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REVIEW

with severe endometriosis is associated with significantly lower 
pregnancy rates when compared with women without endo-
metriomas (5). The negative impact of surgical excision of an 
endometrioma on ovarian reserve and on anti-Müllerian hor-
mone (AMH) levels has been demonstrated (6). Despite the 
fact that surgery for deep infiltrating endometriosis (DIE) may 
increase spontaneous conception (7), recent guidelines do not 
recommend surgery with the single aim of improving assisted 
reproductive technology (ART) outcomes (6). 

Several studies have taken into consideration how  
endometriosis affects pregnancy achievement and preg-
nancy development, including obstetric complications (8). 
Pregnancy complications accompanying preexisting endo-
metriosis may be explained by some pathogenic mecha-
nisms, such as endometriosis-related chronic inflammation 
(9), the presence of adhesions and their mechanical impli-
cations (10), and the invasion of decidualized ectopic endo-
metrium in to the vessels wall (11, 12).

The aim of this review is to analyze the current literature 
 regarding the relationship between different forms of en-
dometriosis (endometrioma, peritoneal endometriosis, DIE) 
and infertility, and the impact of endometriosis on pregnancy  
outcomes.

Does endometrioma mean infertility?

Endometrioma is a frequently encountered entity in ovar-
ian surgery and affects from 17% to 44% of patients with  
endometriosis (13). The most common symptoms of ovarian 
endometriomas include dysmenorrhea, chronic pelvic pain, 
dyspareunia, and infertility. Transvaginal ultrasound (TVU) has 
a high diagnostic accuracy for the diagnosis of endometrioma 
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Introduction

Endometriosis is a benign chronic gynecological disease 
that affects up to 50% of infertile women. The mechanisms by 
which endometriosis affects infertility are different and not ful-
ly understood. They range from distortion of pelvic anatomy to 
immunological disturbances and endocrine abnormalities (1). It 
also has been suggested that chronic inflammatory response - a 
typical trait of this disorder - plays an important role in reducing 
fertility (2). Adenomyosis, which is frequently associated with 
endometriosis, affects fertility as well (3).  Endometriosis can 
affect various organs such as the ovaries, the posterior Doug-
las cul-de-sac, the bowel, the bladder, and the ureters. The se-
verity of organ involvement and the stage of the disease are 
correlated with reduced fertility (4). Harb et al (2), in a recent 
meta-analysis, revealed a significant reduction of implantation 
rate and pregnancy rate in patients with severe endometriosis 
(stage III/IV for the American Society of Reproductive Medicine 
classification) undergoing in vitro fertilization (IVF) treatment. 
Furthermore, the presence of an endometrioma in women 
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and the prediction of the presence of DIE and related pelvic 
adhesions (14). 

The mechanisms of endometriosis-related infertility  
remain largely unknown (15, 16). Several causes have been 
previously implicated, from anatomic distortion and tubal  
occlusion due to pelvic adhesions to less well-described fac-
tors, such as inflammatory cytokine-mediated impairment of 
endometrial receptivity and oocyte quality (17).

The impact of ovarian endometriomas on spontaneous con-
ception and on ART outcomes is controversial. Several studies 
have shown how the presence of endometriomas can affect 
the amount and quality of the adjacent ovarian follicles (18), 
and reduce the rate of spontaneous ovulation (19). It has been 
highly demonstrated that women with endometriomas show 
lower baseline AMH levels (20). Several studies have shown 
that AMH levels appear to be reduced 1 month after ovarian 
surgery; however, they tend to recover to baseline values after 
6 months (21-25). Furthermore, considering long-term follow-
up, some authors stated that AMH levels temporarily decreased 
after laparoscopic cystectomy with complete recovery of preop-
erative AMH values after 12 months of surgery (26, 27).

In addition, the presence of endometriomas in women 
with severe endometriosis is associated with significantly 
lower pregnancy rates following IVF treatment when com-
pared with women who suffer from severe endometriosis 
without endometriomas (5).

The management of an asymptomatic ovarian endome-
trioma in patients with infertility is controversial. The surgical 
approach remains a necessary part of the treatment algo-
rithm (28). The 2008 European Society of Human Reproduc-
tion and Embryology (ESHRE) guidelines on endometriosis 
recommend laparoscopic ovarian cystectomy for patients 
with an endometrioma ≥4 cm in diameter, to improve the 
access to follicles and the ovarian response (29-31). Among 
the available surgical techniques, ovarian endometrioma  
excision has been shown superior to drainage and coagula-
tion alone in preserving fertility and controlling pain, and is 
associated with a lower risk of recurrence (32). However, oth-
er studies have reported a reduction of the ovarian reserve of 
the patient following surgical excision of endometriomas (33, 
34). Therefore, the ESHRE guidelines underline the impor-
tance of accurate presurgical counseling regarding this risk, 
with a detailed explanation of the potential negative effect of 
surgery on future fertility (29).

Although the close relationship between endometriosis 
and infertility has been studied for decades, we have yet to 
identify the factor that impacts negatively on fertility the most: 
could it be the mere presence of an endometrioma per se, or 
the effects of surgery on ovarian reserve? Histologic findings 
showed that ovarian follicles in the ovarian cortical layer of 
endometriosis women are decreased in number and are more 
atresic. A recent review showed that the local intrafollicular  
environment of patients with endometriosis is characterized 
by alterations to the granulosa cells compartment, resulting in 
a worsening of oocyte quality and ovarian physiology (35, 36). 

Patients with fertility desires should receive detailed 
counseling focusing on the ratio between the risks and the 
benefits of both fertility options versus surgical intervention.

Rossi et al (37) in a recent meta-analysis showed that a 
history of surgery for endometriosis or endometriomas is  

associated with poor IVF outcomes. According to some authors, 
pregnancy rates are significantly improved when patients are 
treated with surgery followed by ART, even the subgroup of 
patients with “asymptomatic” endometriomas (38). According 
to other authors, there is no significant difference in terms of 
IVF/intracytoplasmic sperm injection (ICSI) outcomes, between 
the group of patients that received surgical treatment of endo-
metrioma and the group who did not (39). Hamdan et al (39) 
demonstrated that patients with endometriomas had similar 
reproductive outcomes with IVF/ICSI compared to those with-
out the disease, but they had a higher rate of cycle cancella-
tion. According to these authors, the surgical treatment of  
endometrioma may help optimize the IVF/ICSI results, despite 
the potential detrimental impact (39). The main factors that 
can be involved in the prediction of surgical damage on ovarian 
reserve are age, bilateral ovarian cystectomy, and repeat endo-
metrioma intervention (40, 41). The impact of surgery on the 
ovarian reserve is well known. For instance, Streuli et al (42) 
demonstrated that AMH levels were significantly decreased 
in patients with endometriosis who had prior endometrioma 
surgery, compared to women who did not undergo surgery. In 
another study, Somigliana et al (33) showed significantly im-
paired IVF outcomes in patients previously operated on for 
bilateral endometrioma. Chapron et al (43) stressed the con-
cept that before thinking about surgical treatment, it is needful 
to consider the association between ovarian endometrioma 
and severe DIE, especially in patients that complain of pain-
ful symptoms. In fact, it has been demonstrated that ovarian 
endometriomas are significantly associated with other forms 
of the disease, such as pelvic deep infiltrating endometriosis, 
ovarian adhesions, and pouch of Douglas obliteration. Surgery 
for endometriosis can be very complex and, in some cases, 
when more than a simple endometrioma excision is required, 
the gynecologist may request an interdisciplinary approach to 
safely perform an extensive dissection within the pelvis. Incom-
plete removal of ovarian disease can lead to partial resolution 
of symptoms and the need for additional surgery or medical 
treatment (44). Shervin et al (45) evaluated the reproductive 
outcome following laparoscopic excision of endometriosis in 
infertile women with DIE, with and without endometrioma. 
The researchers found equal pregnancy rates in women who 
underwent surgery for DIE with endometrioma, compared 
with patients who underwent DIE excision in the absence of 
endometrioma (35.6% vs. 39.5%, respectively). This study 
shows how the removal of DIE plays a more important role on 
fertility than ovarian cystectomy. 

Despite that endometriomas are significantly associated 
with infertility, they should not be surgically removed for the 
sole purpose of improving fertility/reproductive outcomes, as 
demonstrated by currently available research. Greater atten-
tion should be paid to the preoperative ovarian reserve status 
of the patient and to the possible ovarian response to stimu-
lation, since these two factors alone are greater predictors of 
reproductive outcomes compared to the sole presence of an 
endometrioma (46). 

Peritoneal endometriosis and infertility

Minimal or mild endometriosis (stages I/II) mainly comprise 
the forms characterized by peritoneal endometriotic implants 
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and the presence of filmy adhesions between the various geni-
tal organs, particularly on the ovaries or the fallopian tubes. 
This form of endometriosis is frequently identified in infertile 
patients, especially in cases of unexplained infertility (47), even 
if its real impact on fertility is still under discussion. Indeed, 
while some authors agree that superficial peritoneal endome-
triosis is clearly associated with infertility (48, 49), according to 
others this relationship is questionable (50). The mechanisms 
through which peritoneal endometriosis reduces fertility are 
various and involve peritoneal fluid and cavity microenviron-
ments (51), plus reduced mobility of the fallopian tubes and 
ovaries related to pelvic adhesions. These mechanisms could 
explain the advantages yielded by adhesiolysis and the com-
plete removal of superficial peritoneal implants (52). Marcoux 
et al (49) have shown that laparoscopic resection or ablation 
of minimal and mild endometriosis enhances fecundity in in-
fertile women while involving minimal risk. In these patients, 
intrauterine insemination (IUI) with controlled ovarian stimu-
lation improves fecundity. Nonetheless, IVF remains the most 
efficient method, allowing pregnancy in case of tubal infertil-
ity (53). In agreement with these findings, Boujenah et al (54) 
have shown that ovarian stimulation after laparoscopic treat-
ment for superficial peritoneal endometriosis-related infertility 
was associated with an increased pregnancy rate (54). Opøien 
et al (55) found similar results, demonstrating how the surgi-
cal eradication of minimal and mild endometriosis increased 
the birth rate both spontaneously and after IUI. In that study, 
399 women underwent complete surgical removal of lesions, 
whereas 262 women underwent diagnostic laparoscopy only; 
significantly improved implantation rates (30.9% vs. 23.9%), 
pregnancy rates (40.1% vs. 29.4%), and live-birth rates per 
ovum retrieval (27.7% vs. 20.6%) were seen in the full surgery 
group compared to the diagnostic laparoscopy group. Further-
more, surgical removal of minimal and mild endometriotic  
lesions gave a shorter time to first pregnancy and a higher  
cumulative pregnancy rate (55). These findings were in line 
with previous studies (56-59) and inconsistent with others (60, 
61). In fact, other authors did not confirm the same result. In 
particular, in 1999, Parazzini (62) conducted a study on patients 
with minimal and mild endometriosis. The patients were ran-
domly assigned to resection/ablation of visible endometriosis 
(54 patients) or diagnostic laparoscopy only (47 patients). After 
laparoscopy, all patients tried to conceive spontaneously. After 
the follow-up period, 12 (24%) patients in the resection/abla-
tion group and 13 (29%) in the no treatment group conceived 
with no significant difference in the 2 groups. In conclusion, 
there is no treatment option in subfertile patients with mini-
mal or mild endometriosis. The optimal management should 
be identified based on clinical presentation and patient need.

Deep endometriosis: anterior endometriosis

Urinary tract endometriosis (UTE) is a rare form of DIE  
affecting 0.3%-12% of all women with endometriosis (63) and 
14%-20% of all DIE patients (64). Of the various forms of UTE, 
the bladder is the most common localization of endometrio-
sis (85%), followed by the ureter (9%), the kidney (4%), and 
the urethra (2%) (65). The symptomatology of this disorder 
is not characteristic and includes nonspecific abdominal and 
urinary symptoms (66), such as urinary frequency, urgency, 

dysuria (70% of patients with bladder endometriosis), and  
hematuria (20%-35%). Ureteral involvement may be asymp-
tomatic, sometimes leading to the silent loss of renal function.  
Infertility is also common in women with urinary endome-
triosis. For patients suffering from severe endometriosis, the 
best treatment is the complete removal of all endometriot-
ic lesions involving the bladder, the ureter, and the bowel,  
especially when the symptomatology is resistant to medical 
therapy. Surgery is the first option in cases of UTE-related  
hydronephrosis. In fact, after the surgical treatment of these 
lesions, most patients report satisfaction with good pain  
relief. In addition, it has been suggested that the recurrence 
rate of bladder endometriosis is lower than that of other 
forms of endometriosis (67). Attention should be paid to the 
possible association of anterior endometriosis with other 
forms of the disease; in fact, it has been demonstrated that 
anterior endometriosis is rarely isolated and the risk of ure-
teral endometriosis increases if a rectovaginal nodule is larger 
than 3 cm. Therefore, in planning surgery for DIE, it is neces-
sary to perform other diagnostic tests, such as urinary tract 
ultrasonography, urography, or magnetic resonance imaging 
(MRI) (64, 68, 69). Saavalainen et al (70) also found an asso-
ciation between UTE lesions and other DIE localizations, high-
lighting the need for detailed preoperative imaging, adequate 
surgical planning, and a multidisciplinary team of specialists, 
in order to reduce the rate of postoperative complications. 
If the role of surgery as treatment for painful and urinary 
symptoms is clear, on the other hand, the role of the surgical  
approach to treat infertility is not so defined. Indeed, accord-
ing to the ESHRE guidelines, in subfertile patients with DIE, 
there is no consensus concerning the first-line management 
of infertility (surgery vs. ART) and there is not enough evi-
dence to propose surgery before ART (6). Soriano et al (71) 
have studied the reproductive outcome in patients with 
bladder endometriosis after laparoscopic surgery. The study  
included 69 patients that were surgically treated for bladder 
endometriosis. Of these, 21 patients had full-thickness blad-
der penetration and underwent partial cystectomy while the 
remaining 48 patients had partial bladder penetration and 
underwent partial-thickness excision of the detrusor muscle. 
Only 42 patients of the 69 included in the study desired to 
conceive. Of these 42 patients, 36 (85.7%) conceived after 
surgery; 16 (47%) conceived spontaneously, and 18 (53%) 
conceived after IVF treatment. The average duration of  
infertility was 22.5 months. Comparing those who underwent 
full resection with those who underwent partial resection of 
bladder endometriosis, no difference in the overall birth rate 
was observed. Saavalainen et al (70) also have studied the 
assessment of fertility and the incidence of pregnancy and 
delivery complications following surgical treatment of UTE. 
They found that women affected by UTE conceived better 
than what was expected from the results of previous studies 
concerning DIE (72-74), but needed infertility treatment. 

Currently, laparoscopic management could be considered 
the treatment of choice for patients with bladder endome-
triosis. Several studies have shown that laparoscopic surgery 
has long-term benefits in terms of quality of life, and it fre-
quently leads to the remission of clinical symptoms (75). It 
has been demonstrated that medical options are more often 
purely palliative and do not determine the recovery from 
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the disease (76). Furthermore, the majority of medical treat-
ments are incompatible with a desire to conceive.

In conclusion, for symptomatic patients with bladder en-
dometriosis who wish to conceive or desire to do so in the 
future, laparoscopic surgery is the most favorable approach 
and the first treatment to consider.

Deep endometriosis: posterior endometriosis

It is estimated that more than 20% of women with endo-
metriosis are affected by posterior endometriosis. Posterior 
endometriosis is defined by ESHRE as the infiltration of endo-
metriotic tissue by more than 5 mm beneath the peritoneum 
(6). The most severe forms of posterior DIE are considered 
to be the colorectal lesions, which involve the rectosigmoid 
junction and rectum. These endometriotic lesions are often 
associated with others, which could involve the uterosacral 
ligaments, the torus uterinus, the parametrium, the vagina, 
and the ovaries (77). While it has been largely demonstrated 
that the complete surgical excision of DIE lesions leads to 
an improvement of quality of life with persistent relief from 
symptomatology (78-85), the impact of colorectal endometri-
osis alone on fertility is still unclear. Adamson and Pasta (86), 
in their meta-analysis, have demonstrated that a complete 
surgical removal of lesions in patients with severe DIE leads 
to an increase of the spontaneous pregnancy rate with a dif-
ferential gain in pregnancy of 39%. In 2009, Stepniewska et al 
(87) compared 3 groups of infertile patients: the first group 
consisted of 60 patients who underwent surgery for DIE with 
colorectal segmental resection; the second group was 40 
patients with bowel involvement who underwent endome-
triosis removal without bowel resection; and the last group 
included 55 women who underwent surgery for DIE and at 
least 1 endometrioma but without bowel involvement. After 
a mean follow-up period of 2 years, 17 patients (35%) con-
ceived after surgery in the first group; 8 patients (21%) in the 
second group became pregnant, and 32 patients (70%) in 
the last group conceived. There was a significant difference  
between the 3 groups both with regard to the total preg-
nancy rate and in terms of the time it took to conceive. The 
presence of intestinal endometriosis was associated with the  
lower pregnancy rates. According to these results, the pres-
ence of bowel endometriosis negatively influences the  
fecundity, and the postoperative fertility is improved when 
segmental bowel resection is performed (87). Darai et al (88) 
have recently published a review article on the potential ben-
efits of ART and surgery on fertility outcomes. Although this 
paper confirms the potential benefit of surgery on fertility for 
patients with colorectal endometriosis, it is unclear whether 
this treatment should be the first line or limited to cases of ART 
failure. In fact, spontaneous pregnancy rates (PR) in patients 
undergoing DIE resection without the removal of colorectal 
lesions was 26.5% (95% confidence interval [CI], 14-39); PR  
after medically assisted reproduction was 27.4% (95% CI,  
19-35) and the overall PR was 37.9% (95% CI, 29-37). After 
colorectal surgery, among the 855 patients with and without 
proved infertility, the spontaneous PR was 31.4% (95% CI, 28-
34) without difference between the groups. The overall PR 
after colorectal surgery was 51.1% (95% CI, 48-54). According 
to other authors, both spontaneous pregnancy rates and ART 

pregnancy rates improved after a complete surgical removal 
of DIE lesions. Centini et al (89) evaluated fertility outcomes 
after laparoscopic excision of deep endometriosis and cor-
related these findings with lesion number, size, and location 
(anterior, posterolateral, pouch of Douglas, and multiple loca-
tions). In this retrospective study, they found a higher preg-
nancy rate by both spontaneous conception and ART after 
surgical excision of multiple lesions. After a mean follow-up 
of 22 months, the overall pregnancy rate was 54.78% with a 
live-birth rate of 42.6%. In the group of patients who tried to 
conceive spontaneously, the overall pregnancy rate was 60%: 
38.5% spontaneously and 21.4% by ART. Moreover, accord-
ing to the results of this study, the surgical management of 
isolated DIE lesions influenced the fertility irrespective of 
their location and size, with no differences in pregnancy rates 
when comparing isolated lesion size and disease location.

Endometriosis-related complications during pregnancy

Usually, the typical hormonal milieu of pregnancy favors 
the regression of endometriotic lesions. Unfortunately, some 
critical conditions linked to endometriosis may occur in preg-
nancy. Despite the fact that the evidence is scarce, clinicians 
should be aware of these adverse events and suspect rare but 
life-threating conditions for both the mother and the fetus 
when an abdominal pain occurs in a pregnant woman. 

Spontaneous hemoperitoneum in pregnancy 

The prevalence of endometriosis-related spontaneous  
hemoperitoneum is estimated to be about 0.4% (90). Brosens 
et al (91) reviewed studies on spontaneous hemoperitoneum 
in pregnancy (SHiP) published during the last 20 years and 
assessed an incremented risk in nulliparous women (70% of 
cases) and in pregnancies conceived through IVF. They did not 
find differences in age, parity, or gestation in women with and 
without endometriosis, but all cases of spontaneous hemo-
peritoneum after IVF occurred in women with endometriosis 
(91). There are many hypotheses regarding the pathogenesis 
of endometriosis related SHiP. The invasiveness of endome-
triosis may be responsible for the development of SHiP, but no 
apparent correlation between spontaneous hemoperitoneum 
and stage of endometriosis was found (91). The infiltration 
of decidualized endometriotic tissue into the vessel wall may 
predispose to tissue rupture, causing increased back pressure, 
edema, angiogenesis, and vascular permeability (92). A pos-
sible alternative explanation is based on the involution of the 
decidualized endometrium. After reviewing 20 studies pub-
lished over a 20-year period from 1987 to 2008, Viganò et al  
(90) identified endometriosis in 13 of the 25 women who  
experienced SHiP. The hemoperitoneum could originate from 
the dilated utero-ovarian vessels, the varicosities on the uter-
ine surface, or the thin vessels located in the decidualized stro-
ma of endometriosis localizations. The clinical presentation 
of SHiP was described as a sudden onset of abdominal pain 
associated with hypovolemic shock, a marked reduction of 
hemoglobin levels, and possible intrauterine fetal death in the 
absence of vaginal bleeding; hemothorax and extensive decid-
ualization mimicking malignancy could be atypical clinical fea-
tures. When an acute abdominal pain and hypovolemic shock 
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occurs in a pregnant nulliparous woman, especially in the third 
trimester or in the postpartum period, particularly in the pres-
ence of a history of endometriosis, SHiP must be suspected. 
Nonetheless, advanced gestational age, maternal obesity,  
and the presence of blood clots can limit its potential. Bro-
sens et al (91) underlined the failure of abdominal ultrasound  
examination in the studies included in their review; in most 
cases the diagnosis was only established at laparotomy, which 
was carried out for maternal reasons (hypovolemic shock and 
progressive anemia), for fetal reasons (fetal distress), or both. 
Explorative laparotomy was carried out in 90% of cases, while 
laparoscopy was performed in only 1 hemodynamically stable 
patient (93). Various critical situations must be taken into  
account in the differential diagnoses, including uterine rupture, 
abdominal pregnancy, placental abruptio, HELLP syndrome, 
and liver or spleen rupture (90). Surgery is the gold standard 
for the treatment of spontaneous hemoperitoneum. Since the 
posterior wall of the uterus and the parametrium are the most 
frequent bleeding sites, surgical access may be impaired by the 
pregnant uterus. A greater knowledge of spontaneous hemo-
peritoneum and the correlation with endometriosis is needed 
to improve maternal and neonatal outcomes. 

Bowel perforation 

Bowel endometriosis can be found in 5%-12% of women 
affected by endometriosis, and the sigmoid colon is the most 
frequently interested site, followed by the rectum, ileum, 
appendix, and cecum (94). Every layer of the bowel wall can 
be invaded by endometriosis, but the subserosa is the most 
common site. Bowel perforation is a complication of endo-
metriosis, which can also occur during pregnancy. Adhesions, 
related to the disease itself or to prior surgery, might cause 
trauma during uterine growth, and extensive decidualiza-
tion might weaken the bowel wall. In a review conducted by  
Viganò et al (90) the prevalence of spontaneous bowel perfo-
rations remained unknown. They took into account a recent 
review by Setúbal et al (95), which described 12 case reports 
of bowel perforation during pregnancy: 2 involved the small 
intestine, 1 the cecum, 3 the appendix, and 6 the rectosig-
moid colon. Seven of the 12 perforations occurred between 
the 26th and 37th week of gestation, and the remaining 3 in 
the immediate postpartum period. According to Setúbal et al 
(95), the majority of bowel perforations were not promptly 
diagnosed during the exploratory laparotomy, requiring a 
repeated laparotomy. Treatment for bowel perforation dur-
ing pregnancy is mostly represented by segmental intestinal 
resection, and sometimes a Hartmann procedure is needed. 

Uterine rupture 

Viganò et al (90) reviewed the literature on pregnancy 
outcomes in women with endometriosis and found 3 cases of 
endometriosis-related uterine ruptures (90, 96-98). A previ-
ous scar in the uterus represents a major risk factor during 
pregnancy. In these 3 case reports, the patients had under-
gone surgery for endometriosis (excision of a rectovaginal 
nodule, bilateral ovarian cystectomy, and excision of cer-
vical endometriosis). Van De Putte et al (96) conducted an 
emergency cesarean delivery (CD) at 37 weeks of gestation 

due to signs of fetal distress during labor in a woman who 
had undergone the excision of a rectovaginal nodule 6 years  
before pregnancy. They detected a rupture on the posterior 
wall of the lower uterine segment (96). Chen et al (98) found 
a uterine lesion during manual exploration of the uterine cav-
ity due to a retained placenta after vaginal delivery at term 
in a patient who had undergone excision of a rare cervical  
endometriotic cyst 1 year before pregnancy. In all cases, 
healthy babies were born and no maternal death was reported  
(98). Sholapurkar et al (99) performed a total abdominal 
hysterectomy in a woman with important vaginal bleeding, 
who had undergone CD for an arrested labor progression  
6 weeks previously. Endometriosis was found in the histologi-
cal exam of the cesarean section scar; it involved the full thick-
ness of isthmus from which the bleeding had started (99). A 
series by Zwart et al (100) described 2 women with a previ-
ous history of endometriosis who suffered an unscarred uter-
ine rupture. Chester and Israfil-Bayli (101) published a case  
report on an emergency CD for fetal distress performed on a 
nulliparous woman who had undergone a diathermy treat-
ment of stage IV endometriosis located in the lateral wall of 
the pelvis and on the uterine surface. For this reason, authors 
speculate whether endometriosis should be considered as a 
risk factor for uterine rupture during delivery. The limit of this 
study is the impossibility to rule out the chance of previous 
undiagnosed perforation during the evacuation performed  
2 years before. 

Endometriosis and pregnancy outcomes

Recent studies have demonstrated the relevant impact of 
endometriosis not only in reducing fertility but also in affecting 
the pregnancy outcomes. Different mechanisms are thought to 
be involved: increased inflammation in the peritoneal cavity, 
molecular and functional abnormalities of the eutopic endo-
metrium (102), poorer oocyte quality, progestogen resistance, 
defective remodeling of the myometrial spiral arteries, defec-
tive deep placentation, and decidualization of the endometri-
otic tissue (103, 104). The current evidence does not allow full 
understanding of the real connection between endometriosis 
and adverse pregnancy outcomes. No studies have focused on 
the histopathology of the placenta in women with endome-
triosis, searching for alterations that may explain the impaired 
decidualization and placentation. However, a wide spectrum of 
major obstetrical complications frequently affect women with 
endometriosis. 

Miscarriage

Many studies have tried to find a relationship between 
endometriosis and miscarriage, and a positive link between 
treatment and the reduction of abortion rates. Most of these 
studies were retrospective, enrolling women with endome-
triosis from a group of infertile women, without controls and 
with insufficient follow-up (105-107). 

A population-based cohort study conducted by Saraswat 
et al (108), using the national Scottish-linked data extended 
over a period of 30 years from 1981 to 2010, compared all 
women in Scotland diagnosed with endometriosis for the first 
time during surgery (laparoscopy or laparotomy) between 
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1981 and 2009, who went on to achieve pregnancy, with a 
random sample of patients with no previous diagnosis of 
endometriosis, who had a pregnancy during the same time 
period. Women with endometriosis had a significantly higher 
likelihood of early pregnancy complications - in particular 
miscarriage and ectopic pregnancy (108). 

Seven retrospective studies investigated the link between 
miscarriage and endometriosis regardless of the treatment 
(109-116) and only 2 of them observed an association. Ver-
cellini et al (113) recruited nulligravid women with natural 
conception and subdivided them into 4 groups based on the 
type of endometriosis: rectovaginal, ovarian and peritoneal, 
only ovarian, and only peritoneal. At a crude analysis, the 
frequency of miscarriage was significantly higher in women 
with ovarian endometriomas and peritoneal lesions, but the 
difference was no longer significant at age-adjusted analysis. 
Comparing the outcome of both spontaneous and ART preg-
nancies in women with endometriosis versus a nonaffected 
population, Aris (114) found an increased rate of spontane-
ous abortion in women with endometriosis versus controls. 
Supporting the idea that endometriosis may represent a per-
manent problem throughout the whole pregnancy, in this 
retrospective cohort study, the author also reported a signifi-
cant association between endometriosis and stillbirth. The 
other 4 retrospective studies did not find any association, but 
we can underline that in the studies finding an association, 
pregnancies by ART techniques were not excluded. Opposite 
conclusions were drawn in the retrospective nonrandom-
ized trial conducted by Matorras et al (116), which compared  
infertile women with a histological diagnosis of endome-
triosis and infertile women without endometriosis showing 
a similar abortion rate in both groups (116). In contrast, in 
the retrospective nonrandomized trial conducted by Hjordt 
Hansen et al (117) comparing women with endometriosis to 
a population of women without endometriosis, a higher rate 
of miscarriage was found in the case group throughout the 
whole study period, which is the longest follow-up conducted 
so far. 

A systematic review and meta-analysis by Barbosa et al 
(118) compared the ART outcome in women with and with-
out endometriosis and at different stages of disease; they 
observed a higher risk of miscarriage in women with endome-
triosis, although it did not seem to vary with different stages 
of the disease. 

In a case control study, Leonardi et al (119) evaluated 
whether women with endometriosis achieving singleton preg-
nancies with IVF showed an increased risk of miscarriage. Data 
revealed that the risk of miscarriage is not increased in wom-
en with endometriosis achieving pregnancy with the use of 
IVF. Some studies have focused on trying to find a positive link 
between pregnancy outcomes and endometriosis treatment. 
In the retrospective study of Pittaway et al (120), the abortion 
rate was significantly higher in the endometriosis group than 
in the fertile nonendometriosis group, and when they exam-
ined the pregnancy outcomes after treatment, there was a 
significant reduction in the frequency of spontaneous miscar-
riage in the endometriosis group. Two prospective, random-
ized, controlled trials studied the effect of the laparoscopic 
surgical treatment on pregnancy outcomes, including miscar-
riage, in patients with minimal to mild endometriosis. Neither 

study was able to show a significant reduction in miscarriage 
rates after laparoscopic treatment (121, 122). According to 
these results, we cannot draw any conclusion regarding the 
association between endometriosis and miscarriage.

Preterm birth 

Preterm birth is a cause of neonatal morbidity and  
future adult disease (123). The increased inflammation sta-
tus represents an important link between endometriosis and 
preterm birth; the consequent altered balance of the endo-
metrial immunendocrine pathway may influence the tropho-
blast implantation and cause preterm birth (102). Conti et al 
(124) evaluated pregnancy, delivery, and neonatal outcomes 
in singleton primiparous versus multiparous women with 
and without endometriosis; the rate of preterm births in 
primiparous women with endometriosis was higher than in 
those without, while no differences were reported between 
multiparous women with or without endometriosis (124). In 
a Chinese retrospective study, a higher risk of preterm labor 
was found in 249 women with endometriosis compared with 
249 controls who conceived naturally (125). The nationwide 
Swedish study conducted by Stephansson et al (126) found 
a higher risk of ART and adverse pregnancy outcomes, in 
particular preterm birth, in women with endometriosis com-
pared to women without (126). Comparing women affected 
by endometriosis who conceived naturally or through ART, 
with fertile women with spontaneous pregnancies, Stern et al  
(127) retrospectively assessed an increased rate of preterm 
birth in the endometriosis non-ART group, but not in the  
endometriosis ART group. In their retrospective cohort study 
Fernando et al (128) underlined higher rates of preterm birth 
in infertile women with ovarian endometriomas compared 
to women with other endometriosis localizations. 

Small for gestational age

In 2009, Fernando et al (128) found, for the first time, 
a link between ovarian endometriosis and the condition of 
small for gestational age (SGA). This retrospective cohort 
study distinguished women with different endometriosis  
localizations and infertile women both undergoing ART; they 
did not observe a higher risk of SGA in endometriosis in gen-
eral, but they documented a statistically increased likelihood 
in women with ovarian endometriomas when compared with 
other forms of endometriosis. A large American retrospec-
tive study by Stern et al (127) demonstrated an association 
between SGA babies and women with endometriosis who 
conceived naturally, compared to affected women undergo-
ing ART. Distinguishing for the first time primiparous and mul-
tiparous women with endometriosis, Conti et al (124) found 
a higher rate of SGA in both groups. However, some studies 
showed the opposite results. Stephansson et al (126) did not 
find a correlation between endometriosis and SGA babies. 
Benaglia et al (129) assessed a lower risk of SGA babies in 
women with ovarian endometriosis compared to other infer-
tile women, both achieving pregnancy with ART techniques 
(129). The absence of a certain diagnosis of endometriosis, 
different control groups, different study designs, and the  
recruitment of women conceiving through ART – which itself 
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is a risk factor for SGA babies – do not let us draw definitive 
conclusions on the association between the alteration of  
intrauterine growth and endometriosis. 

Hypertensive disorders and pre-eclampsia 

The elevated systemic inflammation found in women with 
endometriosis has been considered as a potential cause of 
pre-eclampsia and preterm birth. Although this association 
has been demonstrated in rodents, in human pregnancies 
the increased inflammatory status does not seem to cause 
the onset of hypertensive disorders and pre-eclampsia (130). 
Kortelahti et al (131) tried to evaluate, for the first time, the 
association between endometriosis and pre-eclampsia and 
found no correlation. However, the investigation shows some 
pitfalls: a small study population and a definition of pre-ec-
lampsia not in line with the definition of the American Col-
lege of Obstetricians and Gynecologists (ACOG) (131). Most 
studies published after the first report by Kortelahti et al  
(131) found no correlation between pregnancy hypertensive 
disorders and endometriosis (113-115, 124, 125, 127, 132, 
133). A retrospective case-control study by Brosens et al 
(134) analyzed the incidence of pre-eclampsia and hyperten-
sive disorders in infertile women with a clinical and/or lapa-
roscopical diagnosis of endometriosis: the evaluation of the 
obstetrical outcomes showed a lower risk of pre-eclampsia in 
the endometriosis group. The large Swedish study by Stepha-
nsson et al (126) represented an exception; they observed an 
increased risk of pre-eclampsia among women with endo-
metriosis. This study had some limitations: the analysis was 
stratified by ART only for the “preterm birth” outcome and 
no histological confirmation of the diagnosis of endometrio-
sis after surgery was obtained. The controversial results of 
the literature do not allow us to draw firm conclusions on the  
association between endometriosis and hypertensive disor-
ders of the pregnancy and the pre-eclampsia. 

Placenta previa 

The abnormal frequency and amplitude of uterine con-
tractions, the impaired decidualization and placentation, 
and finally an anomalous blastocyst implantation could  
explain the higher incidence of placenta previa in women with  
endometriosis (135). The correlation between placenta previa 
and endometriosis has been demonstrated by a large num-
ber of studies. Saraswat et al (108), in their population-based 
cohort study comparing women with and without endome-
triosis, found a higher risk of adverse pregnancy outcomes 
beyond 24 weeks in the endometriosis group; in particular, 
they observed a higher incidence of placenta previa, in ad-
dition to unexplained antepartum/postpartum hemorrhage 
and cesarean section. A recent Chinese retrospective cohort 
study comparing 249 women with endometriosis and 249 
women without endometriosis - all spontaneous singleton 
pregnancies - showed a higher risk of placenta previa in the 
subgroup of women affected by the disease (125). The Swed-
ish nationwide cohort study by Stephansson et al (126) found 
a link between endometriosis and placental abnormalities, 
but did not specify the type of placental complication (126). 
Vercellini et al (113) studied the outcomes of spontaneous 

pregnancies in women undergoing surgery for endometrio-
sis and stratified the results by the localization of endome-
triosis. Women with rectovaginal endometriosis had a sixfold  
increase in the risk of placenta previa compared to women 
with peritoneal and ovarian lesions. In a Japanese retrospec-
tive analysis of 318 pregnancies conceived by ART, endome-
triosis was strongly associated with placental complications, 
while age, parity, previous abortions, and ovulatory disorders 
were not related (136).

Cesarean section 

Results regarding the higher likelihood of cesarean sec-
tion in women with endometriosis are limited. The studies did 
not distinguish between natural or ART pregnancies, did not 
specify the principal indication of CD, and often did not divide 
prelabor and emergency CD. Conti et al (124) and Mekaru et al  
(115) found a similar rate of cesarean sections in women with 
endometriosis compared to controls. In contrast, a higher 
rate of cesarean sections was observed in women with ovar-
ian and peritoneal endometriosis and in the group with rec-
tovaginal lesions in the retrospective study conducted by 
Vercellini et al (113). Excluding pregnancies achieved by ART 
and adjusting for maternal age, Lin et al (125) showed an  
increased frequency of cesarean sections in the endometrio-
sis group of a retrospective Chinese cohort study. Stephans-
son et al (126) found a higher risk of prelabor CD compared 
to emergency CD in women with endometriosis without dis-
tinguishing spontaneous pregnancies from ART pregnancies. 
In a population-based study conducted by Glavind et al (137), 
women with endometriosis had an increased risk of cesarean 
section, and when stratified by the use of ART, the estimated 
risks remained essentially the same. We need well-designed 
studies to truly understand if endometriosis represents a risk 
factor for cesarean section. 

Postpartum hemorrhage 

The connection between endometriosis and postpartum 
hemorrhage has not been extensively analyzed. Most of the 
studies that try to explain this relationship did not distinguish 
between antepartum or postpartum bleeding and placental 
complications (126). An increased rate of uterine bleeding 
in infertile women with endometriosis was found in a ret-
rospective study by Stern et al (127), although they did not 
specify the type of hemorrhage (ante or postpartum). Healy 
et al (138) studied the risk of postpartum hemorrhage in 
various groups of patients achieving pregnancy by ART and 
found an increased incidence in women with endometriosis. 
Glavind et al (137) found no association between endome-
triosis and postpartum hemorrhage in a population-based 
study using data from the Aarhus Birth Cohort, the largest 
European birth cohort. Drawing firm conclusions nowadays 
on the association between endometriosis and adverse preg-
nancy outcomes is difficult. The current evidence is based 
upon studies with many different designs and heterogeneous 
exposed and control groups. The authors often did not dis-
tinguish between spontaneous or ART pregnancies and did 
not stratify the results according to the age, body mass index, 
indication for modality of delivery, presence of adenomyosis 
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and the stage and localizations of endometriosis. However, 
we can use these uncertain conclusions to counsel women 
with endometriosis and to consider their pregnancies more 
carefully. 

Conclusion

Endometriosis is a benign gynecological disease that not 
only affects fertility (in terms of pregnancy rate) but also 
could negatively influence the pregnancy and neonatal out-
comes (139). However, the risk of pregnancy and neonatal 
adverse complications is still debated. Greater knowledge 
of this disease should help avoid hasty obstetric decisions 
that could result in iatrogenic neonatal disease. Patients 
should also be fully informed about the potential for compli-
cations during their pregnancy. Adequate preconceptional 
counseling in women with endometriosis could be the best 
strategy for early detection of possible complications during  
pregnancy.
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