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BACKGROUND: |t is not uncommon for women with endometriosis to be advised that becoming pregnant might be a useful
strategy to manage their symptoms and reduce disease progression. Consequently, many women diagnosed with endometriosis
and motivated to become pregnant, may also have expectations regarding improvement of symptoms and the disease. However,
study results on the effect of pregnancy on endometriosis are controversial and pregnancy in women with endometriosis is not
always associated with improved symptoms. Moreover, there is increasing evidence that endometriosis may interfere with a suc-
cessful pregnancy outcome.

OBJECTIVE AND RATIONALE: The objective was to evaluate the evidence on whether pregnancy and lactation has a beneficiary
effect on growth characteristics and symptoms of endometriosis diagnosed prior to pregnancy.

SEARCH METHODS: A search for articles containing keywords related to pregnancy and endometriosis was performed via PubMed.
Manuscripts dealing with a potential effect of pregnancy on endometriosis were systematically reviewed. We included English, French and
German language publications on human studies from 1966 to May 2017. Bibliographies of these manuscripts were searched for further
relevant literature.

OUTCOMES: Five small observational studies were identified concerning the longitudinal development of endometriotic lesions during
and after pregnancy, four of medium and one of low quality. Eleven publications reported measurements of endometriomas during preg-
nancy and the postpartum period (the five studies just mentioned and six case reports). Another 22 case reports/small case series (maxi-
mum of five cases), six studies on histology of endometriotic lesions in pregnancy, plus eight studies on the role of pregnancy in initial

© The Author(s) 2018. Published by Oxford University Press on behalf of the European Society of Human Reproduction and Embryology. All rights reserved.
For Permissions, please email: journals.permissions@oup.com

Downl oaded from https://academ c. oup. conf hunupd/ advance-articl e-abstract/doi/10. 1093/ hurupd/ dmy004/ 4859612
by University of California, Santa Barbara user

on 23 February 2018


http://orcid.org/0000-0003-4027-6151
http://orcid.org/0000-0003-4027-6151
http://orcid.org/0000-0003-4027-6151

Leeners et al.

development and recurrence of endometriosis were included. Few studies of very limited quality are available to evaluate the effect of

pregnancy and the postnatal period on the development of endometriosis. The development of endometriosis is variable and there is no

evidence that pregnancy can be expected to generally reduce the size and number of endometriotic lesions. Growth and structural changes

of lesions during pregnancy may occur with decidualization. Results on the association between pregnancy and symptoms of endometriosis

are controversial and strongly biased.

WIDER IMPLICATIONS: Available data on the development of endometriosis during and after pregnancy show fewer beneficial effects

than previously reported. Therefore, women aiming for pregnancy on the background of endometriosis should not be told that pregnancy

may be a strategy for managing symptoms and reducing progression of the disease.

Key words: pregnancy / endometriosis / pain / decidualization / recurrence / pathophysiology

Introduction

For over a century, pregnancy has been considered to have beneficial
effects on endometriosis, and ‘pseudopregnancy’ induced through hor-
monal therapies has been recommended as a way to manage symp-
toms. The coexistence of endometriosis and pregnancy was first
described in 1904-1905 (Olshausen, 1904; Amos, 1905). In the early
1920s, regression of endometriosis cysts during pregnancy (Sampson,
1922, 1924) or during lactation (Meigs, 1922) was observed in small
case series. Beecham (1949) declared pregnancy as an efficient prophy-
lactic and curative measure against endometriosis. The increased
prevalence of endometriotic lesions in women with few children com-
pared to women with many children supported this theory (Meigs,
1922). These observations were the basis of the ‘pseudopregnancy’
approach with progesterone as a treatment for endometriosis in the
late 1950s (Kistner, 1959a,b). Even now, progestogens are an import-
ant treatment to manage endometriosis (Dunselman et al., 2014). The
occurrence of endometriosis-related symptoms only after menarche,
when the menstrual cycle had commenced, and the regression of
symptoms after menopause were used as further arguments for a
beneficial effect of pregnancy (Bulun, 2009).

Regression of endometriosis in pregnancy has been attributed to
pregnancy-related hormonal changes (diZerega et al., 1980; Cummings
and Metcalf, 1996; Porpora et al., 2010; Coccia et al., 2012; Benaglia
et al., 2013; Bilotas et al., 2015), and consequently led to recommending
pregnancy as a therapeutic strategy (Meigs, 1953; Rubegni et al., 2003;
Benagiano et dl., 2014; Brosens et al., 2016). Assuming the development
of endometriosis through ‘transplantation’ of endometrium fragments,
the interruption of the menstrual cycles has been considered as a mech-
anism to explain an eventual beneficial effect of pregnancy on endomet-
riosis (Eskenazi and Warner, 1997; Missmer et al., 2004).

The estimated prevalence of ovarian endometriomas among
women diagnosed with endometriosis is | 7-20% (Redwine, 1999),
and endometriomas account for 4-5% of ovarian tumours
detected in early pregnancy (Condous et al., 2004) resulting in an
overall frequency of endometriomas in pregnancy of 0.05-0.5%
(Bromley and Benacerraf, 1997; Sherard et al., 2003; Zanetta et al.,
2003; Condous et al., 2004; Yazbek et al., 2007; Ueda et al., 2010).
The increasing use of first trimester transvaginal ultrasound has
recently led to higher detection rates of endometriomas in
pregnancy (Fruscella et al., 2004; Pateman et al., 2014; Bailleux
et al., 2015). In one study (Ueda et al., 2010), ovarian endometrio-
mas were the most common adnexal mass detected during

pregnancy with a strong increase in detection rates during the
most recent study period. However, the prevalence of endometri-
osis in pregnancy might be far higher and in a series of 208 unse-
lected women undergoing tubal sterilization (101 in combination
with termination of an unwanted pregnancy), endometriosis was
detected in 16% of the pregnant and 22% of the non-pregnant
women (Moen and Muus, 1991). Taken together, the available
studies on the prevalence of endometriosis are limited by detec-
tion and selection biases, as symptomatic women are more likely
to present for assessment, and not all women will have the same
access to surgery, which remains the gold standard for confirm-
ation of endometriosis (Dunselman et al., 2014). The growing suc-
cess rates of ART in women with endometriosis (Ueda et al., 2010;
Dunselman et al, 2014), will undoubtedly increase the co-
occurrence of pregnancy and endometriosis. With this in mind, we
need to report the impact of pregnancy on the development of
endometriosis in order to inform women with endometriosis of
the likely benefits and harms of a pregnancy.

Despite intensive research and promising new strategies to improve
treatment options, treatment success in endometriosis is still rather lim-
ited. Following laparoscopic surgery, recurrence has been observed in
7-30% of patients within 3 years, and 40-50% after 5 years (Seracchioli
et al, 2010). Recurrence in endometriosis only treated by medications
reaches up to 50% within the first 2 years following treatment (Nisolle-
Pochet et al., 1988; D’Hooghe et al., 2004). Endometrioma recurrence
affects between 12 and 32% of women, and pain reappears in 34—73%
(Busacca et al., 1999, 2006; Koga et al., 2006; Liu et al., 2007). As
current long-term treatment success rates are rather frustrating, it is
important to consider future areas of research. Pregnancy repre-
sents a unique in vivo model to investigate the growth dynamics of
endometriotic lesions in a specific hormonal, immunological and meta-
bolic environment.

Although women with endometriosis may have been encouraged
to consider pregnancy as part of their efforts to reduce endometri-
osis and its symptoms, a recent review (Leone Roberti Maggiore
et al., 2016) reported that endometriotic lesions in pregnancy are
associated with a range of obstetric problems.

The objective of our review is to summarize all the available epi-
demiological studies on the effect of pregnancy and lactation on
endometriosis. Findings are here presented on disease progression
during and after pregnancy as well as the effect of pregnancy on
symptom remediation.
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Methods

A literature search of the PubMed database was performed including
studies from 1966 until May 2017 in English, German and French. To
investigate the effect of pregnancy on the development of endometriosis,
the search terms were the following: ‘endometriosis’ or ‘endometrioma’
or ‘endometriotic’; ‘pregnancy’; ‘other’: cyst, decidualized, decidualiza-
tion, postpartum, prevalence, sono-morphology, sonography, pain, lacta-
tion, breast-feeding and amenorrhoea. An ‘endometriosis’ set element
AND a ‘pregnancy’ set element were always included in title, abstract or
all fields, where capital letters indicate Boolean connectors. We searched
for either these two terms alone or together with one of the remaining
set elements (‘other’) in the title. All studies were screened by the
abstract and title. Eligible articles were read and the relevant information
was extracted. References of these articles were also screened, to iden-
tify relevant secondary literature. The main inclusion criterion for clinical
results was relevant information about the impact of pregnancy on the
development of endometriosis. Studies on the reverse question (i.e. the
effect of endometriosis upon pregnancy and pregnancy complications)
were not part of the present review (Leone Roberti Maggiore et dl.,
2016). However, to present our findings in the context of counselling
women who consider a pregnancy in the context of endometriosis, we
also include some key findings on endometriosis-related pregnancy com-
plications in the discussion. We included observational studies irrespect-
ive of the number of included cases.

We used a quality assessment tool for non-randomized studies (the
Strengthening the Reporting of Observational Studies in Epidemiology—
STROBE) (von EIm et al., 2007), which we applied to the observation
studies with the exception of case reports of small series. This tool was
applied by one of the authors (B.L.).

Results

Five observational studies that included a total of |41 study partici-
pants were identified (McArthur and Ulfelder, 1965; Ueda et dl.,
2010; Benaglia et al., 2013; Pateman et al., 2014; Bailleux et al., 2015)
and four were of medium and one of low quality according to the
STROBE criteria (von Elm et al., 2007) (Table I). We also included 28
case reports or small case series and six studies on decidualization
and histology of endometriotic lesions in pregnancy, as well as eight

studies on the role of pregnancy in the initial development and recur-
rence of endometriosis.

Studies in pregnant women that report
endometriosis before, during and/or after
pregnancy

Regression and disappearance

There were five studies on growth characteristics of endometriotic
lesions during pregnancy and the postpartum period (Table ). A sum-
mary of all findings on the development of endometrioma (e.g. lesions
for which exact sonographic measurements were available) from both
cohort studies and case reports is presented in Table Il. Some of the
lesions regressed or even disappeared completely, while others
remained stable or increased during pregnancy. Altogether, 15-50% of
the lesions disappeared completely (Ueda et al., 2010; Benaglia et dl.,
2013; Bailleux et al., 2015) and 34-64.7% regressed in pregnancy
(Pateman et al., 2014; Bailleux et al., 2015). Several case reports also
report regression of endometrioma in pregnancy (Gregora and Higgs,
1998; Guerriero et al., 2005). A reduction in lesion size has also been
reported in non-ovarian lesions such as the bladder or the umbilicus
(Mdiller, 1939; Rubegni et al., 2003; Razzi et al., 2004).

Several early case reports describe regression of endometriotic
lesions during the early puerperium (Hay, 1939; Portes and Varangot,
1939; Portes et al., 1939; Mocquot and Musset, 1949). Gainey (Gainey
et al, 1952) recorded a marked involution of endometriosis 8 months
postpartum in a non-breast feeding woman. A recent study demon-
strated reduction of lesion sizes of between 45.9 and 88.5% in 16% of
the women who attended for postnatal scans, i.e. in 84% of the women
lesions did not regress (Pateman et al., 2014). Also, lesions gradually
decreased and/or disappeared after delivery in four cases managed
expectantly with follow-up by MRI for | year or more (Takeuchi et dl.,
2008). In agreement with these findings, 40% of the suspected endo-
metriomas visualized prior to successful IVF could not be detected
[2—18 months after pregnancy (Benaglia et al., 2013). In the same study
the number of ovarian cysts was reduced in three cases (13%), but 8%
of the women developed additional lesions up until 12—18 months after
delivery. Unfortunately, there is no information on whether these
lesions developed during or after pregnancy. Altogether, the few

Table | Studies on the longitudinal development of endometriotic lesions during pregnancy and the postnatal period.

Study N N Type of Focus on development of Time of Type of Study
pregnant endometriotic lesion endometriosis in pregnancy investigation study quality®
women lesions

Bailleux et al. 46 53 Ovarian Yes 2004-2013 Retrospective Medium
(2015) endometriosis cohort study
Benagliaetal. 24 40 Ovarian No: one measurement in and one 2006-2008 Prospective Medium
(2013) endometriosis  measurement 3—9 months after pregnancy cohort study
McArthurand 23 25 Any type of Yes 1913-1965 Review Low
Ulfelder (1965) lesion

Pateman etal. 24 34 Ovarian Yes 2009-2013 Retrospective  Medium
(2014) endometriosis cohort study

Ueda et al. 24 25 Ovarian Yes 1996-2007 Retrospectice  Medium
(2010) endometriosis cohort study

*Quality was assessed using the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) criteria (von Elm et al., 2007).
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Table Il Summary of findings on the development of endometrioma.

Study N Time of investigation Increase No Decrease, Disappearance Study
n (%) change n (%) n (%) quality
n (%)

Bailleux et al. (2015) 33 Second trimester 8 (24) 9(27) I'1(34) 5(I5) Medium

I3 Third trimester 5@39) I (17) 5(39) 2 (15)

I5 Postpartum I (7) 5@33) 9 (60)
Gregora and Higgs (1998) 2 Second trimester 2 (100) Low
Pateman et al. (2014) 34 Whole pregnancy 3(8) 9(27) 22 (65) Medium
Ueda et al. (2010) 25 Every 4-8 weeks from prior to pregnancy/first 5 (20) 7 (28) 13 (52) Medium

trimester till surgery (N = 3) or postpartum period
N=22)

Benaglia et al. (2013) 24 Postpartum 2 (8)* 8 (33" 3 (I13)° 11 (46)* Medium
Phupong et al. (2004) | Second and third trimester 1 (100) Low
Iwamoto et al. (2006) | Second trimester I (100) Low
McArthur and Ulfelder (1965) 16 First trimester 12 (75) 0 (0) 4 (25) Low

14 Second trimester 5 (36) I (7) 8 (57)

Il Third trimester 2 (18) 0 (0) 9 (82)

I5 Postpartum 6 (40) I (7) 8 (53)
Fruscella et al. (2004) 2 Second trimester 2 (100) Low
Guerriero et al. (2005) 2 Whole pregnancy I (50) I (50) Low
Miyakoshi et al. (1998) | Second trimester | (100) Low
Sammour et al. (2005) 2 Second trimester I (50) I (50) Low
Garcia-Velasco et al. (1998) | First trimester | (100) Low
Coccia et al. (2012) 3 First, second and third trimester 1 (33) 2 (67) Low

?Reduction in number of cysts (not size).

available, and methodologically very different, studies on the develop-
ment of endometriotic lesions in the lactation period allow no final con-
clusion to be reached on the effect of breast feeding on the biological
behaviour of endometriosis.

Progression

Between 8.8 and 39% (Ueda et al., 2010; Bailleux et al, 2015;
Pateman et al., 2014) of endometriomas increase during pregnancy.
Different case reports describe growth of endometriotic lesions with
subsequent surgical interventions during pregnancy (Garcia-Velasco
et al, 1998; Fruscella et al, 2004; Gregora and Higgs, 1998;
Miyakoshi et al., 1998; Phupong et al., 2004; Sammour et al., 2005;
Ueda et al., 2010). Lesions ultimately resulting in haemorrhage seem
to be able to develop during pregnancy even without any prior evi-
dence of endometriosis (Bashir et al., 1995). Growth of non-ovarian
lesions during pregnancy may occur in the abdominal cavity, the blad-
der and the umbilicus (McArthur and Ulfelder, 1965; Chertin et al.,
2007; Wiegratz et al., 2008). However, pregnancy-related abdominal
distension might facilitate diagnosis of otherwise asymptomatic umbil-
ical nodules (Rubegni et al., 2003). Lesions may also increase initially
and regress later (Ueda et al., 2010). Endometriosis seems to be cap-
able of lymphatic spread, even during pregnancy (Beavis et al., 201 1).

Stability
Just over 25% of endometriomas are reported to be unchanged dur-
ing pregnancy (Ueda et al., 2010; Pateman et al., 2014; Bailleux et dl.,

2015). Case reports of pregnant women with deep infiltrating lesions
in the retroperitoneal space, or endometriomas, similarly reported a
lack of clinical or morphological changes in pregnancy (Skidmore
et al., 1996; Guerriero et al., 2005; Coccia et al., 2012).

Factors influencing the development
of endometriosis in pregnancy

While demographic factors, such as patients’ age, have no influence
on the development of endometriotic lesions during pregnancy (Ueda
et al., 2010), a variety of pregnancy- and endometriosis-associated fac-
tors seem to be involved.

Gestational age

Regression of endometriotic lesions has been reported to occur in all
trimesters (Bailleux et al., 2015). In the few available human studies,
the identification of significant regression of endometriotic lesions in
the first trimester was rare but more likely in the second/third tri-
mester or even in the lactation period (Gainey et al., 1952; McArthur
and Ulfelder, 1965; Ueda et al., 2010; Bailleux et al., 2015).

Disease stage

Moen and Muus (1991) found an earlier stage of endometriosis in
women with an unwanted pregnancy than in non-pregnant women,
when performing laparoscopic sterilization. As it seems unlikely that
fibrosis and pigmentation disappear in the first 3 months of gestation,
the authors assume that differences in endometriosis stages are likely
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a result of advanced endometriosis causing infertility. For the inter-
pretation of these results, we note that women undergoing steriliza-
tion are almost always multiparous.

Initial size of lesion

The initial size of an endometriotic lesion seems to be unrelated to
future development throughout pregnancy (Ueda et al., 2010). Cysts
reported to have vanished during pregnancy were rather small (15 +
5mm) in one study (Benaglia et al, 2013), but another study
reported a decrease in 34%, or disappearance in 15% out of 46 ovar-
ian cysts, with 98% of them being <100 mm (Bailleux et al., 2015).
Unfortunately, the authors did not reveal more detailed information
on differences in initial size between lesions which regressed and
those which remained stable or increased.

Histological characteristics

Specific histological characteristics might explain variability in the
development of endometriotic lesions during pregnancy (Barbieri
et al, 2009; Ueda et al., 2010; Benaglia et al., 2013). For example,
only lesions prone to decidualization or possessing a certain quantity
of mucosa may shrink and vanish (Brosens et al., 2009a; Ueda et dl.,
2010; Benaglia et al., 2013). This is in accordance with endometriosis
in some cases not responding to either normal cyclic variations in
hormones (Bergqvist et al., 1984; Brosens et al., 1987; Metzger and
Haney, 1988) or to exogenous hormonal therapy (Yap et al., 2004;
Dunselman et al., 2014).

Morphological changes of endometriotic
lesions in pregnancy

In pregnancy, endometriotic lesions may undergo extensive changes in
dimension, structure and vascularization, which hamper their differenti-
ation from malignant ovarian tumours (Barbieri et al., 2009; Pateman
et al., 2014; Leone Roberti Maggiore et al., 2016). Lesions may become
more homogeneous and less fibrotic-like with less evident limits of
nodules and band-like echoes (Coccia et dl., 2012). Sono-morphological
changes may be reversible (Barbieri et al., 2009). The frequency of
sono-morphological changes seems to vary between 0 and 12% (Ueda
et al.,, 2010; Benaglia et al., 2013). In addition, the type of lesions seems
to be associated with pregnancy. Women presenting for sterilization in
combination with termination of an unwanted pregnancy presented
with more superficial, non-pigmented, gland-like lesions than a non-
pregnant comparison group (Moen and Muus, 1991).

Effect of pregnancy on endometriosis-
associated pain

Pregnancy has been reported to relieve endometriosis-related pain
(Missmer et al, 2004; Koga et al, 2006; Barbieri et al., 2009; Porpora
et al., 2010; Coccia et al., 2012). Small series and case reports support the
resolution of symptoms, e.g. in deep infiltrating endometriosis or cervical
endometriosis during and after pregnancy (Ganesh and Chakravarty, 2007;
Coccia et al., 2012). However, it remains an open question as to the asso-
ciation between endometriosis and pain during pregnancy, and subfertility
biases this effect. Pregnancy following endometriosis surgery is also asso-
ciated with a reduction of pain (Porpora et al., 2010). A long-term study
on risk factors for the recurrence of endometriosis-associated pain after

surgery showed no differences in pregnancy rates between women devel-
oping recurrence of pain symptoms and those who remained pain-free
(Coccia et al., 201 1). While Mdiller (1939) describes a case with regression
of endometriosis-associated dysuria in pregnancy, Chertin et al. (2007)
presents a case of increasing dysuria during pregnancy as a result of a
growing decidualized endometriotic lesion in the bladder. Rectal and
umbilical endometriosis appears to be associated with increased pain dur-
ing pregnancy (Ganesh and Chakravarty, 2007; Wiegratz et al., 2008). Of
[4 pregnant women with endometriosis-associated pain, but without
either endometriomas or adenomyosis, three women described a loss or
decrease of pain and two women an increase of pain in association with
pregnancy (McArthur and Ulfelder, 1965). In 7-33% of women diagnosed
with endometriosis, endometriosis-associated pain was the reason for
evaluation of the ovaries in pregnancy (Pateman et al, 2014; Bailleux
etal., 2015). Available studies lack information on the chronological devel-
opment of endometriosis-related pain and the duration of symptom
remediation during pregnancy and following delivery, which limits our
understanding of the possible effect of pregnancy on endometriosis-
related pain. Altogether, the results on the correlation between preg-
nancy and endometriosis-associated pain are controversial and there is
no evidence that pregnancy will generally help to reduce endometriosis-
associated pain.

Endometriosis-related pregnancy
complications

Pregnancy complications caused by endometriosis have recently been
reviewed by Leone Roberti Maggiore et al. (2016). The most fre-
quent complications were:

— rupture of endometriomas

— intestinal perforation (colon, appendix, sigmoid)

— spontaneous hemoperitoneum/rupture of uterine and non-uterine
blood vessels

— infection of endometrioma/development of (ovarian) abscess/
appendicitis

— uterine haemorrhage

— spontaneous pneumothorax

— uroperitoneum

— rupture of fallopian tubes.

Enlargement of endometrioma and changes of sonographic morph-
ology are the most frequent reasons for surgical interventions during
pregnancy. The risk for placenta praevia is increased by a factor of
nine, especially in case of rectovaginal endometriosis. With regard to
perinatal outcome, some studies support the association between
endometriosis and an increased risk for spontaneous miscarriage
(Corson, 1986), preterm birth, small for gestational age babies, uter-
ine rupture and the necessity of a caesarean section (Leone Roberti
Maggiore et al., 2016). Also, subfertility has been associated with
adverse pregnancy outcome (Luke et al., 2017).

Histology of endometriotic lesions
in pregnancy
Decidualization

Decidualization includes the increase of glandular epithelial secretion,
vascular remodelling, accumulation and adaptation of immune cells, as
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well as the differentiation of stromal fibroblasts into large, round
secreting epitheloid decidual cells (Gellersen et al., 2007; Barbieri
et al., 2009; Brosens et al., 2009b; Canlorbe et al., 2012). Molecular
alterations involve adhesion, angiogenesis, steroid receptor expres-
sion, steroid metabolism, cell cycle regulation, changes in extracellular
matrix, and expression of growth factors, cytokines and their recep-
tors (Gellersen and Brosens, 2003; Kobayashi et al., 2014). Interestingly,
the expression patterns of the endometriosis-associated genes resemble
those of the decidualization process (Kobayashi et al., 2014). However,
more than half of the steroid hormone-regulated genes overexpressed in
decidualization are prominently down-regulated in endometriosis. In con-
trast, a majority of adhesion molecules involved in decidualization to pre-
pare for implantation of a blastocyst are also elevated in endometriosis.

An early literature review reported decidua formation in 40—100%
of ovarian biopsies, and 65% of examinations from the posterior uter-
ine serosa in pregnancy (Scott, 1944). A more recent study depicted
a decidual reaction in 31% of peritoneal biopsies from pregnant
women without verified endometriosis (Moen and Muus, [991).
Decidualization is often associated with an increase in size of endo-
metriotic lesions (Fruscella et al., 2004; Pateman et al., 2014). It may
lead to sono-morphological changes, which are difficult to distinguish
from the characteristics of malignant lesions, e.g. thick and irregular
inner walls, papillary projections and high vascularity on Doppler
examination (Pateman et al., 2014) (Fig. ).

Although endometriotic lesions in pregnancy may present a decidual
reaction similar to changes in the eutopic endometrium (Flieder et al.,
1998; Fair et al, 2000; Beavis et al, 2011; Leone Roberti Maggiore
et al., 2016), not all endometriotic lesions seem to decidualize during
pregnancy (Moen and Muus, 1991; Setibal et al., 2014; Leone Roberti
Maggiore et al, 2016). Depending on the diagnostic criteria applied,
decidualization can be demonstrated in up to 77% of endometriomas,
with a broad range between 0 and 77%, and also in peritoneal, cutane-
ous, vesical and pulmonary endometriotic lesions (Moen and Muus,
1991; Ueda et al., 2010; Pateman et al., 2014; Bailleux et al., 2015;
Leone Roberti Maggiore et al., 2016; Lier et al., 2017).

Some authors assume that initial enlargement of endometriotic
lesions as a consequence of decidualization and infiltration with immune
cells is the first step towards ultimate regression (Takeuchi et al., 2008;
Barbieri et al, 2009; Ueda et al., 2010; Benaglia et al, 2013). The
strongly decreased ability of decidualized tissue to transplant with
ongoing gestation (Scott and Te Linde, 1954) will likely reduce the risk
of developing new lesions.

Atrophia and necrosis

Histopathological studies of endometriotic lesions during human preg-
nancy show an atrophic epithelial lining (Clement, 1977; Nakatani
et al., 1987; Razzi et al., 2004), which is surrounded by nodules of
strongly decidualized endometrial stroma, oedema and haemorrhagic
changes from the mucosal lining to the serosal surface of the lesion
(Schweitzer et al., 2006). A tendency towards fibrosis has been described
(McArthur and Ulfelder, 1965; Schenken et al., 1987). Clement (2007)
emphasizes that diagnosis of endometriosis in pregnant women may be
missed on microscopic examination because the flattened epithelial cells
can be mistaken for endothelial or mesothelial cells, leading to a diagno-
sis of ectopic decidua rather than endometriosis. However, other stud-
ies have also found pregnancy to be associated with increased cell
proliferation in both stromal and glandular tissue (Cohen et dl., 2014).

Altogether, although some of the data support an atrophic effect of
pregnancy-associated changes on endometriotic lesions, not all lesions
show this effect.

According to McArthur and Ulfelder (1965) endometriotic lesions
shrink by means of necrosis, with contraction in the third trimester
and postpartum. Other authors have confirmed necrosis of decidual
cells in pregnancy (Clement, 2007). However, histological evaluation
of endometriotic lesions of other cases (rectovaginal septum) (Hay,
1939; Mocquot and Musset, 1949), the right lateral cul-de-sac (Portes
and Varangot, 1939; Portes et al, 1939) and the lung (Mobbs and
Pfanner, 1963) showed no necrosis in any of the lesions except for
one pulmonary endometriotic lesion resected at 30 weeks gestation.
Consequently, data on the effect of pregnancy on necrosis of endo-
metriotic lesions are currently controversial.

Long-term effects of pregnancy on
endometriosis and disease recurrence after
delivery and lactation

Only a few studies have addressed long-term recurrence rates of
endometriosis following pregnancy. Evaluation of causal effects is ham-
pered by the fact that initial endometriosis stage strongly influences the
likelihood of pregnancy (Dunselman et al., 2014). Recurrence of surgi-
cally confirmed endometriosis is reported to be significantly lower in
women becoming pregnant than for women with no pregnancy in a 2-
(Koga et al., 2006), 4- (Busacca et al., 2006) or 6-year (Coccia et dl.,
201 1) observation period. None of 28 women spontaneously conceiv-
ing within 2 years of endometriosis surgery had sonographically visible
recurrences of ovarian endometrioma after delivery, but unfortunately
comparable data for the 24 women not achieving the desired pregnancy
are not reported (Porpora et al., 2010). Also, an increasing number of
births seems to be associated with a lower risk for the development of
endometriosis (Parazzini et al., 1995; Sangi-Haghpeykar and Poindexter,
[995; Missmer et al., 2004). Interestingly, the recurrence rate of endo-
metriosis after vaginal delivery is significantly lower than after caesarean
section or in nulliparous women (Bulletti et al., 2010). A possible explan-
ation could be that a larger opening of the cervix allows facilitated men-
strual flow and consequently a reduction of endometrial fragments
reaching the abdominal cavity (Bulletti et al., 2010).

Few authors (Hay, 1939; Mocquot and Musset, 1949; Barbieri
et al., 2009) have followed women with endometriosis through suc-
cessive pregnancies: with one patient showing no differences in dis-
ease symptoms and another woman presenting regression of large
lesions in a second pregnancy, the development of endometriotic
lesions seems to be rather individual. In the third case presented, a
pre-existing endometrioma could be observed through a first preg-
nancy ending in a spontaneous miscarriage at 10 weeks of gestation
and a following ongoing pregnancy 9 months later (Barbieri et dl.,
2009). While the endometrioma showed rapid growth of richly vas-
cularized intracystic excrescences in the first pregnancy, it resumed
the typical appearance of an ovarian endometrioma until 6 weeks
after curettage, remained unmodified during the following 6 months
and presented regression in size as well as lack of intracystic excres-
cences until 15 weeks of gestation of the following pregnancy, when
the latest ultrasound was performed (Barbieri et al, 2009). This
shows that even the same endometrioma can show different growth
dynamics in comparable conditions. Interestingly, in the same woman
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Figure | Sonographic appearances of decidualized endometrioma. Unilocular cysts containing hyperechoic fluid and an irregular internal wall with
prominent echogenic rounded papillary projections (A). The papillary projections were typically highly vascular on Doppler examination (B and C).

Reprinted with permissions from Pateman et al. (2014).

different endometriomas may also show different developmental
characteristics in pregnancy: one case report (Guerriero et al., 2005)
presented an endometrioma in one ovary whose sonographic
appearance was typical and did not change, while the other ovary
showed an endometrioma with extensive changes during pregnancy.
Another case report described moderate growth of endometriomas
on both ovaries (Fruscella et al., 2004).

Discussion

Although gynaecologists often advise women that pregnancy has a bene-
ficial effect on endometriosis, few studies confirm this association. Owing
to the paucity and limited quality of the data, we can conclude that the
behaviour of endometriotic lesions during pregnancy seems to be vari-
able, ranging from complete disappearance to increased growth. Despite
some of the early authors questioning a positive effect (McArthur and
Ulfelder, 1965; Schenken et al., 1987), the idea to recommend preg-
nancy as part of the treatment strategy for endometriosis persists to this
day (Rubegni et al., 2003; Coccia et al., 2012; Benaglia et al., 2013).
The few favourable early observations and very limited options to
treat endometriosis seem to have generated the myth of a beneficial
effect of pregnancy and initiation of the so-called ‘pseudopregnancy’
therapy. Endometriosis is associated with infertility, and a lower preva-
lence of endometriosis in pregnant than in non-pregnant women may
have led clinicians and scientists to the view that pregnancy has a posi-
tive effect against the disease.

Available studies on the association between pregnancy and endo-
metriosis are very heterogeneous and are often isolated cases or small
case series. They focus on associations between pregnancy and growth
of endometriosis, and only a few studies evaluate pregnancy and
endometriosis-related pain, which is only weakly correlated with lesion
size. Most studies concentrate on endometriomas and do not provide
information on non-ovarian lesions. Systematic studies on the effect of
first versus subsequent pregnancies or specific characteristics of lesions
are lacking completely and the influence of endometriosis on the
chance to conceive is only rarely taken into consideration. Studies vary
widely with regard to size and type of study group, disease phenotypes,
choice and definitions of parameters, analytic approaches, and natural
or ART conception as well as the choice of controls, which strongly
hampers the comparison of different study results. The necessity of
surgical confirmation of endometriosis for a reliable diagnosis means

that detection and selection bias are likely. The time intervals between
surgery and conception and whether endometriotic lesions were only
diagnosed or (partly) excised are rarely reported, which impedes a dif-
ferentiation between effects of surgery and of pregnancy. Generally,
symptoms are not evaluated systematically and/or by validated instru-
ments, e.g. information on changes in symptoms during and after preg-
nancy is not very reliable. Additionally, findings were often collected
when the diagnostic options were limited, e.g. no or very low-quality
ultrasound and no MRI to conduct reliable long-term observations of
endometriotic lesions throughout and after pregnancy were available.
The investigation of adnexal tumours was, and still is, not a routine
element of the first and later ultrasounds in pre-natal care (Barbieri
et al, 2009; Leone Roberti Maggiore et al., 2016). Very likely larger
tumours, especially when showing signs of decidualization mimicking
malignancy, will be referred more often for specialized gynaecology
examination (Barbieri et al., 2009; Pateman et al., 2014; Leone Roberti
Maggiore et al., 2016). Such tumours and those resulting in pain or
obstetrical complication will therefore appear more often in retro-
spective analysis and add to bias.

The first trimester visualization of endometrioma is challenging. As
peritoneal or intestinental lesions are already difficult to detect by ultra-
sound outside pregnancy, a correct observation throughout pregnancy is
more than questionable. As a consequence, current knowledge on the
development of endometriotic lesions during and after pregnancy pre-
dominantly relies on the development of endometrioma. The limited
diagnostic quality of imaging techniques does not allow us to differentiate
between regression and complete disappearance of lesions. Therefore,
endometriomas or other endometriotic lesions which became undetect-
able after pregnancy might in fact still be present but radically reduced,
and below the detection limit (Benaglia et al., 2013). Also, with a regres-
sion from 20 + 9 mm before pregnancy to 18 + 7mm (N = 21I) after
pregnancy (Benaglia et al., 2013) the clinical relevance of such regression
is questionable.

The limited reliability to sonographically differentiate between endo-
metriosis and other benign or malignant adnexal tumours and the fact
that lesions other than endometriomas may also increase in size during
pregnancy (Machida et al., 2008), further hampers any final conclusion
on the effect of pregnancy on the development of endometriosis. Thus,
it remains unclear, whether all the changes described in the available
studies should be attributed to endometriotic lesions. Data are even
more sparse when it comes to long-term development of endometri-
osis after one or several pregnancies.
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Pregnancy-associated amenorrhoea likely decreases the risk for new
lesions, i.e. lack of endometriotic fragments makes the initiation of new
lesions through transplantation improbable (Meresman et al., 2002;
Bulun, 2009; Ueda et dl., 2010; Beavis et al., 201 I). Interruption of cyclic
changes at ectopic endometrial sites may reduce lesions size and induce
the regression of disease symptoms (Ueda et al., 2010; Coccia et dl.,
2012).

Further mechanisms suggested to be potentially involved in the
modification of size of endometriosis lesions in pregnancy are variations
of cervix and uterus size throughout pregnancy, mechanisms of
oedema absorption and fibrosis retraction (Coccia et al, 2012).
However, any detailed insight into the nature of such changes is cur-
rently lacking. Moreover, vaginal parturition enlarges the internal ostium
of the uterine cervix and might decrease endometriosis recurrences by
reducing tubal transportation of endometrial debris, so that the likeli-
hood of developing new lesions via transplantation might drop after a
first vaginal delivery (Bulletti et al., 1997).

The beneficial effect of pregnancy on endometriosis-associated pain
seems to be related to a decrease in the intra- and perilesional inflam-
matory condition and to reduced production of prostaglandins and
cytokines (Herrmann Lavoie et al., 2007). A reduction in lesion size
might contribute to a reduction of endometriosis-associated symptoms.
However, higher endogenous estrogen production has also been
reported to modulate chronic pelvic pain through neuropathic mechan-
isms involving changes in the peripheral nervous system that sensitize
the central response: estrogens modulate nociceptive responses in
functional pain syndromes (Craft, 2007). They seem to be directly and
indirectly involved in nerve fibre modulation, in particular in sympa-
thetic nerve spouting as part of pain signalling in endometriosis
(Morotti et al, 2014). In agreement with these findings, hormonal
treatments may reduce nerve fibre density in eutopic and ectopic
endometrium (Tokushige et al., 2008, 2009).

Nowadays, many women with endometriosis achieve a pregnancy
and with the improving success rates of ART in those who do not con-
ceive spontaneously, clinicians are increasingly often confronted with a
combination of pregnancy and endometriosis (Dunselman et al., 2014).
Therefore, future methodologically well designed (correctly powered,
systematic evaluation of endometriotic lesions and endometriosis-
related symptoms, consideration of surgical, hormonal and other ther-
apies, etc.) longitudinal long-term studies, ideally beginning prior to a
first pregnancy should provide more information about the natural his-
tory of endometriomas and other endometriotic lesions during preg-
nancy and the lactation period as well as on the long-term development
of endometriosis after pregnancy. A particular field of interest is the
decidualization of endometriotic lesions, e.g. the question of why decid-
ualization occurs in only some of the endometriotic lesions and whether
it results in the ultimate regression of lesions, as cells become terminally
differentiated and consequently have a limited survival time (Koch,
2013). Another open question is whether any regression of endome-
triotic lesions observed during pregnancy represents only a pregnancy-
related, temporary change or a final development towards necrosis and
actual disappearance of lesions. The investigation of whether local adap-
tation to the embryo has any systemic effect on endometriotic lesions
will allow a better understanding of interaction between pregnancy and
the development of endometriosis and also allow a better understand-
ing of factors involved in the development of endometriosis.

Conclusion

Based on the limited and poor-quality available evidence, pregnancy
does not seem to systematically result in benefits for women with endo-
metriosis (McArthur and Ulfelder, 1965; Schenken et al., 1987; Roman
et al., 2007). While some lesions show regression, others remain stable
or increase. Available knowledge on the pathophysiology of pregnancy/
lactation and endometriosis does not contribute to an understanding of
why endometriotic lesions should regress or disappear during preg-
nancy/lactation. As the aetiology of endometriosis is only partly under-
stood, a precise understanding of the interactions between pregnancy
and endometriosis seems unlikely in the near future. The only clear
beneficial effect is the lack of new endometrium fragments distributed
into the abdominal cavity as a result of amenorrhoea. As endometriosis
in pregnancy is associated with rare but often severe complications, the
few observed beneficial effects on disease development and clinical
symptoms should carefully be balanced against potential harms. Given
the highly variable effect of pregnancy on endometriotic lesions and the
likely recurrence of pain symptoms some time after childbirth, women
should be advised not to discontinue periodic evaluations, and possibly
medical treatment, after parturition, in the conviction of having being
cured by pregnancy itself.
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