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Over the past few years, a new topic in the field of endometriosis has emerged: the potential impact of the disease on pregnancy out-
comes. This review aims to summarize in detail the available evidence on the relationship between endometriosis, particularly deep
endometriosis (DE), and obstetrical outcomes. Acute complications of DE, such as spontaneous hemoperitoneum, bowel perforation,
and uterine rupture, may occur during pregnancy. Although these events represent life-threatening conditions, they are rare and un-
predictable. Therefore, the current literature does not support any kind of prophylactic surgery before pregnancy to prevent such com-
plications. Results on the impact of DE on obstetrical outcomes are debatable and characterized by several limitations, including small
sample size, lack of adjustment for confounders, lack of adequate control subjects, and other methodologic flaws. For these reasons, it is
not possible to draw conclusions on this topic. The strongest evidence shows that DE is associated with higher rates of placenta previa;
for other obstetrical outcomes, such as miscarriage, intrauterine growth restriction, preterm birth and hypertensive disorders, results are
controversial. Although it is unlikely that surgery of DE may modify the impact of the disease on the course of pregnancy, no study has
yet investigated this issue. (Fertil Steril� 2017;108:895–912. �2017 by American Society for Reproductive Medicine.)
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A cademically, endometriosis is
distinguished in three different
phenotypes: ovarian endome-

trioma, superficial peritoneal endome-
triosis, and deep endometriosis (DE)
(1). DE affects �1% of women of repro-
ductive age and it is considered to be the
most severe form of the disease (2). It
may involve the rectovaginal septum
and/or uterosacral ligaments as well as
also other abdominal structures, such
as bowel, ureters, and bladder (3).

It is traditionally thought that
endometriosis and its related pain
symptoms improve during pregnancy
not only because of the blockage of
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ovulation preventing bleeding of endo-
metriotic tissue, but also owing to
various metabolic, hormonal, immune,
and angiogenesis changes related to
pregnancy (4–7). However, in the past
few years, several authors have
investigated whether endometriosis
may affect the regular development of
pregnancy and delivery outcomes,
showing controversial results (8, 9).

Therefore, the aim of this review is
to offer the reader an exhaustive and
updated overview on the available evi-
dence on the impact of endometriosis,
particularly DE, on obstetrical
outcomes.
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MATERIALS AND METHODS
We searched Pubmed for articles pub-
lished in the English language since
inception through August 2017 with the
use of the following MeSH search
terms: ‘‘endometriosis’’ combined with
‘‘bladder,’’ ‘‘bowel,’’ ‘‘deep,’’ ‘‘colorectal,’’
‘‘complication,’’ ‘‘pregnancy,’’ rectovagi-
nal endometriosis, ‘‘urinary tract,’’ ‘‘ute-
rosacral,’’ ‘‘uterus,’’ ‘‘uterine rupture,’’
‘‘abruptio placentae,’’ ‘‘adverse preg-
nancy outcome,’’ ‘‘antepartum haemor-
rhage,’’ ‘‘cesarean delivery,’’ ‘‘gestational
diabetes mellitus,’’ ‘‘hypertension,’’ ‘‘in-
trauterine growth restriction,’’ ‘‘miscar-
riage,’’ ‘‘placenta previa,’’ ‘‘postpartum
hemorrhage,’’ ‘‘preeclampsia,’’ ‘‘preterm
labor,’’ ‘‘small for gestational age,’’ and
‘‘spontaneous hemoperitoneum in preg-
nancy.’’ Data were extracted indepen-
dently by three authors (A.I., V.G., and
U.L.R.M.), who also performed an initial
screening of the title and abstract of all
articles to exclude citations deemed by
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VIEWS AND REVIEWS
all of the observers to be irrelevant. A manual search of review
articles and cross-references completed the search. Data pre-
sented exclusively as abstracts in national and international
meetings were also excluded. No Institutional Review Board
approval was required, because only published deidentified
data were analyzed.
ENDOMETRIOSIS-RELATED COMPLICATIONS
DURING PREGNANCY
Several authors reported cases of acute endometriosis-related
complications occurring during pregnancy. More frequently,
this kind of event happens in the second or third trimester of
pregnancy and may represent life-threatening conditions for
both the mother and the fetus (Table 1; Supplemental Table 1
[available online at www.fertstert.org]) (10–73). The literature
search aimed to identify only cases of obstetrical
complications reported in women affected by DE.
Intestinal Perforation and Other Bowel
Complications

A total of 17 cases of bowel perforation during pregnancy
related to the presence of endometriosis have been described
among women with a mean (�SD) maternal age of 32.1 �
4.3 years (Table 1; Supplemental Table 1). Pregnancy was ob-
tained with the use of assisted reproductive technology (ART)
procedures in three cases (17.6%). Women did not have an
earlier history of endometriosis in 9 out of 14 cases (64.3%)
and did not undergo surgery for that indication before preg-
nancy in 10 out of 14 cases (71.4%; nonsurgical group). In
the nonsurgical group, the most frequent location of perfora-
tions was the sigmoid colon or rectum (6/10; 60%). Surgery
for endometriosis before pregnancy was performed in 4 out
of 14 cases (28.6%) including one case of previous colorectal
resection for the presence of a rectovaginal nodule (19) (sur-
gical group). Among patients who underwent ovarian cystec-
tomy before pregnancy, one had a diagnosis of a 3-cm
rectosigmoid nodule and underwent in vitro fertilization
(IVF) treatment; however, her perforation site was at the ileum
(21). In the other surgical group cases, perforation occurred in
the sigmoid colon (n ¼ 1) or the rectum (n ¼ 2). Among all of
the patients, acute abdominal pain was themost common pre-
senting symptom (16/17; 94.1%), with signs of peritonitis in
10 out of 16 patients (62.5%). All women underwent surgical
interventions: segmental intestinal resection (11/17; 64.7%),
repair of intestinal lesion (2/17; 11.8%), or appendectomy
(4/17; 23.5%). In the case described by Setubal et al. (22),
the patient underwent only an exploratory abdominal surgery
during the 28th week of gestation and was treated with the
use of antibiotics. Then, 2 months after a term delivery, total
laparoscopic hysterectomy, adnexectomy, partial cystectomy,
rectovaginal septum nodule excision, and segmental resec-
tion of the rectosigmoid were performed because severe
symptoms had renewed. At histologic examination, decidual-
ized endometriosis was demonstrated in all cases (14/14;
100%) for which specimens were obtained during pregnancy.
All pregnancies ended in live births, with only 6 out of 16
(37.5%) preterm deliveries (<37 weeks of gestation).
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One case of bowel-uterine fistula secondary to endome-
triosis was described during pregnancy. A 26-year-old
women, multigravida, developed acute abdomen, severe
sepsis, and disseminated intravascular coagulation at
16 weeks of gestation. Because there was no response to
broad-spectrum antibiotics, she underwent explorative
abdominal surgery which showed a fistula between the cecum
and uterus in a setting of purulent peritonitis. A subtotal hys-
terectomy with subsequent termination of pregnancy and in-
testinal resection were performed; the surgical specimen
confirmed the presence of a colouterine fistula within exten-
sive adenomyosis of the uterus and endometriosis of the
cecum (25).
Appendicitis

Ten cases of acute appendicitis connected to appendiceal
endometriosis during pregnancy have been reported
(Table 1; Supplemental Table 1). Mean maternal age was
28.5� 4.8 years. Surgical history of patients was not reported.
Diagnosis was carried out more frequently in the second
trimester (mean gestational age 21� 8.1 weeks). During preg-
nancy, open appendectomy (8/10; 80%) or laparoscopic ap-
pendectomy (2/20; 20%) was performed in all cases, and on
histologic examination, three cases (3/10; 30%) showed
inflammation and decidualized endometriosis. One preterm
labor with subsequent neonatal death and three live births
delivered at term were reported.
Urinary System

Uroperitoneum during pregnancy owing to the presence of
endometriosis has been described in two cases (47, 63). In
the first case, the patient underwent operative laparoscopy
for stage IV endometriosis without removing a deep nodule
of the right uterosacral ligament. After 8 months, she
conceived, and at 31 weeks of gestation she was hospitalized
because of acute abdominal pain. A few hours later,
hemorrhagic shock suddenly developed requiring volume
resuscitation and abdominal surgery. Urohemoperitoneum
detected during surgery was due to injury of both the right
uterine artery and right ureter at the level of the homolateral
broad ligament. Subsequent ligation of the vessel and
ureteroneocystostomy were performed (47). In the second
case, the diagnosis of uroperitoneum was performed 6 hours
after a preterm delivery at 27þ2 gestational weeks (63). One
week earlier she had experienced severe abdominal pain and
was hospitalized. Her clinical history was remarkable for
intestinal and bladder endometriosis: She had undergone
transurethral resection of a bladder nodule 2 years before
conception. After postpartum bladder resection of
endometriotic lesion, clinical resolution was obtained and
the follow-up cystography was negative.

In two cases with no history of previous surgery for endo-
metriosis, the disease caused ureteral stenosis with subse-
quent need of stent placement during pregnancy, without
procedure-related complications (59, 62). In one case,
pregnancy was uneventful, and in the other case
intrauterine fetal death occurred at 16 weeks after
VOL. 108 NO. 6 / DECEMBER 2017
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TABLE 1

Acute complications occurring during pregnancy in patients with deep endometriosis.

Complication Author(s)

No. of

cases Age (y)

History of

endometriosis

Surgery before

pregnancy (type,

time before) Conception

Presenting

symptoms

Site of

complication

Onset of

complication

(GA) Management

Histologic

examination

Pregnancy

outcomes,

GA at

delivery

Bowel
Intestinal

perforation
(10–24)

Total 17 Mean
32.1 � 4.3

No history of
endometriosis
9/14 (64.3%)

No surgery before
pregnancy:
10/14 (71.4%);
surgery before
pregnancy: 4/14
(28.6%)

A 3/6 (50%);
S 3/6
(50%)

AP 16/17 (94.1%);
N or V 3/17
(17.6%); fever
2/17 (11.8%);
asymptomatic
1/17 (5.9%)

Ileum 1/17
(5.9%); colon
8/17 (47.1%);
rectum 2/17
(11.8%); colon
þ rectum 2/17
(11.8%);
appendix 4/17
(23.5%)

Mean 30.9 � 6.
4 wk;
postpartum:
3/17 (17.6%)

Se ental intestinal resection
11/17 (64.7%); repair of
intestinal lesion 2/17
(11.8%); appendectomy
4/17 (23.5%)

E: 1/15 (6.7%);
E þ D: 14/15
(93.3%)

LB 17/17
(100%);
preterm
deliveries
6/16
(37.5%)

Colouterine
fistula

Siriganeshan
et al.,
2006 (25)

1 26 NR NR NR Fever Fistula between
the cecum and
uterus

16 A : hysterectomy, fistulectomy,
and cecotomy with
enteroentero anastomosis
were performed.

E þ D,
adenomyosis

IUD, 16

Appendicitis
(26–35)

Total 10 Mean
28.5 � 4.8

– – – AP 7/9 (77.8%);
N or V 5/9
(55.6%); fever
1/9 (11.1%)

Appendix 10/10
(100%)

Mean 21 � 8.1
wk

A appendectomy: 8/10 (80%);
LPS appendectomy: 2/10
(20%)

E: 3/10 (30%);
E þ D: 4/10
(40%); E þ
D þ I: 3/10
(30%)

LB 3/4 (75%);
ND 1/4
(25%)

Hemoperitoneum
(36–60)

Total 39 Mean
32.8 � 4.3

No history of
endometriosis
10/33 (30.3%);
history of
endometriosis
23/33 (69.7%)

Surgery before
pregnancy
14/21 (66.7%);
no surgery
before
pregnancy
7/21 (33.3%)

A 14/22
(63.6%);
S 8/22
(36.4%)

AP 37/39 (94.9%);
HS 27/39
(69.3%); N or
V 5/39 (12.8%);
VB 2/39 (5.1%)

Single site:
30/40 (75%);
multiple sites:
10/40 (25%)

Mean 28 � 7.1;
postpartum:
4/39 (10.2%)

A 37/40 (92.5%); LPS 1/40
(2.5%); conservative
management 1/40 (2.5%);
uterine artery embolization
1/40 (2.5%)

E þ D: 8/14
(57.1%); E:
6/14 (57.1%)

LB 27/42
(64.3.7%);
IUD 13/42
(30.9%);
ND 2/42
(4.8%)

Distorsion of
renal system
anatomy

Yaqub et al.,
2008 (61)

1 25 NR NR NR Lower AP Renal area 34 A : removal of cyst by blunt
dissection and clamping
vascular pedicle

E LB, 34

Pezzuto et al.,
2009 (62)

1 34 þ – NR AP Broad ligament 35 U eral stent NR NR, NR

Uroperitoneum Chiodo et al.,
2008 (47)

1 25 þ LOA, OC, DTC,
2 y

NR AP, hematuria,
HS

Sacrouterine
ligament with
right ureter
and uterine
artery
involvement

31 A : ligation of the right uterine
artery and
ureteroneocystostomy

E þ D IUD, 31

Leone Roberti
Maggiore
et al.,
2015 (63)

1 30 þ TUNR A AP Bladder 26 A : bladder resection E þ D LB, 26

Uterine rupture
(64–73)

Total 63 Mean
32.4 � 2.7

History of
endometriosis
63/63 (100%)

Surgery before
pregnancy
10/10 (100%)

A 6/7
(85.7%);
S 1/7
(14.3%)

AP 6/8 (75%);
APþHS 4/8

(50%%); HS
1/8 (12.5%);
VB 1/8 (12.5%)

Uterus 63/63
(100%)

Mean 28.1 � 7.8;
postpartum:
4/11 (36.4%)

H erectomy: 4/9 (44.4%);
uterine rupture repair: 5/9
(55.6%)

Adenomyosis
5/6 (83.3%)

LB 8/10 (80%);
IUD 2/10
(20%)

Note: A ¼ assisted reproductive technology (ART); ABD¼ open abdominal surgery; AP ¼ abdominal pain; BS ¼ bilateral salpingectomy; BSO¼ bilateral salpingo-oophorectomy; CRR¼ colorectal r ection; D ¼ decidual change; DTC ¼ diathermocoagulation of endo-
metriotic lesions; E ¼ endometriosis; GA ¼ gestational age; HS ¼ hemorrhagic shock; I ¼ inflammation; IUD ¼ intrauterine death; LB ¼ live birth; LOA ¼ lysis of adhesions; LPS ¼ laparoscopy; N nausea; ND ¼ neonatal demise; OC ¼ ovarian cystectomy; RVNE ¼
rectovaginal nodule excision; S ¼ spontaneous; SO ¼ salpingo-oophorectomy; TUNR ¼ transurethral nodule resection; V ¼ vomiting; VB ¼ vaginal bleeding.

Roberti Maggiore. Pregnancy and endometriosis. Fertil Steril 2017.

V
O
L.108

N
O
.6

/D
EC

EM
BER

2017
8
9
7

Fertility
and

Sterility®
gm

BD

BD

BD

BD

ret

BD

BD

yst

es
¼



VIEWS AND REVIEWS
hemoperitoneum recurrence caused by severe deep
endometriosis infiltrating the left parametrium (59, 62).
Finally, one case of renal localization of endometriosis
discovered during pregnancy has been described (61). The
abdominal mass extending form the left iliac region to the
left hypochondrium was diagnosed by means of clinical
examination and ultrasonography during emergency
department admission for labor onset at 34 weeks of
gestation. The mass entirely replaced the left kidney, which
was not seen with the use of intravenous urography.
Because abdominal pain endured after delivery, the patient
underwent abdominal surgery to remove the mass.
Spontaneous Hemoperitoneum in Pregnancy

Thirty-nine cases of endometriosis-related spontaneous he-
moperitoneum (SH) in pregnancy were found in the literature
(Table 1; Supplemental Table 1). In only one case, SH occurred
in two different consecutive pregnancies (60). In all of these
cases, the profuse bleeding might have arisen from varicos-
ities on the uterine surface, vessels of the parametrium, or
from macroscopic pelvic endometriotic lesions. The mean
maternal age was 32.8 � 4.3 years. Five out of 39 women
(12.8%) had twin pregnancies. In 35 out of 39 cases
(89.7%), SH occurred during pregnancy at a mean gestational
age of 28.0 � 7.1 weeks, and 4 cases out of 39 (16.0%)
occurred within 2 weeks after delivery. In two cases where
SH first occurred during the third trimester, the recurrences
of SH were reported at 12 and 30 days after delivery. At onset,
symptoms and signs of hypovolemic shock were present in 27
out of 39 patients (69.3%). The origin of SH was generally
identified at emergency abdominal surgery, except for one
hemodynamically stable patient who was treated conserva-
tively (54). Decidualization of endometriosis was diagnosed
in eight specimens and only endometriosis in six specimens.
During emergency abdominal surgery for SH, cesarean sec-
tion (CS) was performed in 26 out of 40 (65%); conversely,
in nine cases the hemorrhagic complication occurred during
postpartum or did not influence the timing of delivery.

Apart from 18 cases in which data on history or earlier
surgery for endometriosis were not available, 7 out of 21 pa-
tients (33.3%) did not undergo any intervention for endome-
triosis before pregnancy (nonsurgical group) and 14 out of 21
patients (66.7%) underwent surgery for endometriosis, such
as ovarian cystectomy diathermocoagulation of endometri-
otic lesions or lysis of adhesions (surgical group). At surgery
in the nonsurgical group, the sites of bleeding were uterus
(3/7; 42.8%), parametrium (3/7; 42.8%), and uterosacral liga-
ment (1/7; 14.3%); in the surgical group the were uterus (8/14;
57.1%), fallopian tube (1/14; 7.1%), parametrium (4/14;
28.6%), and vesicouterine pouch (1/14; 7.1%). There were
no differences in pregnancy outcome between the two groups.
Live birth rates were 71.4% (10/14) at 32.1 � 2.7 gestational
weeks in the surgical group and 71.4% (5/7) at 30.5 � 6.8
gestational weeks in the nonsurgical group; no maternal
death was reported in both groups.

Twenty-seven live births out of 42 (64.3%) were reported;
the miscarriage rate was 11.9% (5/42), and the overall peri-
natal mortality rate was of 19% (8/42).
898
Uterine Rupture

Uterine injuries due to endometriosis were confirmed in 63
cases retrieved from the literature (Table 1). Berlac et al. (73)
described 52 cases of uterine rupture before and during labor
and calculated an odds ratio (OR) of uterine rupture of 2.7
(95% confidence interval [CI] 2.0–3.6) in women with endo-
metriosis. Among those cases, 15 out of 52 (28.8%) occurred
in women who had undergone gynecologic surgery.

The mean maternal age was 32.4 � 2.7 years. It is well
known that a uterine rupture is mostly related to a scarred
uterus or a minor resistance uterine area caused indirectly
by surgical excision of close endometriotic lesions. Indeed,
all of the reported cases underwent pelvic surgery: 7 out of
10 (70%) had undergone earlier surgery for endometriosis,
and in 3 out of 10 (30%), there was a direct hysterotomy to
perform an adenomyomectomy. In most cases (6/7; 85.7%),
conception was achieved with the use of ART. In 4 out of
11 cases (36.4%), uterine complications arose postpartum;
the mean gestational age at onset was 28.1 � 7.8 weeks,
which was also the mean gestational age at delivery. The
most common presenting symptoms were abdominal pain
(6/8; 75%) and clinical picture of hemorrhagic shock (5/8;
62.5%). Four out of 9 (44.4%) hysterectomies and 5 out of 9
(55.6%) uterine rupture repairs were performed. Adenomyosis
was confirmed histologically in 5 out of 7 cases (71.4%). Eight
live births out of 10 (80%) and 2 miscarriages at 16 and
19 weeks (20%) were described. No maternal death was
reported.
Endometriosis and Pregnancy Outcomes

A growing number of papers focus on the potential impact of
endometriosis on the regular development of pregnancy and
on delivery outcomes (Table 2) (57, 73–109). A great
heterogeneity among the studies in exposure
categorizations, analytic approaches, disease phenotypes,
presence/exclusion of adenomyosis, method of conceiving
(natural or ART), choice of control subjects, and general
methodologic design prevents pooling of the data to
perform meta-analyses that would allow drawing more clear
conclusions on this issue.
Miscarriage

The rate of miscarriage, defined as the spontaneous interrup-
tion of pregnancy before 20 weeks of gestation (106), is often
not reported in the studies aiming to investigate outcomes of
women affected by DE (47, 49, 66, 73, 76, 85, 93, 96, 100,
103–105, 111).

A recent study by Centini et al. (112) included a cohort of
115 women who underwent laparoscopy for DE and had his-
tologic confirmation of the disease. Concomitant diagnosis of
endometriomas was an exclusion criterion to obtain a pure
analysis of the association between DE and obstetrical out-
comes. Miscarriage rate was not analyzed, but the study
demonstrated that laparoscopic excision of DE could enhance
both natural and ART pregnancy rates. First surgical treat-
ment of multiple lesions was associated with higher preg-
nancy rates, whereas isolated lesions influenced the
VOL. 108 NO. 6 / DECEMBER 2017
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pregnancy rate regardless of their location and size (112). Ver-
cellini et al. (80) conducted a study including only nulligravid
women who achieved natural conception, subdividing them
into rectovaginal, ovarian and peritoneal, only ovarian, and
only peritoneal endometriosis. All patients included in the
study had undergone surgery. This study did not find an asso-
ciation between DE and a higher rate of miscarriage, whereas
a trend toward a higher miscarriage frequency in women with
ovarian endometriomas was detected (80). In 2014, a study on
all natural pregnancies in 49 women with histologically
confirmed endometriosis versus 59 without the disease re-
vealed no significant difference in the incidence of miscar-
riage. However, the proportion of DE among the 49 women
affected by endometriosis was not specified (86). A retrospec-
tive analysis of prospectively collected data included 80
women who underwent laparoscopic ureterolysis for DE and
had complete follow-up. The median follow-up of the 80
women with available long-term outcomes was 52 (range
15–109) months. The whole cohort was analyzed after sur-
gery, and the rate of miscarriage was 15.4% (87). Two years
later, the same authors analyzed a cohort of 61 women after
laparoscopic ureterolysis for DE and found a similar result
(15.6% miscarriage rate) (102). Similarly, Mannini et al. re-
ported a 17.5% miscarriage rate in 40 women affected by
DE (104). Mochimaru et al. recruited 36 women with ultra-
sound or magnetic resonance imaging diagnosis of endome-
triosis compared with 144 women without uterine
abnormalities and found that there were no differences in his-
tory of miscarriage (30.6% vs. 34.7%; P¼ .84) (113). Further-
more, a recent study from an Italian group, which analyzed a
cohort of women who underwent IVF cycles, reported a lack
of association between endometriosis and miscarriage
(adjusted OR 0.81, 95% CI 0.53–1.25), and after a secondary
analysis excluding women affected by adenomyosis, this
finding did not change (adjusted OR 0.86, 95% CI 0.55–
1.36) (92). Benaglia et al. conducted a study enrolling 239
women affected by endometriosis (of whom 41% were
affected by DE) and compared themwith 239 control subjects;
they did not find an association between miscarriage rate and
endometriosis, although a separate analysis focusing on the
DE subgroup was not performed (101).

Another Italian group conducted a study on the outcomes
and complications of pregnancy and delivery among 41
women with a posterior DE nodule persisting after surgery
and diagnosed at transvaginal sonography; this group of pa-
tients was compared with a control group of 300 women
without endometriosis. In this study, an association between
DE and miscarriage was not found, whether focusing the
analysis on women affected by DE and adenomyosis or on
DE without adenomyosis (94). In 2014, a retrospective cohort
study was conducted in Canada of both spontaneous and ART
pregnancies comparing women with endometriosis (n ¼ 784)
versus a nonaffected population (n ¼ 30,284). An increased
rate of spontaneous abortion in women with endometriosis
(2.8%) versus control subjects (1.5%; OR 1.89, 95% CI 1.23–
2.93; P¼ .005) was found, but the proportion of DE among
the affected women was not specified (84). In 2016, a nation-
wide analysis of 5,375 endometriotic women (no details on
the proportion of patients with DE) all diagnosed by means
VOL. 108 NO. 6 / DECEMBER 2017
of laparoscopy or laparotomy compared with 8,710 pregnant
control subjects reported a significant association between
endometriosis and miscarriage (adjusted OR 1.76, 95% CI
1.44–2.15) (109). In the same year, Santulli et al. conducted
a specific retrospective cohort study on the association of
endometriosis and miscarriage, distinguishing the patients
in three groups: superficial endometriosis, endometriomas,
and DE. They found that the miscarriage rate was signifi-
cantly higher in women with endometriosis than in women
without endometriosis (139/478 [29.1%] vs. 187/964 [19%],
respectively; P< .001). After a subgroup analysis dividing
those who had a history of infertility from those who did
not, the miscarriage rates of women with and without endo-
metriosis were 20% versus 12%, respectively (P¼ .003). On
the other hand, women with endometriosis and a history of
infertility had a 53% rate of miscarriage versus 30% of non-
endometriosis women with a history of infertility (P< .001).
More interestingly, the positive association was maintained
in the subgroup of DE compared with women without endo-
metriosis after adjustment for age, body mass index, previous
ART treatment, smoking habits, and fertility status (adjusted
incidence rate ratio 1.55, 95% CI 1.16–2.06; P¼ .003) (97).

In conclusion, it is difficult to debate on the association of
endometriosis and the rate of miscarriage owing to the inclu-
sion of different types of endometriosis in the same cohort in
most of the studies. Only one of the above-described studies
(97) found an increased rate of miscarriage in all three types
of endometriosis (superficial, endometriomas, and DE). Future
studies must stratify the different cohorts of patients accord-
ing to the type of endometriosis and the presence of adeno-
myosis to understand better the pathogenetic mechanisms.
HYPERTENSIVE DISORDERS
In studies by Berlac et al., Stephansson et al., and Glavind
et al., an increased risk for preeclampsia among women
with endometriosis (adjusted OR 1.13, 95% CI 1.02–1.26
[P¼ .05]; adjusted OR 1.7, 95% CI 1.5–2.0 [P< .05]; and OR
1.37, 95% CI 1.06–1.77 [P< .05], respectively) was observed
(73, 77, 105). However, a lack of distinction between
women with DE and with other forms was lacking: These
nationwide studies reported only the presence or absence of
endometriosis, without subdividing different types, probably
because the clinical data were extracted from large national
databases. Another recent nationwide study in Taiwan
confirmed the results of the previous three studies (adjusted
OR 2.27; 95% CI 1.76–2.93; P< .05) and presented the same
limitations (107). In 2007, a Belgian retrospective case-
control study compared the incidence of preeclampsia and
pregnancy-induced hypertension between 245 pregnancies
of women with endometriosis and 274 pregnancies following
treatment for male-factor infertility. Interestingly, the inci-
dence of preeclampsia was significantly lower in the endome-
triosis group (0.8%) compared with the control group (5.8%;
OR 7.5, 95% CI 1.7–33.3; P¼ .002). Furthermore,
pregnancy-induced hypertension occurred in 3.5% and
8.7% of case and control pregnancies, respectively (OR 2.6,
95% CI 1.2–6.0; P¼ .018) (75). In 2012, Vercellini et al. per-
formed a study on nulligravid women with natural
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TABLE 2

Association between first, second, and third trimester complications and deep endometriosis (DE): studies from the literature.

Author, year (ref.)

Population (case

vs. control) Type of study Spontaneous/ART Type of DE % DE/total

Pre- or

postsurgical Miscarriage PPROM

Kortelahti
et al.,
2003 (74)

137 vs. 137 Case-control ART NR NR NR � NR

Brosens
et al.,
2007 (75)

245 vs. 274 Retrospective
case-control

ART and non-ART NR NR NR NR NR

Hadfield
et al.,
2009 (76)

3,239 vs. 205,640 Retrospective
population-
based

841/3,239 vs.
4,935/205,640

2,386 peritoneal, 514
multiple sites
affected

NR Post NR NR

Stephansson
et al.,
2009 (77)

13,090 vs. 1,429,585 Retrospective (Stratification only
for preterm birth)
1,207 ART
endometriosis,
14,688 ART
nonendometriosis,
8,938 non-ART
endometriosis,
1,071,607 non-ART
nonendometriosis

NR NR NR NR NR

Fernando
et al.,
2009 (78)

535 ART endometriosis,
95 ART endometrioma,
1,201 ART infertile, 156
subfertile women, 1,260
fertile non-ART controls
for all forms of
endometriosis, 1,140
fertile non-ART controls
for ovarian
endometriomata.

Retrospective
cohort

535 ART endometriosis,
95 ART
endometrioma,
1,201 ART infertile,
156 subfertile
women, 1,260
fertile non-ART
controls for all
forms of
endometriosis,
1,140 fertile
non-ART controls
for ovarian
endometriomata

NR NR NR NR NR

Healy et al.,
2010 (79)

1,265 vs. 5,465 Retrospective
cohort

1,265 ART
endometriosis,
5,465 ART
nonendometriosis

NR NR NR NR NR

Vercellini et al.,
2012 (80)

419 cases Retrospective
cohort

Spontaneous 150/419 rectovaginal
lesions

35.8% Post � (30/150 in RV
endometriosis
[20%])

NR

Kuivasaari-Pirinen
et al.,
2012 (81)

49 vs. 26,870 Retrospective
cohort

49 ART endometriosis,
26,870 non-ART
nonendometriosis

NR NR NR NR NR

Tobias et al.,
2013 (82)

388 vs. 26,451 Prospective
cohort

388 non-ART
endometriosis
women, 26,451
non-ART
nonendometriosis

NR NR Post NR NR

Takemura et al.,
2013 (83)

44 vs. 305 Retrospective
cohort

44 ART endometriosis
women, 305 ART
nonendometriosis

NR NR Pre, post NR NR

Aris et al.,
2014 (84)

784 vs. 30,284 Retrospective
cohort

784 women with
endometriosis,
30,284 without
endometriosis
(not specified if
natural or ART)

NR NR Post + NR

Conti et al.,
2014 (85)

219 vs. 1,331/97 vs. 592 Retrospective
cohort

35% (ART in DE) vs.
5.8% (ART in
controls)/15%
vs. 4.1%

NR 19% DE, 21%
mixed ovarian
and DE

Post NR +

Mekaru et al.,
2014 (86)

49 vs. 59 Retrospective
cohort

49 non-ART
endometriosis,
59 non-ART
nonendometriosis

NR NR Post � NR

Uccella et al.,
2014 (87)

80 Retrospective
cohort

NR Ureteral endometriosis 100% Post 15.6% NR

Carassou-Maillan
et al.,
2014 (88)

258 Retrospective
cohort

ART NR NR NR + NR

Stern et al.,
2015 (89)

406 and 590 vs. 297,987 Retrospective 406 endometriosis
ART and 590
endometriosis
non-ART vs.
297,987 fertile
non-ART

NR NR NR NR NR
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TABLE 2

Association between first, second, and third trimester complications and deep endometriosis (DE): studies from the literature.

Preterm labor SGA/FGR

Antepartum

hemorrhage

Postpartum

hemorrhage

Abruptio

placentae

Placenta

previa/accreta

Preeclampsia/

hypertension

Gestational

diabetes

Operative

delivery

Cesarean

section

� � � NR � � � � � �

NR NR NR NR NR NR � NR NR NR

NR NR NR NR NR NR � NR NR NR

+ � + NR NR + (expressed as
placental
complications)

+ NR NR +

+ + (in the
endometrioma
group)

NR NR NR NR NR NR NR NR

NR NR � + � + NR NR NR NR

15.1% SGA 11.8% NR NR 1.7% 7.6% � NR NR + (42.9%)

+ � NR NR � + � � NR NR

NR NR NR NR NR NR NR � NR NR

NR NR NR NR NR + NR NR NR NR

� � NR NR NR NR � � NR NR

+ + (NR if only in DE) NR � NR NR. � + (NR if only
in DE)

� �

� � � NR � NR � NR NR �

NR NR NR NR NR NR NR NR NR NR

+ NR NR NR NR + � � NR �

� � + NR NR NR � � NR +

VOL. 108 NO. 6 / DECEMBER 2017 901

Fertility and Sterility®



TABLE 2

Continued.

Author, year (ref.)

Population (case

vs. control) Type of study Spontaneous/ART Type of DE % DE/total

Pre- or

postsurgical Miscarriage PPROM

Lin et al.,
2015 (90)

249 vs. 249 Retrospective
cohort

249 non-ART
endometriosis,
249 non-ART
nonendometriosis

NR NR Post NR NR

Kmietowicz
et al.,
2015 (91)

5,375 vs. 8,280 Cohort study NR NR NR NR + NR

Leonardi et al.,
2016 (92)

313 vs. 313 Case-control
study

ART DE, adenomyosis 100% Pre, post � NR

Allerstorfer,
et al.,
2016 (93)

51 cases Retrospective
cohort

NR 51/51 (100) 100% Post NR 1 (2%)

Exacoustos
et al.,
2016 (94)

101 (52 obtained a
pregnancy)

Multicenter,
observational,
and cohort
study

27 (51.9%)
spontaneous/25
(48.1%) ART

60.4% posterior DE +
adenomyosis,
32.7% posterior
DE + endometrioma,
4% posterior DE +
bladder association,
1% umbilical
localization +
posterior DE

100% Post 21.2% NR

Petresin et al.,
2016 (57)

1 Case report NR DE (rectovaginal
endometriosis)

NR Post NR NR

Saavalainen
et al.,
2016 (95)

53 Retrospective
cohort study

22.6% ART, 11%
spontaneous

Urinary tract
endometriosis

100% Post NR NR

Jaques et al.,
2016 (96)

113/113 Retrospective
single-center
case-control
study

100% ART 43.4% DE, 9.3%
adenomyosis

43.4% Pre, post NR �

Santulli et al.,
2016 (97)

870 Retrospective
cohort study

NR 52 (18.3%) SUP, 64
(22.5%) OMA, 168
(59.2%) DE (34
[20.2%] uterosacral
ligament, 14 [8.3%]
vagina, 19 [11.3%]
bladder, 85 [50.6%]
intestine, 16 [9.5%]
ureter)

59.2% Post + NR

Kim et al.,
2016 (98)

1 Case report NR Adenomyosis NR NR NR NR

Harada et al.,
2016 (99)

330 Cohort study
in Japan

80.6%
spontaneous,
80.6% ART

NR NR NR � +

Fujii et al.,
2016 (100)

92 Retrospective
cohort study

ART NR NR Post NR NR

Benaglia et al.,
2016 (101)

239/239 Retrospective
matched
case-control
study

ART NR 41% Pre, post NR �

Uccella et al.,
2016 (102)

61 Retrospective
study

9 ART, 11
spontaneous

Ureteral
endometriosis

100% Post � (15.4%) 1 (3.6%)

Thomin et al.,
2016 (103)

72 pregnancies from
67 women

Retrospective
cohort study.

40% ART 18 (27%) anterior
DE, 41 (61%)
previous
colorectal
surgery, 28
(41%)
colpectomy, 7
(41%) surgery
for anterior DE

100% Pre, post NR NR

Mannini et al.,
2017 (104)

262/524 Retrospective
cohort study

194 spontaneous,
68 ART

NR 40 (15.3%) Post NR NR

Berlac et al.,
2017 (73)

11,739 Retrospective
cohort

19% ART, 81%
spontaneous

NR NR Pre, post NR +
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TABLE 2

Continued.

Preterm labor SGA/FGR

Antepartum

hemorrhage

Postpartum

hemorrhage

Abruptio

placentae

Placenta

previa/accreta

Preeclampsia/

hypertension

Gestational

diabetes

Operative

delivery

Cesarean

section

+ � NR NR � + - NR NR +

+ NR + + NR + NR NR NR +

NR NR NR NR NR NR NR NR NR NR

4 (7.8%) NR NR NR NR 0/0 0 NR NR + 20 (39.2%)

+ � NR � + + + � � +

+ NR + NR NR NR NR NR NR +

NR NR NR NR NR NR NR NR NR 75% (83%) intraoperative
difficulties: severe
adhesions, 4 cases of
difficulties with
extraction of the
neonate, 2 cases of
bladder laceration,
1 case of uterine
atony, and 1 case of
difficult placental
retrieval

+ � + � NR � + OR 8.53 but not
significant when
comparing DE vs.
endometrioma

� NR +

NR NR NR NR NR NR NR NR NR NR

+ NR NR NR NR NR NR NR NR NR

+ � NR NR + + � NR NR 25.8%

+ � NR NR NR + NR NR NR NR

� � NR NR � + � � � �

3 (11.5%) 2 (8.3%) 1 (3.8%) � (3.8%) NR NR NR NR � (15.4%) + 9 (40.9%)

NR NR NR 6% in the cesarean
section group,
2% globally

NR 1 case (low
numbers for
statistical
analysis)

� (1.38%) NR 28% + (50%)

+ NR NR � NR + � � NR �

+ + + � in the whole
group, + in
the cesarean
section group

+ + + NR NR +
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TABLE 2

Continued.

Author, year (ref.)

Population (case

vs. control) Type of study Spontaneous/ART Type of DE % DE/total

Pre- or

postsurgical Miscarriage PPROM

Glavind al.,
2017 (105)

1,213 women with
diagnosis of
endometriosis,
affecting 1,719
pregnancies

Danish cohort
study

86.5%
spontaneous,
13.5% ART

NR NR Pre, post NR NR

Pallaks et al.,
2017 (106)

150/588 Retrospective
cohort study

ART NR NR NR + NR

Pan et al.,
2017 (107)

2,578 vs. 10,312 Population-based
longitudinal
study

Spontaneous NR NR Post NR NR

Li et al.,
2017 (108)

98 Retrospective
cohort study

74 spontaneous,
24 ART

NR NR NR NR NR

Saraswat et al.,
2017 (109)

8,710 National
population-based
cohort study via
record linkage

NR NR NR Post + NR

Note: + present;� absent; ART, assisted reproductive technology; FGR¼ fetal growth restriction; NR¼ not reported; PPROM¼ preterm premature rupture of membranes; SGA¼ small for gesta-
tional age.

Roberti Maggiore. Pregnancy and endometriosis. Fertil Steril 2017.
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conception who had previously undergone surgery for endo-
metriosis and subdivided them into rectovaginal, ovarian and
peritoneal, only ovarian, and only peritoneal endometriosis.
In the subgroup with DE (rectovaginal group; n ¼ 150),
they did not find an association between the disease and a
higher rate of hypertensive disorders in pregnancy (80).

Another study evaluating only women affected by DE
reported that the risk of gestational hypertensive disorders
(3.8%; 10 out of 26 patients) did not seem to be increased in
women with previous laparoscopic ureterolysis, compared
with the risk in the general population of pregnant women
(reported as 5%–10% for gestational hypertensive disorders
globally and 3.9% for preeclampsia) (102). Thomin et al.
conducted a retrospective cohort study enrolling 72 preg-
nancies from 67 women affected by colorectal endometri-
osis, both in situ and resected, with the aim of evaluating
delivery and neonatal outcomes in this specific population,
describing only one case of preeclampsia (1.38%) (103).
Similarly, an Italian group performed a retrospective
cohort study on 40 women with DE versus 222 women
without DE. The primary aim was evaluating the incidence
of intrahepatic cholestasis in pregnant women with endo-
metriosis compared with women without endometriosis.
The secondary aims were evaluating the incidence of other
obstetrical complications in the same population and in the
subgroups of DE versus non-DE. In this study, significant
differences in hypertensive disorders in pregnancy for
both outcomes were not found (104). In contrast, an inter-
esting study by a French group on only ART pregnancies
(cases matched with ART for male infertility) highlighted
a positive correlation between endometriosis and pre-
eclampsia (OR 8.53, 95% CI 1.05–69.40; P¼ .04), but the as-
sociation was no longer significant when comparing
women with deep locations (n ¼ 49) versus the endome-
trioma group (n ¼ 39). However, the authors suggested
that this observation had to be considered with caution
owing to the small size of the population and the presence
904
of only one case of preeclampsia among the control sub-
jects (the expected prevalence was 3%–4% in the global
population) (96). Exacoustos et al. analyzed 52 women
with a posterior DE nodule R2 cm centimeters in size
who desired a pregnancy and a control group of women
(n ¼ 300) with no previous recorded diagnosis of endome-
triosis, reporting a higher rate of gestational hypertension
in the DE group (OR 4.114, 95% CI 1.45–11.65; P¼ .01).
The authors declared that the two groups differed for age,
parity, and body mass index. However, these data were
not adjusted for these possible confounders or for ART pro-
cedures, which are recognized as possible causes of an in-
crease of hypertensive disorders in pregnancy (94).

In conclusion, it is hard to derive conclusions on this mat-
ter because the reported studies are still characterized by
several limitations, including small sample size, lack of
adjustment for confounders, and lack of adequate control.
Nationwide studies, on the other hand, tend to suggest that
endometriosis can result in adverse pregnancy outcomes
and that this occurs even in the absence of ART treatment.
FETAL GROWTH RESTRICTION
Analyzing the possible correlation between surgically treated
DE and fetal growth restriction (FGR) during fetal life, only
one study out of four could detect a positive association
(94, 96, 102, 104). Allerstorfer et al., who analyzed
pregnancy outcomes from surgical treated DE women, did
not report data on fetal growth (93).

Jacques et al. found that during fetal life there was a sig-
nificant increase in FGR in a DE group versus an ovarian loca-
tion group (12% vs. 0%; P¼ .03) (96). The baby birth weight in
the endometriosis group was significantly lower than in the
DE group (2,939 g vs. 3,239 g; P< .0004). Moreover, these
newborns were smaller adjusting for gestational age, with
weight at the 44th percentile, compared with control new-
borns, who were at the 53rd percentile (P¼ .02). However,
VOL. 108 NO. 6 / DECEMBER 2017
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Continued.

Preterm labor SGA/FGR

Antepartum

hemorrhage

Postpartum

hemorrhage

Abruptio

placentae

Placenta

previa/accreta

Preeclampsia/

hypertension

Gestational

diabetes

Operative

delivery

Cesarean

section

+ � NR � NR NR + NR NR +

NR NR NR NR NR NR NR NR NR NR

NR NR NR NR NR NR + NR NR NR

+ (in ART group) NR NR + � � � - NR �

+ NR NR + � + � + + +
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other authors did not find an increased rate of FGR in the DE
groups after surgery: Uccella et al. evaluated 26 women who
underwent laparoscopic ureterolysis for endometriosis, Exa-
coustos et al. focused on 52 women with a posterior DE
nodule who desired a pregnancy and a control group of
women (n ¼ 300) with no previous recorded diagnosis of
endometriosis, and Mannini et al. compared 40 women with
DE versus 222 women without DE but affected by ovarian
and/or peritoneal endometriosis (94, 102, 104).

Among the four studies that analyzed specifically women
with endometrioma, only Fernando et al. reported an
increased risk for small for gestational age (SGA) in the
ovarian endometrioma ART group compared with women
who underwent ART for infertility other than endometriosis
(adjusted OR 1.95, 95% CI 1.06–3.60; P¼ .05). However, in
the ovarian endometrioma group, the potential association
of DE was not specified (78, 80, 101, 114).

Highlighting the results of the large nationwide studies,
analyzing together all types of endometriosis, two out of
five reported a higher risk of FGR in women with endometri-
osis (73, 77, 89, 105, 109). Stern et al. reported an association
between endometriosis and low birth weight (<2,500 g) in the
group of endometriosis without ART treatment (adjusted OR
1.46, 95% CI 1.07–1.99; P< .05) but not in the group of
endometriosis who underwent ART treatments (adjusted OR
0.97, 95% CI 0.70–1.33) (89). Berlac et al., in a large
nationwide Danish study, analyzed 19,331 deliveries and
reported a higher risk of SGA babies in the endometriosis
cohort (OR 1.5, 95% CI 1.4–1.6; P< .05) (73). In that study,
the definition of SGA corresponded to a birth weight less
than two standard deviations below the sex and gestational
age–specific average, but the authors did not adjust for ART
procedures.

In conclusion, on the basis of available evidence, an asso-
ciation between endometriosis and FGR is not present. Future
studies are required to explore the hypothesis that adenomyo-
sis might be related to FGR.
VOL. 108 NO. 6 / DECEMBER 2017
PRETERM BIRTH
As stated by Leone Roberti Maggiore et al., although there is
some evidence suggesting an association between endometri-
osis and preterm birth, especially in large nationwide studies
based on records, it should be considered that the majority of
studies is characterized by marked differences in population
and design (63, 73, 77, 91, 105, 109). This makes it difficult
to draw definitive conclusions. Fernando et al. first
delineated the importance of distinguishing between
different types of endometriosis in evaluating the risk of
preterm birth. They conducted a large retrospective cohort
study with the primary outcome of reporting preterm birth
and SGA rates from ART patients with ovarian
endometrioma (n ¼ 95) compared with a control group of
non-ART fertile women randomly selected from the general
population (n ¼ 1,140). That study found that preterm birth
was increased in the ovarian endometrioma group (adjusted
OR 1.98, 95% CI 1.09–3.62; P< .05). More interestingly,
another subgroup including ART women with endometriosis
but without ovarian endometriomas (n ¼ 535) was analyzed
and no increased risk for preterm birth was detected. As pre-
viously mentioned, whether women with ovarian endome-
triomas were affected by DE was not specified (78).
Vercellini et al. showed that the presence of ovarian endome-
triosis was associated with a lower rate of preterm birth
compared with other types of endometriosis (rectovaginal
and peritoneal), with incidences of 1.4% compared with
14.7% (OR 0.08; 95% CI 0.01–0.60) (80). Allerstorfer et al.
did not find an increased rate of premature birth in a group
of 51 women who delivered after surgery for DE: 60.8% deliv-
ered spontaneously, and 39.2% underwent CS (93).

In contrast, four studies on DE after surgery found an as-
sociation between DE and preterm deliveries before 37 weeks
(94, 96, 102, 104). Respectively, an evaluation of 26 women
undergoing laparoscopic ureterolysis for DE showed an
increased risk of preterm birth compared with control
905
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subjects (9% before 34 weeks and 13.6% before 37 weeks), but
after excluding the two twin pregnancies from the analysis,
the risks of preterm birth at 34 weeks and 37 weeks were
5% and 10%, respectively (102). Further studies on deep
locations by Jacques et al. highlighted an increased rate of
premature deliveries among patients with operated
endometriosis undergoing ART (OR 2.05, 95% CI 1.01–4.16;
P¼ .04), even evaluating separately women with deep
locations (25% rate of prematurity) versus women with
ovarian locations (4.5%) (96). Similarly, two other studies
described only cases of DE after surgery, finding an
increased rate of preterm deliveries (OR 6.867, 95% CI
3.069–15.36 [P< .05]; and OR 0.14, 95% CI 0.05–0.37
[P< .001]) (94, 104).

In conclusion, although there are contradictory results
on the association between endometriomas and premature
delivery, a trend toward a correlation between DE and pre-
mature delivery can be stated. Furthermore, we found an
increased rate of preterm delivery in four studies that
analyzed DE after surgery (94, 96, 102, 104), whereas in
only one study (93) was surgery for DE not associated with
increased rate of preterm deliveries; however, before
arguing a causative role of surgery, it will be necessary to
distinguish between cases with only DE, only adenomyosis,
and DE plus adenomyosis.
PLACENTA PREVIA
A higher incidence of placenta previa in women affected by
endometriosis has been reported by several studies, although
most of the available evidence is in ART populations,
which are per se associated with a higher rate of placental
abnormalities (73, 77, 79, 81, 83, 90, 91, 100, 109). Of note,
in the retrospective study performed by Lin et al., who
compared 249 women with endometriosis versus 249
control subjects, ART pregnancies were excluded and a
positive association between endometriosis and a higher
risk of placenta previa was detected (adjusted OR 4.51, 95%
CI 1.23–16.50) (90). Furthermore, in a prospective cohort
study examining the effects of endometriosis on pregnancy
outcome in 330 pregnant Japanese women previously
diagnosed for endometriosis versus 8,856 control subjects, a
positive association between a higher rate of placenta
previa and endometriosis among women without infertility
treatment was reported, after adjustment for age, alcohol
drinking, smoking, and passive smoking (adjusted OR 3.31,
95% CI 1.16–9.41; P< .05). In the same study, the ORs of
placenta previa were significantly higher than in women
never diagnosed with endometriosis who conceived
naturally or conceived after infertility treatment, except for
ART therapy (99). In 2012, Vercellini et al. retrospectively
assessed pregnancy outcomes in 419 women who achieved
a first spontaneous singleton pregnancy after surgery for
endometriosis and stratified the results obtained by
endometriosis localization. It was interesting to observe a
higher incidence of placenta previa in the DE population.
No cases of placenta previa were observed in patients with
ovarian endometriomas only, but a sixfold increase of
placenta previa rate was reported in rectovaginal patients
906
compared with only ovarian and peritoneal cases (OR 5.81,
95% CI 1.53–22.03; P¼ .03) (80).

A French study found similar results with an increase of
antenatal bleeding that the authors linked to a higher rate
of placenta previa (88). Also an Italian group, who analyzed
52 women affected by posterior DE versus 300 control sub-
jects, found an association but did not adjust for ART proced-
ures (OR 61.56, 95% CI 7.351–515.5; P< .001) (94). Similarly,
another Italian group supported this positive correlation
(OR 0.29, 95% CI 0.10–0.81; P¼ .03) without adjusting for
ART treatments (104). In contrast, Jacques et al. did not find
an increased rate of placenta previa among ART patients
with operated endometriosis, even evaluating separately
women with deep locations (n ¼ 39) versus ovarian locations
(n ¼ 49) (96). A number of studies did not report any associ-
ation, owing to the low incidence of the disease (93).

In conclusion, there is a strong need for adjustment for
ART procedures to understand the real contribution of endo-
metriosis as a possible causal factor for placenta previa.
OBSTETRICAL HEMORRHAGES (ABRUPTIO
PLACENTAE AND ANTEPARTUM AND
POSTPARTUM BLEEDING)
Considering all the different types of endometriosis as a
unique group (DE, adenomyosis, superficial peritoneal endo-
metriosis, and endometriomas), a number of studies excluded
a higher incidence of placental abruption among women
affected by the disease (74, 79, 81, 90). Vercellini et al.
reported a similar incidence of placental abruption in
rectovaginal cases compared with ovarian and peritoneal
endometriosis, but the numbers were considered by the
authors to be too small to evaluate statistical significance
(80). Analyzing the large nationwide studies made on
records as a group apart, Stephansson et al. and Stern et al.
reported a higher incidence of bleeding without
distinguishing antepartum and postpartum hemorrhage (77,
89). Only Healy et al. described a higher incidence of
postpartum bleeding in women affected by endometriosis
and undergoing ART (adjusted OR 1.28, 95% CI 1.06–1.56;
P< .05) (79). In line with those large studies, a recent
Scottish nationwide study reported a higher incidence of
unexplained antepartum hemorrhage (OR 1.67, 95% CI 1.39,
2.00; P< .05) and postpartum hemorrhage (OR 1.30, 95% CI
1.61, 1.46; P< .05) in women with endometriosis, without
specifying the type of the disease or the severity (109). In
2015, Kmietowicz et al., after adjusting the data for age and
previous pregnancy, found that among women who carried
the pregnancy past 24 weeks, those with endometriosis
(type of endometriosis not specified) were also more likely
to have unexplained antepartum hemorrhage (OR 1.67, 95%
CI 1.39–2.00; P< .05) and postpartum bleeding (OR 1.30,
95% CI 1.61–1.46; P< .05) than women without
endometriosis (91).

In contrast, in a large Danish cohort study, Glavind et al.
did not find differences between an endometriosis group and
control subjects regarding postpartum hemorrhage, even after
adjusting for ART procedures (105). In another large Danish
study, the OR for antepartum hemorrhage was increased in
VOL. 108 NO. 6 / DECEMBER 2017
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the endometriosis group (adjusted OR 2.3, 95% CI 2.0–2.5;
P< .05) after adjusting for age and calendar year. Postpartum
hemorrhage was surprisingly slightly lower in women with
endometriosis than in unexposed women. When stratified
by mode of delivery, women with endometriosis who deliv-
ered by means of CS had an adjusted OR of bleeding of 1.1
(95% CI 1.0–1.2; P< .05) (73). Focusing on DE, a study by Uc-
cella et al., conducted with 26 women who underwent laparo-
scopic ureterolysis for endometriosis, reported only one case
(3.8%) of hemorrhage during pregnancy and no cases of post-
partum hemorrhage (102). Jacques et al. also did not find an
increased rate of postpartum hemorrhage among patients
with endometriosis compared with control subjects, even
evaluating separately women with deep locations (n ¼ 39;
8.2%) versus women with ovarian locations (n ¼ 49; 7.7%),
all analyzed after surgery (96). Thomin et al., considering 72
pregnancies of women affected by colorectal endometriosis
and comparing those who delivered by means of CS (n ¼
36) versus those who delivered vaginally (n ¼ 36), did not
find differences between the two groups and reported only
two cases of postpartum bleeding (2% globally) in the CS
group (103). Petresin et al. described a case of rectovaginal
endometriosis left in situ during laparoscopic intervention
(consent to treat it surgically was lacking) and causing, years
later, recurrent heavy vaginal bleeding during the 27th and
28th weeks of gestation. Owing to the impossibility of indi-
viduating the cause of bleeding, obstetricians decided to
perform a CS despite the early gestational age. Numerous
actively bleeding serosal defects were found on the posterior
uterine wall and anterior surface of the rectum, and a torn
adhesion was found between the bowel (sigmoid colon/
rectum) and the uterus. Attempted hemostasis with the use
of sutures was unsuccessful owing to tissue vulnerability.
The posterior uterine wall was therefore covered with hemo-
static fibrin glue and compression applied. A Robinson drain
was inserted also, and there were no postoperative complica-
tions (57).

Exacoustos et al. reported a case of postpartum hemor-
rhage due to an extensive vaginal laceration, requiring blood
transfusion, in the group of posterior DE, but when compared
with control subjects statistical significance was not reached
(94). Similarly, an Italian group compared 40 women with DE
versus 222 women without DE and again did not find signif-
icant differences in postpartum hemorrhage (104).

In conclusion, considering all types of endometriosis we
can debate an eventual association with postpartum hemor-
rhage, considering that adjustment for ART is rarely per-
formed. On the other hand, a clear association between DE
and postpartum bleeding can not be stated. Therefore,
knowing the risks associated with endometriosis in general
and with increased risk of bleeding could be helpful in plan-
ning the delivery of women affected by endometriosis in the
appropriate setting, i.e., where specialist care is available.
CESAREAN SECTION
There are no guidelines concerning the mode of delivery in
pregnant women after surgery for DE. The ‘‘Guideline for
Diagnosis and Therapy of Endometriosis’’ only suggests
VOL. 108 NO. 6 / DECEMBER 2017
that the mode of delivery should be discussed with each pa-
tient individually (115). In 2016 an interesting study by a
French group evaluated a group of women affected by colo-
rectal endometriosis, subdividing those after surgery and
those with colorectal endometriosis left in situ. Presence of
or earlier surgery for DE with colorectal endometriosis was
not considered to be an indication for systematic CS. Howev-
er, a high incidence of CS was reported in both groups,
regardless of the earlier intervention (56% in the surgery
group and 41% in women with in situ colorectal endometri-
osis); 39% of the CSs were planned, and 61% were performed
during labor. Thus, previous surgery is not a determining
parameter in the decision of the route of delivery. The high
incidence of planned CS was explained by the authors by a
high incidence of breech presentations and 40% of pregnan-
cies from IVF treatments, although they did not specify how
IVF treatments were considered to be indications for CS.
Furthermore, the authors reported three important and inno-
vative considerations of their data First, a high incidence of
difficulty at extraction during CS was observed particularly
in women with anterior DE, but not in women with previous
colorectal surgery. Second, both CS and vaginal delivery
were associated with a high risk of postpartum complica-
tions, but the lower incidence after vaginal delivery
compared with CS (14% vs. 39%; P¼ .03) should promote
vaginal delivery in case of DE. Third, vaginal delivery in
women with colorectal endometriosis was associated with
a high rate of operative procedures (28%), particularly in
the group who had not previously undergone surgery (41%
vs. 16%) (103).

Analyzing five studies in which only women affected
by DE after surgery were enrolled, four of them reported
a higher incidence of CS compared with non-DE patients
(93, 94, 96, 102, 104). In the study by Allerstorfer et al., the
Enzian classification for DE was used, defining
compartment A as the rectovaginal septum and vagina, B
the sacrouterine ligament and pelvic wall, and C the bowel.
The author reported that women with endometriosis of
Enzian compartment A or C had a statistically higher risk of
delivery via CS than women without endometriosis in those
compartments (P¼ .020 and P¼ .031). There was also a
statistically significant elevated CS rate when a rectal
resection had been performed (P¼ .029) (93). All of the large
studies evaluating nationwide databases on all types of
endometriosis reported a higher rate of CS compared with
control subjects (73, 77, 89–91, 105, 109). In contrast,
evaluating only endometrioma groups, Benaglia et al. did
not find a higher rate of CS (101, 114).

In conclusion, a higher incidence of CS among women
with DE has been reported, with several reasons suggested
(association with IVF procedures, different approach to
‘‘precious pregnancies’’ [pregnancies achieved via ART], anx-
iety of the gynecologists). The most innovative findings
regarding DE and CS are two: first, a higher incidence of dif-
ficulty at extraction during CS in women with anterior DE,
but not in women with prior colorectal surgery; and second,
the lower incidence of postpartum complications after
vaginal delivery compared with CS, suggesting a promotion
of vaginal delivery in case of DE.
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DISCUSSION
Over the past few years, the potential impact of endometriosis
on pregnancy and delivery outcomes has become a hot topic
among clinicians and researchers. The issue is particularly
relevant because it may influence the management of preg-
nancy and delivery of the population of patients affected by
endometriosis, and it may allow the offering to these women
of more exhaustive counseling to be informed about potential
higher risks compared with the general population. Overall,
almost all published studies are significantly biased by several
confounding factors (disease phenotypes, presence/exclusion
of adenomyosis, method of conceiving [natural or ART],
choice of control, and general methodologic design) that pre-
vent drawing reliable conclusions on the impact of endome-
triosis on the normal course of pregnancy and delivery. The
present review aimed to summarize the available evidence
on the impact of DE on obstetrical outcomes. However, very
few studies focused specifically on patients with DE or strat-
ified their analyses considering this population of patients;
therefore, it was complex to extrapolate information from
the available evidence and to elucidate if the three different
phenotypes (ovarian endometrioma, superficial peritoneal
endometriosis, and DE) may differently interfere with the
pregnancy and delivery.

In addition, we consider that one main criticism of the
current literature is the poor evaluation on the coexistence
of adenomyosis in patients with DE. In fact, it is well estab-
lished that adenomyosis may be associated with endometri-
osis, with a prevalence 22%–91% (116–118). In particular,
adenomyosis may play an important role in the onset of
obstetrical complications (e.g., uterine rupture) and
alterations of the physiologic development of the
pregnancy. Correlations of adenomyosis with miscarriage,
preterm premature rupture of membranes, and preterm birth
have been reported (111, 119–121). This can be explained
by the fact that alterations in the inner myometrium
occurring in women with adenomyosis may be at the root
of a defective remodeling of the myometrial spiral arteries
from the onset of decidualization and result in vascular
resistance and increased risk of defective deep placentation.
The association of major obstetrical syndromes and
different types of defective remodeling of the myometrial
spiral arteries has been well documented (120). Therefore,
future studies should carefully consider the presence of
adenomyosis in patients with endometriosis to overcome
this limitation, and, ideally, case-control studies should be de-
signed to assess the impact of adenomyosis itself on
pregnancy.

The present literature review has shown that several types
of acute complications may occur during pregnancy among
women with DE. A total of 120 cases of DE-related complica-
tions during pregnancy have been reported; SH (n ¼ 25),
bowel perforation (n ¼ 17), and uterine rupture (n ¼ 63) are
the most common events. However, it is likely that the fre-
quency of these events is underestimated owing to unreported
cases, suggesting the need to design epidemiologic studies
aiming to estimate the incidence of these complications in
the population of pregnant women with endometriosis. In
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particular, such research should also be finalized to distin-
guish the occurrence of obstetrical complications according
to the subtype of endometriosis and to the stage of the disease
to identify high-risk patients. On the basis of available evi-
dence, obstetrical complications in pregnant women with
endometriosis are rare and unpredictable. Currently, there is
no study that aimed to elucidate whether the surgical treat-
ment of endometriosis before the onset of pregnancy may
reduce the risk of these acute complications. Theoretically,
surgery for endometriosis consisting of lysis of adhesions
and excision of endometriotic lesions may reduce the risk of
spontaneous rupture of viscera and of SH. On the other
hand, the treatment of endometriosis located at the level of
the uterine isthmus or the surgical excision of rectovaginal
nodules may weaken the posterior uterine wall, putting the
uterus at risk of rupture during pregnancy or delivery. How-
ever, the absence of evidence on this issue does not support
any form of prophylactic surgery before pregnancy to prevent
such complications.

Results on pregnancy and delivery outcomes are
extremely controversial. As previously stated, the studies
investigating this topic are characterized by several limita-
tions, including small sample size, lack of adjustment for con-
founders, and lack of adequate control.

It is difficult to debate on the association between DE and
miscarriage owing to the inclusion of different subtypes of
endometriosis without clear distinction and stratification of
the findings. Most of the studies investigating this issue did
not find any association (80, 86, 92, 94, 101, 113).
However, two large cohort studies reported an increased risk
among women affected by endometriosis (84, 109).
Furthermore, one of the analyzed studies found an
increased rate of miscarriage among women affected by all
of the three types of endometriosis (superficial
endometriosis, endometriomas, and DE) (97).

The majority of the studies trying to unravel the possible
association between endometriosis and hypertensive disor-
ders in pregnancy did not find an association between the
two conditions (75, 76, 81, 84–86, 89, 90, 109). On the other
hand, nationwide studies tend to suggest that endometriosis
can result in higher rates of hypertensive disorders,
including preeclampsia, and these events would occur even
in the absence of ART treatment. However, it is important
to emphasize that none of these studies stratified the results
to consider only women affected by DE.

Although an association between endometriosis in gen-
eral and surgically treated DE with FGR has not been
observed, interesting findings derived from studies investi-
gating the relationship between DE and preterm delivery sug-
gest a higher risk in this population of patients. An intriguing
challenge of future studies will be to distinguish between
spontaneous and iatrogenic preterm birth, answering the
question of whether endometriosis per se may cause uterine
contractions and preterm labor or may create clinical or
behavioral conditions (bleeding, abdominal pain, anxiety in
the operators) that can result in a CS in early gestational ages.

Considering all types of endometriosis, some evidence
suggests a potential association with antepartum and
VOL. 108 NO. 6 / DECEMBER 2017



Fertility and Sterility®
postpartum hemorrhages (considering that adjustment for
ART is rarely performed), whereas a clear association between
DE and obstetrical hemorrhages can not be stated.

Overall, a higher incidence of CS among women with DE
has been reported. However, future studies should clarify the
main indication of CS, because it is rarely reported in
currently available studies. In fact, it can be hypothesized
that previous surgery for endometriosis may influence the
choice for elective CS. Moreover, the high number of patients
with endometriosis conceiving by ART procedures should be
considered. These pregnancies may be seen to be more valu-
able than others and, despite absence of any clinical indica-
tion, compared with the general population, such babies are
more frequently delivered by means of CS in common clinical
practice (122).

A higher incidence of placenta previa in women affected
by endometriosis has been reported in several studies (73, 77,
79, 81, 83, 90, 91, 100, 109), also considering patients with
only DE (80, 88, 94, 104). The presence of ART populations
should be considered as a potential confounding factor
because ART is associated per se with a higher rate of
placental abnormalities, and future studies should carefully
distinguish the modality of conceiving to draw clearer
conclusions on this topic. The higher rates of placenta
previa in patients with endometriosis may be explained by
the abnormal frequency and amplitude of uterine
contractions demonstrated in women with endometriosis
causing anomalous blastocyst implantation (123).

The current literature prevents elucidating the role of sur-
gical treatment of endometriosis on pregnancy and delivery
outcomes. Surgery may be indicated to increase the chances
of getting pregnant (124), but in our opinion, it is unlikely
that surgery may represent the cure for the molecular and
functional abnormalities of the eutopic endometrium (125),
the local and systemic higher levels of inflammation (126–
128), the alteration in the uterine JZ (127, 129), and the
inadequate uterine contractility (130) reported in women
with endometriosis. However, no study has investigated
whether prophylactic surgery may affect the rates of
obstetrical disorders during pregnancy and delivery of
women with endometriosis. Therefore, there is a need to
plan well designed studies (ideally, randomized controlled
trials) to address this lack of knowledge.
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