNA families [125]. MiR-9 is also
dysregulated in endometrioid ovarian cancer, with which
endometriosis is associated. Though strengthened by the
stringency of including only surgically documented presence
or absence of advanced stage endometriosis, the study is
limited by inclusion of control endometrium from women
with coexisting intramural leiomyomata which could
confound delineation of endometriosis-specific miRNA
differences. This group further compared miRNA expression
in women with mild and severe endometriosis and found
increased endometrial expression of miR-21 and DICER in
the more advanced stage of the disease [126]. In addition
to these global miRNA studies, others have compared
endometrial expression of individual miRNAs in the eutopic
endometrium of women with and without endometriosis.
In general, individual miRNAs are selected on the basis of
biological plausibility in the pathogenesis of the disorder.
For example, miR-135a (proliferative phase) and miR-135b
(proliferative and secretory phases) were investigated due to
their predicted interaction with Homeobox protein (HOX)
A10 [127]. The overexpression of these miRNAs correlated
with the downregulation of HOXA10 in endometrium from
women with endometriosis. Direct regulation of HOXA10
by miR-135a/b was subsequently confirmed by luciferase
assay in cultured endometrial stromal cells. Other miRNAs
and predicted cognate mRNAs demonstrating differential
expression in eutopic endometrium from women with and
without endometriosis include miR-23a/CYP19A1 and miR-
542-3p/COX2 [128], miR-126/CRK [129] andmiR23a/NR5A1
[130]. Notably, the reports of miR-23a expression in eutopic
endometrium from women with and without endometriosis
showed opposite directions of dysregulation, with one study
involving proliferative endometrial specimens and the other
including only early to midsecretory samples.

The demonstration of aberrant microRNA expression
profiles in the eutopic endometrium from women with
endometriosis may yield promising biomarker targets. How-
ever, independent validation and replication of miRNA dys-
regulation in phase specific comparisons are needed. To date,
the utility of miRNAs as biomarkers for endometriosis has
not been specifically tested.

5.3. Endometrial Proteome. Several groups have reported
unique proteomic profiles using the SELDI-TOFMSplatform
in eutopic endometrial specimens from women with and
without endometriosis [131, 132]. Importantly, the SELDI-
TOF MS methodology provides differential proteomic pro-
files in the form of mass/charge (m/z) peaks without
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attendant characterization of the peptides or proteins. In
2006, the first of these reports described reduced expression
of a protein peak in secretory phase endometrium from
women with mild endometriosis relative to controls [133]. A
larger study identified differential expression of 32 peptide
peaks in secretory phase endometrium from 10 women with
endometriosis (all rAFS stages) compared to that of 6 healthy
women [134]. Wang et al. performed proteomic profiling of
endometrium from 13 women with and 13 women without
endometriosis identifying five differentially expressed pep-
tide peaks (5.385 m/z, 5.425 m/z, 5.891 m/z, 6.448 m/z, and
6.898 m/z) that collectively showed 91.7% sensitivity and
90% specificity in the diagnosis of endometriosis [132]. In
the largest study to date involving a total of 53 endometrial
samples, a panel of three differentially expressed peptide
peaks (16.069 m/z, 15.334 m/z, and 15.128 m/z) diagnosed
endometriosis (all rAFS stages) with 87.5% sensitivity and
86.2% specificity [135]. Another study characterized a panel
of five differentially expressed peptide peaks in secretory
phase endometrium (1.949 m/z, 5.183 m/z, 8.650 m/z, 8.659
m/z, and 13.910 m/z) to have 89.5% sensitivity and 90%
specificity for the diagnosis of any stage endometriosis [136].
In a unique concomitant assessment of the endometrial
transcriptome and proteome, Fassbender et al. described a
panel of differentially expressed peptide peaks (2072 m/z,
2973 m/z, 3623 m/z, 3680 m/z, and 21133 m/z) in the early
secretory endometrial proteome of women with versus with-
out endometriosis as diagnostic of endometriosis (all rAFS
stages) with 91% sensitivity and 80% specificity [131]. Though
the differentially expressed m/z peaks identified among
separate groups showed no overlap, important methodolog-
ical differences are apparent. Specifically, menstrual cycle
phase of endometrial samples was not specified in several
of the studies [132, 135], and only one randomly divided
endometrial samples into training and test sets [131]. To
date, none of the differentially expressed peptide peaks have
been validated in an independent study cohort to which
investigators are blinded as to patients’ disease status. Of
paramount importance toward the development of a clinical
laboratory protein assay such as ELISA is the identification of
differentially expressed peptides and proteins.

5.4. Neuronal Marker. Clarification of the role of neuroan-
giogenesis in endometriosis has led to investigation of the
biomarker potential for nerve fibers in eutopic endome-
trial samples. Nerve fibers were first detected in peritoneal
endometriotic lesions and these were thought to contribute
to associated dysmenorrhea [137]. Immunohistochemical
detection of the protein gene product 9.5 (PGP9.5), a highly
specific pan-neuronal marker, was described at peritoneal
lesions developing from surgically transplanted uterine horn
segments in a rat model of endometriosis [138]. These
findings in endometriotic lesions led to assessment for
differences in nerve fiber density in the eutopic endometrial
microenvironment. In a study of sharp curettage and full
thickness hysterectomy specimens, PGP9.5 immunostained
nerve fibers were detected in the functional endometrial layer
from all women with surgically confirmed endometriosis but
none of the specimens from unaffected controls, and this

finding was cycle phase independent [139]. These striking
findings were followed by two independent studies assessing
the detection of endometrial nerve fibers as a diagnostic
test for endometriosis [140, 141]. In a study of archived
biospecimens, the density of nerve fibers was fourteen times
higher in the endometrium of women with rAFS stage I-
II endometriosis relative to that of healthy women, and the
combination of PGP9.5, substance P, and vasoactive intestinal
peptide was 95% sensitive and 100% specific for the diagnosis
of endometriosis [141]. In a double blind study of endometrial
pipelle samples from 99 consecutive women undergoing
laparoscopy for pelvic pain and/or infertility, immunohisto-
chemical detection of PGP9.5 demonstrated 98% sensitivity
and 83% specificity for the finding of endometriosis at
surgery [140]. Importantly, nerve fibers were not observed in
other benign gynecologic conditions to include endometri-
tis, leiomyomata, or endometrial polyps. Meticulous sam-
pling technique for collection and proper orientation of the
functional endometrial layer were methodologic points of
emphasis. These results were confirmed in a study of 27
prospectively collected eutopic endometrial specimens using
identical sampling and detection methods [142]. However,
the adoption of this method in a clinical laboratory failed to
recapitulate the accuracy of endometrial PGP9.5 immunohis-
tochemistry in the diagnosis of women with endometriosis
[143]. Functional endometrial layer nerve fibers assessed by
PGP9.5 immunostaining were detected in 9 of 45 (22%)
of histologically confirmed cases of endometriosis and in
6 of 21 (29%) of women without endometriosis. Potential
explanations for the discrepant results include curette rather
than pipelle-based sampling, inability to orient the curette
fragments for functional layer assessment and inclusion
of women undergoing hormonal treatment. Nonetheless,
the detection of nerve fibers in 29% of women without
endometriosis raised concerns regarding the assay’s speci-
ficity [143]. The specificity of endometrial nerve fiber density
was further challenged by the finding of similar endometrial
innervation and neuronal growth fibers in women with
adenomyosis, with expression reported to be more correlated
with pelvic pain than diagnosis [144]. Studies involving larger
populations are needed to validate the utility of endometrial
nerve fiber density as a biomarker for endometriosis.

6. Standard Operating Procedures

Many centres worldwide have been collecting blood or other
body fluids such as peritoneal fluid, endometrial fluid, and
menstrual fluid, as well as tissue samples—in particular
ectopic and eutopic endometrium—from women with and
without endometriosis, for a variety of research purposes
[145–147]. The adoption of validated, internationally agreed
upon standard operating procedures (SOPs) for tissue sample
collection, processing and storage, and standardized pheno-
typic and other patient data collection, are crucial to optimise
sample quality, reduce variability, and enable cross-centre
studies [17, 113, 148]. This can allow researchers to overcome
the main pitfalls in the study design and methodology such
as small sample size, lack of relevant clinical information
inconsistency in sample handling and storage, and technical
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control of preanalytical sample variability, which contribute
to controversial study results in endometriosis research [17].

Recently, the World Endometriosis Research Foundation
(WERF) Endometriosis Phenome and BiobankingHarmoni-
sation Project (EPHect) has developed a consensus on
standardisation and harmonisation of phenotypic surgical/
clinical data and biologic sample collection methods in
endometriosis research [146, 147, 149, 150]. This consensus
[146, 147, 149, 150] was developed on the basis of publicly
available SOPs fromgeneral large-scale biobanking efforts, on
a systematic literature search in PubMed and Google search,
on published SOPs for endometriosis related biobanking
[17, 151], and on personal biobank experience from study
participants. Two types of SOPs were developed: standard
recommended andminimum required. “Standard’’ collection
SOPs should be adopted where possible, as they will yield
results that are least prone to variation and degradation
of the samples; “minimum” SOPs should be used by all
individuals starting an endometriosis biobank as they provide
the fundamentals for standardization required as an absolute
minimum requirement given unavoidable logistical and bud-
getary circumstances. All questionnaires and SOPs produced
by the WERF EPHect Working Group are freely available
for use by investigators on the WERF EPHect website:
http://endometriosisfoundation.org/ephect/ [146, 147, 149,
150].

7. Conclusion

Despite the plethora of studies on endometriosis biomarkers,
neither a single biomarker nor a panel of biomarkers has
been validated for a noninvasive diagnostic testwith sufficient
sensitivity and specificity [17]. A first step toward validation of
biomarkers has beenmade [24, 140]; however, further studies
are needed to develop a clinically useful test. Currently,
biomarker research in endometriosis is still lacking repro-
ducible data with high sensitivity and specificity. In addition,
limitations derive from small sample size and suboptimal
characterisation of specimens (no breakdown according to
menstrual phase or lesion phenotype).

Discovery of new biomarkers and validation of putative
biomarkers are crucial to make progress in the field [17]
and are top research priorities for endometriosis proposed in
2009 and 2013 by highly ranked researchers [11, 21].
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Objective. To investigate the level of expression of prostaglandin receptivity and uptake factors in eutopic and ectopic endometrium
of women with endometriosis.Design. Prospective study. Setting.Human reproduction research laboratory. Patients. Seventy-eight
patients with endometriosis and thirty healthy control subjects. Intervention(s). Endometrial and endometriotic tissue samples
were obtained during laparoscopic surgery. Main Outcome Measure(s). Real-time polymerase chain reaction assay of mRNA
encoding prostaglandin E2 receptors (EP1, EP2, EP3, and EP4), prostaglandin F2𝛼 receptor (FP), prostaglandin transporter (PGT),
and multidrug resistance-associated protein 4 (MRP4); immunohistochemical localization of expressed proteins. Results.Marked
increases in receptors EP3, EP4, and FP and transporters PGT and MRP4 in ectopic endometrial tissue were noted, without
noticeable change associated with disease stage. An increase in EP3 expression and decreases in FP and PGT were observed in
the eutopic endometrium of endometriosis patients in conjunction with the phases of the menstrual cycle. Conclusion(s). This
study is the first to demonstrate a possible relationship between endometriosis and enhanced prostaglandin activity. In view of the
wide range of prostaglandin functions, increasing cell receptivity and facilitating uptake in endometrial tissue could contribute to
the initial steps of overgrowth and have an important role to play in the pathogenesis and symptoms of this disease.

1. Introduction

Endometriosis is a major health issue affecting nearly 10
percent of women of childbearing age. The main symptoms
of this disease include chronic pelvic or abdominal pain,
irregular bleeding, and in 40–50% of cases infertility [1]. The
amount of pain experienced correlates poorly with disease
stage. Endometriotic tissue may settle and proliferate in the
fallopian tubes or the ovaries or enter the peritoneal cavity
and deposit in ectopic sites. The causes and symptoms of
endometriosis are multifactorial. Although knowledge of its
underlying immunological and endocrine mechanisms is
progressing, gray areas continue to obscure complete under-
standing of its pathology. Our studies were among the first
to highlight dysfunctions in eutopic endometrium, including
elevated levels of the monocyte chemoattractant factorMCP-
1 [2]. In addition, we have shown that ectopic endometrial
tissue by itself is capable of producing growth-promoting

molecules such as vascular endothelial growth factor (VEGF)
[3] as well as implantation-promoting integrins [4] while
initiating peritoneal inflammation.This inflammation causes
the release of mediators such as prostaglandins E2 (PGE2)
and F2𝛼 (PGF2𝛼), which play a role in reproductive functions
such as ovulation, luteolysis, implantation, parturition, and
lactation. Excessive release of prostaglandins may affect peri-
toneal function, causing pain [5] and disrupting processes
such as oocyte maturation, ovulation, and fertilization [6, 7].

Prostaglandins are lipid compounds derived enzymati-
cally from arachidonic acid. The reproductive system is the
principal producer of PGE2 and PGF2𝛼. The involvement
of prostaglandins in pain [5, 8, 9], infertility [10–12], angio-
genesis [13, 14], tissue remodeling [15], and cell proliferation
[16] in association with various pathological conditions is
well documented. We along with others have shown that an
isoform of cyclooxygenase-2 (COX-2) is overexpressed in
ectopic endometrial cells [17–20] and that PGE2, PGF2𝛼, and
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other specific prostaglandins are present at abnormally high
levels in uterine tissues of women suffering from menorrha-
gia, dysmenorrhoea, or endometriosis [21–23]. It is also well
known that PGE2 and PGF2𝛼 are more concentrated in the
peritoneal fluid of endometriosis patients [5, 10, 12, 24, 25].
Such evidence has led us to investigate a possible role of these
prostaglandins in the pathogenesis of endometriosis. Our
recent comparison of endometrium (eutopic and ectopic)
from endometriosis patients to healthy eutopic endometrium
showed overproduction of PGE2 and PGF2𝛼, apparently
promoted by increased expression of enzymes such as COX-2
with cPGES or AKR1C3 [26].

Regulation of production is not the only means by
which the body modulates the action of PGE2 and PGF2𝛼.
Expression of prostaglandin receptors and transporters may
also be regulated. Once released as messenger molecules,
prostaglandins act locally on receptors in an autocrine or
paracrine manner. The four main subtypes of PGE2 receptor
are designated as EP1, EP2, EP3, and EP4, while the PGF2𝛼
receptor is called FP [27, 28]. The receptor subtype deter-
mines the nature of the physiological response. Reception
either elicits the intracellular calcium-inositol triphosphate
pathway or increases/decreases cyclic adenosine monophos-
phate (cAMP) activity. Engagement of some receptors may
elicit both pathways, depending on cell type and receptor
splice variety.

Prostaglandins were originally believed to exit from
producer cells via passive diffusion because of their strongly
lipophilic character.Thediscovery of the prostaglandin trans-
porter protein PGT (SLCO2A1), which mediates prostagl-
andin uptake and release [29, 30], demonstrated that diffu-
sion alone did not explain the penetration of prostaglandins
through the cell membrane. Furthermore, a specific trans-
porter, namely, multidrug resistance protein 4 (MRP4,
ABCC4) of the ATP-binding cassette transporter superfam-
ily, has been shown to mediate prostaglandin release [31].
Whether or not MRP4 is the only transporter that does this
is still unclear.

Although it is clear that PGE2 and PGF2𝛼 play important
roles in a number of female reproductive physiological proc-
esses as well as in endometriosis-associated infertility and
pain [5, 10, 12, 32], current understanding of these roles
remains incomplete. In the present study, we analyzed the
expression of EP1, EP2, EP3, EP4, FP, PGT, and MRP4 in
endometriosis patients in comparison to their expression in
normal eutopic endometrium. We observed marked differ-
ences between eutopic and ectopic endometria in terms of
prostaglandins receptivity and transport readiness.

2. Materials and Methods

2.1. Patients and Tissue Collection. The study received ap-
proval from the Human Research Ethics Committee at
Saint-François d’Assise Hospital, and informed consent was
obtained from all participants, who were recruited between
February 2002 and March 2007. Endometriosis patients were
aged 34.2 ± 3.6 years (𝑛 = 78) and were consulting for
pelvic pain and/or infertility. They were diagnosed using
laparoscopy and the disease stage (I–IV) was determined

according to the Revised American Fertility Society classifi-
cation system. Endometriotic tissue samples were collected
from 28 of these patients. We also recruited healthy women
aged 35.3 ± 3.8 (𝑛 = 30) scheduled for tubal ligation. These
participants had no pelvic pathology or sign of endometrial
hyperplasia or neoplasia and had not received any anti-
inflammatory or hormonal medication for at least 3 months.
Menstrual cycle dating was determined using the cycle
history.

Endometrial and endometriotic biopsies were obtained
during laparoscopy. Tissue was placed immediately at 4∘C in
sterile Hank’s balanced salts solution (HBSS) (GIBCO Invit-
rogen Corp., Burlington, ON, Canada) containing 100 IU/mL
penicillin, 100 𝜇g/mL streptomycin, and 0.25 𝜇g/mL ampho-
tericin and transported to the laboratory. After washing
in HBSS at 4∘C, samples were frozen at −80∘C in Eppen-
dorf tubes for quantitative real-time PCR (qRT-PCR) or
embedded in paraffin and stored at room temperature for
immunohistochemical analysis.

2.2. Quantitative Real-Time PCR. Total RNA was extracted
from endometrial tissue using the TRIzol reagent according
to the manufacturer’s instructions (Invitrogen Life Technolo-
gies, Inc., Grand Island, NY, USA) and reverse-transcribed
in the presence of random hexamers. The qRT-PCR reaction
was carried out in an ABI 7000 Thermal Cycler (Applied
Biosystems, Foster City, CA, USA). The standard reaction
mixture contained 2𝜇L of RT product, 0.5 𝜇L of each primer
(final concentration, 0.1mM), 12.5 𝜇L SYBR Green PCR
Master Mix (Invitrogen Life technologies, Inc., Grand Island,
NY, USA) consisting of Taq DNA polymerase reaction buffer,
dNTP mix, SYBR green I, MgCl

2
, and Taq DNA polymerase.

Following denaturing for 2min at 95∘C, the reactions were
cycled 45 times with denaturing for 15 sec at 95∘C and anneal-
ing for 60 sec at 60∘C. The primer sequences are listed in
Table 1. The primers were designed using Primer Express 2.0
(Applied Biosystems, Foster City, CA, USA) to span intron-
exon boundaries to avoid amplification of genomic DNA and
selected to have compatible Tm values (59–61∘C). A relative
quantification method was used. Expression of mRNA of
EP1, EP2, EP3, EP4, FP, PGT, total MRP4, and MRP4 variant
1 was normalized to that of the gene GAPDH. After each
run, melting curve analysis (55–95∘C) was performed to
verify the specificity of the PCR reaction. All samples were
tested in duplicate and each run included a template control.
Baseline curves, melting curves, melting points, crossing
points, slopes, and errors were monitored for each gene.

2.3. Immunohistochemical Probe. Endometrium was fixed
in 10% formalin (Fisher Scientific, New Jersey, USA) and
then embedded in paraffin. Serial tissue sections 4𝜇m thick
were rinsed in phosphate buffered saline (PBS) and treated
with 3% hydrogen peroxide to block endogenous peroxidase
activity. All antibodies were diluted in PBS containing 0.2%
bovine serum albumin and 0.1% Tween 20. Sections were
incubated for twohours at room temperaturewith the specific
antibody (Cayman, Ann Arbor, USA). Rabbit polyclonal
anti-human EP2 was diluted 1 : 800, and rabbit polyclonal
antibodies directed against human EP1, EP3, EP4, FP, and
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Table 1: List of primers used for qRT-PCR.

Gene Forward Reverse
EP1 5-ATGGTGGGCCAGCTTGTC-3 5-GCCACCAACACCAGCATTG-3

EP2 5-TCCTTGCCTTTCACGATTT-3 5-AGAGCTTGGAGGTCCCATT-3

EP3 5-TGGTCTCCGCTCCTGATAA-3 5-TGCATTCTTTCTGCTTCTCC-3

EP4 5-TGCTCTTCTTCAGCCTGTCC-3 5-GAGCTACCGAGACCCATGTT-3

FP 5-TCTGGTCTGTGCCCACTTC-3 5-GACTCCAATACACCGCTCAAT-3

PGT 5-CTGGTGGATTTCATTAAACGG-3 5-GGCTGCTGAGGTGCCATAC-3

MRP4 total 5-AAAGTGCCAAAGTAATCCAGC-3 5-GTTCAAAGCCACAGAATCCA-3

MRP4 variant 1 5-CGGGCATACAAAGCAGAA-3 5-GGACCCAAAGGCAACG-3

PGT were all diluted 1 : 200. Rat monoclonal anti-human
total MRP4 (Abcam, Cambridge, USA) was diluted 1 : 50.
Sections were then held for 45 minutes at room temper-
ature with peroxidase-conjugated goat anti-rabbit antibody
(Jackson ImmunoResearch Laboratories, Inc., West Grove,
USA) diluted 1 : 2000 or peroxidase-conjugated rabbit anti-
rat antibody (Jackson ImmunoResearch Laboratories, Mis-
sissauga, Canada) diluted 1 : 500 and then for 40 minutes
with the peroxidase substrate 3,3-diaminobenzidine for 5
minutes at room temperature followed by rinsing in PBS,
counterstaining with hematoxylin and mounting in Mowiol.

2.4. Statistical Analysis. Data that followed a normal (Gaus-
sian) distribution were subjected to one-way analysis of vari-
ance (ANOVA) and Bonferroni’s post hoc test for multiple
comparisons, while data that were not normally distributed
were analyzed using the Kruskal-Wallis test and Dunn’s
multiple comparison post hoctest for multiple comparisons.
Comparison of the two groupswas performed using the para-
metric unpaired 𝑡-test or the nonparametric Mann-Whitney
test. All statistical analyses were performed using GraphPad
Prism 5.0 Software (San Diego, CA, USA). Differences were
considered to be statistically significant at 𝑃 < 0.05.

3. Results

3.1. Expression of PGE2 and PGF2𝛼 Receptors and
Transporters in Eutopic and Ectopic Endometria in
the Diseased State

3.1.1. Prostaglandins E2 and F2𝛼 Receptors. Neither EP1 nor
EP2 was expressed differentially to any appreciable degree,
whether the comparison was between endometriosis
patients and healthy control patients, eutopic and ectopic
endometrium in endometriosis patients (Figures 1(a) and
1(b)), endometriosis stages (Figures 2(a) and 2(b)), or the
two phases of the menstrual cycle (Table 2).

Expression of EP3 was increased in ectopic endometrium
of endometriosis patients (Figure 1(c)) and, as shown in
Figure 2(c), in both stages I-II and stages III-IV. This effect
was apparent in both secretory and proliferative phases of the
menstrual cycle (Table 2). These effects were all significant at
𝑃 < 0.001. It is worth mentioning that EP3 expression was
increased significantly in eutopic tissue during the secretory
phase even in healthy women (𝑃 < 0.05), but at an order of
magnitude less than in ectopic tissue.

As was the case for EP3, EP4 expression was increased
(𝑃 < 0.001) in ectopic endometrium (Figure 1(d)), although
neither endometriosis stage (Figure 2(d)) nor phase of the
menstrual cycle (Table 2) had any effect.

FP expression followed distinctive patterns in eutopic
(𝑃 < 0.05) and ectopic (𝑃 < 0.001) endometria of endomet-
riosis patients (Figure 1(e)). The increase was especially
pronounced in ectopic endometrium (𝑃 < 0.001) at both
disease stages (Figure 2(e)), during both phases of the men-
strual cycle (Table 2). Expression in eutopic endometrium
in endometriosis patients was significantly higher during the
proliferative phase than during the secretory phase, while the
difference between these patients and healthy subjects during
the proliferative phase was only marginally significant (𝑃 =
0.18).

3.1.2. Prostaglandins E2 and F2𝛼 Transporters. PGT expres-
sion was significantly increased (𝑃 < 0.001) in ectopic
endometrium (Figure 1(f)) at stages I-II (𝑃 < 0.001) and III-
IV (𝑃 < 0.01) of the disease (Figure 2(f)) and during both
phases of the menstrual cycle (Table 2).

Expression of total MRP4 in ectopic endometrium was
increased similar to PGT in endometriosis stages I-II and
III-IV (Figures 1(g) and 2(g)) and during both phases
of the menstrual cycle (Table 2). However, regulation of
MRP4 is more complex because of its two transcriptional
variants, namely, variant 1 (coding sequence: 120. . .4097,
NM 005845.3) and a shorter variant 2 (coding sequence:
120. . .2699, NM 001105515), which encode distinctive func-
tional proteins of different molecular mass. There was no
noticeable effect of the disease on the expression of variant
1 (Figure 1(h)). The ratio of variant 1 to total MRP4 was
significantly greater (𝑃 < 0.001) in eutopic endometrium
in subjects with or without the disease (not shown). The
meaning of this ratio is not yet known. In any case, it did not
differ significantly.

3.2. Immunohistochemical Localization of PGE2 and PGF2𝛼
Receptors and Transporters in Eutopic and Ectopic Endome-
tria in Endometriosis Patients and Healthy Subjects. Cell
membranes of ectopic endometriotic tissue and eutopic
endometrium from endometriosis patients and from healthy
subjects were examined using an immunohistochemical
technique. Representative immunological staining of the
receptors and transporters is shown in Figures 3 and 4.
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Figure 1: Expression of PGE2 and PGF2𝛼 receptors and prostaglandin transporters in endometrium, 𝑛 = 30, 50, and 28, respectively, for
healthy (control) subjects, eutopic tissue samples from endometriosis patients, and ectopic tissue samples. Total RNA was extracted and
reverse-transcribed and mRNA was quantified by quantitative RT-PCR and normalized relative to GAPDH (internal control). (a) EP1, (b)
EP2, (c) EP3, (d) EP4, (e) FP, (f) PGT, (g) total MRP4, and (h) MRP4 variant 1. The horizontal lines represent the mean for each set of data.
∗

𝑃 < 0.05, ∗∗𝑃 < 0.01, and ∗∗∗𝑃 < 0.001.
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Figure 2: Expression of PGE2 and PGF2𝛼 receptors and prostaglandin transporters in endometrium at different stages of endometriosis, 𝑛
= 30, 50, and 28, respectively, for healthy (control) subjects, eutopic tissue samples from patients with the disease, and ectopic tissue samples.
Total RNA was extracted and reverse-transcribed and mRNA was quantified by quantitative RT-PCR and normalized relative to GAPDH
(internal control). (a) EP1, (b) EP2, (c) EP3, (d) EP4, (e) FP, (f) PGT, (g) total MRP4, and (h) MRP4 variant 1. The horizontal lines represent
the mean for each set of data. ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, and ∗∗∗𝑃 < 0.001.
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Table 2: Effect of endometriosis andmenstrual cycle phase on expression of prostaglandin receptors and transporters in endometrium, based
on real-time PCR and normalized relative to GAPDH mRNA as mean % ± SD. Also, 𝑛 = 30, 50, and 28, respectively, for healthy (control)
subjects, eutopic tissue samples from endometriosis patients, and ectopic tissue samples.

Gene
Controls

(mean ± SEM)

Endometriosis
Eutopic

(mean ± SEM)
Ectopic

(mean ± SEM)
EP1

Proliferative phase 317,2 ± 100,5 307,0 ± 42,13 307,3 ± 54,11
Secretory phase 209,5 ± 35,33 200,2 ± 37,57 411,3 ± 128,9

EP2
Proliferative phase 57,90 ± 17,46 66,60 ± 22,24 71,74 ± 14,89
Secretory phase 198,2 ± 51,72† 179,5 ± 38,82† 112,6 ± 17,9

EP3
Proliferative phase 28,55 ± 6,652 29,76 ± 3,444 1021 ± 249,3∗∗∗+++

Secretory phase 73,94 ± 20,06† 48,35 ± 6,463†† 1310 ± 276,1∗∗∗+++

EP4
Proliferative phase 34,38 ± 12,67 46,82 ± 22,68 380,2 ± 136,5∗∗∗+

Secretory phase 21,94 ± 6,654 10,47 ± 1,546 583,4 ± 205,2∗∗∗+++

FP
Proliferative phase 237,5 ± 31,18 1059 ± 497,2 9213 ± 1947∗∗∗+++

Secretory phase 97,27 ± 18,26†† 229,6 ± 61,22†† 14268 ± 2742∗∗∗+++

PGT
Proliferative phase 16,04 ± 4,058 21,74 ± 3,682 56,42 ± 14,73∗∗+

Secretory phase 5,964 ± 3,326†† 6,760 ± 2,736††† 88,69 ± 25,28∗∗∗+++

MRP4 total
Proliferative phase 142,9 ± 63,47 97,05 ± 15,51 591,5 ± 227∗∗+

Secretory phase 80,93 ± 16,17 154,7 ± 25,77 931,2 ± 386,5∗∗∗+++

MRP4 variant 1
Proliferative phase 160,9 ± 15,28 157,8 ± 18,82 194,2 ± 24,08
Secretory phase 196,2 ± 24,35 178,8 ± 18,99 164,7 ± 20,93

Note: ∗∗𝑃 < 0.01 and ∗∗∗𝑃 < 0.001 versus the control group; +𝑃 < 0.05 and +++𝑃 < 0.001 versus the eutopic group; †𝑃 < 0.05 and ††𝑃 < 0.01 versus expression
in the corresponding proliferative phase; †††𝑃 < 0.001.

Staining of EP1 and EP2 in endometrial glands was weak.
Clear staining of EP3, EP4, and FP was visible mainly in
endometrial glands, but the adjacent stroma also appeared
positive for these receptors. However, staining of FP was
more intense in eutopic and ectopic endometrial tissues
of endometriosis patients, whether in glandular cells or in
surrounding stromal cells.

The pattern of PGT staining was similar in endometrial
tissues from endometriosis patients and healthy subjects.
Positive staining forMRP4 (total) was locatedmainly in stro-
mal cells from control patients, but only in epithelial cells of
eutopic endometrium from endometriosis patients. However,
this staining was more intense in ectopic tissue, whether in
glandular epithelial cells or in surrounding stromal cells.

4. Discussion

Prostaglandins E2 and F2𝛼 play major roles in the regu-
lation of the cyclic changes of the endometrium and are
also involved in diseases afflicting this tissue, in particular

endometriosis. In this study, we showed that expression
of mRNA encoding prostaglandin receptors EP3, EP4, and
FP and of transporters PGT and MRP4 was increased in
ectopic endometrium of women suffering from endometrio-
sis. The expression of FP receptor was increased in both
ectopic and eutopic endometrium of endometriosis patients,
while expression of EP3 and EP4 was increased in ectopic
endometrium only. No effect on expression of EP1 or EP2
receptors was observed. The menstrual cycle also had a
significant effect, increasing EP3 receptor expression in the
secretory phase both in the control group and in women
with endometriosis. Although the cycle did not modulate
overexpression of EP3, EP4, and FP in ectopic endometrium,
it did appear to affect the eutopic endometrium of these
patients, notably by causing decreased expression of FP in the
secretory phase.This was not observed for any other receptor.
While the increase in PGF2𝛼 during the secretory phase in
healthy women is well documented, the regulation of PGE2
secretion during the menstrual cycle is less certain. Studies
show that PGE2 level may increase during the secretory
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Figure 3: Representative immunohistochemical staining of EP1, EP2, EP3, EP4, and FP in endometrium of healthy women and in eutopic
and ectopic endometrium of endometriosis patients. No staining was observed in control sections incubated without the primary antibody
or with an equivalent concentration of goat IgG. The original magnification was 400x.
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Figure 4: Representative immunohistochemical staining of PGT and total MRP4 in endometrium of healthy women and in eutopic and
ectopic endometrium of endometriosis patients. No staining was observed in control sections incubated without the primary antibody or
with an equivalent concentration of goat or rat IgG. The original magnification was 400x.

phase or the proliferative phase or may remain the same
throughout the cycle [33–35]. Our data corroborate a previ-
ous observation of EP4 and FP expression increasing towards
the end of the menstrual cycle and concomitant with the
withdrawal of progesterone and sloughing of the functional
layer of the endometrium, peaking during the mid-late
proliferative phase and not in the secretory phase, coincident
with an elevation in the expression of PGT [36]. In contrast,
changes in EP3 expression across the menstrual cycle have
not been noted previously [37–39].

The specific roles played by PGE2 and PGF2𝛼 in modu-
lating reproductive physiology have been demonstrated using
mice deficient in the corresponding receptors [40]. The most
striking observations have been made using FP receptor and
EP3 receptor knockout mice. It has thus been shown that the
FP receptor is indispensable in female reproduction and that
its ablation results in loss of parturition [41]. Studies of mice
lacking individual prostaglandin receptors EP1–4 suggested
strongly that EP3 was the principle receptor mediating pain
[42, 43]. In addition, several in vitro studies demonstrated
that expression of aromatase (an enzyme involved in the syn-
thesis of estrogens) may be regulated through EP3 [44]. On
the other hand, binding of PGE2 to the EP3 receptor regulates
vascular function-dysfunction in ocular tissues and promotes
vitreal neovascular diseases such as ischemic retinopathy [45]

and also transcriptional upregulation of fibroblast growth
factor 9 [46]. Although little is known about the angiogenic
potential of other prostaglandin receptors, increased levels
of EP4 and FP have been reported in perivascular cells in
endometrial adenocarcinomas [27, 47]. More recent studies
have demonstrated that selective blockade of EP4 signaling
inhibits proliferation and adhesion of human endometriotic
epithelial and stromal cells through suppression of integrin-
mediated mechanisms [48–50]. It has also been shown that
anomalies in cell adhesion, morphology, and proliferation
can occur after binding of ligands to EP4 and FP or activation
of downstream signaling pathways such as MAPK and PI3K
[47, 51–53]. Our results suggest that the specific increase in
expression of these receptors is not insignificant and that it
may contribute to the principal symptoms associated with
endometriosis. Very few authors have studied the role of
MRP4 in endometriosis [54]. Increased MRP4 expression
has been shown in malignant prostate tissue [55], in acute
myeloid leukemia [56], and in colorectal neoplasia [57],
while increased PGT expression has been associated with
epithelialmalignancy [58].Our results show, for the first time,
increased expression of both prostaglandin transporters in
endometriotic tissues. We observed significant increases of
PGT expression in eutopic endometrium during the prolif-
erative phase of the menstrual cycle both in healthy women
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and in patients with endometriosis as well as in ectopic
endometrium. As reported previously [54, 59], we also
observed significantly increased expression of total MRP4 in
ectopic tissue while MRP4 variant 1 showed no noticeable
change. Recently described as a prostaglandin efflux trans-
porter, MRP4 was expressed at much the same level through-
out the menstrual cycle. Based on these results, we suggest
that the observed overexpression of MRP4 is most likely due
to variant 2 and not to the combination of the two variants, as
is often reported.The increases in both transportermolecules
appear concomitant, specifically in ectopic lesions. Although
their actions seem to be different, these transporters might
work in concert to improve prostaglandin dispatching.

Immunohistochemistry experiments largely support the
mRNA expression results. In eutopic endometrium, PGE2
and PGF2𝛼 receptors and transporters were found at greater
abundance in glandular epithelial cells than in stromal
cells, consistent with increased epithelial MRP4 expression
demonstrated in endometriosis [54] and cancer [55]. Further-
more, staining of PGT, FP, EP3, and EP4 in ectopic endome-
trial tissue was intense, as reported previously [60, 61]. Low
levels of EP1 and EP2 were also found in the glandular
epithelium and in ectopic tissue. Our results corroborate
those of Arosh et al. [62], who reported that EP2 staining in
the endometrium of cattle was expressed mainly in glandular
epithelial cells.

Elevated MRP4 and PGT expression, particularly in
epithelial glandular cells, may result in increased availability
of PGE2 and PGF2𝛼, which through engagement of their
EP3, EP4, or FP receptors (also elevated in endometriosis)
may activate intracellular signals such as the diacylglycerol
or cyclic AMP pathways. Aberrant transport and signaling
by prostaglandin receptors in the endometrium [47, 63]
as observed in the present study therefore might promote
uterine pathologies such as endometriosis. Although the
modifications observed in the eutopic endometrium of
endometriosis patients appear slight, they nevertheless affect
sensitivity to PGE2 andPGF2𝛼 and thus disrupt normal func-
tion. The proinflammatory environment of the peritoneal
cavity of women with endometriosis induces significant
overexpression of the majority transporters and receptors
required to regulate PGE2 and PGF2𝛼. In addition to having a
role in the pathogenesis of the disease, this could also disrupt
the entire female reproductive tract. Since the female genitalia
bathe in peritoneal liquid [64], an increased level of PGE2 and
PGF2𝛼 could act on the whole system and thereby influence
the reproductive process.

Although qualitative, immunohistochemistry has limita-
tions that should not be overlooked. Immunohistochemical
confirmation of mRNA expression reinforces the importance
of our observations, especially in view of the inevitable
variability associated with categorizing of clinical symptoms
and/or staging of patients. In conclusion, this study reveals
for the first time that endometriosis can affect the regulation
of PGE2 and PGF2𝛼 activity at the points of reception on the
cell surface and transport into the target cells.

Capsule. Eutopic and ectopic endometria of endometriosis
patients display distinct anomalies in levels of expression of
prostaglandins receptivity and uptake factors.
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The off-label use of bevacizumab labeled with 99mTc as a new radiopharmaceutical for imaging of endometriosis is a promising
noninvasive, new clinical procedure. The bevacizumab in monoclonal antibodies targeted at vascular endothelial growth factor
(VEGF) is superexpressed in cases of endometriosis. In this study we evaluate the imaging of endometriosis lesion in rats (induced
to endometriosis) using bevacizumab-99mTc. The results showed that bevacizumab-99mTc imaged the lesion and support his use
for NuclearMedicine applied to gynecology. Also the results appointed that this radiopharmaceutical has a hepatobiliary excretion.
It is important to notice that the dose used was almost 0,01% of the usual dose for the bevacizumab.

1. Introduction

Endometriosis is a gynecological disease defined as the
presence of growth functional endometrium outside the
uterus [1]. This disease is associated with infertility and
incapacitating painful symptoms, including chronic pelvic
pain, dysmenorrhea, and dyspareunia [2]. It is important
to notice that approximately 11% of women did not report
any gynecologic pain symptoms [3]. It is a benign disease
but it can behave like a malignant one in terms of growing,
infiltrating, and adhering to the surrounding tissues [4].
However, the pathogenesis of endometriosis has not yet
been fully clarified. The most widely accepted theory for
the development of endometriosis is the implantation theory
of Sampson [5], who proposed that endometrial tissue is
shed in a retrograde manner into the peritoneal cavity
during menstruation, where it attaches and proliferates at

ectopic sites. In addition to the retrograde flow of exfoliated
endometrium, new blood vessels essential for the survival of
the endometrial implant, and therefore the development of
endometriosis, must be formed [6].

The pathological angiogenesis occurs in a range of
diseases that could be classed together as angiogenesis-
dependent diseases, and the endometriosis has been assigned
to this group [7]. Endometrial angiogenesis is promoted by
numerous inducers and growth factors, including vascular
endothelial growth factor (VEGF). Several authors postulated
that VEGF-induced angiogenesis is a critical aspect of the
pathophysiology of this disease [8–11].

Moreover, the endometriosis is regarded as a complex and
heterogeneous disease, which is associated with diagnosis
delay and high recurrence rates. According to the American
Congress of Obstetricians and Gynecologists, the only way
to definitively diagnose endometriosis (of any type) is direct
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visualization of the endometriotic implant by a trained
surgeon followed by biopsy and histological confirmation
as the gold standard; in any case an invasive procedure is
required [12]. As angiogenesis represents a critical step in
the establishment and pathogenesis of endometriosis; this
process has been viewed as a potential new target for better
diagnoses of disease.

Bevacizumab is a recombinant humanized monoclonal
antibody IgG1 which selectively binds to and neutralizes
the biological activity of vascular endothelial growth factor
(VEGF) and inhibits its interaction with receptors VEGFR 1
and VEGFR 2 [13]. Bevacizumab monoclonal antibody was
approved for treatment of first and second line metastatic
colorectal cancer; in combination with 5-fluorouracil, it is
also approved for the treatment of first line non-small cell
lung cancer and for unresectable, locally advanced, recurrent,
or metastatic disease [1] as well as metastatic breast cancer
when combined with carboplatin and paclitaxel. It was
recently approved (November 2014) for platinum-resistant
recurrent epithelial ovarian cancer in combination with
chemotherapy (paclitaxel, pegylated liposomal doxorubicin,
or topotecan). There is also evidence of the effectiveness of
bevacizumab as the sole medication in metastatic clear cell
renal cancer [13, 14] or combined with erlotinib [14, 15],
but it was only approved for the treatment of renal cell
carcinoma with interferon-𝛼 [16]. Finally, bevacizumab has
shown antitumour activity in glioblastoma. Based on the
improvement in objective response rate, it was approved
as a single agent in adult patients with progressive disease
following prior therapy because glioblastoma is a highly
vascularised tumour with high levels of VEGF [16, 17].

Is important to notice that there is no study of labeling
bevacizumab with 99mTc for endometriosis imaging. A good
and initial expectation for the use of antiangiogenic agents
is that they would be practically free of adverse reactions
since the dose for Nuclear Medicine procedure is almost
0,01% of the normal dose used in clinics. The aim of this
study was to evaluate the bevacizumab labelled with 99mTct
as a new, noninvasive radiopharmaceutical for diagnosis of
endometriosis.

2. Methodology

2.1. Surgical Induction of Endometriosis. The endometriosis
model was established as previously described elsewhere [10–
12, 18]. In brief, 20 female rats were opened at the abdomen
through a 3 cm midline incision to expose the uterus. One
uterine horn was ligated at both the uterotubal junction and
the cervical end and was removed. The segment was placed
in phosphate-buffered saline at 37∘C and split longitudinally,
and 5 × 5mm pieces were sectioned. These explants were
then anchored onto the peritoneum on the right side of
the ventral abdominal wall by nonabsorbable polypropylene
sutures (Prolene 6-0, Ethicon, Piscataway, NJ). The abdomen
was closed and the animals were allowed to recover from
anesthesia. After 15 days, the bevacizumab labeled with
99mTc was administered intraocularly, and the animals were
euthanized to collect the endometriotic lesions, blood, and
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Figure 1: Biodistribution of bevacizumab labeled with 99mTc after
1 hour injection. This is the mean of 15 rats.

the other organs (spleen, heart, kidney, lung, stomach, brain,
liver, and intestine).

All experiments were conducted in accordance with
the ethical guidelines from the Institutional Animal Care
Committee (CEUA) in Universidade Estadual da Zona Oeste
(UEZO) of Rio de Janeiro, Brazil, protocol code: CEUA-
UEZO.009/14.

2.2. Labeling with 99mTc and Imaging. The labeling process
was done using 150𝜇L of the bevacizumab incubated with
stannous chloride (SnCl

2
) solutions (80 𝜇L/mL) (Sigma-

Aldrich) for 20 minutes at room temperature. Then this
solution was incubated with 100 𝜇Ci (approximately 300 𝜇L)
of technetium-99m for another 10 minutes in order to label
bevacizumab with 99mTc [19, 20].

2.2.1. Quality Control of the Labeling Process. The quality
control of the labeling process was done by TLC (Thin layer
Chromatography).

2.2.2. Biodistribution. The biodistribution studies were done
with 15 rats (Wistar) (Figure 1). The final averages were used
to construct the graphics.The Institutional Review Board and
the Animal Ethics Committee approved the study protocol.
The labeled samples (3.7MBq/0.2mL) were administered by
intraocular injection. Counts were acquired for 5min in a
15% window centered at 140KeV after 1 h of the injection.
The animals were sacrificed and their organs removed and
weighed, and the radioactivity uptake is counted in a gamma
counter (Perkin Elmer). Results were expressed as a percent-
age of injected dose (activity) per gram of tissue [21].

2.2.3. Imaging. Planar images (Figure 2) were obtained at
60min after injection using a Millennium Gamma Camera
(GE Healthcare, Cleveland, USA). Counts were acquired for
5min in a 15% window centered at 140KeV. The images
were processed using OsiriX software, and regions of interest
(ROIs) over the lesion were selected for specific analysis
(Figure 1). The Institutional Review Board and the Animal
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Figure 2: Planar image of the lesion after 1 hour injection.

Ethics Committee of the Federal University of Pernambuco
(number 23076.002362/2010-37) approved all studies.

3. Results and Discussion

The labeling process showed >99% of the bevacizumab with
99mTc in interval of 24 hours. This supports the labeling
process using the direct method.

The results of biodistribution showed a high uptake of
bevacizumab-99mTc by the liver and spleen, even in the
presence of the lesion (endometriosis).Theuptake by the liver
suggests fastmetabolism of the drug, which is of great interest
for a diagnostic drug. The presence in the spleen, lung,
and intestine is explained by the fact that the mesenchyme
of the intestine and also spleen and lung of rats secretes
several ligands for epidermal growth factor that induces
differentiation of the epithelial cell sites [8].

The image showed that the lesion was well defined and
supports the use of this radiopharmaceutical for endometrio-
sis diagnosis.

The objective of this study was to determine whether
labeled monoclonal antibody anti-VEGF (bevacizumab)
could be useful in the diagnosis of endometriosis. A study [9,
10] has shown that in endometriotic implants there are a high
level of neovascularization, and in consequence a high level
of VEGF. Unfortunately, the mean latency of 6-7 years from
onset of symptoms to definitive diagnosis of endometrio-
sis may have significant consequences in terms of disease
progression. In this direction a noninvasive diagnostic tool
could be used more readily by clinicians, perhaps leading to
decreased time until diagnosis and subsequently decreased
consequences due to disease progression [22]. In addition,
the laparoscopy, the invasive procedure surgery, remains the
gold standard approach to diagnostic endometriosis and the
lack of a laboratory biomarker for the disease remains a
top research priority. The discovery of a sufficiently sensitive
and specific clinical agent for the nonsurgical detection of
endometriosis promises earlier diagnosis in order to provide

additional support for treatment planning. Also the develop-
ment of new radiopharmaceutical that could be used daily in
the clinic routine is quite promising.

4. Conclusion

The results showed that bevacizumab labeled with 99mTc
may be supported to be used as radiopharmaceuticals for
endometriosis imaging, instead of surgical procedure. This
study is just a preliminary one and further studies are
required, especially a cost-effective one, in order to show the
real advantages in terms of cost of the use of bevacizumab-
99mTc since the monoclonal antibody is still expensive.
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This endometriosis study evaluates three different treatment strategies (hormonal medication, surgical, or combined treatment)
and discusses the influence of endometriosis on the cure of this disease and pain relief. Four hundred and fifty patients with genital
endometriosis, aged 18–44 years, were randomly distributed to three treatment groups at the first laparoscopy.Theywere reevaluated
at a second-look laparoscopy (D 426/10), one to two months after the three-month hormonal therapy for groups 1 and 3 and five
to six months later for group 2 (surgical treatment alone). Outcome data focussed on the recurrence of symptoms and pain. The
three treatment options independent of the initial endoscopic endometriosis classification (EEC) stage including deep infiltrating
endometriosis (DIE) achieved an overall cure rate of 50% or higher. The highest cure rate of 60% was achieved by the combined
treatment, 55% by the exclusively hormonal therapy, and 50% by the exclusively surgical treatment. An overall pregnancy rate
between 55% and 65% was achieved with no significant difference in relation to the therapeutical option.

1. Introduction

Pelvic endometriosis remains a late diagnosed complex and
mysterious disease that still gives rise to continuous research
but can currently only be treated in up to 70% of cases with 3
treatment options.

Medical Treatment. In the past, the main strategy was
the induction of a pseudopregnancy and the application of
gestagens and later danazol and GnRH analogues [1]. Up
to now, this theory “The production of pseudopregnancy”
has been regarded as the “gold standard,” but it is now sup-
plemented by a simple progesterone (dienogest, 2mg per
day) treatment or a GnRh analogue treatment with add-back
therapy [2]. To prevent side effects of the GnRH agonist, such
as bone demineralization, vasomotor symptoms, and mood
swings, a serum estradiol concentration of approximately
60 pg/mL is required [1, 3–5]. Every medical treatment today
is well tolerable but should only be used as long as necessary.
In case it is used as long-time treatment, it should reduce the
number of surgical interventions and improve the quality of
life.

Inhibition of Mediators. Research work has focussed on
inhibiting the interaction of various mediators which main-
tain the illness by way of inflammatory processes, vascular-
isation, and cell proliferation. Specific aromatase inhibitors
(such as Letrozole, Anastrozole, or Exemestane) or selective
COX-2 inhibitors (e.g., Celecoxib, Rofecoxib) are of great
interest and have been studied in clinical trials [6–8]. There
is no proven evidence that one medical therapy is superior
to another in the treatment of the clinical symptoms of
endometriosis or infertility.

Surgical Treatment. As endometriosis is a progressive disease,
which can cause the anatomic destruction of the reproductive
organs, surgical therapy plays an important role. Laparoscopy
provides the only possibility of ascertaining the expected
diagnosis of endometriosis. Endometriosis has a varying phe-
notype and can appear as raised flame-like patches, whitish
opacifications, yellow-brown discolorations, translucent blebs,
or reddish irregularly shaped spots (Figure 1) [9, 10]. In
advanced stages, pain and sterility are predominantly caused
by organ damage, fibrosis, and adhesions, thus constituting
a clear indication for surgical intervention. Early laparoscopy
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Assessment for eligibility (n = 523)

Excluded (n = 73)

Not meeting inclusion criteria (n = 11)
Declined to participate (n = 49)
Other reasons/not able to contact (n = 13)

Primary laparoscopy (n = 450)

Randomized (n = 450)

Medical treatment (n = 150) Surgical treatment (n = 150) Combined treatment (n = 150)

Lost to follow-up (n = 25)
Changed residence (n = 3)
Declined to participate (n = 14)
Other reasons/not able to contact (n = 8)

Lost to follow-up (n = 13)
Declined to participate (n = 10)
Other reasons/not able to contact (n = 3)

Lost to follow-up (n = 2)
Declined to participate (n = 1)
Other reasons/not able to contact (n = 1)

2. Laparoscopy (n = 125) 2. Laparoscopy (n = 137) 2. Laparoscopy (n = 148)

Reassessment (n = 410)

Figure 1: Trial profile differentiating medical, surgical, and combined treatment of endometriosis (with permission of Alkatout et al. [17]).

can prevent any delays in diagnosis of the disease or symptom
progression.The importance of laparoscopy with biopsy and/
or resection is reinforced as visual diagnosis alone can often
lead to amisdiagnosis [11, 12]. Risk factors and disadvantages of
laparoscopy include damage of organs adjacent to the affected
areas and postoperative complications, such as adhesion for-
mation or infection [13–17]. Symptom relief is achieved in
most patients after successful ablation/resection of endo-
metriosis and adhesiolysis. Nevertheless, the recurrence rate
is as high as 40% after a 10-year follow-up [16, 18–20].

Combined Treatment.The combined treatment involves diag-
nostic laparoscopy, removing all visible endometriosis foci
as far as possible, a 3- to 6-month endocrine therapy, and a
subsequent second-look laparoscopy with resection of resid-
ual foci, adhesiolysis, and reconstruction of organs [8, 19–
23]. Despite maximal efforts, the therapy of first choice in the
management of endometriosis is still unclear [14, 24].

2. Material and Methods

In the following we focus on current treatment possibilities,
pain, fertility, and the obstetrical outcome in endometriosis
patients.

In a recent study, 450 endometriosis patients underwent
one of three different therapeutic strategies (medication, surgi-
cal, or combined treatment) at the Kiel University Department

of Obstetrics and Gynecology. The evaluation aims at deter-
mining the most successful of the available endometriosis
therapies.

2.1. Patients. Informed consent forms were completed by all
patients.This study, which included operation, medical treat-
ment, and a selected second-look operation, was approved by
the Ethical Committee of the Christian-Albrechts-University
Kiel, Germany (D 426/10). Each patient signed an informed
consent form for the use of his specimen and clinical data.

The study comprised 450 symptomatic endometriosis
patients (18–44 years of age) for whom two consecutive
laparoscopic interventions were to be assessed. There were
pain and/or infertility patients. 410 patients from the original
collective returned for a second-look laparoscopy (Figure 1).

Endometriosis was diagnosed or confirmed by laparo-
scopy and rated according to the endoscopic endometriosis
classification (EEC) introduced by Mettler (Figure 2) [25]
which compares completely to the r-AFS classification. It was
used as it is very easy and purely morphologically straightfor-
ward.

2.2. Exclusion Criteria. Previous surgery or hormone therapy
for endometriosis was exclusion criterion, as was deep infil-
trating endometriosis with bladder or rectum excision. The
treatment of deep infiltrating endometriosis with big lesions
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Endoscopic endometriosis classification

Mettler and Semm 1983Kiel University Department Obstet. Gynec.

Figure 2: The EEC system used to classify endometriotic lesions. In contrast to the rASRM classification, the EEC classification includes
extragenital endometriosis and is divided into four stages.

affecting bowel and/or urinary tract, favorably diagnosed
before surgery, was performed via extensive laparoscopic
resection.

Figure 3 differentiates stages I, II, and III in the laparo-
scopic appearance.

2.3. Tissue Samples. Samples of ectopic endometrium (𝑛 = 450)
were obtained from patients undergoing diagnostic hystero-
scopy and laparoscopy for the treatment of endometrioma.

The patients ranged in age from 18 to 44 years and
received no hormonal treatment prior to surgery. Cryostat
sections were prepared and stained with hematoxylin-eosin.

Histopathological assessment confirmed the site of origin,
that is, proliferative endometriumor endometrioma cystwall,
respectively.

2.4. Interventions. The 450 patients were randomly distri-
buted to the following three treatment groups, 150 per group.
Of the original 450 patients, 410 returned for the second-look
pelviscopy and their findings were assessed.

Group 1 (𝑛 = 125) underwent hormonal treatment after
diagnostic laparoscopy with 3.75mg of leuprorelin acetate
depot which was injected subcutaneously in monthly inter-
vals over 3 months. Leuprorelin acetate depot is a GnRH



4 BioMed Research International

(a) (b)

(c)

Figure 3: Endoscopic image of endometriosis EEC stage I (a), EEC stage II (b), and EEC stage III ((c): (A)–(C)).

agonist and is commercially available in Germany as Enan-
tone Gyn Depot.

Group 2 (𝑛 = 137) underwent surgical laparoscopy with-
out any subsequent medical treatment. Endometriosis foci
were totally excised, adhesionswere removed, and the normal
anatomy of the reproductive organs was restored. Ureter
and superficial bowel lesions were removed. For infertility
patients, tubal patency was checked and chromoperturbation
was performed at the second-look laparoscopy. Patients
with deep infiltrating endometriosis with bladder or rectum
resection were not included in the study.

Group 3 (𝑛 = 148) underwent the samehormonal therapy
as group 1 over the same time period after surgical laparo-
scopy. The combined or three-step therapy comprised diag-
nostic laparoscopy, removal of all visible endometriosis foci,
a 3-month endocrine therapy with GnRH agonists (e.g.,
3.75mg of leuprorelin acetate depot), and a subsequent sec-
ond-look laparoscopy 1-2 months after conclusion of the
hormonal therapy with resection of residual foci and recon-
structive surgery of organs.

The same team of physicians performed the primary and
secondary intervention as well as the primary and secondary
endometriosis staging according to the EEC [25, 26]. For
groups 1 and 3, a second-look laparoscopy was performed
1-2 months after hormonal therapy and, for group 2, 5 to 6
months after surgical endometriosis treatment. After the
second-look laparoscopy, patients were monitored over a
period of 2 years and completed an extensive questionnaire to
determine their recurrence of symptoms, new endometriotic
lesions determined laparoscopically, and confirmed preg-
nancy rates. Also patients in group 2 were reevaluated with
a second-look laparoscopy as endometriosis may reappear.

2.5. Main Outcome Measures. The central issue for this study
was, Which endometriosis therapy is currently the most suc-
cessful technique? The success of each therapeutic strategy
was assessed—independent of the original EEC stage—accord-
ing to the following criteria after the second-look laparo-
scopy:

(1) a response rate to EEC stages 0 and I of at least 75%,
(2) the lowest recurrence rate,
(3) the highest pregnancy rate.

Within the framework of this study, the endometriosis ther-
apy that fulfilled all of the criteria or at least two of them was
regarded as the most successful therapy.

2.6. Statistical Evaluation and IRBApproval. Our results were
statistically evaluated with the chi-squared test and analysed
with a significance level of 𝑃 < 0.05 and a confidence interval
of 95%. Institutional review board approval was obtained at
the beginning of the study.

3. Results for Extent of Endometriosis,
Fertility, and Pain

Results in the 3 treatment groups were analyzed to assess the
new endometriosis staging or EEC downstaging. There was
no significant difference between the groups insofar as distri-
bution of EEC stages before treatment. After the individual
treatment, the distribution of EEC stages indicated a signifi-
cant difference between the 3 groups (𝑃 = 0.01). The shift in
the CI is indicative of a higher rate of cure in patients in group
3 compared with groups 1 and 2. This was most remarkable
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Table 1: Distribution of patients to EEC stages before (𝑃 = 0.105) and after therapy (𝑃 = 0.010).

Therapy methods EEC stage
EEC 0 CI EEC I CI EEC II CI EEC III CI

Group 1, hormonal (𝑛 = 125)
Before therapy 0 — 50 (40%) 31.3–49.1 47 (38%) 29.1–46.7 28 (22%) 15.4–30.7
After therapy 62 (50%) 40.5–58.7 40 (32%) 23.9–40.9 16 (13%) 7.4–20.0 7 (5%) 2.3–11.2

Group 2, surgical (𝑛 = 137)
Before therapy 0 — 69 (50%) 41.7–59.0 44 (32%) 24.4–40.6 24 (18%) 11.5–24.9
After therapy 75 (55%) 46.0–63.3 20 (13%) 9.2–21.6 30 (23%) 15.3–29.8 12 (9%) 4.6–14.8

Group 3, combined (𝑛 = 148)
Before therapy 0 — 79 (53%) 45.0–61.1 36 (24%) 17.7–32.1 33 (23%) 15.9–29.9
After therapy 89 (60%) 51.3–68.1 26 (18%) 11.8–24.7 25 (17%) 11.2–23.9 8 (5%) 2.4–10.4

CI: confidence interval.

for stage EEC 0 (Table 1). The definition of cure rate is that
laparoscopically there were no more endometriotic lesions
visible for stage EEC 0.

At the onset of the study, in the 125 patients in group 1
(hormone therapy), disease stage was EEC I in 40%, ECC
II in 38%, and EEC III in 22%. After hormone therapy and
independent of the previous EEC stage, disease stagewas EEC
I in 32% of patients, EEC II in 13%, and EEC III in 5%. In 50%
of the patients, second-look laparoscopy showed no signs of
endometriosis (EEC 0). In these patients, the disease seemed
to be cured (cure rate = 50%). In the 137 patients in group 2
(surgical treatment), disease stage was EEC I in 50%, EEC II
in 32%, and EEC III in 18%. At second-look laparoscopy, the
disease could be downstaged to EEC I in 13% of patients, EEC
II in 23%, and EEC III in 9%.

The cure rate for the exclusively surgically treated group
was 55% (EEC 0). In the 148 patients in group 3 (combined
treatment), disease stage was EEC I in 53%, EEC II in 24%,
and EEC III in 23%. After combined surgical and hormone
therapy, disease stage was EEC I in 18% of the patients, EEC
II in 17%, and EEC III in 5%. With combined treatment, the
cure rate was 60% (EEC 0).

The 3 treatment options achieved, independent of the ini-
tial EEC stage, an overall cure rate of ≥50%. With combined
treatment, the cure rate was 60%, with exclusively hormonal
therapy was 55%, and with exclusively surgical treatment was
50%. Within the framework of the study, cure was defined as
a reduction in disease stage to EEC 0.This new endometriosis
downstaging was confirmed at second-look laparoscopy. The
best total cure rate was achieved with combined treatment
(Table 1).

In a second step, we differentiated light, intermediate, and
advanced endometriosis and evaluated therapeutic strategies.
An improvement of at least 75% to EEC stage 0 or stage 1 was
defined as highly efficient.These conditionsweremetwith the
exclusively hormonal therapy, with a rate of 82% (50% EEC 0
and 32% EEC I), and with the combined treatment (3-step
therapy), with a response rate of 78% (60% EEC 0 and 18%
EEC I) (Table 1).

Because endometriosis generally causes recurrent pain,
we asked our study patients to complete an extensive ques-
tionnaire and report recurrent symptoms, before and at 1 year

after the end of all therapeutic activities as a second outcome
measure [27].

Results in the 3 treatment groups were analyzed to assess
the treatment effect considering the recurrence of symptoms
of endometriosis.Therewas no significant difference between
the groups insofar as distribution of symptoms before treat-
ment (𝑃 = 0.61 for dysmenorrhea, 𝑃 = 0.59 for dyspareunia,
and 𝑃 = 0.54 for abdominal pain).

After the individual treatment, the distribution of recur-
rence of symptoms highlights a general reduction in symp-
toms, with the greatest benefit observed in the combined
treatment group. There was a difference, statistically not sig-
nificant, for dysmenorrhea between the therapeutic groups
(𝑃 = 0.05) after treatment. The 95% CI demonstrated a
remarkable difference in the treatment effect in all 3 groups.
Nevertheless, the treatment effect was strongest in group 3,
followed by group 2. Insofar as dyspareunia, a significant
difference was noted between the 3 treatment groups (𝑃 =
0.007). The CIs demonstrated the biggest treatment effect in
group 3, followed by group 2. Abdominal pain could not
be reduced significantly (𝑃 = 0.284). Nevertheless, the CIs
showed the biggest effect in group 3, followed by group 1. In
group 1 (hormone therapy), at the onset of the study, 60%
of the 125 patients had dysmenorrhea, 56% had dyspareunia,
and 48% had abdominal pain.The group that received exclu-
sively hormonal therapy had the highest recurrence rates:
dysmenorrhea in 28% of the patients, abdominal pain in 26%,
and dyspareunia in 22%. In group 2 (surgical treatment), 57%
of the 137 patients had dysmenorrhea, 50% had dyspareunia,
and 42% had abdominal pain. After follow-up, 20% of the
women in this group reported dysmenorrhea, 15% reported
dyspareunia, and 24% reported abdominal pain.

In group 3 (combined treatment), 54% of the 148 women
had dysmenorrhea, 51% had dyspareunia, and 42% had
abdominal pain. Patients in the combined treatment group
achieved the lowest general recurrence rate and the lowest
recurrence rate per symptom: 16% of the patients reported
dysmenorrhea, 8% reported dyspareunia, and 17% reported
abdominal pain at 1-year follow-up (Figure 4). In comparison
with groups 1 and 2, group 3 had significantly better results
after treatment (𝑃 < 0.001).
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Table 2: Comparison of recurrence rates for the three therapy methods before and after one year.

Therapy
methods

Recurrent symptoms (in %)/CI
Dysmenorrhea Dyspareunia Abdominal pain

Before (𝑃 = 0.613) After (𝑃 = 0.053) Before (𝑃 = 0.0593) After (𝑃 = 0.007) Before (𝑃 = 0.0540) After (𝑃 = 0.284)
Group 1,
hormonal
(𝑛 = 125)

75 (60%)/50.9–68.7 35 (28%)/20.3–36.7 70 (56%)/46.8–64.9 28 (22%)/15.4–30.7 60 (48%)/40.0–57.1 33 (26%)/18.9–35.0

Group 2,
surgical
(𝑛 = 137)

78 (57%)/48.2–65.4 27 (20%)/13.4–27.3 69 (50%)/41.7–59.0 21 (15%)/9.7–22.5 58 (42%)/33.9–51.1 33 (24%)/17.2–32.1

Group 3,
combined
(𝑛 = 148)

80 (54%)/45.7–62.3 24 (16%)/10.7–23.2 75 (51%)/42.3–59.0 12 (8%)/4.2–13.7 62 (42%)/33.8–50.3 25 (17%)/11.2–23.9

CI: confidence interval.
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Figure 4: Comparison of recurrence rates of symptoms including dyspareunia (a), dysmenorrhea (b), and abdominal pain (c) for each of the
3 treatment groups before 1 year after treatment. Therapeutic benefit is supported by the marked confidence intervals.

The third outcome measure was the pregnancy rate. We
determined an overall pregnancy rate over 2 years of 55% to
65% in the 3 treatment groups, independent of ECC stage
(Table 2). The pregnancy rate after the exclusively surgical
restoration was 55%, after combined treatment was 60%, and
after exclusively hormonal therapy was 65%.

Therewas no statistical significance between these results.
Of these 245 pregnancies, 41 (17%) were not carried to

term (6 ectopic pregnancies and 35 abortions). However, 205
children, including 1 set of twins, were born. There was no
statistically significant difference between the 3 therapeutic
strategies insofar as the pregnancies and their course.
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4. Discussion

The presented clinical studies comparing medical, surgical,
and combined therapy and the assessment of how endomet-
riosis can affect pregnancy and deliveries show the current
needs for the treatment of endometriosis and point out some
advice for future therapeutic modalities.

In the presented study, 450 endometriosis patients, aged
18–44 years, were randomly assigned to one of the three dif-
ferent therapeutic strategies (medical, surgical, or combined
treatment) at the Kiel University Department of Obstetrics
and Gynecology, Germany. The success of each therapeutic
strategy was assessed—independent of the original EEC stage
[25]—according to the following criteria:

(i) the therapy after which the patients achieved the
highest cure rate (EEC stage 0),

(ii) a response rate to EEC stages I and 0 of 75% or higher,
(iii) the lowest recurrence rate,
(iv) the highest pregnancy rate.

Within the framework of this study, the endometriosis
therapy that fulfilled the majority of the criteria, or at least
two of them, was regarded as the most successful therapy.
The three treatment options reached an overall cure rate of
50% or higher.There was no statistically significant difference
(𝑃 > 0.05), but with a cure rate of 60% the combined therapy
ranks first. The combined (three-step) and the exclusively
hormonal therapy managed to surpass the 75% response rate
with 78% and 82%, respectively. Nevertheless, the combined
treatment reached the lowest recurrence rate per symptom
at a statistically significant level. No statistically significant
difference was recorded for the pregnancy rate which ranged
between 55% and 65%, independent of the therapeutic strat-
egy. As an overall result, we have been able to confirm the
high efficacy of the combined endometriosis therapy in this
study.

Medical therapy can be applied prior to surgery to
decrease the size of endometriotic implants and the extent of
the operation [28]. However, so far there is no clear evidence
that perioperative hormonal treatment decreases the extent
of operation necessary to remove endometriotic implants,
delays or prevents recurrence, or increases pregnancy rates.
In contrast, several trials were able to report an increased
duration of pain relief and delayed recurrence rates using
postoperative medical therapy [10, 28, 29]. Schweppe con-
cluded that, in all cases of active endometriosis, pelviscopic
treatment alone is not sufficient [30]. Schindler et al. demon-
strated that the primary surgical intervention reduced the
total r-AFS (revisedAmerican Fertility Society) score by 34%,
whereas the combined therapy brought about a reduction of
66% [31].

Thus the combined hormonal and surgical treatment of
endometriosis gave best results in stopping the progressing
of the disease, as already found by our group [32].

Our study showed only a weak and statistically nonsignif-
icant difference between the combined treatment (decrease
in EEC stage by 60%) and the solitary surgical treatment
(decrease in EEC stage by 55%).

Regidor found a significant improvement of the r-AFS
score after treatment with triptorelin (GnRH analogue).
Sixty-three percent of these patients were no longer diag-
nosed with endometriosis, 30% presented with stage I resid-
ual endometriosis according to the AFS classification, and
only 7% had stage II endometriosis [33]. It could be demon-
strated that after administration of buserelin (GnRH ana-
logue) the average AFS score went down from 17.4 ± 12.9
before therapy to 7.2 ± 8.2 after a 6-month therapy [31, 34].
Although up to 90% of patients experience some symptom
relief with medical therapy, medical treatment alone neither
enhances fertility, diminishes pelvic mass, nor removes adhe-
sions [1, 10].

Similar to Schweppe [30] and Römer and Schwesinger
[35], we also determined a significantly lower recurrence
rate after application of the three-step therapy. Römer and
Schwesinger reported that retrospective analyses 12–48
months after endometriosis therapy presented a recurrence
rate for hormonal and surgical treatment (three-step concept)
of only 16.7%, whereas the recurrence rate for exclusively
surgically treated patients was 47%.

Regidor et al. showed in a long-term follow-up study that
70 of 112 patients (62.5%) again reported ailments and that the
recurrence-free interval amounted to an average of 11 months
after finishing the three-step therapy (with the GnRH ana-
logue leuprorelin acetate) [36]. In another long-term follow-
up study, Schindler et al. established recurrent endometriosis
in 62 of 112 patients (55%) after a combined surgical-hor-
monal therapy [1, 37]. Our recurrence rate (41%) was lower
than Regidor’s rate (62.5%) and Schindler’s rate (55%) for the
combined therapy. Zupi et al. were able to show that patients
treated with GnRH agonists had a significantly higher rate
of symptom reduction (pelvic pain, dysmenorrhea, and dys-
pareunia) than women treated with continuous estrogen-
progestin oral contraceptives. Quality of life was increased by
extending the GnRH treatment to include add-back therapy
[3]. Other investigations comparing oral contraceptives to
GnRH agonists found an equal reduction of pain [38]. Abbott
et al. 2004 and Sutton et al. 1994 performed a second-look
laparoscopy 6–12 months after the primary operation and
found that 29–45% of the patients had disease progression
and 22–29% disease regression, and in 33–42% the disease
remained static [18, 39].

Endometriosis can reduce the fecundability rate without
completely preventing conception. Impaired fertility might
be due to anatomic variations after adhesion formation
and endometriomas [40]. An enhancement of fertility rates
through ovulation suppression has not yet been proven [1].
In our study, after the combined therapy, we had 89 (60%)
pregnancies in 148 patients and 13 abortions and 3 extrauter-
ine pregnancies. Sixteen (18%) of the 89 pregnancies did
not lead to a live birth (13 abortions and 3 extrauterine preg-
nancies). Regidor reported 55 (60%) pregnancies for 91
patients for the same therapeutic strategy [36]. Nineteen
(34.5%) of the 55 pregnancies were not carried to term (5
extrauterine pregnancies, 14 abortions). Our pregnancy rate
was comparable to Regidor’s rate, but our abortion rate was
significantly lower than his. After the exclusively surgical
treatment, we registered a pregnancy rate of 55%. In compar-
ison, Marcoux et al. presented a pregnancy rate of 29% [41].
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All researches focussing on macroscopic or microscopic
markers as well as biochemical criteria for assessing the
degree of activity of endometriosis are not convincing. Essen-
tial factors for deciding the optimal endometriosis therapy
are clinical symptoms, the patient’s age, localization, severity,
duration of the disease, recurrence rate, and activity [42, 43].
Active endometriosis foci are characterized by hypervas-
cularisation, oedema, and infiltration of inflammatory cells
[44]. It still needs to be determined how endometriosis activ-
ity can best be characterized usingmacroscopic, microscopic,
and biochemical criteria [15]. Laparoscopy currently consti-
tutes one of the most accurate methods of diagnosing endo-
metriosis. As we are continuously engaged to better diagnose
and treat our endometriosis patients, the reevaluation of our
study of 2013 [32] made us again aware of the limited ther-
apeutic armamentarium available to successfully treat this
enigmatic benign disease. We can only hope for molecular
genetics and proteomics to make research possibilities soon
available for the diagnosis and treatment of endometriosis.

5. Conclusions

Since the identification of endometriosis as a progressive
estrogen-related disease, various substances have been used
to suppress ovarian steroid biosynthesis. Currently all mod-
ern therapeutic strategies aim at ovarian downregulation
with GnRH agonists or gestagens. In most cases, therapeutic
approaches take into consideration not only medical but also
laparoscopic and, if required, laparotomic surgical treatment
of endometriosis and the combined therapy. The three-step
therapy comprises surgical laparoscopy with removal of all
visible endometriosis foci, a 3- to 6-month endocrine therapy,
and a subsequent second-look laparoscopy with resection
of residual foci, adhesiolysis, and reconstructive surgery of
the organs [45]. Within the framework of the present study,
combined treatment was the most successful treatment for
endometriosis. Comparison of the 3 different therapeutic
strategies implicates a higher benefit for combined treatment
insofar as downstaging and reduction in symptoms (disease-
free period) and pregnancy rates.
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