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Endometriosis- a highly prevalent chronic disorder with a serious health 
impact- therapeutic challenges 
 
Endometriosis is characterized by the growth of endometrial-like tissue outside the 
uterine cavity. It is a highly prevalent chronic estrogen-dependent disorder observed 
in women of reproductive age 1-3. There is a considerable heterogeneity both in 
phenotype and clinical outcomes that vary from no symptoms to severe pain and/or 
subfertility often leading to a significant reduction in quality of life 4. Moreover, the 
economic impact is substantial, as chronic and debilitating pain from endometriosis 
may hinder work productivity, while infertility can cause major psychosocial, 
emotional and financial strain to affected women and their partners 5. A large 
multicenter study across Europe, UK and the USA found that the total cost per 
woman with endometriosis per year was €9.579. The bulk of costs (€6.298) was 
due to the absence from work, with the economic burden of endometriosis being 
similar to or even higher than other chronic disease burdens such as heart disease 
and diabetes mellitus 5. As a result, national action plans have been declared with 
the aim to improve the quality of life for individuals living with endometriosis, 
including a reduction in the impact and burden of disease at individual and 
population levels 6. 
 
Current treatment options include mainly hormonal based therapies and 
laparoscopic surgical excision of the endometriotic lesions. Laparoscopic surgery 
is indeed associated with decreased overall pain, both at 6 and 12 months after 
surgery 7. However, despite complete removal of endometriotic tissue, a high 
proportion of patients will require additional surgery due to endometriosis 
recurrence. In a recent UK population-based report, 48% of patients with 
endometriosis received surgical treatment. Approximately one-fifth of these 
patients required further surgical treatment within 3 years of the index procedure 8. 
Other studies have reported total recurrence rates of 21.5% and 40-50% at 2 and 5 
years, respectively 9, 10. 
 
Due to the high rate of recurrence after surgery, a new approach on the management 
of endometriosis has been proposed lately with the aim to avoid repeated surgeries 
11 (Figure 1). According to current guidelines, endometriosis-related pain should be 
empirically treated with adequate analgesia and combined oral contraceptives or 
progestins prior to definitive laparoscopic diagnosis 12. Adjuvant hormonal therapy 
is also advised after laparoscopic surgery to avoid disease recurrence 13, 14. 
Unfortunately, adjuvant hormonal therapy is often accompanied by significant, 
unwanted side effects and treatment failure in about 30% of the patients resulting 
in a non-adequate reduction in endometriosis-associated pain 15. In another recent 
study, 45.4% of the patients have been reported to be unsatisfied with their medical 
treatment 16 while high treatment discontinuation rates have been observed 17. 
 
Therefore, it is apparent that the major goal of the long-term endometriosis 
management should be the avoidance of surgical recurrences and the selection of 
the appropriate long-lasting medical treatment based on its effectiveness and 
tolerability. The identification of specific risk factors for disease recurrence after 
surgery as well as medical treatment ineffectiveness and intolerance would be 
mandatory for an individualized treatment approch. Moreover,  considering that 
current therapeutic options are non-curative and may not align with women’s 
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reproductive goals, improved medical or complementary treatments of 
endometriosis and associated symptoms are urgenty needed. 
 

 

 
 
Endometriosis - a chronic inflammatory disorder and the impact of current 
therapeutics on inflammation 
 
There are different theories on how endometriosis occurs while the most widely 
accepted one is the theory of retrograde menstruation 18. Once endometriosis lesions 
are established in the peritoneal cavity, they may grow under estrogen influence 
and secrete various chemokines attracting immune cells and creating an 
inflammatory microenvironment 19 that facilitates the pathogenesis of 
endometriosis and may explain pain and subfertility symptoms 20. Hence, 
considerable scientific effort has been made over the last decades at examining 
inflammatory biomarkers in patients with endometriosis 21. Elevated concentrations 
of numerous molecules have been reported in the peritoneal fluid of women with 

Figure 1. Previous and modern approaches for management of 
endometriosis (adopted from Chapron et al11) 
a. The conventional and current approach followed by most clinical centres for endometriosis 
management. b. Suggestion for a modern approach that takes into account endometriosis as a 
lifelong condition (endometriosis life). This is the first option that can be followed if the patient 
wishes to become pregnant but is unable to do so spontaneously. c. Option that can be followed 
if a patient refuses or is unsuitable for surgery. In this context, the patient can be given ART 
without previous endometriosis surgery. d. For this option, surgery can be provided at the end 
of the treatment process for patients with pain for whom hormonal treatment is ineffective 
and/or poorly tolerated and for those who no longer wish to undergo medical treatment. 
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endometriosis 22-26 and investigated as possible non-invasive biomarkers for 
diagnosis 27-29 or potential targets for the treatment of endometriosis 30-33. 
 
Current treatments for endometriosis such as progestins and gonadotropin releasing 
hormone analogs (GnRHa) target the estrogen dependence of the disease. Both 
GnRHa and progestins have been shown to significantly reduce endometriosis-
related pain 34-38. They create a hypo-estrogenic and hyper-progestogenic 
environment via the inhibition of ovarian follicle development and the subsequent 
reduction in estrogen production and serum concentrations. However, in addition 
to estrogen dependence, the inflammatory microenvironment of endometriotic 
lesions can significantly contribute to both disease progression 39 and 
symptomatology 20, and therefore, may also represent a viable target for the 
treatment of endometriosis that has not yet been fully explored 40. Previous evidence 
suggests GnRHa modulate the peritoneal microenvironment by decreasing the 
concentrations of some angiogenic and growth factors, as well as cytokines 41. 
Moreover, GnRHa may be able to work directly on extra-pituitary tissue such as 
the endometrium and the ovary 42-44. 
 
Types of endometriosis- adenomyosis 
 
Endometriotic lesions are separated into three distinct categories: superficial 
peritoneal lesions (SUP), ovarian endomertriomas (OMA) and deep infiltrating 
endometriosis (DIE), all of which can exist independently or simultaneously. The 
least severe form of the disease is SUP, in which superficial endometrial lesions 
occur on the peritoneum (Figure 2A). OMA present as ovarian cysts usually with 
concomitant adnexal adhesions that may affect fertility 45 (Figure 2B). DIE lesions 
are characterized by penetration in excess of 5 mm under the peritoneal surface 46. 
They are found in many locations, most commonly in the rectouterine pouch 47, and 
can involve uterosacral ligaments, the posterior vaginal wall, the anterior rectal 
wall, and in most severe cases, extend laterally with ureteral involvement 48 (Figure 
2C). In addition, endometriosis can occur in extragenital locations, for example, 
pleural, diaphragmatic or umbilical. Although patients with SUP may suffer from 
pelvic pain, OMA and DIE generally cause heavier symptoms, have more serious 
long-term complications and are more difficult to manage 49, 50. 

 

 
Adenomyosis, characterized by the presence of endometrial tissue within the 
myometrium, is an enigmatic gynecological disorder with an estimated prevalence 
of 20-35% in histological series post hysterectomy 51, 52. It is also a very 
heterogeneous disease both in anatomical and clinical phenotype varying from 
normally sized to much enlarged uterus 53 (Figure 3) and from heavy dysmenorrhea 

Figure 2. Types of endometriosis. Appearance at laparoscopy. 
A. Superficial peritoneal endometriosis (SUP). B. Ovarian endometriosis (OMA). C. Deep 
infiltrating endometriosis (DIE) in the rectum. 
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and hypermenorrhea to no symptoms 54 while it is frequently coexistent with 
endometriosis 55. Although the pathogenesis of both endometriosis and adenomyosis 
is not well established, both are the consequence of ectopic localization of 
endometrial cells. Importantly, adenomyosis contributes, independently of 
endometriosis, to pain 55, infertility 56 and bleeding (including menorrhagia and 
metrorrhagia) 57, and has substantial negative effects on the quality of life 58. 
 

 

 
 
The impact of endometriosis and adenomyosis on pregnancy and delivery 
 
The negative impact of endometriosis on fertility is well known while the involved 
pathophysiologic mechanisms have been previously described 59 (Figure 4). 
However, once a patient gets pregnant the endometriosis symptoms appear to 
improve. This has led to the common myth that having a child will ‘fix’ 
endometriosis. The fact is that this improvement is often only temporary due to 
changes in hormone levels and symptom recurrence after the end of pregnancy can 
occur.  
 
On the other hand, a negative impact of endometriosis on pregnancy and delivery 
outcomes has increasingly being recognized. More precisely, a series of controlled 
observational studies have shown increased pregnancy and delivery complications in 
patients with endometriosis 60-67 that was confirmed in a systematic meta-analysis 68. 
 
However, most of these studies neither focus on specific endometriosis subtypes, nor 
do they provide information on surgical treatment and subsequent reproductive 
performance. This is crucial as pregnancy complications may differ based on the 
endometriotic subtype 69, or mode of surgery. Moreover, these studies have mainly 
examined pregnancy but not critical delivery outcomes, such as the rate of failed 
vaginal delivery or severe birth trauma. As a result, the proper delivery management 
of these patients remains unclear. One recent study found increased risk of obstetrical 
complications (preterm birth, placenta previa, hypertension, cesarean delivery 
complications) in women with untreated posterior DIE 70. It has not yet been 
examined if a similar risk persists after complete excision of DIE 71, which is 
regularly performed in specialized centers with many women achieving pregnancy 
after surgery 72. 

Figure 3. Types of adenomyosis (adopted from Van den Bosch et al 53) 
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Adenomyosis was also reported to be similarly associated with adverse fertility, 
pregnancy and neonatal outcomes in a recent systematic review 73. However, this 
review did not include all eligible studies and no sensitivity analysis according to 
possible confounders such as the age, number of previous pregnancies, previous 
mode of delivery and co-existence of endometriosis was performed. Most 
importantly, pregnancy outcomes were not evaluated based on the method of 
conception, which represents another possible bias considering that ART is an 
independent risk factor for pregnancy complications 74 and that many pregnancies in 
patients with adenomyosis result only after ART. 
 
It is of major importance to identify potential pregnancy and delivery complications 
and establish evidence-based management policies in these specific groups of 
patients.  
 
Research questions and hypotheses 
 
Over the past few years, specific challenges in the management of endometriosis and 
adenomyosis such as disease recurrence and hormonal treatment resistance as well 
as implications on pregnancy and delivery have been increasingly recognized 14, 68, 

75. 
 
However, since endometriosis is a highly heterogenic disease, recurrence might be 
more associated with certain endometriosis lesions than others. Moreover, the 
identification of risk or prognostic factors for disease recurrence could lead to a better 
understanding of the involved mechanisms or to a management modification with the 
aim to reduce the risk. Finally, it is unknown if the negative impact of endometriosis 
on the pregnancy outcomes could be ameliorated though the previous endometriosis 
surgery or specific medical treatments and how adenomyosis, which is very often 

Figure 4. Factors associated with reduced fertility in women with 
endometriosis (adopted from Stilley et al59) 
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coexistent in patients with endometriosis, affects the pregnancy and delivery. These 
concerns formed the basis for the research hypothesis. We therefore aimed to address 
the below research questions: 

 
1. Is there an evolution of endometriosis lesion subtypes over each recurrence and 

do certain lesions have different recurrence potential? 
 
In chapter 2, we characterized the endometriosis lesion subtypes in first and recurrent 
surgeries, examined their evolution over each recurrence and compared the time 
required for subsequent surgery based on the initial lesion subtype. This was tested 
in large cohort of patients who underwent surgery for endometriosis in the 
Department of Gynecology and Obstetrics, University of Bern. 
 
2. Which patient characteristics are associated with recurrence after surgery for 

endometriosis? 
 
In chapter 3, we examined potential risk factors for recurrence after surgery in 
patients with bowel endometriosis. For that kind of severe endometriosis, patients 
will often need a segmental bowel resection so that all deep infiltrating endometriosis 
lesions can be excised. Given the risks associated with such complex surgeries, it is 
very important to identify which patients are at risk for recurrence.  To perform that 
we evaluated several clinical and histological parameters as possible risk factors for 
disease recurrence in a cohort of patients who underwent laparoscopic segmental 
bowel resection at the Endometriosis clinic, University of Bern. 
 
3. Given the inflammatory nature of endometriosis, which is the effect of GnRHa 

on the inflammatory microenvironment of the peritoneal cavity? 
 
In chapter 4, we assessed what effect GnRHa have on the endometriosis-associated 
inflammation given that a number of inflammatory markers have been previously 
detected elevated in the peritoneal fluid of patients with endometriosis. We therefore 
analyzed the concentration of several molecules in the peritoneal fluid of women with 
endometriosis, and compared these concentrations between women with and without 
GnRHa treatment prior to surgery. This provides deeper understanding of the 
mechanisms involved in GnRHa actions and suggests a potential GnRHa role to 
reduce endometriosis and adenomyosis –associated pregnancy complications.   
 

 
4. Which is the independent effect of endometriosis in patients undergoing assisted 

reproductive technology (ART) on the pregnancy outcome? 
 
In chapter 5, we studied whether endometriosis independently correlates with 
placental complications in patients undergoing ART. This is crucial since ART is 
also associated with a higher risk of adverse pregnancy outcomes 74, 76 and 
endometriosis could consist an additional risk factor. To shed light on this issue we 
performed a systematic review and meta-analysis to compare the incidence of 
placental disorders in women with and without endometriosis achieving pregnancy 
through ART. 
 
5. Which is the effect of complete surgical excision of the endometriosis on the 

endometriosis-associated negative pregnancy and delivery outcome? 
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In chapter 6, we studied the pregnancy and delivery outcomes in women with 
previously excised posterior deep infiltrating endometriosis (DIE). We wished to 
examine a) if surgical excision of DIE prior to pregnancy could counteract the 
endometriosis-associated pregnancy risks and b) if patients with previous excision of 
DIE are at a high risk of vaginal delivery complications. We examined that by 
performing a 1:3 case-control study while the case and control groups were matched 
for age, parity, previous cesarean section, and mode of conception. 
 
6. Which is the association of adenomyosis with or without coexistent 

endometriosis with the pregnancy, delivery and neonatal outcome? 
 
In chapter 7, we aimed to a) investigate the association of adenomyosis with fertility 
outcomes based on the stimulation protocol for the ART and adjusted to possible 
confounders, b) assess the association of adenomyosis with pregnancy and neonatal 
outcomes separately after natural and ART conception as well as adjusted to other 
possible confounders and c) determine if certain adenomyosis subtypes have a greater 
impact than others on the reproductive course. Therefore, we conducted a systematic 
review and meta-analysis including all observational studies comparing the 
reproductive course of patients with and without adenomyosis.  
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Abstract 
 
Recurrence of endometriosis after surgery constitutes a serious challenge. Whether 
there is an evolution of lesion subtypes with each recurrence and whether certain 
lesions subtypes tend to recur faster than others is not adequately addressed. 
Medical records of all patients who underwent surgery for endometriosis between 
1997 and 2018 in the Department of Gynecology and Obstetrics, University of 
Bern, were reviewed. Inclusion criteria was surgically confirmed endometriosis 
recurrence, defined as a subsequent surgery for endometriosis after a previous 
complete surgical excision of endometriosis lesions. Three subtypes of 
endometriosis were defined: superficial peritoneal endometriosis (SUP), ovarian 
endometrioma (OMA) and deep infiltrating endometriosis (DIE). Time to 
recurrence and variation in endometriosis subtype between the first and recurrent 
surgeries were the primary outcome measures. 322 patients with recurrent surgery 
were identified. For 234 the endometriosis subtype at first surgery was confirmed 
and classified (SUP = 56, OMA = 124, DIE = 54). No statistically significant 
difference was found for time to recurrence between lesion subtypes. SUP 
compared to the other groups had a higher possibility of presenting with SUP at 
recurrence (OR: 3.65, 95% CI: 1.74-7.51) and OMA compared to the other groups 
had a higher possibility of presenting with OMA at recurrence (OR: 3.72, 95% CI: 
2.04-6.74). Nevertheless, a large number of SUP patients subsequently presented 
with OMA (10/56: 17.9%) or DIE (27/56: 48.2%) lesions at recurrence. Similarly, 
a large number of OMA patients subsequently presented with DIE (49/124: 39.5%) 
lesions at recurrence. In conclusion, although SUP and OMA patients compared to 
the others are more likely to present with the same subtype at recurrence, increasing 
lesion subtype severity occurs in a substantial proportion of patients. Time to 
recurrence is independent from the lesion subtype at first surgery.  
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Introduction 
 
Endometriosis, characterized by the growth of endometrial-like tissue outside the 
uterine cavity, is a highly prevalent gynecological disorder of reproductive-aged 
women worldwide 1-3. It is a significantly heterogeneous disease, both in phenotype 
and clinical outcomes that can lead to a significant reduction in quality of life and 
work productivity 4, 5. Recommended treatments for endometriosis are either 
hormonal based therapy or laparoscopic surgical excision depending on response 
and tolerability to medical treatment, as well as family planning. 
Laparoscopic surgery is associated with decreased overall pain, both at 6 and 12 
months after surgery 6. However, despite complete removal of endometriotic tissue 
a high proportion of patients will require additional surgery due to endometriosis 
recurrence. In a recent UK population-based report, 48% of patients with 
endometriosis received surgical treatment. Approximately one-fifth of these 
patients required further surgical treatment, within 3 years of the index procedure7. 
Other studies have reported total recurrence rates of 21.5% and 40-50% at 2 and 5 
years, respectively 8, 9. 
Endometriosis lesions are a heterogenous group of lesions that are currently split 
into three subtypes based on the location and infiltration depth: superficial 
peritoneal endometriosis (SUP), ovarian endometrioma (OMA) and deep 
infiltrating endometriosis (DIE) 10, 11. Although patients with SUP may suffer from 
pelvic pain, OMA and DIE generally cause heavier symptoms, have more serious 
long-term complications and are more difficult to manage 12-16, thus considered as 
more severe endometriosis subtypes. Whether there is an evolution of lesion 
subtypes over each recurrence and whether certain lesions subtypes recur faster than 
others is not adequately addressed. Research up to now has been scant, limited to 
adolescence and with contradictory results 17-21. 
The purpose of this study, therefore, was to characterize the lesion subtypes in first 
and subsequent surgeries, examine their evolution and compare the time required 
for subsequent surgery based on the initial lesion subtype. 

 
Materials and Methods 
 
The study was prepared according to the “Strengthening the reporting of 
observational studies in epidemiology” guidelines 22 and was institution review 
board approved (no. 2017-00952). The electronic medical records were searched 
for all patients who underwent at least one laparoscopic surgery for endometriosis 
in the Department of Gynecology and Obstetrics, University of Bern (between 
January 1997 and October 2018). The initial search for inclusion criteria was 
performed by one researcher (L.M.) and the medical records identified for inclusion 
were reviewed by two independent researchers (K.N.) (L.M). Only patients with 
more than one surgery for endometriosis were included, while surgeries in external 
hospitals were not excluded. For all surgeries, either visual or histological 
confirmation of endometriosis was required for inclusion. Unavailable surgical 
report or undefined surgical technique, incomplete excision of endometriosis 
lesions and diagnostic surgeries made up the exclusion criteria. Recurrence was 
defined as subsequent surgery for endometriosis after a previous, complete surgical 
excision of endometriosis. Recurrence of endometriosis symptoms or recurrence of 
endometriosis based on clinical suspicion or imaging was not evaluated. 
Surgical data, histological results and time to recurrence were collected and 
analyzed retrospectively. The classification of endometriosis subtype was 
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performed according to the most severe endometriotic lesion identified 23. As a 
result, DIE with concomitant OMA and/or SUP was classified as DIE. OMA with 
concomitant SUP was classified as OMA. 
 
Surgical Technique 
The standardized laparoscopic surgical technique for DIE performed in our clinic 
has been described previously 24. SUP was treated by excision via monopolar needle 
or scissors. OMA was treated by the striping technique. 
 
Statistical Analysis 
Median values and range, or mean values and standard deviation (SD) were 
calculated for continuous variables and percentages for the qualitative variables. 
The time to recurrence was assessed according to the Kaplan-Meier life-table 
analysis. A log-rank test was used to compare the recurrence rates between groups. 
Ordinary one-way ANOVA and Kruskal-Wallis test were used to compare 
continuous parametric and nonparametric variables, respectively. Fisher's exact test 
was used to compare the proportion of endometriosis subtypes at each recurrence 
and to determine whether lesion subtype was more or less severe. Significance was 
set at a p‐value of <0.05. Statistical analysis was carried out with GraphPad Prism 
version 7.0 (GraphPad Software).  
 
Results 
 
Patient characteristics 
Among 1332 patients with surgically diagnosed endometriosis, 322 satisfied both 
the inclusion and exclusion criteria. For 234 (72.7%), the endometriosis subtype at 
first surgery was verified from the surgical report. For the remaining 88 patients the 
endometriosis subtype was unclear. The patient`s characteristics recorded at the 
initial surgery are summarized in Table 1. 

 
First surgery 

Characteristics 
SUP 

(N= 56) 
OMA 

(N= 124) 
DIE  

(N= 54) 
Unknown 

(N=88) P  

Age (y ± SD) 27.7 ± 6.4 29.4 ± 5.3  30.1 ± 5.0 29.4 ± 6.6 ns 
Median time to second 

surgery (min-max, months) 
30.5 (5-

216) 
30 (6-
244) 36 (4-141) 

33.5 (5-
190) ns 

First surgery in external 
hospital 

43 
(76.8%) 

109 
(87.9%) 33 (61.1%) 85 (96.6%) <0.001* 

Second surgery in external 
hospital 

12 
(21.4%) 

40 
(32.3%) 12 (22.2%) 33 (37.5%) ns 

One recurrence 100% 100% 100% 100% n/a 

Two recurrences 
18 

(32.1%) 
52 

(41.9%) 18 (33.3%) 44 (50.0%) ns 

Three recurrences 4 (7.1%) 
16 

(12.9%) 8 (14.8%) 22 (25.0%) ns 

Four recurrences 2 (3.6%) 4 (3.2%) 4 (7.4%) 13 (14.8%) ns 
Five recurrences 0 0 1 (1.9%) 3 (3.4%) ns 

 
 
 
 

Table 1. Patient’s characteristics according to the endometriosis subtype at first surgery 
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Time to recurrence 
The median time to first recurrent surgery, irrespective of lesion subtype, was 32 
months (5-244 months) (Fig S1). For patients who underwent a second recurrent 
surgery, it was performed after an additional 35 months (5-222 months). Surgery 
for the third and fourth recurrence were performed after 30 (6-160 months) and 34 
(5-90 months) months, respectively. The times between surgeries for each 
recurrence were not statistically significantly different (Fig S2).  
For patients categorized in the SUP group, based on their first surgery for 
endometriosis, the median time to their first recurrence was 30.5 (5-216) months. 
For patients categorised in the OMA group this time was 30 (6-244) months and for 
patients categorized in the DIE group this was 36 (4-141) months. The time to 
recurrence for each lesion subtype was not statistically significantly different (Fig 
1).  
  

 
 
 
 
 
 
 
 
Recurrent endometriosis subtype, based on subtype at first surgery 
Patients that had a SUP at the first surgery were more likely to present again with a 
SUP at subsequent surgery (17/56: 30.4%), compared to women that originally had 
an OMA (10/124: 8.1%), or women that originally had a DIE (9/54: 16.7%). This 
difference was statistically significant (OR: 3.65, 95% CI: 1.74-7.51; p=.001). 
Similarly, patients that had an OMA at first surgery were more likely, to have an 
OMA (58/124: 46.8%) at subsequent surgery compared to women that originally 
had a SUP (10/56: 17.9%), or women that had a DIE (11/54: 20.6%). This 
difference was statistically significant (OR: 3.72, 95% CI: 2.04-6.74; p<0.0001). 
Patients that initially presented with DIE showed a trend to also subsequently 
present with DIE (29/54: 53.7%) at the next surgery. However, compared to the 
other groups, it was not statistically significantly higher, reflecting the high 
percentage of patients from the other groups that had DIE at subsequent surgeries 
(Table 2, Fig 2). 
 
 

Figure 1. Time to first recurrent surgery according to the initial type of endometriosis. 
The time to recurrence is illustrated in different colors according to the endometriosis 
lesion subtype at initial surgery. No statistically significant difference was observed. 
Abbreviations: SUP, superficial peritoneal endometriosis; OMA, ovarian endometrioma; 
DIE, deep infiltrating endometriosis. 
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Evolution of endometriosis subtypes over recurrent surgeries 
Interestingly, although the above results suggest the lesion subtype present at the 
first surgery is a good indication of the lesion to expect at the recurrent surgery, the 
results also show that a substantial proportion of patients with initially SUP or OMA 
lesions progress to a more severe subtype at recurrence. Of the women initially 
presenting with SUP 66.1% returned for recurrent surgery with either an OMA 
(10/56: 17.9%) or DIE (27/56: 48.2%), which when both subtypes were combined 
as more severe was statistically significant (p = 0.0295). Similarly, of the women 
initially diagnosed with an OMA 39.5% (49/124) returned for recurrent surgery 
with DIE whereas only 8.1% (10/124) with the less severe SUP (Table 2, Fig 2), 
which was also statistically significant based on a Fisher exact test of more vs less 
severe lesions (p < 0.0001). 
There were two patients (3.6%) in the initially SUP group that had a concomitant 
hysterectomy at recurrent surgery. One patient (1.8%) underwent hysterectomy 
during the first surgery, but still required a subsequent surgery for a recurrence of 
OMA. Six patients (5%) in the initially OMA group underwent a concomitant 
hysterectomy at recurrent surgery. Three patients (2.4%) underwent a hysterectomy 
during the first surgery, all three of which had an OMA lesion at subsequent 
surgery, one of which also had a DIE lesion. Eight patients (15.4%) in the DIE 
group underwent a concomitant hysterectomy at the second surgery. Two patients 
(3.7%) underwent hysterectomy during the first surgery and both subsequently 
presented with DIE at the next surgery; one of which was combined with an OMA. 
Concomitant hysterectomy at recurrence was significantly more common in the 
DIE compared to the SUP or OMA group (OR: 3.00, 95% CI: 1.11-7.73; p= .007). 
The majority of the OMA identified at subsequent surgeries occurred on the same 
ovary as the initial surgery (Table 3a). Similarly, the majority of the patients that 
presented with DIE lesions at first surgery were most likely to have recurrent lesions 
in the same area at the subsequent surgery (Table 3b). 
Of the 322 patients that underwent at least two surgeries for endometriosis 128 
(39.8%) had an additional 3rd surgery and 48 (14.9%) a 4th surgery. In these 
patients, we observed a similar trend with a high proportion of patients presenting 
with more severe subtypes and in particular DIE lesions at subsequent surgery. The 
data are presented in the supplemental table 1 (2nd to 3rd surgery) and 2 (3rd to 4th 
surgery). The discrepancy between the above-referred total numbers of recurrences 
and the numbers in the supplemental tables is due to some patients for which the 
lesion subtypes could not be classified, thus not included in the tables. Due to the 
limited sample numbers a statistical analysis was not performed. 
 

First 
surgery 

 
 
Recurrent  
surgery 

SUP (N= 
56) 

median 
time to 

recurrence 
(min-max) 

P 
OR (95% 

CI)1 

OMA (N= 
124) 

median 
time to 

recurrence 
(min-max) 

P  
OR (95% 

CI)2 

DIE (N= 54) 
median 
time to 

recurrence 
(min-max) 

P 
OR 

(95% 
CI)3 

SUP 17 (30.4%); 
30 (9-194) 

0.001 
3.65 

(1.74, 
7.51) 

10 (8.1%); 
28 (7-244) 

0.0011  
0.28 

(0.14, 
0.62) 

9 (16.7%); 
31 (5-116) 

ns 

OMA 
10 (17.9%); 

71.5 (6-
216) 

0.0036 
58 (46.8%); 
27 (6-222) <0.0001 

11 (20.4%); 
36 (6-141) 

0.021 
0.42 (0.2, 

0.87) 
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0.34 
(0.17, 
0.73) 

3.72 
(2.04, 
6.74) 

DIE 27 (48.2%); 
27 (5-139) 

ns 49 (39.5%); 
51 (8-135) 

ns 29 (53.7%); 
39 (18-119) 

ns 

Unknown 
subtype 

 2 (3.6%); 
31.5 (12,51) ns 

5 (4.0 %); 
30 (12-156) ns 

5 (9.3%); 24 
(4-31) ns 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 

Table 2. Evolution of endometriosis from first to recurrent surgery. 
In each cell, the number of cases evolving into SUP, OMA, DIE, or unknown lesion 
subtype at recurrent surgery and their percentage is given. 1: The ORs in this column 
reflect the possibility of a patient with initially SUP lesions compared to a patient with 
initially non-SUP lesions (OMA and DIE) to present a certain endometriosis lesion at 
recurrent surgery. The bold numbers represent the statistically significant higher 
possibility of SUP patients, compared to non-SUP patients to present with SUP lesions 
again, in the absence of OMA and DIE at recurrent surgery. 2: The ORs in this column 
reflect the possibility of a patient with initially OMA lesions compared to a patient with 
initially non-OMA lesions (SUP and DIE) to present a certain endometriosis lesion at 
recurrent surgery. The bold marked numbers represent the statistically significant higher 
possibility of OMA patients, compared to non-OMA patients to present with OMA lesions 
again in the absence of DIE at recurrent surgery. 3: The ORs in this column reflect the 
possibility of a patient with initially DIE lesions compared to a patient with initially non-
DIE lesions (SUP and OMA) to present SUP, OMA or DIE at recurrent surgery. 
Abbreviations: SUP, superficial peritoneal endometriosis; OMA, ovarian endometrioma; 
DIE, deep infiltrating endometriosis; ns, not significant; Min-Max, Minimum-Maximum; 
OR (95% CI), Odds Ratio (95% Confidence Interval). 

Figure 2. The evolution of SUP, OMA and DIE at first recurrence. Legend: Graphical 
illustration of Table 2. The evolution of the lesions from the first to recurrent surgery is 
presented. Each group of patients is split into 3 colored columns with each color 
representing a certain lesion subtype at recurrent surgery. Abbreviations: SUP, 
superficial peritoneal endometriosis; OMA, ovarian endometrioma; DIE, deep 
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       Location of OMA at 
1st surgery 

Location of                        
OMA at 2nd surgery 

 Bilateral 
n=13 
(22.4%) 

 Unilateral 
left 

 n=21 
(36.2%) 

 Unilateral 
right n=14 

(24.1%) 

Unknown   
n=10 (17.2%) 

Bilateral 6 (46.2%) 9 (42.9%) 4 (28.6%) 4 (40.0%) 
Unilateral left 3 (23.1%) 8 (38.1%) 3 (21.4%) 1 (10.0%) 

Unilateral right 4 (30.8%) 4 (19.0%) 7 (50.0%) 3 (30.0%) 
Unknown 0 (0%) 0 (0%) 0 (0%) 2 (20.0%) 

 
 
 
 

       First surgery 
 

 
DIE location  
at second 
surgery 

DIE 

SUP 
n=27 

OMA 
n=49 

Uterosac
ral 

ligament 
n=3/29 

Vagin
a 

n=11/2
9 

Intestin
e 

n=10/29 

Bladd
er 

n=1/29 

Others
* 

n=4/29 

Uterosacral 
ligament 0 

1 
(3.4%) 1 (3.4%) 

1 
(3.4%) 

1 
(3.4%) 

7 
(25.9%) 

9 
(18.4%) 

Vagina 0 
8 

(27.6%
) 

5 
(17.2%) 0 0 10 

(37.0%) 
23 

(46.9%) 

Intestine 1 (3.4%) 
4 

(13.8%
) 

4 
(13.8%) 0 2 

(6.9%) 
12 

(44.4%) 
15 

(30.6%) 

Bladder 0 0 0 0 0 2 (7.4%) 3 (6.1%)  

Others*  2 (6.9%) 
1 

(3.4%) 1 (3.4%) 0 
1 

(3.4%) 1 (3.7%) 
5 

(10.2%) 
 
 
 
 
 
 
 
Discussion 
 
In the present study, we demonstrate that the time to first recurrent endometriosis 
surgery is independent from the endometriosis subtype observed at the initial 
surgery. Moreover, at subsequent surgery the endometriosis subtype observed is 
likely to be the same subtype observed previously. Interestingly, however, there is 
a high percentage of patients that present with more severe lesion subtypes, 
particularly DIE. The trend towards more severe endometriosis subtypes in these 
patients implies disease progression may occur overtime irrespective of surgical 
removal. 
To the best of our knowledge, this is the first study to compare the time to recurrence 
between different endometriosis subtypes. The median time to first recurrence for 

Table 3a. Location analysis of OMA at first surgical recurrence.  

Table 3b. Location analysis of DIE at recurrent surgery. Note: The 105 patients with 
DIE at second surgery are analyzed according to the initial lesion subtype. For 29 of 
them it was DIE, for 27 SUP and for 49 OMA at the first surgery. 
*umbilicus, appendix, inguina, round ligament of uterus 
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all women with endometriosis was 31 months, similar to the 30 months reported by 
Liu et al 25.  
It is important to note that our study only included patients who had recurrent 
endometriosis lesions confirmed through a second surgery. We have specifically 
selected this cohort because 1) we believe that, given a long enough follow up there 
is significant potential for all women with endometriosis to recur and thus it 
becomes difficult to define a non-recurrence group, particularly if surgery is 
required to confirm the diagnosis and, 2) by including women that have had an 
initial, complete excision of endometriosis we can confirm that at this point in time 
these women were devoid of macroscopic endometriosis lesions. This study does 
not report on women who did not require subsequent surgical intervention, thus it 
does not describe the likelihood of all endometriosis to recur, but rather only the 
time to surgical intervention for the group of women with endometriosis that have 
recurrence significant enough to require additional surgical intervention. Further 
studies that examine whether there are difference in recurrence in all patients, i.e. 
those that do not require surgical intervention would be interesting, but challenging 
to design and perform.  
Whether endometriosis represents a progressive disease that worsens over time is 
not resolved but attracting more attention. A 3-year prospective study suggested 
that endometriosis is a progressive disease 13 which was supported by a review of 
adolescence endometriosis 17, with an additional study showing development from 
peritoneal to ovarian endometriosis, including uterosacral ligament lesions during 
a 2-5 years follow up 19. On the contrary, an analysis of randomized control studies 
(RCT) on adolescents showed 71% of the patients without endometriosis excision 
did not progress 18. However, a single RCT contributed the majority of cases to this 
analysis with a short follow up of only 4 to 6 months 26. The findings of our study 
agree with the suggestion of progression and extend them to a broader population 
with a longer follow up.  
OMA was the most common endometriosis subtype that was observed in this group 
of patients (53.4%). With OMA being the easiest type of endometriosis to diagnose, 
it seems plausible that they are more usually treated via surgery. If the higher 
incidence of recurrence is solely due to an observation bias, or that OMA is more 
likely to recur cannot be answered by the current study. A recent randomized 
controlled study evaluating levonorgestrel-IUD reported 25-37.5% OMA 
recurrence 27. However, recurrent surgery on the ovary is related to ovarian reserve 
damage 28 and recurrent surgery for endometriosis in general is related to stress, 
complications as well as personal and social costs. Therefore, caution is required 
firstly to adhere to the guidelines on the indications for endometriosis surgery and 
surgical technique and secondly to decrease the risk of recurrence via hormonal 
suppressive therapy 29-32. 
The underlying pathogenesis of endometriosis recurrence is unclear. If recurrence 
derives from residual endometriotic cells that remain after surgery, or from de novo 
lesions is a matter of debate 8. It has been reported that DIE lesions reappeared at 
subsequent surgery in the same area of the pelvis as at the previous surgery 33, 
possibly due to the high number of incomplete surgeries included in the study. In 
another study, 50 out of 62 (80.6%) patients with recurrent endometriomas had 
recurrence on the treated ovary 34. Our study also shows that the majority of 
recurrent endometriomas were on the same ovary, which could indicate residual 
lesions. However, lesions on the contralateral ovary, or other areas were also 
observed indicating that de novo lesion development is possible especially since 
some recurrences were documented after a long nascent period. Another possibility 
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could be that recurrent lesions at different locations than the initial lesion could 
occur by endometriotic tissue dissemination during the first surgery. 
An important limiting factor in endometriosis research is that although 
endometriosis recurrence can be well defined within a retrospective study, 
identifying and confirming non-recurrence is impossible. Thus, no non-recurrent 
group of patients was included in our study. Many patients may not undergo a 
subsequent surgery for endometriosis, choosing to tolerate endometriosis-
associated symptoms, or to treat the symptoms medically. A detailed follow-up 
including this information is perhaps possible within a prospective study with long 
enough follow-up since many recurrences occur after 48 months or even longer. 
However, due to the difficulty of an accurate non-surgical diagnosis of 
endometriosis the classification of a patient as non-recurrent would be challenging 
even in such a prospective follow-up study.  
Based on the surgical protocols we assumed in each case that the endometriotic 
lesions were completely excised. It is however, possible that this was not always 
the case and thus some subsequent surgeries could be the result of endometriosis 
persistence instead of endometriosis recurrence. The same applies to the 
endometriosis subtype with some misdiagnosed at the initial surgery. Moreover, we 
cannot exclude that selection bias due to the tertiary nature of our clinic was in part 
a reason for the high proportion of patients with endometriosis progression since 
less severe endometriosis subtypes may have been surgically treated in other 
hospitals. However, the tendency of endometriosis progression was observed also 
on the patients exclusively treated in our clinic. Finally, we lacked reliable data on 
postoperative hormonal medication. Although there is a consistency of prescription 
within the single clinic, it is impossible to confirm compliance. We could assume 
however, that since the time to recurrence was not statistically significantly 
different between groups there was also no significant difference in the hormonal 
medication used. 
The main advantages of the current study should also be mentioned. It provides real 
world data and contrary to available studies, a very long follow-up, often including 
the whole reproductive time, traversing many recurrent surgeries per patient. 
Moreover, recurrences are well defined and described by laparoscopy, not by 
imaging alone, adding to the accuracy of the observations. Finally, the inclusion of 
all hospital-based recurrent patients provides more generalizability compared to the 
population included in available RCTs primarily designed for other purposes. 
The results of the study will help clinicians to better comprehend the evolution 
of endometriosis in recurrent surgeries and ultimately provide valuable 
information for patient counselling, especially after surgery. 
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        Second surgery     
 
 
Third surgery 

SUP (N= 11); 
median time to 
recurrence (min-
max) 

OMA (N= 48); 
median time to 
recurrence (min-
max) 

DIE (N= 32); 
median time to 
recurrence (min-
max) 

SUP 6 (54.5%); 40.5 (9-
125) 

3 (10.7%); 112 (23-
119) 

7 (21.9%); 27 (7-61) 

OMA 0 (0%) 25 (52.1%); 35 (8-
222) 

9 (28.1%); 29 (12-
89) 

Figure S1. The median time to recurrence is 32 months. The black arrows show the 
percentage of patients with recurrence at 24 months, 36 and 48 months, respectively. 

Figure S2. Time to first, second, third and fourth recurrence. The time from the first to 
second (1st recurrence), second to third (2nd recurrence), third to fourth (3rd recurrence) 
and fourth to fifth (4th recurrence) surgery is illustrated in different colors. The median 
time to the first, second, third and fourth recurrent surgery is 32, 35, 30 and 34 months, 
respectively. No statistically significant difference was observed. 
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DIE 5 (45.5%); 23 (13-
70) 

17 (35.4%); 43 (6-
114) 

15 (46.9%); 54 (12-
146) 

Unknown subtype 0 3 (6.2%); 21 (5-38) 1 (3.1%); 23 
 
 
 
 
 
 

Third surgery 
 
 
Fourth surgery 

SUP (N= 8); 
median time to 
recurrence (min-
max) 

OMA (N= 15); 
median time to 
recurrence (min-max) 

DIE (N= 13); 
median time to 
recurrence (min-
max) 

SUP 4 (50%); 29 (11-
90) 

1 (6.7%); 137 2 (15.4%); 46 (30-
62) 

OMA 1 (12.5%); 17 9 (60.0%); 17 (6-156) 5 (38.5%); 39 (27-
93) 

DIE 3 (37.5%); 29 (24-
160) 

5 (33.3%); 32 (15-63) 6 (46.2%); 40 (24-
141) 

Unknown 0 0 0 
  

Table S1. Evolution of endometriosis from second to third surgery. In each cell, the 
number of cases evolving into SUP, OMA, DIE or unknown lesion subtype at recurrent 
surgery and their percentage is given. 

Table S2. Evolution of endometriosis from third to fourth surgery. In each cell, the 
number of cases evolving into SUP, OMA, DIE or unknown lesion subtype at recurrent 
surgery and their percentage is given. 
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Abstract 
 
Objective: To evaluate possible predictive factors for recurrence after laparoscopic 
segmental bowel resection for bowel endometriosis. 
Design: Cohort study 
Setting: Academic tertiary referral centre 
Methods: A total of 95 symptomatic women with bowel endometriosis who 
underwent laparoscopic segmental bowel resection at the Endometriosis clinic, 
University of Bern between 2002 and 2012 were enrolled in this cohort study. Since 
14 women were lost to follow-up 81 formed the final cohort. Clinical and 
histological characteristics were examined as possible predictive factors for disease 
recurrence. 
Main outcome measures: Recurrence, defined as a subsequent operation due to 
recurrent endometriosis-associated pain with a histologically confirmed 
endometriotic lesion. 
Results: Recurrence was observed in 13 (16%) patients. Variables that were 
significantly associated to recurrence by the Cox regression analysis were positive 
bowel resection margins (hazard ratio: 6.5, 95% CI: 1.8-23.5, p: 0.005), age< 31 
years (hazard ratio: 5.6, CI: 1.7-18.6, p: 0.005) and BMI≥ 23 kg/m2 (hazard ratio: 
11.0, 95% CI: 2.7-44.6, p: 0.001). 
Conclusions: Positive bowel resection margins as well as age<31 years and BMI≥ 
23 kg/m2 appear to be independent predictors of disease recurrence. 
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Introduction 
 
Bowel endometriosis was first described by Sampson 1 and is characterized by the 
involvement of the subserosa layer of the bowel 2. It can present at any level from 
the anal canal to the small intestine, although it is most frequently located in the 
rectum and sigmoid colon 2. It is also typically associated with deep infiltrating 
endometriosis (DIE) in other locations, such as the ureters and ovaries and has been 
estimated to affect between 3.8% to 37% of the patients diagnosed with 
endometriosis 4. 
 
Conservative medical therapy is usually only temporarily effective with symptom 
recurrence rates as high as 76 % 5. In these cases surgical excision, which is 
considered to be effective in relieving pain and improving quality of life 4, 6-9 
represents the treatment of choice. The current surgical approach to bowel 
endometriosis encompasses a number of techniques (bowel shaving, disc resection, 
segmental bowel resection). It has been reported that a wide margin of excision 
achieves a lower endometriosis recurrence rate 4, 10. However, even with segmental 
bowel resections, recurrences are observed. The recurrence rate varies from study 
to study and can be up to 20% depending on how the recurrence is defined 11.  
The purpose of this study was to examine if certain histological and clinical 
characteristics are associated with recurrence after laparoscopic segmental bowel 
resection. Furthermore, the intra- and postoperative complication rate was 
evaluated. 
 
Methods 
This is a retrospective review of a prospectively maintained electronic database of 
patients with DIE in the rectovaginal septum (RVS) who underwent a laparoscopic 
operation between May 2002 and May 2012 at the University Hospital of Berne. 
To be part of the final study population the following criteria had to be satisfied: 
premenopausal status, symptomatic disease, retention of at least one ovary, a 
minimum of 12-month follow-up period and treatment via segmental bowel 
resection. The project was approved by the relevant ethical committee and written 
informed consent was obtained from all participants prior to surgery. The clinical 
data (age, BMI, symptoms, previous surgical and medical therapy), operative data 
and the histological results were analyzed retrospectively. 
 
Before surgery, a detailed medical history was collected and all women had an 
accurate physical and imaging examination. Couple infertility was defined by the 
failure to achieve a clinical pregnancy after 12 months or more of regular 
unprotected sexual intercourse. Indications for surgical intervention included 
severe, incapacitating, endometriosis-associated symptoms (dysmenorrhea, pelvic 
pain, deep dyspareunia, dyschezia, dysuria or urinary urgency) not responsive to 
medical therapy as well as the presence of advanced disease indicated by anatomic 
distortion of the ureter. The strategy of the operation was to remove all the 
macroscopically visible endometriotic lesions. All patients were informed in detail 
about potential complications including the possibility of protective colostomy so 
that they could choose between a definitive therapy during the first operation, or a 
second look operation after intra-operative findings were discussed.  
 
All patients likely to require a bowel resection underwent bowel preparation and 
routinely ad¬ministered intravenous antibiotics before the laparoscopic procedure. 
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The clinical symptoms as well as the physical and imaging examination indicated 
preoperatively a possible bowel involvement but the decision for a segmental bowel 
resection was first made intraoperatively. The RVS was dissected and the nodule 
was mobilized. Superficial rectal lesions were treated by shaving alone. Deeply 
infiltrative nodules were treated by either segmental or disc resection, depending 
on the circumference and length of rectal involvement. In cases with extensive 
involvement where disc resection was deemed inadequate for macroscopic 
clearance, segmental resection was performed and the anastomosis was then 
fashioned by using a double-staple technique. The specimen was retrieved after 
widening of the suprapubical incision (3-4cm). All anastomoses were routinely air 
tested. Any air leak was oversewn laparoscopically and retested. Defunctioning 
ileostomies were performed selectively. The level of the end-to-end anastomosis 
was defined, according to the distance from the anus, as high/medium (≥8 cm), low 
(>5 and <8 cm) and ultralow (≤5 cm). Additional procedures were performed during 
the same operation to remove other localizations of endometriosis. The histological 
criteria for determining the presence of bowel endometriotic lesions were the 
presence of ectopic endometrial glands and stroma. The bowel sections were 
examined to evaluate the vertical infiltration of the endometriotic lesion in the 
intestinal wall (subserosa, muscularis propria, submucosa, mucosa) and the 
involvement of the resection margins. Positive resection margins were defined as 
the presence of endometriosis in one of the tissue rings from the circular stapler or 
in the margins of the bowel specimens if no tissue rings were available. 
 
The clinical database was analyzed to evaluate the intra- and postoperative 
complications as well as the disease recurrences. Recurrence was defined as a 
subsequent operation due to recurrent endometriosis-associated pain with a 
histologically confirmed endometriotic lesion. This was not necessarily a recurrent 
endometriotic lesion of the bowel. If the patient did not continue presenting in our 
clinic, she or her family physician was contacted. In case of recurrence with a 
subsequent operation in another clinic the operative and histological report were 
requested. Clinical and histological characteristics were examined as possible 
predictive factors for disease recurrence. 
 
Statistical analysis 
Median values and range were calculated for continuous variables and percentages 
for the qualitative variables. To investigate the possible predictive factors for 
recurrence univariate analysis was performed, with the log-rank test applied to 
survival curves that were obtained with the Kaplan-Meier method. Finally, 
multivariate analysis has included only those factors that had reached a probability 
value of <0.1 at univariate analysis and has been carried out with the use of the Cox 
regression method. The continuous variables, age, BMI and length of resected 
bowel were converted into binomial variables after finding the best possible cut-off 
value through a ROC curve analysis. Significance was set at a P value of <0.05. 
Stata 12 was used for the statistical analysis. 
 
Results 
 
During the 10-year study period, 213 patients underwent laparoscopic surgery for 
deep infiltrating endometriosis involving the RVS. A laparoscopic segmental bowel 
resection was completed in 95 of these patients (44.6%). Before surgery, pelvic and 
abdominal ultrasound was performed. Magnetic resonance imaging and 
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colonoscopy was performed on 21 (22.1%) and 9 (9.5%) patients, respectively. The 
clinical characteristics are provided in Table 1.  

 

Age (years), median (range) 33 (24-49) 

BMI (Kg/m2), median (range) 22 (16-32) 

Couple infertility, number (%) 27 (28.4) 

Nulliparous, number (%) 76 (80.0) 

Previous surgery for endometriosis, 

number (%) 
76 (80.0) 

Previous hysterectomy, number (%) 8 (8.4) 

Previous right Adnexectomy, number 

(%)  
3 (3.2) 

Previous left Adnexectomy, number (%) 4 (4.2) 

Previous hormone therapy last 3 months 

before laparoscopy, number (%) 
58 (61.1) 

Dysuria or urinary urgency, number (%) 4 (4.2) 

Dyschezia, number (%) 44 (46.3) 

Deep dyspareunia, number (%) 37 (38.9) 

Dysmenorrhea or pelvic pain, number 

(%) 
90 (94.7) 

 

 
Surgical data 
The bowel lesions were located in recto-sigmoid junction, with 8 (8.4 %) cases 
identified with a second endometriotic lesion in the small intestine that also required 
treatment (ileocecal junction in four cases and ileal in the other four). The level of 
the end-to-end anastomosis was high/medium in 41 cases (43.2%), low in 38 cases 
(40.0%) and ultra-low in 16 cases (16.8%). Eighty-nine (93.7%) procedures were 
completed laparoscopically. Of the remaining six procedures, one was a planned 
open procedure and the other five were open conversions.  
In most of the cases segmental bowel resection was associated with other 
concomitant surgical procedures: the associated interventions were partial resection 

Table 1. Patient characteristics (95 patients) 
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of posterior vaginal fornix (n=70, 73.7%), resection of the ureterosacral ligament 
(n=11, 11.6%), right ovarian endometriotic cystectomy (n=26, 27.4%), left ovarial 
endometriotic cystectomy (n=24, 25.3%), right adnexectomy (n=1, 1.1%), left 
adnexectomy (n=13, 13.7%), hysterectomy (n=4, 4.2%), bladder resection (n=7, 
7.4%), right ureterolysis (n=27, 28.4%), left ureterolysis (n=56, 58.9%), 
appendectomy (n=5, 5.3%), left uretero-cystoneostomy (n=1, 1.1%) and extended 
adhesiolysis (n=43, 45.3%). Due to concomitant ureteral endometriosis, five 
patients (5.3%) suffered from left and one (1.1%) from right ureteral dilatation. In 
one of the cases the ureterolysis was not enough to treat the problem and an uretero-
cystoneostomy was performed. Major complications occurred in 7 (7.4%) patients, 
including 4 cases (4.2%) with anastomotic leak, 2 (2.1%) with significant 
intraoperative blood loss (1500ml and 1600ml) requiring trans¬fusion and 1 (1.1%) 
with a ureteral lesion. One patient with anastomotic leak manifested a rectovaginal 
fistula three months later and in another case a rectovaginal fistula occurred 
simultaneously with an anastomotic leak seven days after the operation. In addition, 
5 cases (5.3%) with wound infection were observed. 
 
Twelve patients (12.6%) required temporary defunctioning ileostomies. Four of 
these were secondary to an anastomotic leak and six of them were primarily because 
of the ultralow level of the anastomosis (≤5 cm from the anus). In one case the 
patient had previously received pelvic radiotherapy due to Hodgkin’s lymphoma 
and in another one the ileostomy was performed because of simultaneous ileocecal 
resection and extended adhesiolysis. Restoration of intestinal continuity was 
performed after a period of 2–12 months in all cases. 
 
Histological data 
The median longitudinal length of the resected bowel specimens was 8 cm (range, 
3.5 – 26cm.). In all cases, lesions were found extending from the serosa. In 4 (4.2 
%), 49 (51.6 %), 31 (32.6%) and 2 (2.1%) specimens, the depth of infiltration of 
the endometriosis was at the subserosal, muscular, submucosal and mucosal levels, 
respectively. In 80 cases (84.2%), the bowel resection margins were negative, 
whereas in the remaining 15 cases (15.8%) they were positive for endometriosis. 
 
Analysis of possible risk factors 
Of the 95 patients, 14 (14.7%) were lost to follow-up and 81 (85.3%) formed the 
final study population. The median follow-up was 53 (range, 12–120) months. 
Recurrence was observed in 13 (13.7 %) patients requiring a new operation due to 
endometriosis-associated pain (17-90 months later). Endometriosis or adenomyosis 
uteri were histologically confirmed in all of them. In 9 patients the subsequent 
operation showed endometriotic lesions of the peritoneum and/or ovaries and in two 
in the rectovaginal septum which were laparoscopically excised.  In 4 patients the 
uterus was excised and adenomyosis uteri was confirmed histologically. Only one 
patient required a new segmental bowel resection (ileumsegment resection, 5cm 
long). The histological analysis revealed an endometriotic lesion extending to the 
muscular layer of the bowel. 
 
Univariate survival analysis for comparison of patients with and without recurrence 
revealed that positive bowel resection margins, BMI ≥23 and age <31 were all 
significantly associated with disease recurrence (Table 2). Multivariate survival 
analysis confirmed a significant association of these factors with disease recurrence 
(Table 3). The Kaplan-Meier curves are presented in Figure 1, 2 and 3. 
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 Recurrence 

N=13 (%) 

Non Recurrence 

N=68 (%) 

p-value (log 

rank test) 

Positive margins 5 (38.5) 9 (13.2) <0.05 

Infiltration of subserosa 13 (100) 62 (91.2) NS 

Infiltration of muscularis 

propria 

13 (100) 58 (85.3) NS 

Infiltration of submucosa 4 (30.8) 25 (36.7) NS 

Infiltration of mucosa 0 (0) 2 (2.9) Not estimable 

BMI ≥23 kg/m2  10 (76.9) 24 (35.3) <0.01 

Age <31 years 9 (69.2) 19 (27.9) <0.05 

Length of resected bowel 

≥7 cm 

7 (53.8) 45 (66.2) NS 

Concomitant 

Hysterectomy 

0 (0) 4 (5.9) Not estimable 

Previous surgery for 

endometriosis 
11 (84.6) 55 (80.9) NS 

Previous hormone therapy 

last 3 months before 

laparoscopy 

9 (69.2) 42 (61.8) NS 

 

 

 Hazard Ratio (95% 

Confidence Interval) 

p-value (log rank test) 

Positive margins 6.5 (1.8-23.5) 0.005 

BMI ≥23 kg/m2  11.0 (2.7-44.6) 0.001 

Table 2. Univariate analysis of predictive factors for recurrence 
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Age <31 years 5.6, (1.7-18.6) 0.005 

 

 
 
 
 

 
 

Table 3. Multivariate analysis of predictive factors for recurrence 

Figure 2. Disease recurrence rate with the Kaplan-Meier method for age. 

Figure 1. Disease recurrence rate with the Kaplan-Meier method for resection 
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Discussion 
 
To our knowledge, this is the first study to find a correlation between the 
histopathological margins collected from the resected tissue and the treatment 
outcomes for bowel endometriosis. Two previous studies have reported no 
correlation 8, 11; however, the first study reported that in 66 out of 92 patients a disc 
resection was performed which in this case cannot be compared with our study 
population in which disc resections were excluded. In the second study, there was 
a different outcome measured since only the recurrence of pain but not the 
subsequent re-operation for endometriosis was examined. More importantly in the 
previous study the follow up time was limited to a median of 18 months after 
surgery, whereas most surgeries for recurrence in our study took place only between 
17 and 90 months after segmental bowel resection. Moreover, the latter study was 
possibly, as suggested by the authors, to be underpowered to exclude a possible 
correlation between the presence of positive margins and the rate of recurrence. 
Nevertheless, we are aware that our study is limited by its retrospective nature, nor 
do we have sufficient information to conclude that all patients received similar 
medical therapy post operation, which may ultimately influence recurrence. It 
should finally be mentioned that our study population with 81 followed patients is 
not big enough to allow a detailed evaluation of all different factors that may 
contribute to disease recurrence. 
 
The fact that younger patients have a higher risk of recurrence is not surprising and 
has already been presented by other authors 10. Moreover, the current study, which 

Figure 3. Disease recurrence rate with the Kaplan-Meier method for BMI. 
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shows that high BMI is a predictive factor for recurrence, is in line with the study 
from Netzhat et al. 12. Furthermore, it should be noted that none of the 4 patients 
who had a concomitant hysterectomy presented with recurrence which suggests that 
hysterectomy is a protective factor for recurrence. 
 
The 15.8% of the bowel specimens that were found with endometriotic lesions in 
the resection margins in our study is similar to previously published data 11,13. 
Bowel endometriotic nodules are usually surrounded by smooth muscle hyperplasia 
and fibrosis, which may produce mural thickening and luminal stenosis. This 
macroscopic manifestation is a strong indication for the surgeon to perform the 
bowel operation. However, not all deep endometriotic bowel nodules are 
surrounded by extensive fibrosis 14 and in the most of the cases there is a multi-
centric involvement 15. This could be the reason why it is not always possible to 
achieve a complete excision of the lesions. Some studies suggest that the complete 
microscopic resection of bowel endometriotic implants might remain impossible, 
even if large segmental resection is performed 16. Whether the endometriotic lesion 
that precipitates the need for a repeat operation is derived from such residual lesions 
or a new endometriotic lesion is not clear. Anyway, most of the recurrent lesions 
found in the current study were at other sites but not in the bowel. It may be 
tempting to suppose that positive bowel resection margins imply an overall more 
advanced state of disease and thus is indicative of a higher risk of recurrence. 
 
In this study we found the rate of serious complications using the bowel resection 
technique to treat endometriosis was 4.2% for anastomotic dehiscence and 2.1% for 
rectovaginal fistula. A recent prospective cohort study 13 found similar complication 
rates in patients with moderate and severe endometriosis treated either with or 
without bowel resection. Previous studies have found the rate of intestinal 
anastomotic leak ranges from 3% to 7% increasing up to 20% for low rectal 
anastomosis 4 and a rate as high as 10% for rectovaginal fistula 14. Finally, the 
temporary ileostomy rate of the current study is similar to previously published data 
17 .  
 
The question of which surgical technique (bowel shaving, discoid bowel resection, 
segmental bowel resection) should be favored for the treatment of bowel 
endometriosis cannot be answered by this study. A crucial factor for the indication 
of discoid bowel resection seems to be the size of the endometriotic lesion. There 
is a general agreement that the maximum diameter should not exceed 3cm, with 
maximum involvement of one-half of the bowel circumference 14, 18. In these cases 
it may provide favorable outcomes and low complication rates 19. This approach 
was also followed in this study; however, since these cases were excluded from the 
study population we cannot make any definitive conclusions on this technique.  
The results of this study show that the presence of endometriotic tissue in the bowel 
resection margins as well as age< 31 years and BMI≥ 23 kg/m2 are independent 
predictors for a subsequent operation for endometriosis or adenomyosis in the 
future. More frequent gynecological checks or hormonal treatment directly after the 
operation may be even more important in these cases. 
 
Acknowledgments: The authors thank Eveline Nüesch from CTU Bern for her help 
in statistical analysis.  
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Abstract 
 
Objective: To investigate the effect of gonadotropin-releasing hormone analogues 
(GnRHa) on the peritoneal fluid microenvironment in women with endometriosis.  
Study design: Peritoneal fluid was collected from 85 women with severe 
endometriosis (rAFS stage III and IV) during laparoscopic surgery during the 
proliferative phase. Prior to surgery clinical data were collected. The concentrations 
of specific markers for endometriosis in the peritoneal fluid were determined using 
an ELISA and a comparison between peritoneal fluid markers in women using 
GnRHa and no hormonal treatment was performed using a non-parametric Mann-
Whitney U test.  
Results: The study included peritoneal fluid from 39 patients who had been 
administered GnRHa (Zoladex(®)) in the three months prior to surgery and 46 from 
women with no hormonal treatment in this period. Concentrations of IL-8, PAPP-
A, glycodelin-A and midkine were significantly reduced in the GnRHa treatment 
group compared to women receiving no hormonal treatment. RANTES, MCP-1, 
ENA-78, TNF-α, OPG, IP-10 and defensin showed no significant change between 
the two groups.  
Conclusions: GnRHa mediate a significant regression in the inflammatory nature 
of the peritoneal microenvironment in women with endometriosis. 
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Introduction 
 
Endometriosis is an extremely prevalent estrogen-dependent gynecological 
disorder affecting at least 10% of reproductive-aged women worldwide 1. It is 
characterized by the growth of endometrial tissue outside the uterine cavity and can 
result in severe pelvic pain 2 and subfertility 3. 
 
Currently the most widely accepted theory of endometriosis etiology purports that 
retrograde menstruation allows the implantation of viable endometrial cells at 
ectopic sites 4. The ectopic lesions then secrete chemotactic molecules recruiting 
immune cells to the peritoneal fluid (PF) and these in turn secrete pro-inflammatory 
cytokines, further stimulating the proliferation of the lesion 5. Elevated 
concentrations of numerous molecules have been reported in the peritoneal fluid of 
women with endometriosis 6-9. In addition, interleukin-6 (IL-6), tumour necrosis 
factor-a (TNF-a), regulated on activation normal T cell expressed and secreted 
(RANTES), osteoprotegerin (OPG) and glycodelin have also been associated with 
dysmenorrhoea in endometriosis 10-12. 
 
GnRH analogues (GnRHa) are an important treatment modality for endometriosis, 
significantly reducing endometriosis-related pain 13. Current knowledge suggests 
this is mediated primarily by the induction of a hypo-estrogenic state. The exact 
role of hypoestrogenism, however, is not well defined, as the responsiveness of 
endometriotic lesions to estrogens remains unclear. Estrogen receptors (ER) have 
been reported in endometriotic lesions 14 although at lower expression in ectopic 
tissue than matching eutopic tissue 15 and with no cyclical variations 16, and the 
responsiveness of endometriosis tissue to ovarian steroids differs significantly 
between eutopic and ectopic tissue in the same patients 17. GnRHa may also act 
locally. This activity could be mediated both indirectly by ER receptors present on 
peritoneal macrophages 18, or directly via GnRH receptors (GnRHR) on the 
endometriotic lesions themselves 19. Previous evidence suggests GnRHa modulate 
the peritoneal microenvironment by decreasing the concentrations of some 
angiogenic and growth factors, as well as cytokines 20. 
 
Given the importance of GnRHa use in the treatment of endometriosis we wished 
to extend the limited knowledge on what effect these treatments have on the local 
peritoneal microenvironment. We therefore analysed the concentration of a number 
of molecules found upregulated in the peritoneal fluid of women with 
endometriosis, and compared these concentrations in a case–control study between 
women with and without GnRHa treatment prior to surgery. 
 
 
Materials and Methods 
 
Sample and data collection 
Women undergoing laparoscopic procedures for endometriosis in the Department 
of Obstetrics and Gynaecology, University of Berne (Switzerland) between 2007 
and 2011 were recruited for the study. Written informed consent and detailed 
information on hormonal treatment usage was obtained from all participants prior 
to surgery. Patients using hormonal contraception (combined or gestagen-only) or 
vaginal progesterone the last three months prior to surgery were excluded from the 
study. Moreover, patients using any anti-inflammatory drugs or suffering from 
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other inflammatory diseases were excluded. Only patients with severe 
endometriosis (rAFS stage 3 and 4) were included in the study. 
 
The project was approved by the relevant Ethical Committee and all procedures 
were performed during the proliferative phase of the menstrual cycle. 
 
Peritoneal fluid was aspirated from the pouch of Douglas and clarified by 
centrifugation (10 min at 1800 x g). Peritoneal fluid samples were stored undiluted 
in sterile cryotubes at -70°C for up to five years prior to assay. Total protein 
concentration was determined with the micro-bicinchoninic acid method (Quanti- 
Pro1 BCA, Sigma–Aldrich, St. Louis, USA) 15 on microtitre plates in order to 
exclude samples that had been accidentally diluted with flush medium during the 
laparoscopic procedure. 
 
Measurement of cytokine concentrations 
Cytokine concentrations were determined by microplate ELISA in duplicate (single 
for some commercial assay kits). IL-8, TNF-a, RANTES, midkine, OPG, 
pregnancy-associated plasma protein A (PAPP-A), and glycodelin (PP14) were 
determined in the PF samples as described in previous reports from our laboratory 
[6,11]. MCP-1 and IP-10 were determined using the Duo-Set method from R&D 
Systems (Abingdon, England) using a PF dilution of 1:3 in phosphate- buffered 
saline containing 1% (w/v) bovine serum albumin. ENA-78 was measured with the 
commercial ELSIA kit (Quantikine, also from R&D Systems England); in order to 
increase the sensitivity to 2.5 pg/mL the ratio between sample and assay diluent 
was increased from 1:5 to 2:5. Neutrophil defensins (combined alpha defensins 
HNP-1, -2 and -3) were determined with the assay from Hycult Biotech (Uden, the 
Netherlands). Functional sensitivity of this assay was below 150 pg/mL. PF samples 
were diluted 1:5 in the supplied dilution buffer. For the commercial assays the 
protocols supplied by the manufacturers were followed, with the modification that 
antibody incubations were performed at a controlled temperature of 28°C in a dry 
incubator/shaker. At the time of these measurements the laboratory had no 
knowledge of the presence or absence of GnRHa treatment. Statistical analysis for 
the comparison of marker concentrations between groups (GnRHa treated vs. non-
treated) was done by Mann–Whitney U test with the statistical program Graphpad 
Prism version 3.03. A P value below 0.05 was considered as significant for all tests. 
 
 
Results  
 
Patients and sample data 
Eighty-five women (age 32.7 ± 5.0 years; BMI 23.0 ± 4.3 kg/m2, mean ± SD) with 
histologically confirmed endometriosis were included in the study. A total of 39 
patients had been taking GnRH agonist medication (Zoladex, 3.6 mg 
subcutaneously every 28 days) during the three months preceding surgery. The 
remaining 46 women that made up the control group did not receive any medication. 
No significant difference in either age or BMI was observed between the treatment 
or control groups. Patient data and peritoneal fluid characteristics are given in Table 
1. 
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 Non-treated GnRHa 
treated 

P 
value 

Number of 
women 

46 39  

Age (years) 32.9  ± 4.6 32.4  ± 5.4 0.6778 
Body mass index 
(BMI, kg/m2) 

23.7  ± 4.5 22.3  ± 4.1 0.1405 

Peritoneal fluid 
(PF) collected 
(mL) 

11.2  _ 8.2 7.7  ± 5.6 0.0228 

Total protein in 
PF (mg/mL) 

33.8  ± 10.1 35.7  ± 6.8 0.3156 

 
 
 
 
Peritoneal fluid cytokine concentrations with and without GnRHa 
treatment 
Amongst the studied markers IL-8 (Fig. 1A), pregnancyassociated plasma protein 
A (PAPP-A, Fig. 2A), glycodelin A (Fig. 2B) and midkine were found to have a 
significantly reduced concentration in the GnRHa treatment group compared to the 
control group. In statistical terms the strongest decreases were observed for PAPP-
A and glycodelin A (P < 0.0001). Other analytes (RANTES, MCP-1, ENA-78, and 
defensins) showed decreases to similar extents but without reaching statistical 
significance. In spite of using modified incubation volumes in the assay for ENA-
78 (Fig. 1B), 22% and 26% of the obtained values were below the increased 
detection limit of 2.5 pg/mL for the control and the GnRHa treatment group, 
respectively. The medians of TNF-a and OPG did not differ between the two 
groups, and IP-10 was increased in the GnRHa treatment group, but without 
reaching statistical significance. The results are shown in Table 2. 
 

 
 
 
 
 
 
 
 
 
 

Table 1. Demographic data of the endometriosis patients (N = 85), peritoneal 
fluid characteristics and pain levels in the non-treated and the GnRH agonist 
treated group. 

Figure 1. Box-and-whisker plots for the concentrations of IL-8 and ENA-78 in 
the peritoneal fluid of endometriosis patients treated with GnRH analogues (N 
= 39, bold print) or not (N = 46, fine print). Boxes represent the median with 
25th and 75th percentiles, the whiskers the minimum and the maximum. (A) IL-
8; (B) ENA-78. Please note the logarithmic scales and the large variations, as 
the values mostly range over several orders of magnitude. The dotted line in (B) 
(ENA-78) represents the detection limit of the assay. 
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Cytokine/marker Non-

treated 
GnRHa 
treated 

P value 

(Concentration unit) (N = 46) (N = 39)  

IL-8 (pg/mL) 17.55 
(<2–
1254) 

5.70 (<2–
312.4) 

0.0027 

ENA-78 (pg/mL) 11.8 
(<2.5–
305) 

8.4 (<2.5–
142) 

0.5358 

TNF-a (pg/mL) 0.895 
(<0.1–
6.54) 

1.36 
(<0.1–
20.95) 

0.2183 

RANTES (pg/mL) 48.8 
(<0.2–
3527) 

36.0 
(<0.2–
1471) 

0.7375 

OPG (pg/mL) 3575 
(<5–
47,900) 

3414 
(237–
43,800) 

0.9473 

Midkine (ng/mL) 6.91 
(0.47–
234) 

3.96 
(<0.1–
202) 

0.0111 

MCP-1 (ng/mL) 335 
(<20–
1202) 

236 (<20–
4061) 

0.1252 

IP-10 (pg/mL) 295 
(<10–
4255) 

422 (62–
4673) 

0.1889 

Defensins HNP1–3 
(ng/mL) 

2.38 
(1.01–
289) 

2.14 
(0.83–
8.83) 

0.1827 

PAPP-A (mIU/mL) 55.6 
(28.3–
260) 

46.8 
(17.5–
217.3) 

0.0006 

Figure 2. Box-and-whisker plots for A: PAPP-A and B: glycodelin; for details 
see Fig. 1 
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Glycodelin A 
(ng/mL) 

139.4 
(16.6–
14,600) 

13.0 (1.0–
402) 

<0.0001 

 
 
 
 
 
 

 
Discussion 
 
GnRHa are a widely used treatment for endometriosis. The success of these 
compounds in reducing endometriotic-related pain is well known, although due to 
their hormonal nature they have many unwanted side effects. GnRHa are able to 
work both on the hypothalamic axis creating a hypo-estrogenic state and directly 
on extra-pituitary tissue such as the endometrium and the ovary 21-23. In this case–
control study we have found that GnRHa effect the paracrine environment of the 
peritoneal fluid (PF) and significantly alter the peritoneal fluid microenvironment 
of women with endometriosis. 
 
Patients using any anti-inflammatory drugs or suffering from other inflammatory 
diseases were excluded from the study. Nonsteroidal anti-inflammatory drugs could 
not be excluded, however, since every patient suffered from pain and used some 
type of analgesic. In our opinion, if skewed to either group the use of these 
analgesics would have primarily occurred in women without GnRHa prior to 
surgery. If this were the case, any consequence on the inhibition of inflammation 
would more likely reduce the cytokine levels in the control group. That could mean 
that the differences in the results could be even more significant if the patients had 
not used any non-steroidal anti-inflammatory drugs.  
 
The volume of collected peritoneal fluid was significantly less in the GnRHa group. 
It is interesting to note that if the total amounts of the molecules are compared 
(multiplication of our observed concentrations with the volume), the differences 
between cases and controls become even more significant. Concentration, however, 
is a more widely used measure to account for variations that inherently occur 
amongst individuals, without taking the total mass into account. The production of 
the fluid (solute) is not the same as that of a biologically active molecule. 
 
IL-8, PAPP-A, glycodelin and midkine concentrations were all significantly lower 
in GnRHa treated women compared to the control group. IL-8 is a chemotactic 
protein for neutrophils and T lymphocytes and is a potent angiogenic agent 24. An 
increased expression of IL-8 has been previously recorded in a number of women 
with endometriosis 8, 25 and its production has been identified in macrophages, 
cultured epithelial and stromal cells from ectopic lesions 26 as well as mesothelial 
cells 25. 
 
We also found a significant decrease in two glycoproteins after GnRHa treatment. 
PAPP-A and glycodelin are glycoproteins originally identified in the placenta 27 but 
have since been observed in other reproductive tissue including the endometrium 
28, 29. Although the role of PAPP-A in endometriosis is not clear, peritoneal fluid 

Table 2. Concentrations of cytokines and other markers in the peritoneal fluid 
of endometriosis patient groups treated with GnRHa (N = 39) or not (N = 46). 
Values are median and range. Statistically significant differences between the 
two groups are printed in bold (P values). 
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concentrations are significantly increased in women with endometriosis 6, 7 and the 
results of this study show that treatment with GnRHa significantly reduces these 
concentrations. Glycodelin is predominantly produced by epithelial cells of the 
endometrium and is thus found in higher concentrations in the endometrium during 
the secretory phase 30. Increased concentrations of glycodelin have been observed 
in both the plasma and the serum of women with deep infiltrating endometriosis 
(DIE) 31, and a correlation between pain symptoms and glycodelin has been 
reported 10, 11. 
 
Midkine is a multifunction growth factor strongly induced during oncogenesis and 
inflammation 32. Previous studies have shown midkine concentrations are increased 
in the peritoneal fluid of women with endometriosis, but they can be significantly 
inhibited by the use of GnRHa 33, a finding that was confirmed by our study. 
Previous studies have suggested the increased concentrations of midkine in the PF 
of women with endometriosis may contribute to both the proliferation as well as the 
adhesion of refluxed endometrial cells to the mesothelial cells of the peritoneal wall 
34 Therefore the GnRHa-mediated reduction of this growth factor could contribute 
to the anti-proliferative effects observed for GnRHa use. 
 
While a significant variation was observed in a number of the molecules we 
examined we found no significant change in RANTES, MCP-1, ENA-78, TNF-a, 
OPG or IP-10. These results therefore suggest that while these cytokines may be 
important in the pathogenesis of endometriosis they might not be related to the 
reduction in pain and potentially the reduction in lesion size that may occur with 
GnRHa use. It is also possible that we were unable to identify a significant variation 
because of our sample size. We believe, however, that splitting 85 patients into the 
two-group design has given this study an acceptable power to detect real variations. 
The ability of GnRHa to reduce the pain experienced by endometriosis sufferers 
has been well documented. Whether GnRHa also reduce the size of endometriotic 
lesions, however, is less definitive. Studies have shown GnRHa treatment reduced 
the size of endometriotic lesions in rat models 35 and inhibited the proliferation of 
cultured ectopic endometrial cells 19, 21, although conversely a recent study found 
no anti-proliferative effect of GnRHa on endometriotic stromal cells 36. Importantly 
however, no definitive in vivo study has been performed in humans as yet to 
confirm the ability of GnRHa to reduce the size of endometriotic lesions. Whether 
the reduction in pain, and potentially the reduction in size, mediated by GnRHa use 
are via the hypo-estrogenic state or via direct local effects is not clear and is not 
answered by this study. 
 
The results of this study show that the use of GnRHa is capable of mediating a 
significant regression of the inflammatory microenvironment of endometriotic 
lesions. By significantly reducing inflammatory cytokines and growth factors in the 
peritoneal cavity the use of GnRHa may contribute to both the reduction of 
endometriotic lesion size and pain relief in more ways than just the induction of a 
hypo-estrogenic state. Directly targeting some of these factors with non-hormonal 
treatments may achieve the same anti-inflammatory effect while avoiding the 
significant side effects associated with hormonal treatment. 
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Abstract 
 
Introduction: Recent evidence suggests that assisted reproductive technology 
(ART) increases the risk of adverse pregnancy outcomes, including placental 
disorders. Similarly, endometriosis resulted detrimental on placenta previa. 
However, up to 50% of women with endometriosis suffer from infertility, thus 
requiring ART. The aim of our metanalysis is to compare women with and without 
endometriosis undergoing ART in terms of placenta disorders events, to establish 
if ART itself or endometriosis, as an indication to ART, increases the risk of 
placenta previa. 
Methods: Literature searches were conducted in January 2018 using electronic 
databases (PubMed, Medline, Scopus, Embase, Science Direct, and the Cochrane 
Library Scopus). Series comparing pregnancy outcome after ART in women with 
and without endometriosis were screened and data on placenta previa and placental 
abruption were extracted. 
Results: Five retrospective case–control studies met the inclusion criteria. The 
meta-analysis revealed that endometriosis is associated with an increased risk of 
placenta previa in pregnancies achieved through ART (OR 2.96 (95% CI 1.25–
7.03); p = 0.01, I2 =69%, random-effect model). No differences in placental 
abruption incidence were found (OR 0.44 (95% CI 0.10–1.87); p = 0.26, I2 = 0%, 
fixed-effect model). 
Conclusion: Patients with endometriosis undergoing ART may have additional risk 
of placenta previa. Despite the inability to determine if endometriosis alone or 
endometriosis plus ART increase the risk, physicians should be aware of the 
potential additional risk that endometriosis patients undergoing ART harbor. 
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Introduction 
 
Endometriosis is a benign chronic condition affecting approximately 10% of 
women worldwide 1, 2. Up to 50% of women with infertility are affected by 
endometriosis 2. With such strong association with infertility, the affected patients 
often require assisted reproductive technology (ART) to conceive. Pregnancies 
achieved through ART have a higher prevalence of adverse perinatal outcomes 
compared with those achieved naturally, such as preterm delivery, low birth weight 
and small for gestational age (American College of Obstetricians and Gynecologists 
bulletin 671) 3. Recently, a meta-analysis showed that ART procedures are a risk 
factor for placenta previa 4. 
 
Although the influence of pregnancy on endometriosis is historically accepted 5, the 
impact of endometriosis on pregnancy remains controversial 6-23. Some authors 
suggest that endometriosis may be responsible for an increased incidence of 
obstetric complications 24-26. Women with endometriosis have functional 
endometrial-like tissue out- side the uterus as well as an aberrant endometrial 
environment. The inflammatory and metabolic environment associated with 
endometriosis affects the endometrial receptivity, decidualization and remodeling 
of the uterine spiral vessels after embryo implantation 27. The deregulated 
endometrial receptivity of women affected by endometriosis is associated with 
progesterone resistance and inadequate uterine contractility. The impaired 
decidualization in women with endometriosis may result from the abnormal 
interplay of transcriptional factors, cytokines, and signaling pathways. The 
inflammatory mediators, oxidative stress and alterations in the uterine junctional 
zone of patients with endometriosis lead to an abnormal conversion of the uterine 
spiral arteries into uteroplacental vessels. These subsequent suboptimal endometrial 
functions, defective decidualization, and pathological vascularization may be 
responsible for an increase in pregnancy complications, including placental 
disorders. 
 
Whether ART itself or the underlying reproductive disorder (endometriosis) 
underpinning ART is responsible for an increase in placental disorders and, 
therefore, predisposes a poor pregnancy outcome, remains an unanswered question. 
The aim of this meta-analysis is to compare the incidence of placental disorders in 
women with and without endometriosis achieving pregnancy through ART, thereby 
shedding light on this issue. 
 
Methods 
 
Data identification and selection 
This meta-analysis was performed in accordance with the Preferred Reporting 
Items for Systematic reviews and Meta- Analyses (PRISMA) statement. On January 
2018, a systematic literature search was carried out. All eligible studies were 
included without restriction on publication year. Papers were identified using the 
electronic databases (PubMed, Medline, Scopus, Embase, Science Direct, and the 
Cochrane Library) using the search terms “assisted reproductive technology” and 
“endometriosis” and “adverse pregnancy outcome” and “placental disorders” and 
“placenta previa” and “placental; abruption”. All English-language original reports 
evaluating the incidence of placenta previa and placental abruption in pregnant 
women with and without endome- triosis were included. Only studies reporting 
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pregnancies achieved through ART, including in vitro fertilization (IVF) and intra-
cytoplasmatic sperm injection (ICSI) were assessed. Only studies comparing 
pregnant women with and without endometriosis were included in the meta-
analysis. To reduce selection biases, and all the studies were matched for at least 
three of the following factors: first pregnancy, singleton pregnancy, smoking status 
and maternal age. Reference lists of already published reviews and original reports 
were also analyzed to identify potential studies. A diagnosis of endometriosis by 
US and/or MRI, or histology was accepted. Review articles, case reports, video 
articles and letters were excluded. 
 
Outcomes 
The outcomes considered in our study were placenta pre- via (PP) and placental 
abruption (PA). Placenta previa was defined as the pathologic condition in which 
the placenta completely or partially covered the internal cervical os; PA was defined 
as the pathological separation of the placenta from its site of implantation prior to 
delivery. 
 
Statistical analysis 
The PP and PA events after ART in women with endo- metriosis compared with 
women without endometriosis were stratified by studies. Pooled odds ratio (OR) or 
risk ratio (RR) were calculated using fixed- or a random-effects models. The I2 
value was used to quantify the inconsistency across studies. It was calculated to 
describe the proportion variability in effect estimating resulting from heterogeneity 
rather than sampling error. A naive cate- gorisation of values for I2 would not be 
appropriate for all circumstances, although we would tentatively assign adjectives 
of I2 as follows: I2 value ranking from between 0 to 40% was not relevant, 30–60% 
represented moderate heterogeneity, 50–90% represented substantial heterogeneity, 
and 75–100% considerable heterogeneity. Graphical representation of each study 
and pooled analysis are dis- played by forest plots. The contribution of each study 
in the meta-analysis is graphically reported by squares of different sizes. 
Confidence intervals (CIs) for each study are presented as a horizontal line passing 
through the square. The pooled OR or RR are shown as a lozenge in the forest plot 
where the size corresponds to the 95% CI of the OR or RR. A p value of ≤ 0.05 was 
considered significant. Statistical analysis was performed using Review Manager 
5.3 (http://www.cochrane.org). 
 
Results 
Five studies met the inclusion criteria (Fig. 1) and were evaluated 9,11,16,19,26. A total 
of 8007 patients undergoing ART were included, of which 1719 (21%) had a 
diagnosis of endometriosis. Table 1 summarizes the characteristics of the included 
studies. 
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Figure 1. PRISMA flow diagram on the meta-analysis process 
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Placenta previa 
 
In the comparison of women with and without endometriosis having undergone 
ART, the analysis of pooled data showed a significantly higher incidence in PP 
events in patients with endometriosis (OR 2.96 (95% CI 1.25–7.03); p = 0.01, 
I2 = 69%, random-effect model) (Fig. 2). 

 

 
 
 
 

 

Table 1. Characteristics of the included studies 
APH antepartum hemorrhage, ART assisted reproductive technology, n/a not 
available, ASRM American Society for Reproductive Medicine, PIH 
pregnancy-induced hypertension, PE pre- eclampsia, PPH primary postpartum 
hemorrhage, PP placenta previa, PA placental abruption, pPROM preterm 
premature rupture of membranes, PTD preterm delivery, PPH postpartum 
hemorrhage, IUGR intra-uterine growth restriction, SGA small for gestational 
age, CD Cesarean delivery, GC gestational cholestasis, SB spontaneous birth, 
NICU neonatal intensive care unit admission, GDM gestational diabetes 
mellitus 
aData not presented separately in the two groups 
bThe control group in this study was women with spontaneous singleton 
pregnancies in the general population during 1996–2007 at the University 
Hospital of Kuopio. However, this could have included women with 
endometriosis. That is why for the current meta-analysis only women with 
pregnancy after ART and infertility reason other than endometriosis were 
considered as control group 

Figure 2. Placenta previa in women with and without endometriosis after ART 
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Placental abruption (PA) 
 
In the comparison of women with and without endometriosis having undergone 
ART, the pooled analysis data showed no differences in PA events between the two 
groups (OR 0.44 (95% CI 0.10–1.87); p = 0.26, I2 = 0%, fixed-effect model) 
(Fig. 3). 

 
 
 
 
 
Discussion 
In this meta-analysis evaluating pregnancy outcomes following ART, we found that 
the risk of PP after ART in endometriosis patients was threefold higher than those 
without endometriosis and this difference was statistically significant. No 
difference was found in the incidence of PA between the two groups. ART itself 
has been associated with an increased risk of pregnancy complications in non-
randomized studies and found to be associated with a sixfold increased risk of PP 
28-30. The American College of Obstetricians and Gynecologists (ACOG) recently 
released recommendations on the management of these risks 31. The present meta- 
analysis highlights that this risk is greater still when ART is performed in patients 
with endometriosis, suggesting that endometriosis is an additional and potentially 
independent risk factor of PP. 
 
A recent meta-analysis examined the influence of endometriosis on the ART 
outcome of live births 32. This study found a lower pregnancy rate among women 
with severe endometriosis. More recently, in women with endometriosis, the 
preterm birth risk was significantly increased in both spontaneous conception (OR 
1.59, 95% CI 1.32–1.90) and ART (OR  1.43, 95%  CI  1.14–1.79) 33. Both the 
meta-analyses did not investigate the impact of endometriosis after ART on PP. 
 
Known risk factors for PP are previous cesarean deliveries, maternal age, multiple 
pregnancy, multiparity, smoking, drug use and previous termination of pregnancy 
34. The mechanisms accounting for a higher risk of PP in women with endometriosis 
are largely unknown. This may be due to anomalous blastocyst implantation in the 
lower segment due to dysperistalsis and abnormal frequency and amplitude of 
uterine contractions observed in women with endometriosis 35. Another explanation 
proposed previously is pelvic adhesions, secondary to peritoneal endometriosis, 
which may cause a fixed uterus leading to abnormal placental implantation. 
Placenta previa can also be a consequence of the profound structural and functional 
alterations observed in the endomyometrium of women with endometriosis. Some 
already described differences in the endometrium of women with endometriosis 
include lower peak endometrial thickness, progesterone resistance, altered local 
estrogen production and oxidative stress response as well as differences in 
cytokines, inflammatory mediators and apoptotic markers 36-39. It has been shown 

Figure 3. Placental abruption in women with and without endometriosis after 
ART 
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that various hormone therapies, such as progestins and GnRHa, may reduce 
cytokine concentration and inflammation in patients with endometriosis, thereby 
also suppressing the pathogenesis of the disease 40-42. It remains to be determined 
whether such therapy used prior to ART is also influential in reducing the risk of 
PP in ART pregnancies. It is also unclear whether these patients would benefit from 
surgical pretreatment. Studies examining possible correlations between PP and the 
stage and type of endometriosis may also help to clarify possible links. Certainly, 
without these data, the performance of any form of prophylactic medical or surgical 
treatment to reduce the risk of PP would not be justified. The current study only 
demonstrates association and not causality between endometriosis and PP. Given 
the paucity of data currently available, a definitive evidence-based strategy for the 
management of endometriosis before ART cannot be determined. 
 
In the general population of women with endometriosis with or without ART, the 
data considering PA are variable and do not allow clear conclusions to be drawn 
10,15,17,20. Moreover, there do not appear to be differences between patients 
undergoing ART with and without endometriosis. 
 
The association between endometriosis and other placental diseases, such as 
placenta accreta could not be examined due to a paucity of existing data. However, 
an association would not be surprising since placenta accreta is known to be 
correlated with PP 43. 
 
The limitations of this meta-analysis also require consideration. First, the relatively 
high heterogeneity in the PP out- come, which is related to the design of the studies 
included and by the magnitude and direction of effects. Unfortunately, subgroup 
analysis was not possible to investigate the impact of stage and type of 
endometriosis or previous cesarean deliveries because the details were not always 
provided. However, because systematic reviews bring together stud- ies that are 
diverse both clinically and methodologically, a certain degree of heterogeneity is 
expected 44. Indeed, the distribution of observed values of I2 derived from 509 meta- 
analyses in the Cochrane Database of Systematic Reviews revealed that about a 
quarter of the meta-analyses have I2 values over 50% 45. Furthermore, biases that 
may impact on the final set of included studies may also include publica- tion bias 
given the tendency to submit or accept manuscripts for publication based on the 
direction or strength of the study findings 46. 
 
There are also inherent limitations in drawing conclusions from retrospective 
studies. However, the lack of prospec- tive trials comparing pregnancy outcome 
between women with and without endometriosis means that meta-analysis of 
retrospective studies remains the best available level of evidence. 
 
The selection of the controls in the studies we assessed did not always require the 
exclusion of a diagnosis of endometriosis based on histology/surgery. However, 
this possible bias may be of limited relevance since the indication to ART in most 
of the patients in the control groups was male infertility. Nevertheless, the inclusion 
of even a small proportion of patients with endometriosis in the control groups 
would represent a selection bias and affect the results concerning the level of 
differentiation between the two groups. Limitations also include lack of information 
regarding the method of diagnosis in one study 28. 
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The lack of detailed data on previous cesarean deliveries should also be noted. Due 
to the well-established correlation between previous cesarean delivery and PP, a 
higher number of previous cesarean deliveries, and not endometriosis, may be the 
reason for a higher incidence of PP among endometriosis patients. However, the 
case and control groups included a similar number of nulliparas in most of the 
included studies; it is, therefore, unlikely that a history of a previous cesarean 
section may have significantly biased our results. Of note, Takemura et al. reported 
no PP after a history of previous cesarean delivery 23. 
 
Many of the limitations outlined above are intrinsic limi- tations to controlled 
observation studies, and as previously stated, this remains the only available 
evidence to conduct this analysis. 
 
In conclusion, the present meta-analysis suggests that endometriosis is associated 
with an increased risk of PP in pregnancies resulting after ART. Despite the 
inability to determine if endometriosis alone or endometriosis plus ART results in 
placental outcomes, physicians should be aware of the potential additional risk that 
endometriosis patients undergoing ART harbor. Patients with endometriosis 
undergoing ART should be counseled accordingly. 
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Abstract 
 
Objective: To study obstetric outcomes and complications in women with 
previously excised posterior deep infiltrating endometriosis (DIE) in comparison 
with women without endometriosis. 
Design: Matched case–control study. 
Setting: Tertiary-level academic center. 
Patient(s): All surgeries for endometriosis performed in the Department of 
Gynecology and Gynecological Oncology, University of Bern between March 2004 
and July 2015, were assessed. Inclusion criteria included complete laparoscopic 
excision of posterior DIE. Exclusion criteria included concomitant hysterectomies, 
refusal to participate, and patients lost to follow-up. Each subsequent pregnancy 
was matched to three controls by maternal age, parity, history of cesarean, and mode 
of conception. 
Intervention(s): None. 
Main Outcome Measure(s): Obstetric complications. 
Result(s): Among 841 patients with surgically diagnosed endometriosis, 125 
satisfied the inclusion and exclusion criteria. Of these, 73 pregnancies resulted, 
although a further 11 patients were excluded owing to early miscarriages or 
extrauterine pregnancies. The final study cohort included 62 singleton pregnancies 
matched to 186 controls. The analysis identified an increased risk of placenta previa, 
gestational hypertension, and intrauterine growth restriction for the case group. The 
possibility of successful vaginal delivery was similar between groups. Moreover, 
no significant increase in risk of maternal and neonatal delivery complications, 
except for a slightly higher postpartum blood loss in the case group, was observed. 
Conclusion(s): Despite previous surgical excision, women with history of DIE 
present a higher risk of placenta previa, gestational hypertonia, and intrauterine 
growth restriction during pregnancy. Previous surgery for DIE does not seem to 
predispose to failed vaginal delivery. 
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Introduction 
Endometriosis is an extremely heterogeneous disease broadly separated into three 
distinct cat- egories: superficial peritoneal, ovarian, and deep infiltrating 
endometriosis (DIE). Deep infiltrating endometriosis lesions are characterized by 
penetration in excess of 5 mm under the peritoneal surface 1. They are found in 
many locations, most commonly in the rectouterine pouch 2, and can involve 
uterosacral ligaments, the posterior vaginal wall, the anterior rectal wall, and in 
most severe cases, extend laterally with ureteral involvement 3. Symptoms may 
include dyschezia, bowel dysfunction, dyspareunia, and lower abdominal pain. 
Surgical excision is a common treatment option for symptomatic cases because it 
reduces pain and improves quality of life 4. 
 
Over the past few years it has emerged that endometriosis  may impact pregnancy 
outcomes. A series of controlled observational studies have shown a negative 
association with endometriosis 5-14 that was confirmed in systematic meta-analysis 
15,16. However, most of these studies do not focus on DIE; nor do they provide 
surgical treatment information. This is crucial because pregnancy complications 
may differ according to the endometriotic lesion 17 or mode of surgery. Moreover, 
these studies have mainly examined pregnancy but not critical delivery outcomes, 
such as the rate of failed vaginal delivery or severe birth trauma. As a result, the 
proper delivery management of these patients remains unclear. One recent study 
found increased risk of obstetric complications in women with untreated posterior 
DIE 18. It has not yet  been examined whether a similar risk persists after complete 
excision of DIE 19. 
 
Complete surgical removal of symptomatic posterior DIE with or without vaginal 
and bowel involvement is regularly performed in specialized centers, with many 
women achieving pregnancy after surgery 20. It is of major importance therefore to 
identify potential pregnancy and delivery complications and establish evidence-
based management policies in this specific group of patients. In the present study 
we examined the effect of a complete laparoscopic excision of posterior DIE on 
subsequent pregnancy and delivery outcomes. 
 
Materials and methods 
The study was prepared according to the ‘‘Strengthening the reporting of 
observational studies in epidemiology’’ guidelines 21 and was institution review 
board approved (no. 2016-00402). 
 
In this matched case–control study, the case group was derived from all patients 
with laparoscopically treated poste- rior DIE in the Department of Gynecology and 
Gynecological Oncology, University of Bern, between March 2004 and July 2015. 
Only women with complete excision of posterior DIE, histologically verified, were 
included in the study. The following outcomes potentially related to pregnancy and 
de- livery risks, were collected: [1] type of bowel surgery (shaving, segmental, or 
disc bowel resection), [2] revised American Society for Reproductive Medicine 
(rASRM) stage, [3] affected structures, [4] level of bowel anastomosis and length 
of resected bowel, if performed, [5] partial resection of posterior vaginal fornix, [6] 
concomitant bladder wall resection, and [7] protective stoma. All women were 
contacted  via  post, and a written informed consent form, as well as a completed 
questionnaire on pregnancies and delivery outcomes, was obtained. Multiple 
pregnancies and pregnancies before the surgery were excluded. The detailed 
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outcomes (parity, time between endometriosis surgery and conception, mode of 
conception, duration of pregnancy, pregnancy and delivery complications, mode of 
delivery, newborn birth weight, Apgar score, and umbilical blood gases) were 
obtained from   the obstetric clinics where medical care was provided. 
 
The control group was obtained from all women with early pregnancy (12–15 
weeks of pregnancy) presenting to the Ultrasound Department of Obstetrics and 
Gynecology, University of Bern from March 2014 to November 2016. Their 
pregnancy and delivery outcomes are stored and recorded in a newborn registration 
database of the Ultrasound Department. Women with documented endometriosis or 
adenomyosis were excluded. The case and control groups were matched for age, 
parity, previous cesarean section, and mode of conception. Three control 
pregnancies  were  matched  to each case pregnancy. 
 
Surgical Technique 
The standardized laparoscopic surgical technique performed in our clinic has been 
described previously 22. Briefly, the rectovaginal septum is dissected and the nodule 
mobilized. Vaginal infiltration is treated by partial resection of the posterior vaginal 
fornix. All lesions are initially treated by shaving alone. When necessary, deeply 
infiltrative rectal lesions are treated by either segmental or disc resection, de- 
pending on the circumference and length of rectal involvement. In cases with  
extensive  involvement  and when disc resection is deemed inadequate for 
macroscopic clearance, segmental resection is performed. Defunctioning 
ileostomies are performed selectively. The removal of all endometriotic implants is 
pursued. 
 
Definitions 
Gestational complications were defined as follows: preterm birth was delivery 
before 37 completed weeks of gestation; gestational hypertension was blood 
pressure persistently over 140/90 mm Hg developed after 20 weeks of gestation in 
a previously normotensive woman; pre-eclampsia was gestational hypertension and 
proteinuria (>300 mg/24 hours); gestational diabetes was a carbohydrate 
intolerance with onset in pregnancy with a positive oral glucose tolerance test; small 
for gestational age (SGA) was an infant weighing less than the 10th percentile 
according to the fetal growth curve; intrauterine growth restriction (IUGR) 
indicated an infant weighing less than the 3rd percentile or less than the 10th with 
pathologic Doppler cerebro-placental ratio, umbilical ar- tery or uterine arteries 
flows; placental abruption was separa- tion of the placenta from its site of 
implantation before delivery; and placenta previa was complete or partially 
covering of the internal cervical os during the third trimester. Postpartum 
hemorrhage (PPH) was defined as the loss of more than 500 mL or 1000 mL blood 
within the first 24 hours after childbirth after vaginal or cesarean delivery, 
respectively. 
 
Statistical Analysis 
Descriptive statistical and binary logistic regression analyses were performed. A 
Student t test and Mann–Whitney U test were used to compare continuous 
parametric and nonpara- metric variables, respectively. Fisher's exact test was used 
to compare binary variables. Univariate and multivariate anal- ysis were performed 
to analyze factors predicting unfavorable pregnancy or delivery outcomes. The 
variables included in the model showed a Wald test's parameter different from 0. If 
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the Wald test showed that the parameter for a variable was zero, the variable was 
removed from the model. Multivariate models were performed for variables with a 
P value of ≤ .3 in the univariate analysis. P values of ≤ .05 were considered 
statistically significant. Statistical analysis was carried out with GraphPad Prism 
version 6.0 (GraphPad Software) and IBM-Microsoft SPSS version 22.0. 
 
Results 
During the study period, among 841 patients with laparoscopically diagnosed 
endometriosis, 222 patients underwent a complete excision of posterior DIE. Forty-
nine were lost to follow-up, 12 refused to participate in the study, and 36 were 
excluded owing to concomitant hysterectomy. From the remaining 125 women in 
the study, 73 pregnancies were documented. Ten pregnancies (13.7%) resulted in 
miscarriages in the first trimester of pregnancy, and one (1.4%) in an extrauterine 
pregnancy. Because the control group included only pregnancies after first trimester 
ultrasound screening, neither early miscarriages nor extrauterine pregnancies were 
expected. Consequently, the 10 miscarriages and one extrauterine pregnancy were 
excluded from the final case group, resulting in a final study cohort of 62 singleton 
pregnancies (Fig. 1). The control group consisted of 186 pregnancies. 
 

 
 
 

 
The baseline characteristics of the groups, including, time from surgery to 
conception, endometriosis rASRM stage, and surgical outcomes, are presented in 
Table 1. In one woman, a protective ileostomy was performed owing to ultralow 
bowel anastomosis (4 cm ab ano). Cases and controls had no statistically significant 
differences in terms of age, body mass index, parity, previous uterine surgery, and 
type of conception (Table 1). 
 
Characteristic  

Endometriosis (n 
= 62) 

 
Controls (n = 

186) 

 
P value 

Age at delivery (y) 33.7 ± 3.74 33.8 ± 4.38 ns 

BMI (kg/m2) 23.5 ± 3.77 
 

22.9 ± 3.57 ns 

Previous deliveries   ns 

Figure 1. Flow diagram of the case group. ART = assisted reproductive 
technology; pts= patients 
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None 40 (64.5) 125 (67.2)  
1 20 (32.3) 55 (29.6)  
2 2 (3.2) 6 (3.2)  

Previous cesarean section 9 (14.5) 26 (14) ns 

Mode of conception 
 

Spontaneous 

 
 

40 (64.5) 

 
 

123 (66.1) 

ns 

Insemination or/and hormonal stimulation 7 (11.3) 12 (6.5)  
IVF/ICSI 15 (24.2) 51 (27.4)  
Time from surgery to conception (mo) 25 (1–110) – – 

Segmental bowel resection 29 (46.5) – – 
Disc resection 4 (6.5) – – 
Bowel shaving 25 (40.3) – – 
Length of removed bowel (cm) 7 (3.5–13) – – 
Distance of bowel anastomosis ab ano (cm) 8 (4–30) – – 
Partial resection of posterior vaginal fornix 37 (60) – – 
Concomitant bladder wall resection 3 (4.8) – – 
Protective stoma 1 (1.6) – – 

 
 
 
 
 
 
 
Pregnancies after surgery for posterior DIE showed a higher risk of placenta previa 
(P= .004), gestational hypertension (P= .036), and IUGR (P= .0496). The incidence 
of vaginal delivery was lower in the DIE group; however, this wasmarginal and not 
statistically  significant (P= .056). Indeed, 26 of the 42 women who attempted 
vaginal delivery in the DIE group (61.9%) were successful. One delivery (2.4%) 
was complicated by a fourth-degree tear after vacuum delivery and another (2.4%) 
by a third-degree tear after spontaneous birth, similar to the control group. Ten 
deliveries  (16.1 %) were accompanied by PPH in the DIE group; five after cesarean 
section and five after vaginal delivery, with blood transfusion necessary in five 
(8.1%). The risk of PPH was, however, not statistically significant different between 
groups (P .099). Blood loss was, conversely, significantly higher in the DIE group 
(P .006). Finally, no difference was observed in fetal acidosis or asphyxia between 
groups (Table 2). 
 
 
Pregnancy and delivery 
outcomes 

Endometriosis 
(n=62) 

Controls (n=186)  
P 
value 

 
RR (95% CI) 

Premature delivery <37 wk 8 (12.9) 13 (7) ns 1.817 (0.79–4.18) 
Premature delivery <32 wk 1 (1.6) 2 (1.1) ns 1.5 (0.138–16.27) 
Placenta previa 4 (6.5) 0 .004 n/a 
Placental abruption 1 (1.6) 0 ns n/a 
Gestational diabetes 7 (11.3) 14 (7.5) ns 1.5 (0.634–3.547) 
Pre-eclampsia 3 (4.8) 5 (2.7) ns 1.8 (0.443–7.318) 
Gestational hypertension 4 (6.5) 2 (1.1) .036 6 (1.126–31.98) 
SGA 7 (11.3) 13 (7) ns 1.615 (0.675–3.867) 
IUGR 7 (11.3) 7 (3.8) .0496 3 (1.095–8.218) 
Spontaneous vaginal delivery 19 (30.7) 66 (35.5) ns 0.864 (0.566–1.32) 
Instrumental vaginal delivery 7 (11.3) 39 (21) ns 0.538 (0.254–1.14) 
Primary cesarean section 20 (32.3) 39 (21) .085 1.538 (0.975–2.428) 
Secondary cesarean section 16 (25.8) 42 (22.6) ns 1.111 (0.583–2.117) 

Table 1. Baseline characteristics of the two groups. 
Note: Data presented as mean ± standard deviation or median (range) for 
continuous variables and number (percentage) for the qualitative variables. 
Comparison between groups using the Student t test and Fisher's exact test as 
appropriate. ICSI = intracytoplasmic sperm injection; ns = non significant 
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Normal vaginal delivery 
(spontaneous and instrumental) 

26 (41.9) 105 (56.5) .0564 0.743 (0.54–1.022) 

Failed vaginal delivery 16 (38.1a) 42 (28.6b) ns 1.33 (0.839-2.12 
Second-degree perineal tear or 
episiotomy 

11 (26.2a) 68 (36.6b) ns 0.716 (0 .417-1 .23  

Third- or fourth-degree perineal 
or button hole tear 

2 (4.8a) 5 (3.4b) ns 1.4 (0.2815–6.962) 

Vaginal laceration 3 (7.1a) 14 (9.5b) ns 0.75 (0.226–2.49) 
PPH 10 (16.1) 16 (8.6) .0995 1.875 (0.898–3.915) 
Blood loss (mL) 500 (200–2000) 400 (200–1500) .0063  
phA < 7.10 1 (1.6) 6 (3.2) ns 0.505 (0.062–4.12) 
phA 7.28 (7.05–7.38) 7.26 (6.92–7.42) ns  
phV 7.35 (7.15–7.47) 7.35 (7.02–7.49) ns  
5-minute Apgar score 9 (1–10) 9 (1–10) ns  
 
 
 
 
 
 
 
 
 
 
Out of 26 women with successful vaginal delivery, 14 (53.8%) had previous partial 
vaginal fornix  resection,  14  (53.8%) previous bowel segment resection, 4 (15.4%) 
bowel  disc resection, and 8 (30.8%) bowel shaving. Five of these de- liveries 
(19.2%) were complicated with PPH; however, all of them were due to placenta 
retention or atonia and not due to birth trauma. No case of severe laceration of the 
upper vagina was reported in any patient in both groups. 
 
The indications for either primary or secondary cesarean section in the 
endometriosis group are presented in Table 3. One of these indications was directly 
correlated with DIE (intra-abdominal bleeding with hematoperitoneum due to 
endometriosis lesion). In one woman with previous cesarean section and uterine 
contractions at 38 weeks a repeat cesarean section was performed, revealing a 
uterine perforation. In another with placenta previa a cesarean section with 
concomitant supracervical hysterectomy was performed because of associated 
placenta accreta. 
 
Indication for cesarean section No. of cesarean sections (Total=36) 
Primary cesarean sections 20 
Breech presentation 6 
Previous cesarean section 6 
Placenta previa 4 
Previous traumatic vaginal birth 1 
Intra-abdominal bleeding due to endometriosis 1 
Perianal thrombosis in the 31st week of 
pregnancy 

1 

Pre-eclampsia 1 
Secondary cesarean sections 16 
Labor dystocia 6 
Pathological cardiotocography 6 
Amniotic infection syndrome 2 
Extensive vaginal bleeding during labor 1 
Nondefined 1 
 

Table 2. Pregnancy and delivery outcomes between groups. 
Note: Data presented as mean ± standard deviation or median (range) for 
continuous variables and number (percentage) for the qualitative variables. 
Comparison between groups using the Student t test, Mann–Whitney U test, and 
Fisher's exact test as appropriate. CI= confidence interval; RR= relative risk. 
a Percentage of patients attempting a vaginal delivery (n= 42) in the case group 
b Percentage of patients attempting a vaginal delivery (n= 147) in the control 
group 

Table 3. Indication for cesarean section in the endometriosis group 
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The univariate and multivariate analysis of possible risk factors for cesarean 
delivery showed that bowel anastomosis during DIE surgery was positively 
associated with cesarean delivery (P= .04). None of the examined factors was 
associated with PPH. 
 
Discussion 
In the present study we demonstrate that women with excised posterior DIE, 
similarly to women with endometriosis in general, have a statistically significant 
increased risk of placenta previa, gestational hypertension, and IUGR compared 
with women without endometriosis. An important finding of the study was that the 
possibility of successful vaginal birth, if attempted, was high and similar to that in 
the control group. Except for a higher postpartal blood loss in the endometriosis 
group, all other delivery and neonatal risks were similar between groups. History 
of bowel anastomosis during DIE surgery was positively associated with delivery 
via cesarean section. 
 
To the best of our knowledge this is the first controlled study to assess the pregnancy 
and delivery outcomes in patients who have previously undergone complete 
laparoscopic excision of posterior DIE. Recently an increased risk of preterm birth, 
placenta previa, gestational hypertension, and cesarean section in women with 
posterior nontreated DIE has been identified 17. However, because of the unmatched 
design of this study, significant differences in terms of age, previous uterine 
surgery, parity, and mode of conception between groups may have biased the 
results. More specifically, almost half of pregnancies were achieved after assisted 
reproductive technology in the endometriosis group, compared with none in the 
control group. Because assisted reproductive technology is associated per se with a 
higher risk of cesarean section and other pregnancy complications 23, this may have 
biased the results significantly. Nevertheless, our results partially support those of 
the earlier study, which associate DIE with pregnancy complications, and extend  
them to show that surgical removal of DIE at least does not seem to increase 
obstetric risks. 
 
Previous studies report different influences of endometriosis on pregnancy 5-14, 24-

30. A recent meta-analysis concluded there was a higher risk of preterm birth, 
placenta previa, SGA, and cesarean delivery 15, similar to what we have observed. 
However, the classification of endometriosis and the surgery performed was poorly 
documented in most   of these studies, and the case groups consisted of any type of 
endometriosis, mainly peritoneal and ovarian, thus signif- icantly differing from our 
study population. 
 
Our study suggests that complete excision of posterior DIE does not prevent the 
risk of placenta previa often reported in women with endometriosis. Patients should 
thus be informed that this type of surgery will not reduce the probability of this 
pregnancy complication and the risks associated with it. There are several theories 
linking endometriosis and placenta previa, including dysperistalsis and abnormal 
uterine contractions in women with endometriosis leading to anomalous blastocyst 
implantation 31. Pelvic adhesions secondary to endometriosis and causing a fixed 
uterus may also contribute, as could an aberrant, inflammatory intrauterine 
environment. The association with gestational hypertension and IUGR could be 
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related to the thickening of the junctional zone reported in endometriosis 32-34, 
because trophoblastic invasion into this layer is critical for pregnancy 35. Abnormal 
spiral artery remodeling, inflammation, oxidative stress, and an imbalance in the 
angiogenic milieu of the endometrium may also be reasons for abnormal 
placentation 36. Consequently, previous surgery for DIE is highly unlikely to 
represent the cure for these abnormalities because these represent mainly a pre- 
existing predisposition rather than a consequence of DIE lesion presence. 
 
In contrast to the study of Exacoustos et al. 18, which identified a very high incidence 
of preterm birth in women with nontreated posterior DIE (31.7%), no similar risk 
was observed in women with surgically treated posterior DIE in our study. Whether 
this was solely due to the surgical excision of endometriosis cannot be answered 
with certainty but represents an intriguing possibility. 
 
It is reasonable to assume that the higher risk of placenta previa, gestational 
hypertension, and IUGR associated with DIE would lead to a higher incidence of 
cesarean delivery. In contrast to previous studies, though, we found a higher, but 
nonsignificant (P= .0564) increase in the incidence of cesarean delivery in the case 
group. This may be due to the specific subgroup of women analyzed in this study 
or a positive influence of surgical removal of DIE on subsequent vaginal deliveries. 
However, given the borderline nature of the results, this may be simply statistical 
variation. Nevertheless, when a woman in the DIE group without contraindication 
attempted a vaginal delivery, the success rate was similar to that in the control group 
(61.9% vs. 71.4%), meaning previous surgery for posterior DIE does not predispose 
to vaginal delivery failure. 
 
A previous study reported a significant influence of vaginal involvement and bowel 
resection on the method of delivery 37. Our findings also associate bowel 
anastomosis but not partial resection of the posterior vaginal fornix due to DIE with 
an increased incidence of cesarean delivery in subsequent pregnancies. It is likely 
that this association originates from a biased choice toward cesarean deliveries by 
clinicians due to concerns about possible obstetric complications after such 
surgeries. Nevertheless, because of the wide confidence interval in the multivariate 
analysis, this finding should be interpreted with caution. 
 
Previous partial resection of the posterior vaginal fornix and the resulting scar could 
lead to severe lacerations of the upper vagina during labor, which represents a 
potentially major complication, in terms of blood loss and difficulties at su- turing. 
However, no such complication has been reported in any patient in our study. 
Similarly, in the study by Allerstorfer et al. 37 no vaginal laceration was documented 
after previous excision of vaginal endometriosis. Given such a low incidence of this 
complication, our study is underpowered to detect a between-group risk difference. 
Because of its potential severity, large multicenter studies are needed to better 
elucidate its incidence and clinical significance. In the meantime it should be 
carefully considered by all obstetricians caring for pregnant women with previous 
surgery for posterior DIE. 
 
The higher postpartum blood loss but not higher rate of PPH observed in the 
endometriosis group could be explained by the increased incidence of cesarean 
delivery in this group, known to have higher blood loss (58.1% vs. 43.6%). Conse- 
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quently, it cannot be concluded that previous surgery for posterior DIE is 
responsible per se for higher postpartum blood loss. 
 
One limitation of our study is that low sample numbers limit the incidences of some 
rarer events. For example, despite the high number of pregnancies in the control 
group, none presented with placenta previa or placenta abruption. For the same 
reason the validity of the univariate and multivariate analysis for potential risk 
factors related to cesarean section and PPH is limited. Moreover, as stated above, 
many patients who underwent complete excision of posterior DIE were not 
included, because they were lost to follow-up or refused participation. Considering 
these patients are often at increased risk of unfavorable outcome, this constitutes a 
drawback of the study. The strengths of the study, however, include the clear 
inclusion criteria of patients only with completely excised severe posterior DIE, 
with high incidence of bowel surgery and partial resection of posterior vaginal 
fornix, as well as the comparison with a controlled group matched for the most 
important confounding outcomes, thus increasing the quality and enhancing the 
interpretation of the results. 
 
In conclusion, whether a complete surgical treatment of DIE endometriosis has a 
beneficial influence on pregnancy and delivery cannot be directly answered from 
the present study. It does, however, suggest that no additional adverse effects not 
already related to the presence of endometriosis itself are created. The clinician 
should be aware of the potential risk of placenta previa, gestational hypertension, 
and IUGR associated with previous posterior DIE; however, a change in prenatal 
care cannot be suggested, because the standard prenatal care in developed countries 
should be adequate to diagnose these complications early enough in the pregnancy. 
Last, concerns that the surgery of the rectovaginal septum with or without bowel or 
vaginal involvement may predispose to failed vaginal delivery are refuted by this 
study. Women trying to deliver vaginally succeed with a similar rate as 
endometriosis-free women, although further studies with increased numbers of 
patients delivering vaginally are required to conclusively determine the safety of 
vaginal delivery in this specific group of patients. 
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Abstract 

This study aimed to investigate the association of adenomyosis with fertility, 
pregnancy and neonatal outcomes. An electronic search was conducted using 
Medline, Pubmed and Cochrane databases up to April 2020. Seventeen 
observational studies were included. Adenomyosis was significantly associated 
with a lower clinical pregnancy (OR 0.69; 95% CI 0.51, 0.94) and higher 
miscarriage rate (OR 2.17; 95% CI 1.25, 3.79) after assisted reproductive 
technology (ART). The lower clinical pregnancy rate was more significant in the 
subgroup of patients with short downregulation protocols. After age-adjustment, 
similar associations were recorded. Adenomyosis was also significantly associated 
with an increased risk of preeclampsia, preterm delivery, Caesarean section, fetal 
malpresentation, small-for-gestational-age infancy and post-partum hemorrhage, 
which was confirmed after correction for age and mode of conception. In 
conclusion, adenomyosis is associated with negative effects on fertility after ART. 
The potentially protective role of the ultra-long downregulation protocols needs 
further evaluation in randomized controlled studies. Adenomyosis is also associated 
independently of the mode of conception with adverse pregnancy and neonatal 
outcomes. Proper counselling prior to ART and close monitoring of pregnancy in 
patients with adenomyosis should be recommended. 
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Introduction 
Adenomyosis, characterized by the presence of endometrial epithelial and stromal 
cells within the myometrium, is an enigmatic gynecological disorder with an 
estimated prevalence of 20-35% 1, 2. It is a heterogeneous disease, both in 
anatomical and clinical phenotype varying from normally sized to much enlarged 
uterus and from heavy dysmenorrhea and hypermenorrhea to no symptoms 3 while 
it is frequently coexistent with endometriosis 4. 
 
Apart from the widely known implications of endometriosis on pain and quality of 
life, it has recently emerged that it may negatively influence pregnancy and neonatal 
outcomes 5-7. The negative correlation remains even after previously surgically 
excised endometriosis 8. 
 
Adenomyosis was also reported to be similarly associated with adverse fertility, 
pregnancy and neonatal outcomes in a recent systematic review 9. However, this 
review did not include all eligible studies and no sensitivity analysis according to 
possible confounders such as the age, number of previous pregnancies, previous 
mode of delivery and co-existence of endometriosis was performed. Most 
importantly, pregnancy outcomes were not evaluated based on the method of 
conception, which represents another possible bias considering that ART is an 
independent risk factor for pregnancy complications 10 and that many pregnancies 
in patients with adenomyosis result only after ART. Finally, not only ART but also 
the stimulation protocol type may influence the outcomes 11. 
 
Therefore, this study aimed to a) investigate the association of adenomyosis with 
fertility outcomes based on the stimulation protocol for the ART and adjusted to 
possible confounders, b) assess the association of adenomyosis with pregnancy and 
neonatal outcomes separately after natural and ART conception as well as adjusted 
to other possible confounders and c) determine if certain adenomyosis subtypes 
have a greater impact than others on the reproductive course. 
 
Materials and Methods 
We conducted a systematic search for all eligible studies in Medline, PubMed and 
Cochrane. Combinations of the terms “adenomyosis”, “pregnancy”, “fertility”, 
“neonatal outcomes” and “assisted reproductive technology” were used 
(((pregnancy) OR (fertility) OR (neonatal outcomes) OR (assisted reproductive 
technology)) AND (adenomyosis)). Studies published until 01.04.2020 in English 
language were included. Reference sections of all relevant studies, key journals and 
abstracts from the major annual meetings in the field were also searched. Inclusion 
criteria were: 1) controlled studies, where both cases (women with adenomyosis) 
and controls were assessed, 2) description of the method of the diagnosis of 
adenomyosis, 3) existence of data on fertility, pregnancy or neonatal outcomes. 
Data from sources other than original full publications (reviews, abstracts, oral 
presentations, national or local health statistics) were excluded. Two investigators 
(D-RK, KN) completed the main search and any discrepancy was solved by 
consultation of a third investigator, not involved in the initial procedure (MM). 
 
Information from each study was extracted independently by two reviewers using 
a standardized data extraction form, which included general characteristics of the 
study (author, year of publication, country, design, number of patients and controls, 
method of assessment of adenomyosis diagnosis, matching factors, possible 
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confounders), clinical characteristics of the patients (age, mode of conception, co-
existence of endometriosis) and requested outcomes. Disagreement was resolved 
by consensus. Where appropriate, the data set was completed through 
communication with the authors. Specifically, the authors of four studies were 
contacted 12-15 with one returning to us the requested raw data 12. 
 
Included outcomes were: 1) fertility outcomes after ART (clinical pregnancy and 
live birth rate per cycle, miscarriage rate per pregnancy), 2) pregnancy/obstetrical 
outcomes (pre-eclampsia, pregnancy-induced hypertension, gestational diabetes, 
placenta praevia, placental abruption, small for gestational age infant (SGA; 
defined as birthweight <10th centile for gestational age), intrauterine growth 
retardation (IUGR), preterm and severe preterm delivery (gestational age <37 
weeks and <32 weeks respectively), fetal malpresentation, Caesarean section 
delivery, operative vaginal delivery, intrauterine death, antepartum and postpartum 
hemorrhage (PPH), chorioamnionitis, uterine rupture, vaginal laceration, 3rd or 4th 
degree perineal or button hole tear), 3) neonatal outcomes (pHa, pHv, 5min Apgar 
score, admission to the neonatal unit for any reason (admission between birth and 
28 days old), neonatal death (death between birth and 28 days old). 
 
In order to assess the risk of bias, all studies were examined with the QUIPS tool 
16. The different types of bias, namely selection, performance, detection, attrition 
and reporting bias assessment was performed independently by two investigators 
(D-RK, KN). Any discrepancy was solved by consultation of an investigator, not 
involved in the initial procedure (MM).  
 
Odds Ratio (OR) for dichotomous outcomes or mean differences (MD) for 
continuous outcomes and standard deviation (SD) were calculated for all studies 
included in the meta-analyses 17. Heterogeneity among the outcomes of different 
studies was examined by the I2index 18, with I2 ≥ 50% indicating significant 
heterogeneity 19. A random effects model and where applicable the inverse variance 
method was applied for every outcome 17. Funnel plots, which graph OR on a log 
scale (effect) against standard error of log-OR (precision), were generated and 
visually inspected for asymmetry to determine if the included studies were non-
representative of the body of possible studies on the subject (which could result 
from small study effect or other biases, such as publication and poor-quality bias). 
Statistical significance was set at a p-level of 0.05. Meta-analysis was conducted 
using Review Manager (RevMan) for Mac (version 5.3. Copenhagen: The Nordic 
Cochrane Centre, The Cochrane Collaboration, 2014). The report of the study was 
complemented in adherence with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) group standards for reporting meta-
analysis of observational studies 20 and the protocol was submitted for registration 
in the PROSPERO international database for systematic reviews prior to data 
extraction but to date not yet registered (acknowledgement of receipt: 179366). 
 
Results 
The systematic research identified 561 articles. Seventeen observational studies met 
the inclusion criteria and were included in qualitative and quantitative analysis 
(Figure 1). Of these, four were prospective 21-24 and 13 retrospective studies 12-15, 25-

33. One prospective study was excluded since there was no precise definition of 
diagnosis of adenomyosis in MRI, although IVF outcome was categorized based on 
the uterine junctional zone thickness 34. Adenomyosis was diagnosed by 
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transvaginal ultrasound (TVUS), magnetic resonance imaging (MRI) or both in 11 
15, 21, 22, 24-27, 29-32, one 23 and four studies 12-14, 28, respectively. In one study, 
information about the presence of adenomyosis was obtained from a self-reported 
health questionnaire 33. In nine studies, the case group was matched with the control 
group for at least one confounder 12, 13, 15, 21, 23-25, 27, 30. Statistical adjustments of 
certain outcomes of the study for possible confounders were performed in six 
studies 14, 23, 26, 29, 30, 33. The study characteristics in detail are shown in Table 1. Risk 
of bias assessment for each study is presented in Table 2. 
 

 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. PRISMA 2009 Flow Diagram 
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Studies 
Yea
r Country 

Study 
design Diagnosis Adenomyosis adenomyosis control   

concept
ion ART 

          diagnostical criteria N 
endometrio
sis (n) 

characteristi
cs N 

endometrio
sis (n) 

characteristi
cs 

matchin
g 
criteria 

Potential 
confounders 
between case 
and control 
groups   Protocol 

No. 
of 
IVF 
cycl
es 

                                  
Chiang 
et al.  

1999 Taiwan Single 
center 
prospective 
case-control 
study 

TVU
S 

diffusely enlarged uterus without 
distinct uterine masses 

19 NA Infertility 
with 
enlarged 
uterus 

144 NA Infertile 
patients 
with normal 
uterus 

age No significant 
difference in 
age, no. of 
oocytes 
retrieved, no. 
of embryos 
transferred 
between groups 

ART short or 
long 
protocol 
(starting 
10d 
before 
menstru
ation) 
with 
GnRHa 

1 

Juang et 
al. 

2007 Taiwan Single 
center 
retrospectiv
e case-
control 
study  

TVU
S, 
MRI 

MRI: i) a myometrial mass with 
indistinct margins of primarily low 
signal intensity with all sequences, ii) 
diffuse or focal widening (>0.5 cm) of 
the junctional zone on T2-weighted 
images, fast T2-weighted SE images, 
and con- trast material-enhanced T1-
weighted images 
TVUS: i) thickening and asymmetry of 
the anterior and posterior myometrial 
walls, ii) increased echotexture of the 
myometrium,iii) heterogeneous, 
indistinctly marginated areas in the 
myometrium. 

35 NA Adenomyos
is 
diagnosed 
on US 
(n=27), 
MRI (n=2) 
or both 
(n=6) 

277 NA Patients 
without 
adenomyosi
s during 
prenatal 
care 

- OR for preterm 
delivery 
adjusted for 
maternal age, 
parity, body 
mass index, 
smoking and 
status of 
previous 
preterm 
delivery. Not 
adjusted for 
mode of 
conception 

ART, 
natural 
concepti
on 

n/a n/a 

Mijatovi
c et al. 

2010 Netherlands Single 
center 
retrospectiv
e cohort 
study 

TVU
S 

At least 3 criteria: i) asymmetry of 
uterine walls without the presence of 
leiomyomas 
ii) myometrial areas of heterogenous 
echogenicity with poorly defined 
borders 
iii) minimal mass effect on the 
endometrium or the serosa which is 
relative to the size of the myometrial 
lesion 
iv) small myometrial cysts or 
hemorrhagic foci within the hetero- 
topic endometrial tissue 
v) echogenic nodules or linear striations 
radiating out from the endometrium into 
the myometrium 
vi) absence of circular vascularization 
(determined by colour Doppler) at the 
border of the lesion as usually observed 
with fibroids 

20 20 Infertility in 
patients 
with 
adenomyosi
s and 
concomitan
t 
endometrio
sis; 18  
patients 
with focal 
adenomyosi
s  

54 54 Infertile 
patients 
with 
endometrio
sis without 
adenomyosi
s 

endomet
riosis 

No significant 
difference in 
rASRM stage; 
other possible 
confounders 
between groups 
not assessed, 
information not 
provided 

ART ultra-
long 
protocol 
GnRHa 
(mean 5 
months, 
range 3-
26 
months) 

1 

Costello 
et al. 

2011 Australia Single 
center 
retrospectiv
e cohort 
study 

TVU
S 

Mandatory: i) subjective enlargement of 
the uterine corpus and ii) heterogeneity 
of myometrium/hypoechoic striations; 
Non-mandatory:  i) asymmetrically 
thickened myometrium between anterior 
and posterior walls, (ii) myometrial 
cysts, (iii) poor definition of 
endometrial-myometrial junction. 

37 5 Infertile 
patients 
with 
adenomyosi
s 

164 16 Infertile 
patients 
without 
adenomyosi
s 

-- No significant 
difference in 
year of 
treatment, time 
between TVS 
and IVF/ICSI 
treatment 
cycle, duration 
of infertility, 
body mass 
index, cause of 
infertility, 
gravidity, 
smoking, 
presence of 
endometriosis, 
IVF/ICSI 
treatment cycle 
number, 
presence of 
uterine 
fibroid(s). 
Patients with 
adenomyosis 
were older 
compared to 
patients 
without. OR 
for live birth 
rate and 
clinical 
pregnancy rate 
adjusted for 
age and 
IVF/ICSI. 

ART ultra-
long 
downreg
ulation 
protocol 
(oral 
contrace
ptive 
pill 
from 
day 5 of 
the 
previous 
menstru
al cycle 
for 21 
days; 15 
days 
after 
starting 
the 
contrace
ptive 
start 
with 
GnRHa 
for at 
least 10 
days) 

1-3 

Youm et 
al. 

2011 Korea Single 
center 
retrospectiv
e case-
control 
study 

TVU
S 

Not clearly defined: i) degree of uterine 
enlargement was classified according to 
myometrial thickness, ii) myometrial 
striations, heterogeneous myometrium, 
myometrial cysts, and poor definition of 
the endometrial–myometrial junction 

81 NA Infertile 
patients 
with 
adenomyosi
s 

73 NA Infertile 
patients 
without 
adenomyosi
s 

maximu
m 
myomet
rial 
thicknes
s 

Due to study 
design unclear 
if difference in 
age, duration of 
infertility, no. 
of previous 
ART 
treatments, 
causes of 
infertility 

ART short 
GnRHa  

1-2 

Martine
z 
Conejer
o et al. 

2011 Spain Single-
center 
retrospectiv
e cohort 
study 

TVU
S, 
MRI 

TVUS: hypoechogenic and 
heterogeneous areas with decreased 
echogenicity associated with elliptic 
intramyometrial lakes of more than 2 
mm in diameter in a globular-appearing 
uterus 
MRI: areas of decreased signal intensity 
and a posterior junctional zone of more 
than 12 mm  

152 23 Infertile 
patients 
with 
adenomyosi
s 
undergoing 
oocyte 
donation 
cycles 

147 0 Infertile 
patients 
with normal 
ultrasonogr
aphy, 
regular 
menses 
without 
endometrio
sis 
undergoing 
oocyte 
donation 
cycles 

- No significant 
difference in 
age, duration of 
infertility, 
indication of 
egg donation 

ART oocyte 
donation 
protocol 
with 
long 
GnRHa 
(leuproli
de 
acetate 
in the 
secretor
y phase 
of the 
previous 
cycle ) 

1 - 3 
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Thalluri 
et al. 

2012 Australia Single-
center 
retrospectiv
e cohort 
study 

TVU
S 

i) enlarged uterus, ii) asymmetric 
thickening of the anterior or posterior 
myometrial wall, iii) heterogeneous 
poorly circumscribed areas within the 
myometrium, iv) anechoic myometrial 
blood filled lacunae or cysts of varying 
sizes, v) increased echo-texture of the 
endometrium and subendometrial linear 
striations 

38 1 Infertile 
patients 
with 
adenomyosi
s 

175 4 Infertile 
patients 
without 
adenomyosi
s 

- No significant 
difference in 
BMI, gravidy, 
parity, cause of 
infertility, 
endometriosis. 
Age and 
duration of 
infertility 
significantly 
higher in the 
case group. OR 
for live 
pregnancy rate 
adjusted for 
age. 

ART GnRH 
antagoni
st 
protocol 

1 

Salim et 
al. 

2012 United 
Kindom 

Single-
center 
prospective 
cohort 
study 

TVU
S 

All of the following criteria: i) 
asymmetrical thickening of the 
myometrium and ii) irregular cystic 
areas within the myometrium and iii) 
linear striations radiating out from the 
myometrium 

19 1 Infertile 
patients 
with 
adenomyosi
s 

256 21 Infertile 
patients 
without 
adenomyosi
s 

- No significant 
difference in 
the age of 
women, FSH, 
cause and 
duration of 
infertility, body 
mass index, 
total dose of 
gonadotrophin 
used and 
number of 
oocytes 
collected. 
Women with 
adenomyosis 
had a 
significantly 
higher 
mean antral 
follicle count 
compared with 
women with a 
normal uterus 

ART long 
protocol 
GnRHa 
(starting 
in the 
previous 
mid-
luteal 
phase) 

1 

Balleste
r et al. 

2012 France  Multicenter 
prospective 
study 

MRI (i) maximal junctional zone thickness 
(JZmax) of at least 12 mm, (ii) ratiomax 
(JZmax/myometrial thickness) >40% 
and (iii) punctate high-density 
myometrial foci 

21 21 Infertile 
patients 
with 
colorectal 
endometrio
sis and 
adenomyosi
s 

54 54 Infertile 
patients 
with 
colorectal 
endometrio
sis but 
without 
adenomyosi
s 

colorect
al 
endomet
riosis 

Age, BMI and 
parity 
unmatched; 
unlear if 
different 
between 
groups; 
multivariate 
analysis for 
clinical 
pregnancy rate 
per patient with 
adjustment for 
age and AMH. 
Clinical 
pregnancy rate 
per cycle 
cannot be 
extracted.  

ART long 
(starting 
in the 
previous 
mid-
luteal 
phase) 
and 
short 
protocol 
GnRHa, 
antagoni
st 
protocol 

1 - 3 

Yan et 
al. 

2014 China Single-
center 
retrospectiv
e cohort 
study 

TVU
S 

Mandatory: i) heterogeneous areas in 
the myometrium with poorly defined 
borders; enhanced by: ii) presence of 
clinical symptoms such as 
dysmenorrhea and irregular uterine 
bleeding or surgical pathology reports 

77 21 Infertile 
patients 
with 
adenomyosi
s 

77 11 Infertile 
patients 
without 
adenomyosi
s 

age, 
BMI, 
gravidy, 
cause of 
infertilit
y, type 
of 
stimulati
on 
protocol 

Case group 
with 27.3% 
concomitant 
endometriosis 
vs 14.3% in the 
control group. 
OR for all 
outcomes 
adjusted for 
mean day 3 
estradiol, total 
dosage of 
gonadotropin 
per cycle, 
duration of 
gonadotropin 
stimulation, 
endometriosis. 

ART short, 
long and 
ultralon
g 
protocol 
with 
GnRHa 

1 

Benagli
a et al. 

2014 Italy Single-
center 
prospective 
case-control 
study 

TVU
S 

 i) asymmetrical thickening of the 
anterior and posterior walls of 
myometrium or ii) irregular cystic areas 
or iii) linear striations radiating out from 
the myometrium or iv) irregular 
endometrial-myometrial junction 

49 21 24 infertile 
patients 
with focal 
adenomyosi
s, 25 with 
diffuse 
adenomyosi
s (long 
GnRHa: 
53%) 

49 13 Infertile 
patients 
without 
adenomyosi
s 

age, 
study 
period, 
day of 
embryo 
transfer 
and 
number 
of 
transferr
ed 
embryos 

No significant 
differrence in 
type of 
stimulation 
protocol. 
Patients with 
endometriosis 
43% in the case 
vs 27% in the 
control group 

ART long and 
short 
protocol 
with 
GnRHa, 
antagoni
st 
protocol  

1 

Mochim
aru et al. 

2015 Japan Single-
center 
retrospectiv
e case-
control 
study 

TVU
S, 
MRI 

MRI: i) a myometrial mass with 
indistinct margins of primarily low 
intensity, ii) diffuse or local widening of 
junctional zones on T2-weighted 
images. TVUS: i) myometrial anterior 
posterior asymmetry, ii) thickening of 
the anterior and posterior myometrial 
walls, with either increased or decreased 
echogenicity 

36 NA Pregnancies 
of women 
with 
adenomyosi
s 

144 NA pregnancies  
of women 
without 
uterine 
anomalies 
in 
ultrasonogr
aphy in the 
first 
trimester 

age No significant 
difference in 
BMI, history of 
miscarriage. 
Significant 
differences in 
nulliparity, 
need for ART. 

ART, 
natural 
concepti
on 

n/a n/a 

Hashim
oto et al. 

2018 Japan Multicenter 
retrospectiv
e case-
control 
study 

TVU
S, 
MRI 

MRI: i) a myometrial mass with 
indistinct margins of primarily low 
signal intensity or ii) diffuse or focal 
thickening of the junctional zone 
forming an ill-defined area of low signal 
intensity on T2-weighted images. 
TVUS: i) thickening or asymmetry of 
the anterior and posterior myometrial 
walls, with either increased or decreased 
echogenicity or ii) increased echotexture 
of the myometrium or iii) 
heterogeneous, indistinctly marginated 
areas in the myometrium  

49 NA Pregnancies 
of women 
with 
adenomyosi
s (46.9% 
ART) 

245 NA pregnancies  
of women 
without 
adenomyosi
s in the first 
trimester 
(46.9% 
ART) 

age, 
parity, 
need for 
ART 

No data about 
endometriosis. 

ART, 
natural 
concepti
on 

n/a n/a 
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Shin et 
al. 

2018 Korea Multicenter 
retrospectiv
e cohort 
study 

TVU
S 

Two or more of the following: i) a 
globular or asymmetric uterus, ii) a 
poorly defined heterogeneous 
myometrium, iii) a distorted and 
heterogeneous myometrial echo texture, 
iv) irregular myometrial cystic lesions, 
v) hypoechoic linear striations, vi) an 
irregular endometrial-myometrial 
junction 

25 NA Pregnancies 
of women 
with 
adenomyosi
s (34.7% 
ART) 

187 NA pregnancies 
of women 
without US 
findings of 
adenomyosi
s in early 
pregnacy 
(2.3% 
ART) 

- No significant 
difference in 
age, nulliparity, 
previous 
misscarriage. 
Higher Nr of 
pregnacies in 
case group 
after ART aber 
data can be 
extracted 
separately. No 
data about 
endometriosis. 

ART, 
natural 
concepti
on 

n/a n/a 

Sharma 
et al. 

2018 India Single-
center 
retrospectiv
e cohort 
study 

TVU
S 

At least 3 of the following: i) increased 
myometrial thickness, ii) symmetrically 
thickened anterior or posterior 
myometrial wall, iii) poorly defined 
endo-myometrial interface, iv) presence 
of heterogeneous myometrial area, v) 
myometrial cysts 

152 88 Infertile 
patients 
with 
adenomyosi
s 

821 355 Infertile 
patients 
with tubal 
factor or 
endometrio
sis 

- No signiicant 
difference in 
age, BMI 

ART ultra-
long 
protocol 
GnRHa 
(leuproli
de 
acetate 
3.75 mg 
in three 
doses 
every 
28d) 

1 

Yamagu
chi et al. 

2018 Japan Retrospecti
ve 
nationwide 
cohort 
study 

self-
repo
rted 
ques
tionn
aire 

yes/no 311 128 Pregnancies 
of women 
with self-
reported 
adenomyosi
s (19.6% 
ART) 

93210 3412 pregnancies 
of women 
without 
adenomyosi
s (3% ART) 

- Age, rate of 
primiparity, 
rate of ART 
significantly 
higher in case 
group. Risk of 
preterm birth, 
low 
birthweight and 
SGA adjusted 
for maternal 
age, smoking 
status, method 
of conception, 
primiparity, 
coexistence of 
fibroids or 
endometriosis, 
BMI 

ART, 
natural 
concepti
on 

n/a  n/a 

Scala et 
al. 

2018 Italy Retrospecti
ve cohort 
study 

TVU
S 

At least two criteria: i) asymmetrical 
myometrial thickening, ii)myometrial 
cysts, iiii) linear striations, iv) 
hyperechoic islands or v)an irregular 
and thickened endometrial–myometrial 
junctional zone on either two‐ or three‐
dimensional imaging 

58 58 Women 
with 
Adenomyos
is; 20 
diffuse and 
38 focal 
adenomyosi
s with 20% 
and 15.8% 
ART, 
respectively 

148 148 Pregnancies 
of women 
with 
histolologic
al or US 
diagnosis of 
endometrio
sis with 
12.8% ART 

endomet
riosis 

Patients with 
diffuse 
adenomyosis 
had 
significantly 
lower BMI. No 
significant 
difference in 
age, rate of 
ART, previous 
miscarriage, 
smoking status, 
type of 
endometriosis 

ART, 
natural 
concepti
on 

n/a n/a 

 

 
 

Paper / Tool 
sectors 

Study 
Participation 

 

Study 
Attrition 

 

Prognostic 
Factor 

Measurement 
 

Outcome 
Measurement 

 

Study 
Confounding 

 

Statistical 
Analysis 

and 
Reporting 

 

Overall 
assessment 

Chiang et al, 
1999 

M L M L M L M 

Juang et al., 
2006 

M 
 

L M L L L M 

Mijatovic et 
al., 2010 

M L L L H  L M 

Costello et 
al., 2011  

L 
 

L 
 

L L L L L 

Youm et al., 
2011  

M 
 

L M L M L M 

Martinez 
Conejero et 

al., 2011 

M L M L L L M 

Thalluri et 
al., 2012 

M 
 

L M L L L M 

Salim et al., 
2012 

M L L L L L L 

Ballester et 
al., 2012 

H L L L L  L M 

Yan et al., 
2014 

L 
 

L 
 

L L L L L 

Benaglia et 
al., 2014 

L 
 

L L L L L L 

Table 1. Study characteristics 
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Mochimaru 
et al., 2015 

M 
 

L M L M  L M 

Hashimoto 
et al., 2017  

M 
 

L M L L L M 

Shin et al., 
2018 

M 
 

L M L L L M 

Sharma et 
al., 2018 

L L L L L L L 

Yamaguchi 
et al., 2018 

H L H L L L H 

Scala et al.,  
2018 

L L L L M L L 

L: Low risk; M: Moderate risk; H: High risk 

 
 
 
Fertility outcomes after ART 
We separated eligible studies in subgroups according to the ART protocol. The first 
subgroup included only the studies with an ultra-long 25, 32 or modified ultra-long 26 
pituitary downregulation protocol. The second subgroup included only the studies 
with a short downregulation protocol. Specifically, a GnRH antagonist and a 
GnRHa short protocol was applied in all patients in the 29 and 27 study, respectively. 
The third group was a mixed group including studies with long GnRHa protocol 
(starting in the previous mid-luteal phase) and studies with more than one protocol 
21-24, 28, 30. The meta-analysis of the first subgroup showed no significant difference 
in clinical pregnancy rate (3 studies, 209 vs. 1039 women, OR 0.78; 95% CI 0.45, 
1.35), live birth rate (2 studies, 189 vs. 985 women, OR 0.64; 95% CI 0.19, 2.14) 
and miscarriage rate (3 studies, 68 vs. 404 pregnancies, OR 1.23; 95% CI 0.31, 
4.91) (Figure 2). The meta-analysis of the second subgroup showed a significantly 
lower clinical pregnancy rate (2 studies, 119 vs. 248 women, OR 0.34; 95% CI 0.20, 
0.57) and higher miscarriage rate in the adenomyosis group (2 studies, 36 vs. 129 
pregnancies, OR 4.32; 95% 1.77, 10.55), while only one study provided data for the 
live birth rate showing a significantly lower value in the adenomyosis group (1 
study, 81 vs. 73 women, OR 0.19 95% CI 0.09, 0.42) (Figure 2). The third subgroup 
(long GnRH agonist or mixed protocol) showed no difference in clinical pregnancy 
rate (6 studies, 513 vs. 911 women, OR 0.84; 95% CI 0.58, 1.21) and live birth rate 
(3 studies, 145 vs. 270 women, OR 0.82; 95% CI 0.27, 2.49) between the two 
groups but close to significant higher miscarriage rate in the adenomyosis group (5 
studies, 410 vs. 643 pregnancies, OR 2.30; 95% 0.98, 5.39) (Figure 2).  
 
When all studies were combined a significantly lower clinical pregnancy rate (11 
studies, 841 vs. 2198 women, OR 0.69; 95% CI 0.51, 0.94) and significantly higher 
miscarriage rate (10 studies, 514 vs. 1176 women, OR 2.17; 95% 1.24, 3.80) was 
shown in the adenomyosis group. No significant difference in live birth rate (6 
studies, 415 vs. 1328 women, OR 0.58; 95% CI 0.29, 1.17) was found (Figure 2). 
Sensitivity analysis. Since age is a major confounder for the fertility outcome, 
studies in which age was significantly different or of unknown difference between 
the case and control group were excluded unless the fertility outcome was reported 
age-adjusted. In the latter case, the adjusted ORs were used for the meta-analysis 
via inverse variance method. The same trends as in the crude analysis were 
observed. The result for clinical pregnancy rate was marginally non-significant (8 
studies, OR 0.78; 95% CI 0.58, 1.05) (Figure 2B). Miscarriage rate was found 
significantly higher in the adenomyosis group (6 studies, OR 2.50; 95% CI 1.26, 
4.95). 

Table 2. Risk of bias 
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In a second sensitivity analysis, only studies with matched groups for endometriosis 
were included in order to evaluate the association of adenomyosis with fertility 
outcomes independently of endometriosis. Two studies could be included with the 
first excluding endometriosis from all patients 32 and the other having endometriosis 
in all patients 25. In both studies, an ultra-long downregulation protocol for ART 
was applied. The results were non-significant for both clinical pregnancy and 
miscarriage rates (Figure 2C). 
 
A 
Clinical pregnancy rate 

 
 
Live birth rate 
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Miscarriage rate 

 
 

B 
 Clinical pregnancy rate 
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Live birth rate 

 
 
Miscarriage rate 

 
 
C 
Clinical pregnancy rate 

 
 

  



 Chapter 7 

99 
 

Miscarriage rate 

 
 
 
 
 

 
 
 
 

 
Pregnancy outcomes 
Preterm delivery (< 37 weeks) 
Six studies provided data on this outcome. Two of them presented significant age 
differences between groups but the outcome could be age-adjusted 14,33. Another 
two were primarily matched for age 12,13 and one presented no significant age 
differences between groups 31. The meta-analysis showed a statistically significant 
higher risk of preterm delivery in the adenomyosis group (6 studies, OR 2.65; 95% 
CI 2.07, 3.39), (Figure 3A). 
 
Sensitivity analysis. This was performed only in studies which were matched or 
adjusted for the mode of conception (natural or ART). Since the rate of preterm 
delivery could not be adjusted in the study by Juang et al, it was excluded 14. The 
meta-analysis of all studies showed a significantly higher risk of preterm birth in 
the adenomyosis group (5 studies, OR 2.83: 95% CI 2.18, 3.69). In Figure 3B, the 
results are presented separately according to the mode of conception. Briefly, the 
difference remains statistically significant both for ART and natural pregnancies. 
Only one study 33 provided the risk of preterm delivery adjusted for endometriosis. 
It showed that the increased risk of preterm delivery remained in the adenomyosis 
group (OR 2.49; 95% CI 1.81, 3.43). 
 
Severe preterm delivery (< 32 weeks) 
The meta-analysis of two studies 12, 32 showed no significant difference (2 studies, 
58 vs. 395 women; OR 2.20; 95% 0.82, 5.89), (Figure 3C). 
 
Preeclampsia 
Four studies provided data for this outcome. Two were primarily matched for 
age12,13 and two presented no significant age differences between groups 15,32. The 
meta-analysis showed a significantly higher risk for women with adenomyosis (4 
studies, 159 vs. 785 women, OR 4.32; 95% CI 1.68, 11.09). In Figure 3D, the results 
are presented separately according to the mode of conception. 
 
Pregnancy-induced hypertension  
The only study with this available outcome 13 showed a higher risk in the 
adenomyosis group (43 vs. 242 women, OR 3.11; 95% CI 1.10, 8.79). 

Figure 2. Fertility outcomes 
A. Crude rates 
B. Sensitivity analysis. Age-adjusted. Studies with unknown or significant age 
difference between groups were excluded. Note: a1 and a2 adjusted for maternal 
age 
C. Sensitivity analysis. Studies with matched groups for endometriosis. 
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Gestational diabetes 
The only study with this available outcome 13 showed a higher risk in the control 
group (43 vs 242 women, OR 0.11; 95% CI 0.02, 0.85). 
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A. Preterm delivery 

 
B. Preterm delivery. Sensitivity analysis 

  

C. Severe preterm delivery 
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D. Preeclampsia  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Obstetrical outcomes 
Caesarean section, fetal malpresentation 
Meta-analysis of all available studies showed a significantly higher risk of 
Caesarean section in the adenomyosis group (4 studies, 462 vs. 101840 women; OR 
2.48; 95% CI 1.44, 4.26) (Figure 4A). In a sensitivity analysis, one study 33 was 
excluded due to significantly higher age and rate of ART in the case group, which 
could not be adjusted. Shin et al. 31 was also excluded due to significantly higher 
rate of ART in the case group. The meta-analysis of the remained two studies (12, 
13), uninfluenced from the age and mode of delivery, showed a higher risk of 

Figure 3. Pregnancy outcomes 
A. Preterm delivery (age adjusted) 
Note:  No significant difference in age in the study by Shin et al. (no adjustment 
performed). In all other studies age matched between groups. 
a3:adjusted for maternal age, parity, body mass index, smoking habit, and status 
of previous preterm delivery 
a4:adjusted for maternal age, smoking status, method of conception, primiparity, 
fibroids, endometriosis, and body mass index before pregnancy 
B. Preterm delivery. Sensitivity analysis (age- and mode of conception- 
adjusted). Studies with unknown or significant difference in age or mode of 
conception between groups were excluded 
Note: No significant difference in age in the study by Shin et al. (no adjustment 
performed). In all other studies age matched between groups.  
a4: adjusted for maternal age, smoking status, method of conception, 
primiparity, fibroids, endometriosis, and body mass index before pregnancy 
C. Severe preterm delivery 
Note: No significant difference in age in the study by Sharma et al. (no 
adjustment performed). In the study by Machimaru et al. age matched between 
groups. 
D. Preeclampsia (age- and method of conception- adjusted) 
Note: No significant difference in age in the study by Sharma et al. No 
significant difference in age and mode of conception in the study by Scala et al. 
However, for both studies no adjustment performed. 
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Caesarean section in the adenomyosis group (2 studies, 79 vs. 386 women; OR 
4.44; CI 2.64, 7.47), (Figure 4B). The same two studies showed that women with 
adenomyosis have a higher risk of fetal malpresentation (2 studies, 79 vs. 386 
women, OR 3.05; 95% CI 1.60, 5.81) (Figure 4C). 
 
Operative vaginal delivery 
Mochimaru et al. 12 was the only study providing data on this outcome. No 
statistically significant difference between the two groups was shown (10 vs. 16 
women after ART pregnancy; OR 0.49; 95% CI 0.02, 13.28), (26 vs. 128 women 
after natural conception; OR 1.24; 95% CI 0.13, 11.57). 
 
Postpartum, antepartum hemorrhage 
Concerning PPH, the meta-analysis showed a significantly higher risk in the 
adenomyosis group (3 studies, 101 vs. 637 women; OR 2.90; 95% CI 1.39, 6.05) 
(Figure 4D).  A single study 32 reported no significant difference in antepartum 
hemorrhage between the two groups (22 vs. 251 women; OR 0.66; 95% CI 0.08, 
5.17). 
 
Placental malposition 
Only one study 13 presented data on placental malposition showing a significantly 
higher risk in the adenomyosis group (49 vs 245 women, OR 4.94; 95% 1.70, 
14.34). 
 
A) C-section 

 

 
B) C-section. Sensitivity analysis 

 
 

C) Fetal malpresentation 
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D) Postpartum Hemorrhage 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Neonatal outcomes 
Small for gestational age (SGA) 
Four studies provided data on this outcome. The groups in the study by Hashimoto 
13 were primarily matched for age and rate of ART. Similarly, the study by 
Mochimaru 12 was primarily matched for age while, after provision of their raw 
data, the outcome could be extracted separately according to the mode of 
conception. Yamaguchi et al 33 provided the outcome adjusted for age and mode of 
conception and finally the groups in the study by Scala et al 15 were not significantly 
different for age and mode of conception. A meta-analysis of these four studies 
showed a significantly higher risk in the adenomyosis group (4 studies, OR 2.86, 
95% CI 1.68, 4.88), (Figure 5A). In sensitivity analysis, only studies matched for 
endometriosis were included. Two studies showed that the risk of SGA in patients 
with endometriosis remained significantly higher (2 studies, OR 2.10; 95% CI 1.17, 
3.77), (Figure 5B). 
 

  

Figure 4. Obstetrical outcomes 
A. C-section 
Note: In the study by Yamaguchi et al. significantly higher age and rate of ART 
in the adenomyosis compared to control group (not adjustable). In the study by 
Shin et al. significantly higher rate of ART in the adenomyosis compared to 
control group (not adjustable). In the study by Hashimoto groups matched for 
age and rate of ART. 
B. C-section. Sensitivity analysis (Only studies matched for age and rate of 
ART) 
C. Fetal malpresentation 
Note: In both included studies groups matched for age. 
D. Postpartum Hemorrhage 
Note: In all studies groups matched for age or not significantly different. In the 
study by Hashimoto et al. groups matched for age and rate of ART. Mochimaru 
et al. data was provided by the author (not published). 
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Low birth weight (LBW)  
A meta-analysis of two studies (31, 33) including both natural and ART pregnancies 
showed a higher risk of birth weight < 2500g (2 studies, OR 2.82, 95% CI 1.20, 
6.62) and <1500g (2 studies; OR 5.67; 95% CI 0.91, 35.34) in the adenomyosis 
group. Shin et al. examined the risk of low birth weight (<2500g) separately in 
pregnancies after ART and natural conception. In ART pregnancies a significantly 
higher risk in the adenomyosis group was shown (25 vs. 187 women; OR 7.69; 95% 
CI 2.56, 23.10). However, in natural conception pregnancies no significant 
difference between groups was found (47 vs. 8057 women; OR 2.16; 95% CI 0.67, 
6.96), (Figure 5C and D). 
 
Intrauterine growth restriction (IUGR) 
Only one study 32 presented data on this outcome showing a significantly higher 
risk in the adenomyosis group (22 vs. 251 women; OR 3.40; 95% CI 1.13, 10.17). 
 
Intrauterine fetal death 
The meta-analysis of two studies 12,32 showed no difference between the two groups 
(2 studies, 58 vs. 395 women; OR 1.43; 0.34, 6.04), (Figure 5E). 
 
APGAR 5 min < 7, pHa, NICU admission 
The meta-analysis of three studies 12,13,15 showed no significant difference in the 
rate of APGAR 5 min < 7 between groups (3 studies, 136 vs 534 women; OR 1.63; 
0.56, 4.70), (Figure 5F). Mochimaru et al. 12 showed no difference in the rate of 
pHa< 7.1 between the two groups (36 vs 144 women, OR 4.4; 95% CI 0.5, 32.5). 
NICU admission rate according to the same study was higher in infants of women 
with adenomyosis compared to the control group (36 vs 144 women, OR 2.4; 95% 
CI 0.9, 6.3). 
 
 

A. Small for gestational age (SGA) 

 

 
B. Small for gestational age. Sensitivity analysis 
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C. Birth weight < 2500g 

 

D. Birth weight < 1500g 

 

E. Intrauterine fetal death 

 
 

  F. APGAR 5 min < 7 
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Effect of certain adenomyosis subtypes on the reproductive course 
Two studies examined the effect of focal and diffuse adenomyosis separately, 
however on different outcomes. The type of adenomyosis did not markedly affect 
the fertility outcome in the study by Benaglia et al 24. Specifically, the clinical 
pregnancy rate in women with focal (n = 24) and diffuse (n = 25) adenomyosis was 
46% and 40%, respectively. The live birth rate was 33% and 36%, respectively. The 
implantation rate was 32% and 32%, respectively. In the study by Scala et al. 38 
patients had focal and 20 diffuse adenomyosis15. Patients with diffuse adenomyosis 
had a higher rate of SGA births compared to the control group. This was not 
confirmed in patients with focal adenomyosis. 
The funnel plots showed no indication of asymmetry in any of the analyses 
(Supplementary Figure 1). 
 
Discussion 
Principal findings 
With respect to fertility outcomes, this systematic meta-analysis revealed that 
adenomyosis is associated with a significantly lower clinical pregnancy rate and 
higher miscarriage rate after ART, especially when a short GnRH agonist or 
antagonist protocol is administered for ovarian stimulation. Moreover, 
adenomyosis is associated with a higher risk of preterm delivery, preeclampsia, 
caesarean section, fetal malpresentation, SGA, low birth weight, and PPH. The 
association could be confirmed after adjustment of these outcomes for age and 
mode of conception. 
 
Results in the context of what is known 
A recent systematic meta-analysis evaluated various fertility outcomes in patients 
with adenomyosis concluding that the clinically pregnancy rate was reduced 9. 
However, several studies were not included and no subgroup analysis for potential 

Figure 5. Neonatal outcomes 
A. Small for gestational age (SGA) (adjusted for age and mode of conception) 
Note: In the study by Hashimoto groups matched for age and mode of conception. In the study by Mochimaru 
groups matched for age and data presented separately according to the mode of conception. No significant 
difference in age and mode of conception in the study by Scala et al. 
a4: Adjusted for maternal age, smoking status, mode of conception, primiparity, fibroids, endometriosis, and 
body mass index before pregnancy 
B. Small for gestational age. Sensitivity analysis (Included studies matched for endometriosis) 
Note: a4: Adjusted for maternal age, smoking status, mode of conception, primiparity, fibroids, endometriosis, 
and body mass index before pregnancy 
C. Birth weight < 2500g 
Note: a4: Adjusted for maternal age, smoking status, method of conception, primiparity, fibroids, 
endometriosis, and body mass index before pregnancy. Data in the study by Shin et. al presented separately 
according to the mode of conception 
D. Birth weight < 1500g 
Note: a4: Adjusted for maternal age, smoking status, method of conception, primiparity, fibroids, 
endometriosis, and body mass index before pregnancy. Data in the study by Shin et. al could not be extracted 
according to the mode of conception 
E. Intrauterine fetal death 
Note: In the study by Mochimaru groups matched for age and data presented separately according to the mode 
of conception. In the study by Sharma groups not significantly different for age. 
F. APGAR 5 min < 7 
Note: In the study by Hashimoto groups matched for age and rate of ART. In the study by Mochimaru groups 
matched for age. In the study by Scala groups not significantly different for age. 
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confounders was performed, despite significant study heterogeneity. Previous 
studies suggested that the protocol for ovarian stimulation may be crucial for the 
fertility outcome in patients with adenomyosis 29. Ultra-long GnRHa protocols 
produce a period of estrogen deficiency that may temporarily inactivate 
adenomyosis, reduce the uterine volume and normalize some of the distorted 
endometrial functions 29, 35. This period of potentially therapeutic estrogen 
deficiency does not occur in GnRH antagonist or short GnRHa cycles. By 
separately meta-analyzing the ART studies based on the stimulation protocol we 
show that adenomyosis has a higher negative impact on the pregnancy rate when 
short downregulation protocols are applied. The same results were found after a 
sensitivity analysis, in which the fertility outcomes were adjusted for age, an 
otherwise major confounder for fertility outcomes.  
 
One study 26 used a combined oral contraceptive (COC) pill for 21 days prior to a 
start with GnRHa for at least 10 days. Although this may not be regarded as an 
ultra-long ovarian downregulation, a COC-mediated effect on the endometrium 
occurs, which may be important in patients with adenomyosis. Therefore, we 
regarded this as a modified ultra-long downregulation and meta-analyzed it together 
with the other two studies which have applied a classical ultra-long GnRHa 
pretreatment 25, 32. The results of the two studies with the classical ultra-long GnRHa 
pretreatment were discordant concerning its protective role in adenomyosis.  
 
Moreover, the results have to be interpreted with caution since the control groups 
with ultra-long downregulation protocols show a surprisingly lower clinical 
pregnancy rate (3 studies, 372/1039, 35.8%) than the control groups with short 
downregulation protocols (2 studies, 120/248, 48.4%). The difference in the control 
groups may imply different populations or even a negative impact of the ultra-long 
GnRHa treatment on the pregnancy rate per cycle in control patients. Nevertheless, 
the positive effect of the ultra-long GnRHa pretreatment before ART in patients 
with adenomyosis is further supported by two retrospective controlled studies 
comparing GnRHa pretreatment versus no treatment before fresh–embryo 36 and 
frozen-embryo transfer 37. Currently two RCT protocols are registered in the U.S. 
National Library of Medicine aiming at conclusively elucidating this issue 
(University College London, 2019; University Hospital Toulouse, 2019). 
 
If the positive effect of prolonged GnRHa prior to ART on fertility outcome is 
confirmed, concerns about the excessive ovarian suppression, especially in women 
with reduced ovarian reserve, still need to be addressed. Given recent advances in 
vitrification technology resulting in enhanced embryo survival and pregnancy rates 
38, it could be plausible to firstly vitrify embryos at the blastocyst stage to confirm 
adequate development and then administer prolonged GnRHa before endometrial 
preparation with the aim to inactivate adenomyosis, reduce the uterine volume and 
maybe normalize some of the distorted endometrial functions. This would eliminate 
concerns regarding excessive ovarian suppression without affecting any possible 
beneficial impact on fertility outcomes provided by GnRHa. However, one has to 
keep in mind that frozen blastocyst transfers are associated with a higher risk of 
preeclampsia (RR 3.13, 95% CI 1.06–9.30, p=0.029) 39. This risk has to be weighed 
against the potential benefits of the above approach. Finally, it is currently unknown 
if alternative treatments with less side effects such as progestins could also be 
beneficial prior to ART. 
 



 Chapter 7 

109 
 

Of particular interest is the study by Martínez et al 28, which included only patients 
with adenomyosis receiving donated oocytes. Interestingly, despite no difference in 
the pregnancy rate a higher risk of miscarriage was reported indicating a detrimental 
effect of adenomyosis on the reproductive outcome irrespective of the embryo 
quality. 
 
A previous meta-analysis by Younes et al concluded that adenomyosis is not only 
correlated to reduced pregnancy rate but also reduced live birth rate40. Our results 
do not confirm the statistical significance of the latter although one additional study 
supportive for that was included 32. The reason is that Younes at al. used a fixed 
effect model rather than random effects model for the meta-analysis, which 
consequently decreases the width of the confidence intervals. We chose to use a 
random effects model since we assumed a high study heterogeneity suggesting that 
the true effect size is not the same in all studies 41. However, since adenomyosis is 
statistically significantly associated with both lower pregnancy and higher 
miscarriage rate it is plausible that it should also be associated with a statistically 
significantly lower live birth rate. We assume that the lack of statistical significance 
can be attributed to the lower statistical power resulting from the lower number of 
studies evaluating this outcome. 
 
Horton et al performed the only meta-analysis to date which evaluated pregnancy 
outcomes in patients with adenomyosis 9. However, in many studies the case 
compared to the control groups included a much higher number of ART 
pregnancies. Specifically, in the study by Shin et al 34% vs 2.3% of the pregnancies 
resulted after ART in the case and in the control group, respectively 31. Similarly, 
Mochimaru et al included 33% vs 13% ART pregnancies in the case and in the 
control group, respectively 12. Other included studies did not provide information 
on the mode of conception but the example of the previous studies and the 
knowledge that adenomyosis is correlated with subfertility 42, 43 suggest that the 
case groups may similarly include significantly more ART pregnancies and thus 
being unbalanced to the control groups. Since ART pregnancies are anyway at a 
higher risk of adverse pregnancy outcomes such as preeclampsia, preterm birth and 
low birth weight 10, 44, it is uncertain if the observed adverse outcomes should be 
attributed to adenomyosis or are just the effect of the ART conception. All outcomes 
of the current study were therefore analyzed according to the mode of conception 
and adjusted to age when possible. Interestingly, the increased risk of preterm 
delivery, preeclampsia, SGA, low birth weight and PPH in patients with 
adenomyosis persisted. We postulate, therefore, that at least for these pregnancy 
complications adenomyosis represents a significant risk factor independently of the 
mode of conception. 
 
The increased risk of Caesarean section in patients with adenomyosis should be 
interpreted with caution due to the following reasons. The biggest study was based 
on a patient-reported questionnaire collected during the pregnancy for the diagnosis 
of adenomyosis while a significant difference in age, primiparity and sterility 
treatment between groups was reported 33. The lack of matching for possible 
confounders applies partially to the other studies as well. This raises doubts about 
the independent association between adenomyosis and the risk of Caesarean 
section. Nevertheless, a sensitivity analysis, which included only two studies with 
balanced groups for age and mode of conception, showed also an increased risk of 
Caesarean section. This may be partially attributed to the increased risk of fetal 
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malpresentation and placental malposition in patients with adenomyosis, both 
representing indications for elective Caesarean section. If patients with 
adenomyosis are also at an increased risk of failed vaginal delivery and secondary 
Caesarean section is unclear. 
 
An older study reported a PPH prevalence of 17.2% in women who needed a 
cesarean hysterectomy, which may suggest an increased risk of severe PPH in 
women with adenomyosis 45. The current results are in line with the above 
observation while one study has also reported a higher rate of placental 
malpresentation that could contribute to the increased blood loss13. 
 
Adenomyosis is a very heterogenic disorder with varying extent of lesions, ranging 
from multiple lesions with diffuse myometrial hypertrophy to more discrete focal 
lesions 46.  It is plausible that the impact of adenomyosis on the reproductive course 
is not always the same rather than dependent on the degree of the uterus 
involvement. Concerning the clinical pregnancy rate after ART two studies 
compared the effects of focal versus diffuse adenomyosis on clinical pregnancy rate 
24,36. The pooled results gave a statistically non-significant OR of 1.36 favoring 
focal adenomyosis (CI: 0.67-2.75) 47. In another prospective study, 152 women had 
MRI prior to in vitro fertilization 34. The pregnancy rate in the group with maximum 
junctional zone thickness <10 vs. >10 mm was 63 vs. 14%. Implantation failure rate 
was 96% in patients with an average JZ thickness >7 mm and a maximal JZ >10 
mm, compared with 38% in other patient groups. This study indicates an increase 
in adverse implantation outcome in relation to the JZ thickness. Unfortunately, our 
objective to address this issue could not be adequately met due to the different 
diagnostic criteria for adenomyosis as well as the inadequate characterization and 
classification of adenomyosis in the single studies. Certain diagnostic criteria for 
adenomyosis have been proposed48 and we strongly suggest that these are 
systematically used in future studies in order to investigate which adenomyosis 
characteristics, if any, are the most significant for the reproductive course. A recent 
article proposed that seven items should be assessed when examining and 
describing a uterus with adenomyosis by ultrasound: presence, location, 
differentiation (focal/diffuse), appearance (cystic/non-cystic), uterine layer 
involvement, extent, and size of lesion 49. A similar MRI-based classification 
distinguishing between internal adenomyosis, external adenomyosis and structural-
related adenomyoma subtypes with a potential relation for therapeutic strategy has 
been proposed50. 
 
The frequent coexistence of adenomyosis with other gynecologic disorders such as 
endometriosis and uterine fibroids is well known 4, 51. Both endometriosis and 
uterine fibroids have been however correlated with adverse pregnancy outcomes 52-

56. To examine adenomyosis as an independent risk factor for adverse reproductive 
and pregnancy outcomes, ideally, controlled studies matched for the existence of 
endometriosis and uterine fibroids would be appropriate. In our systematic review, 
this was the case for two studies on fertility outcomes, which reported no difference 
in the clinical pregnancy rate between groups 25, 32. Both studies, however, applied 
the ultra-long downregulation protocol, which might be the reason for identifying 
no difference. Two other matched studies for endometriosis reported a higher 
pooled risk of SGA in patients with adenomyosis 15, 33 indicating that adenomyosis 
is an endometriosis-independent risk factor for SGA. A similar subanalysis for 
other outcomes was impossible. 
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Endometriosis and adenomyosis are considered the expression of a series of 
cumulative genetic and epigenetic incidents 57. Some of these underlying genetic 
variants might trigger certain biological mechanisms, which impair the placentation 
process and lead to the observed pregnancy and obstetrical complications. A 
number of these mechanisms have been described including activation of local and 
systemic inflammatory pathways, dysfunctional endometrium, increased 
myometrial prostaglandin production, altered uterine contractility and defective 
myometrial spiral artery remodeling 58. It is currently unclear if these mechanisms 
would persist even after excision of adenomyosis similar to what has been recently 
observed in patients with previously excised deep endometriosis 8. Furthermore, if 
certain medical therapies prior to implantation could counteract these 
pathophysiologic mechanisms remains unknown but represents an intriguing 
possibility. To date only one study 32, in which ultra-long GnRHa downregulation 
was applied prior to ART, reported the pregnancy outcomes. Patients with 
adenomyosis still showed a significantly higher risk of IUGR. 
 
Strengths and limitations 
To avoid major bias in data gathering the literature review and data extraction was 
performed by two investigators in this meta-analysis. Moreover, study 
heterogeneity was addressed by sensitivity analysis, when possible, excluding 
studies with unbalanced groups for potential confounders such as age, mode of 
conception and stimulation protocol for ART. Despite these efforts, study 
heterogeneity and the intrinsic limitations of controlled observational studies 
represent sources of potential bias in this study. Such limitations include the 
diagnostic accuracy of the non-invasive imaging techniques for adenomyosis while 
the diagnosis would be ideally performed by histology as well as the lack of 
exclusion of certain pathologies such as peritoneal endometriosis or uterine 
fibroids. 
 
Conclusion 
We present a negative association between adenomyosis and fertility outcome 
especially after short protocol downregulation in ART. This association is less 
significant or absent in ART with mixed or ultra-long GnRHa protocols but the 
results are not sufficient for a conclusive evaluation of the most proper ART 
protocol. Ongoing randomized controlled studies intend to provide reliable 
conclusive data on the possible protective role of ultra-long GnRHa downregulation 
in adenomyosis. Adenomyosis also correlates with adverse pregnancy outcomes 
such as preterm delivery, preeclampsia, Caesarean section, fetal malpresentation, 
SGA, low birth weight, and PPH. Gynecologists should be aware of these risks to 
indicate proper pregnancy controls enabling an early diagnosis and treatment of 
pregnancy complications. Matched controlled studies with proper adenomyosis 
classification extending from fertility desire to postpartum period are needed to 
investigate the role of specific adenomyosis subtypes and their treatment in every 
aspect of the reproductive course. 
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Supplementary figure 
A. Clinical pregnancy rate 

 
 
B. Live birth rate
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C. Miscarriage rate 

 
D. Clinical pregnancy rate (age-adjusted) 
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E. Live birth rate (age-adjusted)

 
 
F. Miscarriage rate (age-adjusted) 
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G. Clinical pregnancy rate (endometriosis-adjusted) 

 
 

H. Miscarriage rate (endometriosis-adjusted) 
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I. Preterm delivery (age-adjusted) 

 
 
J. Preterm delivery (age- and mode of conception- adjusted) 
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K. Severe preterm delivery 
 

 
 
L. Preeclampsia 
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M. C-Section 

 
 
N. C-Section (matched for age and rate of ART) 
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O. Fetal malpresentation

 
 
 
 
P. Postpartum hemorrhage 
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Q. SGA

 
 
 
R. SGA (sensitivity analysis endometriosis) 
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S. Birth weight < 2500g

 
 
T. Birth weight < 1500g 
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U. Intrauterine fetal death 

 
 
V. APGAR 
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Discussion 
 
Endometriosis and adenomyosis represent two highly significant diseases based on 
their high incidence in premenopausal women and related disease burden, which 
involves chronic pain, uterine bleeding disorders and infertility. The chronic nature 
of endometriosis with frequent recurrences after surgery, the common coexistence 
with adenomyosis and the limitations of current medical treatments constitute 
serious challenges of managing these disorders. In addition, the effect on the 
reproductive course constitute important, yet relatively unexplored aspects of these 
diseases. 

 
In chapter 2, we examined the recurrence potential of the different subtypes of 
endometriosis (superficial peritoneal lesions (SUP), ovarian endometriomas 
(OMA) and deep infiltrating endometriosis (DIE)) after surgery. We detected no 
difference in the recurrence potential but a high percentage of patients presented 
with more severe lesions subtypes, particularly DIE at recurrence. This trend 
towards more severe endometriosis subtypes suggests disease progression, which 
may occur overtime irrespective of surgical removal. 
 
Whether endometriosis represents a progressive disease that worsens over time 
attracts much attention. A previous 3-year prospective study suggested that 
endometriosis is a progressive disease 1 which was supported by a review of 
adolescence endometriosis 2, with an additional study showing development from 
peritoneal to ovarian endometriosis, including uterosacral ligament lesions during 
a 2-5 years follow up 3. On the contrary, an analysis of randomized control studies 
(RCT) in adolescents showed 71% of the patients without endometriosis excision 
did not progress 4. However, a single RCT contributed the majority of cases to this 
analysis with a short follow up of only 4 to 6 months 5. The findings of our study 
agree with the suggestion of progression and extend them to a broader population 
with a longer follow up.  
 
However, since endometriosis is a highly heterogenic disease with different lesion 
subtypes and disease burden, it is plausible that the recurrence potential as well as 
the disease progression may differ significantly among individuals. This explains 
why some patients present with severe DIE already in adolescence while others 
present DIE at later ages only. A number of factors could be crucial for these 
differences: affected females genotype, exposures to environmental factors (e.g. 
toxins, pathogens, chemicals, pollution, stress, diet), type of surgical treatment, type 
and duration of medical treatment. 

 
In chapter 3, we aimed to identify such clinical risk factors for recurrence after 
laparoscopic segmental bowel resection for endometriosis. Positive bowel resection 
margins as well as age < 31 years and BMI ≥ 23 kg/m2 appeared to be independent 
risk factors for disease recurrence. This was the first study to show a correlation 
between the histopathological margins collected from the resected tissue and 
disease recurrence. 
 
Two previous studies have reported no correlation 6, 7; however, the first study 
reported that in 66 out of 92 patients a disc resection was performed, which in this 
case cannot be compared with our study population in which disc resections were 
excluded. In the second study, there was a different outcome measured since only 
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the recurrence of pain but not the subsequent re-operation for endometriosis was 
examined. More importantly in this study, the follow up time was limited to a 
median of 18 months after surgery, whereas most recurrences in our study took 
place only between 17 and 90 months after surgery. 
 
An association between positive resection margins and disease recurrence is not 
equal with causality. Whether the endometriotic lesion that precipitates the need for 
a repeat operation is derived from such residual lesions or a new endometriotic 
lesion is not clear. It may be tempting to speculate that positive bowel resection 
margins imply an overall more advanced state of disease and thus is indicative of a 
higher risk of recurrence. Indeed, it was previously shown that in patients presenting 
with bowel endometriosis, microscopically complete excision of bowel 
endometriosis may be impossible because of bowel occult microscopic 
endometriosis implants located far from macroscopic nodules 8, 9, while no 
association with pelvic or digestive symptoms after 1-year follow-up was identified 
10. Moreover, in patients managed via low rectal resections, the preoperative 
digestive symptoms due to endometriosis may be in turn replaced by more 
unpleasant postoperative digestive functional disorders due to rectum resection 
syndrome 11. For these reasons, the performance of large bowel resections with the 
goal of reducing the incidence of positive resection margins and the recurrence risk 
cannot be supported by the available clinical data. 
 
The finding that younger patients have a higher risk of recurrence is not surprising 
and has already been presented by other authors 12. Moreover, our study, which 
shows that high BMI is a predictive factor for recurrence, is in line with the study 
from Netzhat et al. 13. Many epidemiological studies have identified other risk 
factors for recurrence although the results are sometimes conflicting 14. This could 
be secondary to the definition of recurrence (recurrence of pain or recurrence of 
endometriosis lesions), the patient population, the length of follow-up and the 
difference in surgical procedures. 
 
It should be underlined that for all patients in our study a complete endometriosis 
excision was performed. The incompleteness of the surgical excision has been 
previously recognized as a risk factor for recurrence 15 although it may be more 
proper to define it as endometriosis persistence rather than recurrence. Therefore, 
the performance of such complex surgeries from expert and dedicated teams in 
endometriosis is advocated 16.    
 
A limitation of our study is that no information on the postoperative medication 
could be obtained so that the influence of medical treatment on endometriosis 
recurrence could not be evaluated. However, the data seems to be clear regarding 
the effect of postoperative medical treatment on disease recurrence 17 so that 
currently adjuvant hormonal therapy is advised to all patients after surgery to avoid 
disease recurrence 18 , 19. However, some patients may intrinsically have a much 
lower risk of recurrence than others, while others may be resistant to medical 
treatment. Adjuvant medical tretament in these patients is not useful and may cause 
unnecessary side effects and an increase in health care costs. The identification of 
high-risk patients who may benefit the most from drug intervention remains a 
challenge. 
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Endometriosis is an estrogen-dependent disease with a significant inflammatory 
aspect. Cytokines act as both paracrine and autocrine signaling molecules that 
modulate a variety of cellular functions including proliferation, survival, and 
differentiation that contributes to the progression of endometriosis 20. They may 
also play a role in stimulating peripheral nerve sensitization 21 and contribute to the 
chronic pelvic pain experienced by patients 22. In chapter 4, we sought to evaluate 
the effect of GnRHa, an important drug for endometriosis, on the inflammation of 
the peritoneal microenvironment. We achieved this by analyzing several 
biomarkers in the peritoneal fluid, which have been previously found to be elevated 
in women with endometriosis. We observed a significant regression of four 
biomarkers (IL-8, PAPP-A, glycodelin-A and midkine) in patients who had been 
treated with GnRHa prior to endometriosis surgery. This implies a GnRHa-
mediated significant regression in the inflammatory nature of the peritoneal 
microenvironment, which might partially explain the effect on the endometriosis-
associated pain. 
 
A similar effect of dienogest (DNG), another first-line drug for endometriosis, on 
midkine was identified in a more recent study of our team 23. Both GnRHa and 
progestins such as DNG are believed to reduce the endometriosis pain through the 
activation of pituitary progesterone receptors (PR) creating a hypo-estrogenic 
systemic environment and amenorrhea. This systemic influence however may also 
be accompanied by significant, unwanted side effects such as hot flushes, sleep 
disorders, decreased libido and mood disorders. Understanding the influence on 
inflammation of these drugs and how this is mediated may provide the opportunity 
to enhance their local effects and minimize their unwanted systemic effects, while 
retaining or improving their clinical efficacy. Indeed, in an in-vitro study we 
identified that DNG mediated a suppression of cytokine mRNA production and 
cytokine secretion 24. Furthermore, the TNF-α-stimulated proliferation of 
endometrial stroma cells was suppressed by DNG (Figure 1).  
 
These results suggest that DNG has a direct effect on endometrial lesions in addition 
to their systemic effects that may interrupt endometriotic lesion progression. 
Although it is not clear how progestins suppress the level of cytokine secretion, 
numerous mechanisms are possible and should be considered in future research 
projects (Figure 2). This could facilitate the development of novel therapeutics with 
improved clinical profile that would emphasize non-hormonal functions of GnRHa 
and progestins. 
 
Furthermore, the impact of GnRHa on intraperitoneal cytokine concentrations 
might explain the increased clinical pregnancy rate through administering GnRHa 
for three to six months prior to IVF or ICSI in women with endometriosis 25. This 
effect seems to be more obvious in patients with severe stages of endometriosis 26, 

27. Further studies are needed to estimate if GnRHa prior to conception could also 
reduce the increased rate of pregnancy complications, which is observed in women 
with endometriosis. 
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Figure 1. Inhibition of TNF-α-stimulated 
cytokine secretion in the presence of 
progestins (adopted from Grandi et al24) (a) 
IL-6, (b) IL-8, and (c) MCP-1 at TNF-α 10 
ng/mL and TNF-α 100 ng/mL. *P<.05, 
**P<.01 

Figure 2. DNG influence on the inflammatory response (adopted from 
Grandi et al84) 
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In chapter 5, the risk of placenta previa after assisted reproductive technology 
(ART) was found threefold higher in patients with than without endometriosis and 
this difference was statistically significant. This finding suggests that endometriosis 
is a risk factor for placental disorders independently of the way of conception since 
all included patients in this study had conceived only after ART. 
 
A recent meta-analysis had also identified a higher risk of placental and other 
obstetrical complications in patients with endometriosis 28. However, in this study 
the influence of the way of conception had not been taken into account. This is 
important since ART itself has been associated with an increased risk of pregnancy 
complications and found to be associated with a sixfold increased risk of placenta 
previa 29-31. The American College of Obstetricians and Gynecologists (ACOG) 
recently released recommendations on the management of these risks 32. With our 
work, we have conclusively shown that endometriosis is a further additive risk 
factor for placental complications. 
 
The increased risks of pregnancy and obstetrical outcomes has been previously 
shown in patients with surgically untreated DIE 33. However, no study has studied 
if previous surgical excision has the potential to decrease the risk of pregnancy 
complications. Moreover, no guidelines exist on the way of delivery in patients 
previously operated for severe DIE with colorectal infiltration. In chapter 6, we 
aimed to answer the above questions by performing a matched case-control study. 
Patients with previously excised posterior DIE, similarly to women with 
endometriosis in general, were found to have a statistically significant increased 
risk of placenta previa, gestational hypertension, and IUGR compared with women 
without endometriosis. Moreover, the possibility of successful vaginal birth, if 
attempted, was high and similar to that in the control group. Except for a higher 
postpartal blood loss in the endometriosis group, all other delivery and neonatal 
risks were similar between groups. 
 
The strengths of this study include the clear inclusion criteria of patients only with 
completely excised severe posterior DIE, with high incidence of bowel surgery and 
partial resection of posterior vaginal fornix, as well as the comparison with a 
controlled group matched for the most important confounding outcomes. 
 
That the rate of pregnancy complications after surgical removal of endometriosis 
remains uninfluenced can be easily explained when the pathophysiology of 
pregnancy complications in patients with endometriosis is considered (Figure 3). 
Previous surgery for DIE is unlikely to treat these abnormalities since they represent 
mainly a preexisting predisposition rather than a consequence of DIE lesion 
presence. Similarly, however, our study suggests that no additional adverse effects 
not already related to the presence of endometriosis itself are created through a 
previous surgery for endometriosis. 
 
Finally, concerns that the surgery of the rectovaginal septum with or without bowel 
or vaginal involvement may predispose to failed vaginal delivery are refuted by this 
study. Women trying to deliver vaginally succeed with a similar rate as 
endometriosis-free women, although further studies with increased numbers of 
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patients delivering vaginally are required to conclusively determine the safety of 
vaginal delivery in this specific group of patients. 

 
 
 
 
 
 
 
As shown above, it has recently emerged that endometriosis may negatively 
influence pregnancy and neonatal outcomes. The negative correlation remains even 
after previously excised endometriosis (Chapter 6), which suggests that other 
mechanisms are involved (Figure 3). One explanation could be that the frequently 
coexistent adenomyosis, which remains after endometriosis surgery, is likely to 
cause an abnormal placentation leading to adverse pregnancy outcomes. 
 
The current literature includes a number of studies investigating the fertility and 
pregnancy outcome in patients with adenomyosis. By performing a systematic 
review and meta-analysis in chapter 7 we found that adenomyosis is associated with 
a significantly lower clinical pregnancy rate and higher miscarriage rate after ART, 
especially when a short GnRH agonist or antagonist protocol is administered for 
ovarian stimulation. Moreover, adenomyosis is associated with a higher risk of 
preterm delivery, preeclampsia, cesarean section, fetal malpresentation, low birth 
weight, and PPH. The association could be confirmed after adjustment of these 
outcomes for age and mode of conception. 

Figure 3. Possible factors associated to endometriosis and adenomyosis that 
lead to abnormal placentation and adverse pregnancy outcomes 
JZ: junctional zone, IUGR: intrauterine growth restriction 
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We performed several sensitivity analyses in order to eliminate the confounders 
such as mode of conception, age and coexistence of endometriosis as well as to 
examine the impact of different adenomyosis subtypes. Unfortunately, our 
objective to address the latter could not be adequately met due to the different 
diagnostic criteria for adenomyosis as well as the inadequate characterization and 
classification of adenomyosis in the single studies.  
 
A very interesting finding is the possible positive effect of the ultra-long GnRHa 
pretreatment before ART on the fertility outcome. Ultra-long GnRHa protocols 
produce a period of estrogen deficiency that may temporarily inactivate 
adenomyosis, reduce the uterine volume and normalize some of the distorted 
endometrial functions 34, 35. This period of potentially therapeutic estrogen 
deficiency does not occur in GnRH antagonist or short GnRHa cycles. The positive 
effect on fertility outcomes is further supported by two retrospective controlled 
studies (RCT) comparing GnRHa pretreatment versus no treatment before fresh–
embryo 36 and frozen-embryo transfer 37. However, these results are not conclusive 
and currently two RCT protocols are registered in the U.S. National Library of 
Medicine aiming at elucidating this issue 38, 39. 
 
If the positive effect of prolonged GnRHa prior to ART on fertility outcome is 
confirmed, concerns about the excessive ovarian suppression, especially in women 
with reduced ovarian reserve, still need to be addressed. Given recent advances in 
vitrification technology resulting in enhanced embryo survival and pregnancy rates 
27, it could be plausible to firstly vitrify embryos at the blastocyst stage to confirm 
adequate development and then administer prolonged GnRHa before endometrial 
preparation with the aim to inactivate adenomyosis, reduce the uterine volume and 
maybe normalize some of the distorted endometrial functions. This would eliminate 
concerns regarding excessive ovarian suppression without affecting any possible 
beneficial impact on fertility outcomes provided by GnRHa. However, one has to 
keep in mind that frozen blastocyst transfers are associated with a higher risk of 
preeclampsia (RR 3.13, 95% CI 1.06–9.30, p=0.029) 40. This risk has to be weighed 
against the potential benefits of the above approach. Finally, it is currently unknown 
if alternative treatments with less side effects such as progestins could also be 
beneficial prior to ART. 
 
Interestingly, the positive effect of the ultra-long GnRHa on fertility outcomes has 
also been shown in a Cochrane analysis for patients with endometriosis 25. 
However, a more recent randomized controlled study failed to show such a benefit 
for ASRM stage I–II endometriosis patients 26. Possible explanations are that for 
these low stage endometriosis patients the inflammatory microenvironment in the 
follicle and peritoneal fluid is not very profound or that these patients do not suffer 
from concomitant adenomyosis. On the contrary, for patients with severe 
endometriosis the coexistence with adenomyosis has been reported to be 40-50% 

41, 42. Therefore, ultra-long GnRHa administration could be beneficial only for 
severe endometriosis and adenomyosis by reducing the endometriosis-associated 
inflammation and restoring the adenomyosis-associated uterine function 
deficiencies. 
 
If other medical therapies such as progestins prior to ART could also positively 
affect the fertility outcome is currently unknown but represents an intriguing 
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possibility. Similarly, it is uncertain if specific medical therapies prior to 
implantation could counteract the pathophysiologic mechanisms involved in the 
observed higher rate of pregnancy complications in patients with endometriosis and 
adenomyosis. To date only one study 43, in which ultra-long GnRHa 
downregulation was applied prior to ART, reported the pregnancy outcomes. 
Patients with adenomyosis still showed a significantly higher risk of IUGR. 
 

 
Implications for clinical practice 
 
The high incidence of recurrence after endometriosis surgery indicates the chronic 
nature of this disease. This seems to be independent of the lesion subtype while it 
is possible that for some cases there is an evolution to more severe lesion subtypes 
(deep-infiltrating lesions) over each recurrence 44. Recurrences are observed even 
after radical surgeries that include a segmental bowel resection. We identified 
certain risk factors for recurrence such as young age and positive bowel resection 
margins 45. In order to avoid recurrences and repeat surgeries gynecologists are 
advised to prescribe a hormonal treatment postoperatively, which should be 
continued until the planned pregnancy, an approach that has been broadly adopted 
internationally 46-50. 
 
However, 15.6-26.1% and 10-43.5% of the patients discontinue their hormonal 
therapy due to ineffectiveness or side effects, respectively 51. This results in 
dissatisfaction and demotivation in many patients, possibly leading to repeat 
surgeries and thus contributing to the high health risks and costs related to 
endometriosis. In a recent study, we have identified risk factors for treatment non-
response and discussed strategies to overcome this problem 52. More specifically, 
genital bleeding during dienogest (DNG) treatment is a potential modifiable factor 
to improve response to DNG. A 5-7 days break of therapy, a course of nonsteroidal 
anti-inflammatory drugs or a short-term application of 1mg estradiol have been 
described as valid approaches 53-55. Another way to interrupt the bleeding episode 
may be doubling the dose from 2 mg to 4 mg daily for 5-7 days. In our personal 
experience, we have found this regiment to be able to break through the uterine 
bleeding episode in certain patients. In contrast, in a multicenter study with 68 
patients each treated with dienogest 1 mg, 2 mg and 4 mg during 24 weeks, the 4 
mg dosage of dienogest (68.6%) was associated with more frequent vaginal 
bleeding episodes than the 2 mg dosage (55.2%). In both groups, the bleeding 
tended to improve over time 56. Another option could be to treat patients with 
recurrent genital bleeding with a non-progestin based treatment, such as GnRHa in 
order to achieve amenorrhea and then switch to DNG 57. Future studies are needed 
to assess which of the above-outlied strategies is the best possible approach. In any 
case, given the high possibility of irregular bleeding patterns especially at the 
beginning of the DNG therapy, it is recommended to prepare and reassure patients 
of possible bleeding as well as inform them about the abovementioned management 
approaches 54. 
 
In the same study 52, we reported a high percentage of comorbidities in patients with 
endometriosis such as chronic pain out of the pelvis, and chronic gastrointestinal 
symptoms. For these patients a viscero-visceral-hyperalgesia has been described 
meaning that several co-existing visceral pain conditions in the same patient 
increase each other's symptoms 58. Effective treatment of one condition 
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significantly improves symptoms from the other. Specifically, irritable bowel 
syndrome dietary treatment has been shown to improve dysmenorrhea 58. 
Therefore, a holistic pain management with treatment of the viscero-visceral-
hyperalgesia has the potential to increase the response to hormonal treatment and 
reduce the need for recurrent surgeries in endometriosis. A multidisciplinary 
approach should be considered in these patients including a pain specialist, 
nutritionist, and physiotherapist.  
 
The frequent coexistence of endometriosis and adenomyosis is well known. The 
presence of adenomyosis in patients undergoing surgery for deep endometriosis has 
been reported to be as high as 48.7% 41. Adenomyosis was also present in 79% of 
patients with history of infertility and endometriosis diagnosed by MRI 59. 
Adenomyosis is not only correlated with pain persistence after endometriosis 
surgery 60 but also DNG non-response in patients with endometriosis 52. In addition, 
it is well known that both endometriosis and adenomyosis correlate with a negative 
fertility outcome 61, 62. Our studies showed that they are also negatively associated 
with adverse pregnancy and neonatal outcomes 63-65. 
 
More specifically, endometriosis is associated with a higher risk of preterm birth, 
miscarriage, placenta previa, small for gestational age infants, and cesarean delivery 
28. Similar risks were described in pregnant women with surgically untreated 
rectovaginal endometriosis while an increased rate of complications during delivery 
was observed 33. Interestingly, we showed that even after a previous excisional 
surgery for rectovaginal endometriosis the pregnancy risks remain unchanged. 
Importantly however, the surgery does not predispose to failed vaginal delivery. 
Except for a significantly higher postpartal blood loss in patients with 
endometriosis, all other delivery and neonatal risks were similar to the control 
patients 64. Therefore, in patients with previously surgically treated rectovaginal 
endometriosis a vaginal delivery could be offered. 
 
Our most recent systematic meta-analysis revealed that adenomyosis is associated 
with a higher risk of preterm delivery, preeclampsia, cesarean section, fetal 
malpresentation, low birth weight, and PPH 65. However, as stated above, 
adenomyosis is very often coexistent with endometriosis. It is therefore unclear to 
which of the two conditions the above mentioned pregnancy risks should be 
attributed. To examine adenomyosis as an endometriosis-independent risk factor 
for adverse pregnancy outcomes we performed a sensitivity analysis including only 
studies matched for the existence of endometriosis. Consequently, we identified 
that adenomyosis is an endometriosis-independent risk factor for small for 
gestational age fetuses. 
 
Our same study showed a negative association between adenomyosis and fertility 
outcome especially after short protocol downregulation in ART. This association is 
less significant or absent in ART with mixed or ultra-long GnRHa protocols but the 
results are not sufficient for a conclusive evaluation of the most proper ART 
protocol. Ongoing randomized controlled studies intend to provide reliable 
conclusive data on the possible protective role of ultra-long GnRHa downregulation 
in adenomyosis 38, 39. 
 
However, adenomyosis is a very heterogenic disorder with varying extent of 
lesions, ranging from multiple lesions with diffuse myometrial hypertrophy to more 
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discrete focal lesions 66.  It is plausible that the impact of adenomyosis on the 
reproductive course is not always the same rather than dependent on the degree of 
the uterus involvement. Concerning the clinical pregnancy rate after ART two 
studies compared the effects of focal versus diffuse adenomyosis on clinical 
pregnancy rate 36, 67. The pooled results gave a statistically non-significant OR of 
1.36 favoring focal adenomyosis (CI: 0.67-2.75) 68. Unfortunately, our objective to 
address this issue in relation to pregnancy and neonatal risks could not be 
adequately met due to the different diagnostic criteria and inadequate 
characterization of adenomyosis in the single studies. We strongly suggest that both 
for research and clinical purposes certain ultrasound or MRI criteria are 
systematically evaluated and used to adequately describe the extent of adenomyosis 
69, 70. 
 
In conclusion, the potentially protective role of the ultra-long downregulation 
protocols in relation to fertility outcome after ART in patients with adenomyosis 
needs further evaluation in randomized controlled studies. When a pregnancy is 
achieved, though, gynecologists should be aware of the associated pregnancy risks 
to indicate proper controls enabling an early diagnosis and treatment of possible 
complications. 
 
 
Future research directions 
 
The identification of reliable diagnostic, prognostic and predictive markers for 
endometriosis should be set as one of the priorities in the research society in order 
to achieve personalization in healthcare. This is a major demand on the medical 
community especially in endometriosis where several medical treatments have been 
repeatedly reported as ineffective or with significant side effects in a high number 
of patients. An evidence-based approach to personalise treatment would 
significantly improve clinical options and patient outcomes. 
 
Better diagnostic tools 
According to current guidelines, endometriosis-related pain can be empirically 
treated with adequate analgesia and combined oral contraceptives or progestins 
even prior to a laparoscopic diagnosis of endometriosis 16. This approach is 
recommended due to the invasive nature of the laparoscopy, which is currently the 
gold-standard diagnostic tool. However, pain is not a very specific symptom for 
endometriosis and endometriosis-related pain varies significantly. As a result, some 
patients will receive a treatment for endometriosis although their pain is not 
endometriosis-related rather than related to another disorder. On the other hands, 
some patients with endometriosis will receive no treatment either because their pain 
is mild or because it may not seem indicative for endometriosis. Novel non-invasive 
diagnostic tools alternative to laparoscopy are needed so that endometriosis is 
diagnosed without the current delay. 
 
Better prognostic tools 
Besides the hormonal treatment of endometriosis, the laparoscopic excision of 
endometriotic lesions represents an important tool for the management of the 
disease. This is associated with a decreased overall pain, both at 6 and 12 months 
after surgery as well as fertility improvement in some cases 71, 72. However, even 
after a complete removal of endometriotic lesions a high proportion of patients will 
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require additional surgery due to endometriosis recurrence with total recurrence 
rates of 21.5% and 40-50% at 2 and 5 years, respectively 44, 45, 73-75. With our current 
work, the recurrence potential of different lesion subtypes has been studied while 
certain risk factors for recurrence have been identified 44, 45. Further research is 
needed to identify prognostic markers to objectively evaluate the probability of 
recurrence. The presence or absence of such prognostic markers could be useful for 
the selection of patients for adjuvant hormonal treatment. 
 
Better predictive tools 
Reliable predictive markers that will evaluate the likelihood of response and 
tolerability to the available drugs are urgently needed since current hormonal 
treatments are accompanied by significant, unwanted side effects and in about 30% 
of the patients a non-adequate reduction in endometriosis-associated pain 51, 52. 
Unfortunately, a reliable identification of which patients will respond, or tolerate 
the treatment is currently impossible even if we have recently identified certain risk 
factors 52.  
 
The reason for the non-response to treatment in some patients is unclear, however 
variants in the lesion themselves may play a role. Somatic mutations, including 
cancer driver mutations, are present in endometriotic lesions. A landmark paper  76 
reported somatic mutations in DIE in 79% of the 24 patients examined. In lesions 
from five patients (21%) known somatic cancer driver mutations in ARID1A, 
PIK3CA, KRAS, and PPP2R1A were identified even though the tissue remained 
benign. In a concurrent study of 24 OMA lesions, 4192 somatic mutations were 
found, including mutations in KRAS, PIK3CA, FBXW7, PPP2R1A and PIK3R1 
that occurred in at least 3 or more samples and analysis of allele frequency indicated 
these mutations provided a growth advantage driving clonal expansion 77. These 
studies raise the possibility that up to 20% of endometriosis lesions acquire somatic 
mutations that provide them the ability to grow in a suppressed estrogen 
environment. The increased activity of these lesions could lead to more intense 
symptoms. 
 
Lesion transcriptomic variation is also a potential influence on treatment response. 
Our previous work established that inflammatory cytokines mediate endometriosis-
associated pelvic pain 22, 78, that GnRH analogues and dienogest suppress peritoneal 
inflammation 23, 79 and also endometrial cellular proliferation 24. Moreover, we 
found that the interaction between inflammation and secondary progestin targets 
could influence progestin activity 80. Through the culmination of this work, we 
proposed that progesterone resistance in endometriotic lesions was not inherent to 
endometriotic lesions, but rather dependent on the composition of the inflammatory 
microenvironment. The progesterone receptor could be downregulated due to lesion 
exposure to the inflammation 81. Interestingly, a recent study showed a direct 
correlation between progesterone receptors in endometriotic lesions and progestin 
response 82. Endometriosis lesions however are a mixture of epithelial and stromal 
cells as well as infiltrating immune cells 83 and to fully understand potential 
influence of the transcriptome on treatment response it needs to be studied in these 
different cell types individually. 
 
Ultimately, therefore, a resistance to progestin treatment may be driven by 
variations in local genomic, transcriptomic, or cell composition within the lesion. 
These variations could be predictive for the drug effectiveness. To better target 
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available treatments to endometriosis patients, it would be challenging to determine 
the relationship between local lesion variations and clinical responses. 
 
Medical therapies with improved clinical profile 
Current medical therapies are comprised of 16 marketed drugs from 7 different 
therapeutic classes. All therapeutics classes share the common mechanism of action 
of inducing a hypoestrogenic state. Novel drug therapies for endometriosis with 
improved tolerability and effectiveness, if possible, compatible with the desire to 
get pregnant are urgently needed.  
 
We have observed an anti-inflammatory effect of both GnRHa 79 and dienogest 23, 
which could partially explain their effectiveness in endometriosis. It is possible that 
this effect is exerted via as yet unclear non-hormonal functions at local site rather 
than through their typical estrogen-suppressive function 84. A better understanding 
of these mechanisms is needed. Optimising the anti-inflammatory components 
would create the potential to reduce oestrogen suppression and limit the adverse 
effects associated with it, while enhancing the anti-proliferative effect on the lesions 
themselves. One suggestion could be to screen novel compounds for inflammation 
modulating effects in an in-vitro environment using patient derived endometriotic 
epithelial and/or stromal cells. This could facilitate the development of novel 
therapeutics with improved clinical profile that would emphasize non-hormonal 
functions of GnRHa and progestins. 
 
Role of different endometriosis or adenomyosis subtypes on fertility, pregnancy 
and delivery 
Adenomyosis is a very heterogenic disorder with varying extent of lesions, ranging 
from multiple lesions with diffuse myometrial hypertrophy to more discrete focal 
lesions. It is possible therefore that the expected effects on the reproductive course 
differ significantly. Unfortunately, our objective to address this issue in our 
systematic meta-analysis 65 could not be adequately met due to the different 
diagnostic criteria and the inadequate characterization  of adenomyosis in the single 
studies. Certain diagnostic criteria for adenomyosis have been proposed 85 and we 
strongly suggest that these are systematically used in future studies in order to 
investigate which adenomyosis characteristics, if any, are the most important for 
the reproductive course. These studies should ideally extend from fertility desire to 
postpartum period to investigate the role of specific adenomyosis subtypes and their 
treatment in every aspect of the reproductive course. 
 
Approaches to counteract the negative impact of adenomyosis on the reproductive 
course 
The possible positive effect of the ultra-long downregulation protocols on the 
fertility outcome prior to ART is very promising and deserves further evaluation. 
Ongoing studies are expected and if this is confirmed, a significant change in the 
current stimulation strategies is expected. Given recent advances in vitrification 
technology resulting in enhanced embryo survival and pregnancy rates 27, it could 
be plausible to firstly vitrify embryos at the blastocyst stage to confirm adequate 
development and then administer prolonged GnRHa before endometrial preparation 
with the aim to inactivate adenomyosis, reduce the uterine volume and maybe 
normalize some of the distorted endometrial functions. This would eliminate 
concerns regarding excessive ovarian suppression without affecting any possible 
beneficial impact on fertility outcomes provided by GnRHa. However, one has to 
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keep in mind that frozen blastocyst transfers are associated with a higher risk of 
preeclampsia (RR 3.13, 95% CI 1.06–9.30, p=0.029) 40. This risk has to be weighed 
against the potential benefits of the above-described approach. 
 
Moreover, it would be very interesting to examine the role of alternative treatments 
such as progestins prior to ART on the fertility outcome since they share a better 
tolerability profile and less ovarian suppression effect than GnRHa. 
 
If the positive effects of the above medicines are confirmed it would be tempting to 
hypothesize that the adenomyosis-associated pregnancy and neonatal risks such as 
preeclampsia, placenta previa and intrauterine growth restriction would be also 
counteracted though a down-regulative medication prior to the conception. We 
suggest therefore, that all pregnancies resulting after ultra-long downregulation 
ART protocols are further followed during pregnancy and labor within well-
designed controlled studies. 
 
Recently, first trimester screening for late pregnancy complications has been widely 
adopted for all women since early intervention has the potential to reduce certain 
risks significantly 86. As an example, treatment with low-dose aspirin in women at 
high risk for preterm preeclampsia according to the screening test results in a 60% 
risk reduction 87. For the specific population of patients with adenomyosis or 
endometriosis it is unknown if the current first-trimester screening can accurately 
identify patients at risk and if early intervention reduces these risks; a hypothesis 
that deserves further evaluation. It is plausible to suppose, though, that the 
pathophysiologic mechanisms involved in the endometriosis/adenomyosis-
associated preeclampsia are similar to the known preeclampsia mechanisms 
(distorted placentation). Therefore, we currently suggest that pregnant patients with 
adenomyosis/ endometriosis are screened and treated similarly to all other pregnant 
women without adenomyosis/endometriosis. 
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The impact of endometriosis and adenomyosis on the female reproductive 
system: risks and management approaches 

 
Endometriosis and adenomyosis affect a significant proportion of reproductive-
aged women causing a serious disease burden. National action plans have been 
declared with the aim to reduce the impact and burden of disease at individual and 
population levels. The chronic nature and heterogeneity of the disease, the frequent 
recurrences after surgery as well as the limitations of current medical treatments 
represent significant challenges. The objective of this research, therefore, was (1) 
to investigate the recurrence potential of different endometriosis lesion subtypes 
and identify risk factors of recurrence, (2) to evaluate the effect of current medical 
treatments on the endometriosis-mediated inflammation and (3) to examine the 
effects of endometriosis and adenomyosis on female fertility and pregnancy. 
 
To address the first objective (1), we examined the evolution of different 
endometriosis lesion subtypes and compared the time to recurrence in a large cohort 
of patients who underwent surgery for endometriosis in the Department of 
Gynecology and Obstetrics, University of Bern. Similarly, we evaluated several 
clinical and histological parameters as possible risk factors for disease recurrence 
in a cohort of patients who underwent laparoscopic segmental bowel resection due 
to bowel endometriosis. We detected no difference in the recurrence potential 
between superficial peritoneal (SUP), ovarian (OMA) and deep infiltrating 
endometriosis (DIE). However, a high percentage of patients presented with more 
severe lesions subtypes, particularly DIE at recurrence.  
 
To address the second objective (2), we measured the concentration of several 
biomarkers in the peritoneal fluid of patients undergoing surgery for endometriosis. 
We then compared them between patients with and without GnRHa treatment at the 
time of the surgery. Concerning the effect of GnRHa on the local microenvironment 
of the peritoneal cavity, we observed a significant regression of four biomarkers 
(IL-8, PAPP-A, glycodelin-A and midkine) in patients who had been treated with 
GnRHa prior to endometriosis surgery. 
 
For the third objective (3), we performed two systematic meta-analyses and a 
matched case-control study. Firstly, we examined the association of endometriosis 
with placental disorders. More specifically, we compared the incidence of placental 
disorders in women with and without endometriosis in a systematic meta-analysis. 
The risk of placenta previa after assisted reproductive technology (ART) was found 
threefold higher in patients with than without endometriosis and this difference was 
statistically significant. Moreover, we examined the association of endometriosis 
with pregnancy complications in the specific population of patients with previous 
complete endometriosis excision. A 1:3 case-control study was performed while the 
case and control groups were matched for age, parity, previous cesarean section, 
and mode of conception. Patients with previously excised posterior DIE, similarly 
to women with endometriosis in general, were found to have a statistically 
significant increased risk of placenta previa, gestational hypertension, and IUGR 
compared with women without endometriosis. Moreover, the possibility of 
successful vaginal birth, if attempted, was high and similar to women without 
endometriosis. Except for a higher postpartum blood loss in the endometriosis 
group, all other delivery and neonatal risks were similar. Finally, we conducted a 
systematic meta-analysis including all observational studies comparing the 
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reproductive course of patients with and without adenomyosis. Detailed sensitivity 
analyses were performed to address specific aims and certain study limitations. 
Adenomyosis is associated with a significantly lower clinical pregnancy rate and 
higher miscarriage rate after ART, especially when a short GnRH agonist or 
antagonist protocol is administered for ovarian stimulation. Moreover, 
adenomyosis is associated with a higher risk of preterm delivery, preeclampsia, 
caesarean section, fetal malpresentation, SGA, low birth weight, and PPH. The 
association could be confirmed after adjustment of these outcomes for age and 
mode of conception. 
 
The trend towards more severe endometriosis subtypes at recurrence suggests 
disease progression, which may occur overtime. Risk factors for recurrence include 
positive resection margins after surgery for bowel endometriosis as well as young 
age. Therefore, adjuvant hormonal therapy to avoid recurrence and potential lesion 
progression should be suggested, especially in patients with the above risk factors. 
Given the limitations of current hormonal therapeutics, though, research on novel 
therapies is urgently needed. The observed anti-inflammatory effect of GnRHa 
might be exerted via as yet unclear non-hormonal functions at local site rather than 
through their typical estrogen-suppressive function. A better understanding of these 
mechanisms could result in the development of novel medical treatments with better 
effectiveness and tolerability. Finally, endometriosis and adenomyosis are 
associated not only with worse fertility outcomes but also with a higher risk of 
pregnancy complications. These are mostly the result of either distorted placental 
function (IUGR, preeclampsia) or position (placenta previa, PPH). Previous 
endometriosis surgery neither reduces nor creates additional risks. Ultra-long 
GnRHa stimulation protocols might improve the fertility outcome in patients with 
adenomyosis, an observation that needs further investigation in prospective trials. 
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De impact van endometriose en adenomyose op het vrouwelijke reproductief 
systeem: risico's en managementbenaderingen 
 
Endometriose en adenomyose treft een aanzienlijk deel van de vrouwen in de 
vruchtbare leeftijd en veroorzaakt een substantiële ziektelast. Er zijn nationale 
actieplannen opgesteld met als doel de impact en de ziektelast op individueel en 
bevolkingsniveau te verminderen. De chronische aard en heterogeniteit van de 
ziekte, de frequente recidieven na een operatie en de beperkingen van de huidige 
medische behandelingen vormen een grote uitdaging. Het doel van dit onderzoek 
was daarom (1) om het herhaalkans van verschillende endometriose-laesie subtypen 
te onderzoeken en risicofactoren voor herhaling te identificeren, (2) om het effect 
van huidige medische behandelingen op de endometriose-gemedieerde ontsteking 
te evalueren en (3) om de effecten van endometriose en adenomyose op de 
vruchtbaarheid en zwangerschap uitkomsten van vrouwen onderzoeken. 
 
Om de eerste vraag te beantwoorden, onderzochten we de ontwikkeling van 
verschillende subtypen van endometriose-laesies en vergeleken we de tijd tot 
recidief in een groot cohort van patiënten die een operatie voor endometriose 
ondergingen in de afdeling Gynaecologie en Verloskunde, Universiteit van Bern. 
Daarnaast hebben we verschillende klinische en histologische parameters 
geëvalueerd als mogelijke risicofactoren voor het terugkeren van de ziekte in een 
cohort van patiënten die een laparoscopische segmentale darmresectie ondergingen 
vanwege endometriose van de darm. We ontdekten geen verschil in het 
herhalingspotentieel tussen oppervlakkige peritoneale (SUP), ovariële (OMA) en 
diep infiltrerende endometriose (DIE). Een hoog percentage patiënten vertoonde 
echter de meer ernstige laesie-subtypen, met name bij DIE bij recidivering. 
 
Om de tweede vraag te onderzoeken, maten we de concentratie van verschillende 
inflammatoire biomarkers in het peritoneale vocht van patiënten die een operatie 
voor endometriose ondergingen. We vergeleken ze vervolgens tussen patiënten met 
en zonder gonadodrophin-releasing hormone agonists (GnRHa)-behandeling op het 
moment van de operatie. We zagen dat GnRHa behandeling voorafgaand aan de 
ingreep op de lokale micro-omgeving van de peritoneale holte een significante 
regressie van vier inflammatoire biomarkers (IL-8, PAPP-A, glycodeline-A en 
midkine) lieten zien. 
 
Voor de derde vraag hebben we twee systematische meta-analyses en een 
matchende case-control studie uitgevoerd. Allereest onderzochten we de associatie 
van endometriose met placenta-aandoeningen. We vergeleken hiervoor de 
incidentie van placenta-aandoeningen bij vrouwen met en zonder endometriose in 
een systematische review en meta-analyse. Het risico op placenta previa na 
artificiële reproductieve technieken (ART) werd driemaal hoger gevonden bij 
patiënten met dan zonder endometriose en dit verschil was statistisch significant. 
Daarnaast onderzochten we de associatie van endometriose met 
zwangerschapscomplicaties in de specifieke populatie patiënten met eerdere 
volledige endometriose-verwijdering. Een 1:3 case-control studie werd uitgevoerd 
waarbij de casus- en controle-groep werden gematcht op leeftijd, pariteit, eerdere 
keizersnede en wijze van conceptie. Patiënten met eerder operatief verwijderde 
posterieure DIE bleken, vergelijkbaar met vrouwen met endometriose in het 
algemeen, een statistisch significant verhoogd risico op voorliggende placenta 
(placenta previa), zwangerschapshypertensie en relatief en absoluut gering geboorte 
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gewicht te hebben ten opzichte van vrouwen zonder endometriose. De kans op een 
succesvolle vaginale bevalling, indien nagestreefd, was hoog en vergelijkbaar met 
die van vrouwen zonder endometriose. Behalve meer bloedverlies na de bevalling 
in de endometriosegroep, waren alle andere bevallingsrisico's en neonatale risico's 
vergelijkbaar. Ten slotte hebben we een systematische review en meta-analyse 
uitgevoerd, inclusief alle observationele studies, waarbij het reproductieve beloop 
van patiënten met en zonder adenomyose werden vergeleken. We voegden 
gevoeligheidsanalyses toe om specifieke doelen en bepaalde studiebeperkingen te 
compenseren. Adenomyose is geassocieerd met een significant lager klinisch 
zwangerschapspercentage en hoger miskraampercentage na ART, vooral wanneer 
een kort GnRH-agonist- of -antagonistprotocol wordt toegediend voor ovariële 
stimulatie. Bovendien wordt adenomyose geassocieerd met een hoger risico op 
vroeggeboorte, pre-eclampsie, keizersnede, foetale malpresentatie, relatief gering 
geboorte gewicht (SGA), laag geboortegewicht en fluxus post-partum. Dit verband 
bleef ook aanwezig na mede weging van leeftijd en wijze van conceptie. 
 
De trend naar meer ernstige endometriose-subtypes bij recidive suggereert 
ziekteprogressie gedurende de tijd. Risicofactoren voor recidief zijn onder meer 
positieve snijvlakken na operatie voor endometriose van de darm en jonge leeftijd. 
Daarom zou aanvullende hormoontherapie, vooral bij patiënten met de 
bovengenoemde risicofactoren, kunnen worden overwogen om herhaling en 
mogelijke progressie van de endometriose haarden te voorkomen. Gezien de 
beperkingen van de huidige hormonale therapieën is onderzoek naar nieuwe 
therapieën echter dringend noodzakelijk. Het waargenomen ontstekingsremmende 
effect van GnRHa zou kunnen worden uitgeoefend via een nog onduidelijke niet-
hormonale lokaal effect in plaats van via hun typische oestrogeen-onderdrukkende 
functie. Een beter begrip van deze mechanismen zou kunnen resulteren in de 
ontwikkeling van nieuwe medische behandelingen met een betere effectiviteit en 
tolerantie.  
 
Ten slotte predisponeren endometriose en adenomyose niet alleen tot verminderde 
vruchtbaarheid, maar ook een hoger risico op zwangerschapscomplicaties. Deze 
zijn meestal het gevolg van een verstoorde placentafunctie (SGA, pre-eclampsie), 
positie (placenta previa, toegenomen bloedverlies rondom de bevalling), 
vroeggeboorte en gering geboorte gewicht. Eerdere endometriosechirurgie 
vermindert noch creëert extra risico's. Ultra-lange GnRHa-stimulatieprotocollen 
zouden het vruchtbaarheidsresultaat bij patiënten met adenomyose kunnen 
verbeteren, een observatie die verder onderzocht moet worden in prospectieve 
onderzoeken.
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Endometriosis is a very prevalent disorder in women of premenopausal age. Due to 
the associated chronic pain and infertility it often leads to a significant reduction in 
quality of life (1). Moreover, the economic impact is substantial, as chronic and 
debilitating pain from endometriosis may hinder work productivity, while infertility 
can cause major psychosocial, emotional and financial strain to affected women and 
their partners (2). As a result, national action plans have been declared with the aim 
to improve the quality of life for individuals living with endometriosis, including a 
reduction in the impact and burden of disease at individual and population levels 
(3). 
 
Adenomyosis is another similar gynecological disease associated with abnormal 
uterine bleeding, pelvic pain and infertility. It is characterized by the presence of 
endometrial-like tissue in the myometrium. Like endometriosis, it can lead to a 
significant reduction in quality of life. Moreover, it is often coexistent with 
endometriosis, which makes the treatment approach even more challenging. 
 
We believe that, concerning endometriosis and adenomyosis, our current work may 
have a significant impact on patients, physisians and research society, which could 
be devided in the three following categories. 
 
Firstly, we confirmed the high risk of endometriosis recurrence after surgery and 
showed that this is independent of the endometriosis lesion subtype (superficial 
lesions, ovarian lesions, deep-infiltrating lesions). The median time to recurrence 
was 30 months after surgery. Moreover, a significant proportion of the patients 
presented more severe lesions at recurrence (deep iflitrating lesions), which 
suggests endometriosis progression over time might occur. The recurrence risk was 
higher in young patients and if residual endometriosis tissue was identified on the 
margins of resected bowel. These findings support long-term adjuvant hormonal 
treatments, which have the potential to reduce the reccurence risk (4-6). Therefore, 
we believe our work will further encourage physisicans and patients to accept such 
long-term treatments. The benefits of a broad implementation and acceptance of 
this approach will be less recurrent surgeries with all the advantages related to that 
(lower risk of complications, lower health care costs). Our work encourages 
researchers to further investigate the mechanisms related to endometriosis 
recurrence as well as effectiveness and tolerance to specific treatments. This would 
aim to identify prognostic and predictive tools to allow for a personalized disease 
management. 
 
Secondly, endometriosis is an estrogen-dependent disorder with a significant 
inflammatory nature. The inflammatory nature is one of the reasons for pelvic pain 
and infertility. GnRHa is a group of drugs acting in endometriosis by inducing a 
hypo-estrogenic state, which resemples menopause. We showed that GnRHa also 
mediate a significant regression of the inflammatory microenvironment of 
endometriotic lesions. By significantly reducing inflammatory cytokines and 
growth factors in the peritoneal cavity, GnRHa may contribute to pain relief in more 
ways than just the induction of a hypo-estrogenic state. Directly targeting some of 
these factors with non-hormonal treatments may achieve the same anti-
inflammatory effect while avoiding the significant side effects associated with 
hormonal treatment (hot flushes, sleep disorders, decreased libido, mood disorders). 
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The development of novel drugs for endometriosis with improved effectiveness and 
tolerability is urgent and the above findings may be a first step to this direction. 
 
Finally, it has been recently shown that endometriosis and adenomyosis are 
associated with several pregnancy complications. We showed that the higher risk 
of placental disorders is independent of the mode of conception in endometriosis 
and that a previous excision of endometriosis neither reduces nor increases the risk 
of pregnancy complications. More importantly, women with previous surgery for 
deep-infiltrating endometriosis had a similar possibility of successful vaginal birth, 
if attempted, to women without endometriosis. Concerns that the surgery for deep-
infiltrating endometriosis with or without bowel or vaginal involvement may 
predispose to failed vaginal delivery are refuted by our study. This is valuable 
information to both physicians and patients to decide on the delivery method. 
Another important finding of our studies is that adenomyosis is associated with a 
significantly lower clinical pregnancy rate and higher miscarriage rate after ART, 
especially when a short GnRH agonist or antagonist protocol is administered for 
ovarian stimulation. On the contrary, an ultra-long GnRHa protocol might be 
capable of ameliorating these risks. If this is confirmed in prospective studies, it 
will be a very important tool to treat the adenomyosis-associated infertility. Finally, 
adenomyosis is associated with a higher risk of preterm delivery, preeclampsia, 
caesarean section, fetal malpresentation, SGA, low birth weight, and PPH. The 
association could be confirmed after adjustment of these outcomes for age and 
mode of conception. Gynecologists should be aware of these risks to indicate proper 
controls enabling an early diagnosis and treatment of possible complications. 
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