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a b s t r a c t

When evaluating the correlation between endometriosis and
infertility with application of the evidence-based guidelines to
establish causality in medicine, it becomes apparent that endo-
metriosis causes infertility. This is supported by a strong and
consistent association between the two in various settings (prev-
alence, natural conception, intrauterine insemination (IUI), and
assisted reproductive technologies (ARTs)), evidence for a tempo-
ral relation, arguments for a dose-response gradient, and proven
effects of the removal of lesions on infertility. Next to surgical
treatment of endometriosis lesions, medically assisted reproduc-
tion treatments such as IUI and ART such as in vitro fertilization are
cornerstones of the management of endometriosis-related infer-
tility. Because the revised American Society for Reproductive
Medicine (rASRM) staging system is poorly correlated with preg-
nancy rates as opposed to the Endometriosis Fertility Index (EFI),
the latter should be used as the preferred clinical tool to counsel
patients on their postoperative fertility management options.
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Introduction

Endometriosis is a disease characterized by the development of endometrial tissue outside the
uterus, thus forming different lesion types (peritoneal, deep, and cystic ovarian) that induce a chronic
inflammatory reaction, which leads to pain and infertility [1], although the frequency of these
symptoms can vary. In healthy women, the monthly fecundity rate (MFR) is approximately 15e20% per
month, which decreases as the age advances. Inwomenwith endometriosis, this rate can be reduced to
2e10%, especially when they have more advanced disease [2,3]. Although it is estimated that between
2% and 10% of women of reproductive age have endometriosis [4,5], its true prevalence remains un-
known [6]. The latter can be largely explained by the fact that the golden standard for diagnosis is still a
direct visualization of lesions by means of a laparoscopy (especially when only peritoneal lesions are
present), which is invasive and costly. Whereas in the 1990s, laparoscopy was a key step in the routine
fertility investigation, currently the focus of infertility treatment has shifted toward medically assisted
reproduction (MAR) instead of systematic correction of identified factors, thus resulting in an
increasingly higher threshold to be performed in the infertile population [7,8].

Endometriosis and infertility are both multifactorial; therefore, several mechanisms have been
proposed to explain why endometriosis may cause infertility [9]. Treatment of endometriosis lesions
can be either medical or surgical. However, because all medical treatments (except analgesics) have a
contraceptive effect by blocking ovarian activity, they are not indicated for women with a desire to
become pregnant [5]. Therefore, surgical treatment seems the most likely option for lesion-targeted
treatment of endometriosis-associated infertility, next to MAR which focuses more on the infertility
per se.

This review aims to summarize any evidence of a causal link between endometriosis and infertility,
and it evaluates critically the clinical management options for women with fertility problems in
different scenarios of endometriosis.

Endometriosis causes infertility

Establishing a causal relationship between endometriosis and infertility is more than confirming a
simple association and requires the application of evidence-based principles for causation in medicine
[10e12], of which themost relevant ones (as summarized in Table 1) will be highlighted. On the basis of
the evidence discussed, abundant arguments support the theory that endometriosis causes infertility.

First, the type and quality of the association between endometriosis and infertility should be
evaluated. Because of obvious ethical considerations, evidence from true experiments to evaluate the
Table 1
Summary of evidence-based criteria supporting a causal relationship between endometriosis and infertility.

Criteria assessed Result

Type of association between endometriosis and infertility?
Evidence from true experiments in animals Yes
Evidence from true experiments in humans No data
Strength of association (level of evidence) Mainly retrospective data
Comparability of groups and outcomes Moderate
Consistency of association: endometriosis vs. no endometriosis
-prevalence Increased
-spontaneous conception Decreased
-reproductive outcome of IUI Decreased
-reproductive outcome of ART Decreased
Temporal relation between endometriosis and infertility? Present
Dose-response gradient? Present (weak correlation possibly

due to classification system used)
Does the association make sense?
Epidemiological sense (prevalence, …) Yes
Biological sense Yes
Effect of removal (/reintroduction) of cause? Yes, for removal
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causal link between endometriosis and infertility do not exist in humans but are only available by
means of the study of animal models, of which the nonhuman primate model of the baboon appears to
be the most interesting one because of their similarity to humans with regard to phylogenetics,
reproductive anatomy and physiology, the presence of spontaneous endometriosis, and the ability to
induce endometriosis [13]. Indeed, pelvic inflammation, systemic immunological changes, and endo-
metrial changes occur after the induction of endometriosis as in the case of spontaneous endometriosis
[13], and endometriosis-associated infertility has been observed in baboons with both spontaneous
and induced endometriosis, possibly related to ovulatory dysfunction [13e15]. As in humans, adeno-
myosis may act as an important confounder [16].

Evidence of a higher prevalence of endometriosis in the infertile versus the fertile population also
supports a causal link between endometriosis and infertility. In prospective baboon studies, it has been
shown that the cycle pregnancy rate is normal in baboons with minimal endometriosis (18% vs. normal
pelvis: 24%) but decreased in primates with mild (10%) and moderate-to-severe (9%) disease [14]. To
use the samemethodology in humans, ideally a large prospective observational cohort study should be
performed, comparing two groups of women (similar regarding age, BMI, coital activity, social class,
and male factor), with and without laparoscopically proven endometriosis, even prior to attempting
pregnancy, but again for obvious ethical reasons this is not possible. Next to this, important con-
founders to study the prevalence of endometriosis in the infertile population versus the general
population of reproductive age include the selective use of laparoscopy in the infertility investigation
and variability in patient recruitment, as well as less use of laparoscopy in women without fertility
problems who for example undergo laparoscopic sterilization [3]. Nevertheless, a higher prevalence of
endometriosis was found in the infertility population undergoing laparoscopy versus previously fertile
women undergoing sterilization, for example, when pooling the results for several retrospective
studies performed between 1988 and 2000 (fertile with endometriosis N ¼ 300/7983 (4%) vs. infertile
with endometriosis N ¼ 781/2371 (33%), p < 0.00001), as well as proportionally an increased preva-
lence of more advanced stages of endometriosis [3]. Additionally, the prevalence of endometriosis in
infertile population undergoing laparoscopy is usually cited to be at least 30% [3]. Evenwhen restricting
the studied population to those women with at least 12-month duration of infertility but normal
ovulation and normospermic partners, 47% will be found to have endometriosis on laparoscopy, of
which 63% cases will be of minimal-to-mild disease [17].

Consistency of the correlation between endometriosis and infertility at different outcome levels has
also been demonstrated.

Regarding spontaneous conception (evaluated by either cumulative pregnancy rates (CPRs) or
MFRs), most studies focus on minimal and mild disease. In past studies evaluating crude pregnancy
rate, MFR, and CPR in women with minimal and mild disease compared to women with unexplained
infertility, these outcomes are either similar or (not always statistically significant) lower in women
with endometriosis [3]. This unclear association might be due to statistical methodology, errors in
classifying the disease, or to the hypothesis that minimal endometriosis is associated with normal
fertility, whereas mild endometriosis is associated with reduced fertility [3]. However, a slightly more
recent retrospective study in 117 womenwith a follow-up of 3 years [18], showed a marked difference:
women with endometriosis were found to have a low cumulative probability of pregnancy compared
with women with unexplained infertility (36% vs. 55%; P < 0.05). Also interesting is a retrospective
study of patients on awaiting list for assisted reproductive technology (ART), where the hazard ratio to
become pregnant spontaneously in women with endometriosis was the lowest [19]. Data on sponta-
neous conception in untreated moderate/severe endometriosis compared to controls are sparse and
mainly very old but suggest that theMFR is lower in patients with mild-to-severe disease than in those
with minimal disease [3], although direct comparisons with unexplained infertility could not be found.

When concentrating on the effect of (surgically untreated) endometriosis on the pregnancy rates
after treatment with homologous intrauterine insemination (IUI), again older studies point toward a
negative effect of minimal/mild endometriosis compared to unexplained infertility, with halving of the
MFR [20,21]. Similar observations were found in controlled studies of women undergoing donor-IUI
[3], although it is not always clear whether the endometriosis lesions had been surgically treated or
diagnosed only. No data exist on IUI in women with untreated moderate/severe endometriosis.
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In ART, pregnancy rates have since long been assumed to be lower in patients with endometriosis
than in those with tubal infertility, evenworse for moderate to severe than for minimal to mild disease
[22], although inmore recent meta-analyses [23,24] these results could not entirely be confirmed: only
moderate and severe endometriosis were found to be associated with inferior outcome. The meta-
analysis by Harb et al. [23] excluded women who were surgically or medically treated for their
endometriosis before the start of ART, and found that the presence of moderate to severe endome-
triosis (revised American Society for Reproductive Medicine (rASRM) stage III/IV) is associated with
poor implantation and clinical pregnancy rates in women undergoing IVF treatment, although an
observed difference in live birth rate failed to reach statistical significance. It should be noted that one
major bias in the ART-literature on endometriosis is often the lack of a correct control group (i.e., where
the presence of endometriosis has been surgically excluded). This may be reflected by data from large
national databases suggesting that pregnancy rates in patients with endometriosis can be similar to
those without endometriosis [5].

Second, the temporal relationship between endometriosis and infertility should be judged

The early start of important and specific pain symptoms in adolescence and their association with
the later diagnosis of deep endometriosis already suggested a temporal relationship between disease
duration and severity [25]. More recently, a large prospective cohort study [26] of endometriosis and
subsequent risk of infertility (on data collected in 58427 women aged <40 years participating in the
Nurses' Health Study II), found a higher risk of subsequent fertility in women with laparoscopically
confirmed endometriosis, but only among women aged <35 years. This study further supports a
temporal association between endometriosis and infertility risk, due to its longitudinal data collection.

Third, any evidence for a dose-response gradient should be evaluated

This implies that a classification system should be in place that is not only descriptive and repro-
ducible, but able to be linked to infertility. For endometriosis, the revised ASRM classification system is
widely known and has since long been used in clinical practice as well as in research [27], but there
actually is a poor correlation with the chance of conception following therapy as acknowledged by
ASRM itself [9]. This does not necessarily exclude a dose-response gradient, because it could be sus-
pected from the data mentioned above that minimal to mild disease appears to have a less negative
impact on reproductive outcome in both spontaneous cycles and ART than moderate to severe disease
[23], and performing surgical treatment of lesions may introduce a bias in interpreting pregnancy rates
after surgical staging. It may well be due to the limitations of the staging system used rather than the
disease severity per se that a strongly negative correlation cannot always be confirmed.

Fourth, the association between endometriosis and infertility should make sense, not only epide-
miologically (as shown for example by the prevalence data above) but also biologically. For the latter, a
large body of evidence can be found in the literature, as for example has been extensively reviewed by
de Ziegler et al. [1] and Tabo & Fedorczak [6]. A list of possible biological explanations of a causal link
between endometriosis and infertility is summarized in Table 2: this includes pelvic cavity factors,
ovarian factors, uterine/endometrial factors, and genetic factors. Also pain may have an influence, in
particular dyspareunia, which may lead to reduced coital frequency and hence have an impact on the
chances of natural conception.

Lastly, evidence of effect of removal (and reintroduction) of the cause should be evaluated.
Considering removal of lesions for the treatment of infertility related to the less severe forms of
endometriosis, the use of laparoscopic surgery may improve future natural fertility. This is confirmed
by the Cochrane meta-analysis on this subject [28]. On the basis of moderate quality evidence from
three randomized controlled trials (RCTs), the authors conclude that laparoscopic surgery to treat mild
and moderate endometriosis, next to an overall reduction of pain, increases clinical pregnancy and live
birth or ongoing pregnancy rates when compared to diagnostic laparoscopy alone. Regardingmoderate
to severe endometriosis (which includes deep lesions and/or endometriotic cysts and/or obliteration of
the pouch of Douglas), in contrast to data on pain, the results of surgical excision on natural fertility are
less robust [5] because no RCTs exist, and observational studies are often flawed by not adjusting for



Table 2
Possible biological explanations for a causal link between endometriosis and infertility (based on [1] and [6]).

Pelvic cavity:
- chronic inflammatory changes in the peritoneal fluid affecting egg quality, folliculogenesis, and luteal function: prolif-
eration of macrophages and phagocytic dysfunction, release of proinflammatory and angiogenic factors

- changes in peritoneal fluid affecting sperm-oocyte interaction
- mechanical defects: distortion of normal anatomy of the fallopian tubes hindering tubo-ovarian contact
Ovaries:
- functional ovarian tissue (ovarian reserve) reduced by endometriomas and/or surgery, leading to decreased ovarian
response in ART

- ovarian dysfunction due to chronic inflammatory changes in the pelvis
- mechanical defects: ovaries embedded in adhesions hindering tubo-ovarian contact
Uterus:
- altered endometrial receptivity mainly due to chronic inflammatory changes
- autocrine production of estrogens and progesterone resistance
- dysperistalsis of the myometrium causing altered uterotubal transport
Genetic factors
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possible confounding factors [6] or underreporting of postoperative reproductive outcome variables
[29]. Nevertheless, even in the absence of controlled studies comparing reproductive outcome after
surgery and after expectant management in moderate to severe disease, evidence from uncontrolled
but high-quality studies showed crude spontaneous pregnancy rates to be significantly higher after
laparoscopic surgery than after expectant management [5]. Therefore, the European Society of Human
Reproduction and Embryology (ESHRE) guidelines conclude that in moderate to severe disease, cli-
nicians can consider operative laparoscopy to increase spontaneous pregnancy rates, while simulta-
neously recommending the referral of women with suspected or diagnosed deep endometriosis to a
center of expertise that offers all available treatments in a multidisciplinary context [5].

For obvious ethical reasons, human data on reintroduction of lesions are nonexistent, as are animal
data.

Clinical management of women with endometriosis and infertility

Strategies for tackling infertility in women with endometriosis are summarized in guidelines such
as the ESHRE guideline on the management of endometriosis [5]. In principle, four different strategies
can be used (expectant management, medical treatment, surgical treatment, and MAR) e if relevant,
combined with each other. MAR may include IUI and ART such as in vitro fertilization (IVF). However,
good quality evidence is often lacking to make sound clinical decisions on which type of treatment (if
any) should be offered to which subgroup of patients. Although management of endometriosis-
associated infertility has so far mainly been based on the rASRM classification, there actually is a
poor correlation with the chance of conception [9]. For patients who have already undergone lapa-
roscopic resection of endometriosis lesions, since its publication in 2010, the Endometriosis Fertility
Index (EFI) [30] is a very helpful tool for counseling on postoperative non-ART pregnancy rates. It is a
score ranging from 0 to 10 points, that consists of several parts: 5 out of 10 points are based on patient
characteristics such as age, duration of infertility, and history of pregnancy; parts of the rASRM staging
(endometriosis lesion score (< or�16) and total rASRM score (< or�71)) account for 2 out of 10 points,
and the remaining 3 points are based on the end-of-surgery qualitative visual assessment by the
surgeon of the adnexal function (“least function” score). The EFI was presented as a validated scoring
system that predicts pregnancy rates without the use of ART treatment in postoperative patients with
endometriosis, and takes into account all endometriosis rASRM stages [30]. Soon after its publication,
our group had successfully externally validated the EFI in a population of womenwith any rASRM stage
endometriosis and infertility [31], while further identifying the “least function score” as the most
important contributor to the predictive ability of the EFI. Since then, several other validations have
been published [32e38], leading to the validation of the EFI in more than 3000 patients. This confirms
the EFI as one of the major clinical innovations in endometriosis-related infertility management, and
strengthens its clinical usefulness as an instrument to either defer or swiftly advise on the start of ART
shortly after surgical excision of endometriosis lesions, instead of the rASRM system [39].
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Medical treatment

Medical treatment of endometriosis lesions e which in the currently available regimens always
suppresses ovarian functionewith the sole purpose of improving fertility after stopping the treatment,
even as an adjunct to surgical therapy, is not effective and should not be offered [5]. The possible role of
medical treatment as preparation for treatment with ART will be discussed later in this text.

Surgical treatment

Surgical treatment of endometriosis to enhance natural fertility, as mentioned above, has mainly
been shown effective in women with minimal and mild disease [5,28]. Before IUI, on the basis of a
retrospective study comparing cumulative live birth rates in women with minimal/mild disease to
those with unexplained infertility, surgical removal may also be relevant because the observed iden-
tical pregnancy rate in both groups may indirectly be due to the surgical excision of lesions [40]. Before
starting ART, no RCTs are available either evaluating the added value of surgery on ART success rates,
although a large retrospective study [41] concluded that complete surgical removal of minimal to mild
disease prior to the start of ART improved its reproductive outcome. On the basis of a recent meta-
analysis [24], even though moderate to severe endometriosis has a negative influence on some ART
outcomes, due to the lack of RCTs, conflicting data, andmethodological issues, no strong arguments can
be found to perform surgery prior to ART for the sake of optimizing subsequent ART-outcome [24]. For
the specific case of endometrioma in an ART-setting, because of lack of good evidence on whether or
not to perform surgery prior to ART, there is an urgent need for a large RCT [42,43]. Considering that
reduced ovarian reserve may be attributed to the presence of endometrioma per se, and the potential
detrimental impact of surgical intervention, individualization of care for women with endometrioma
prior to In-vitro Fertilisation/Intra Cytoplasmic Sperm Injection (IVF/ICSI) may help optimize their IVF/
ICSI results [42].

Medically assisted reproduction (MAR)

MAR covers both “in vivo” conception with IUI and “in vitro” conception with ART.
The role of IUI in the management of infertility in women with endometriosis is not well estab-

lished, and primarily studied in minimal to mild disease. In the latter group, ESHRE guidelines [5]
propose IUI with controlled ovarian stimulation as a first treatment option, although as discussed
above, pregnancy rates in surgically untreated patients are lower, and indirect evidence suggests a
potential beneficial effect of surgery on subsequent IUI pregnancy rate [40]. On the basis of a recent
retrospective study in women with moderate to severe endometriosis [44], IUI might be a valuable
treatment, and IUI with ovarian stimulation should be offered over IUI with natural stimulation.
Preceding long-term pituitary down-regulation might positively influence the ongoing pregnancy rate
and can be considered [44]. Whether this treatment strategy can be structurally offered prior to IVF
must be investigated in a RCT [44]. Whether IUI is better than expectant management in surgically
treated patients with endometriosis who do not directly need ART also remains unclear, because in the
EFI score non-ART pregnancies include both those conceived spontaneously and after IUI [30,31], so it
does not give an insight into whether IUI would have an added value immediately after surgery in
women with a high EFI. From a practical point of view, and in the absence of male factor infertility, we
therefore propose that inwomenwith a high EFI (7þ), non-ARTconception is sought during a period of
1 year, which may initially be expectant management and also include IUI after approximately 6
months. Further studies are needed to elucidate the role of IUI in women with a high EFI.

In women after endometriosis with failed non-ART approach, a low EFI (<5) or when other
important fertility factors are present such as severe male factor or bilateral tubal problems, treatment
with ART will be indicated to achieve a pregnancy. As discussed above, mainly the more extensive
forms of endometriosis are reported to have a negative effect on ART pregnancy rates, also in women
with surgically untreated endometriosis [23,24]. In an attempt to reduce this effect, the use of the
prolonged pituitary downregulation protocol before ART is being proposed as a valid option in a
systematic Cochrane review based on three included RCTs [45]. Still, the level of evidence is only graded
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as B by the ESHRE guidelines [5]. As the magnitude of its beneficial effect appears impressive (odds
ratio for pregnancy increased fourfold), there are several important reasons for caution to recommend
this strategy, such as publication bias and some other methodological issues. A pivotal study on this
subject is still lacking, so the prolonged downregulation protocol should be used with caution.
Summary

By the application of the evidence-based guidelines of causality in medicine to the existing body of
literature on endometriosis and infertility, a causal link between the latter two can easily be confirmed.
Next to surgical treatment of endometriosis lesions, expectant management, MAR treatments such as
IUI and ART such as IVF are cornerstones of the management of endometriosis-related infertility.
However, it is not always clear which patient would benefit from which type of approach. In post-
operative patients with endometriosis with infertility, the EFI in latter should be used as the preferred
clinical tool to counsel patients on their postoperative fertility management options instead of the
rASRM staging system.
Practice points

� There is no place for medical treatment to improve natural fertility in endometriosis
� Surgical excision of endometriosis lesions improves natural fertility, although most of the
evidence comes from milder forms of the disease

� The EFI is a very useful tool to counsel patients on their postoperative chances to achieve a
pregnancy without ART, and thus to evaluate the need for ART

� ART may be less effective in women with more extensive forms of endometriosis, although
the place of surgery or medical pretreatment to enhance ART success in not well established

Research agenda

� Establishing a triage system to decide whichmanagement options best suit which subtype of
patients with endometriosis-related infertility

� Controlled studies on the place of surgery prior to ART in women with endometriotic cysts
and deep endometriosis

� Controlled studies on the place of IUI in women with a high EFI-score
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