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Chapter

The Impact of Endometriosis on
Controlled Ovarian Stimulation
Outcome
Dragoș Albu and Alice Albu

Abstract
Endometriosis, a frequent condition in reproductive age women, is also
associated with infertility by mechanisms incompletely clarified. The effectiveness
of endometriosis treatment for infertility is debated, being possible that in vitro
fertilization (IVF) offers a better alternative. The response to controlled ovarian
stimulation (COS) is an important predictor of live birth, but it might be affected in
endometriosis possibly through a decrease of ovarian reserve. Moreover, the predictive value of anti-mullerian hormone (AMH) for the response to COS could be
altered by factors disrupting the AMH production in endometriosis. Therefore, we
aim to review the literature regarding the response to COS and the AMH production
and their predictive value for COS response in patients with endometriosis.
Keywords: endometriosis, controlled ovarian stimulation, in vitro fertilization,
oocytes number

1. Introduction
Endometriosis is a frequent disease in reproductive-age women [1], consisting
of the presence of endometrial tissue outside the uterine cavity. Endometriosis is
frequently associated with infertility, being present in 25–50% of infertile patients
[2]. On the other hand, 30–50% of endometriosis patients report difficulties to
become pregnant [2]. In a large cohort study, women with endometriosis younger
than 35 years old had a two-fold higher risk of infertility in comparison with women
without endometriosis [3]. The mechanisms underlying the association between
endometriosis and infertility are incompletely clarified, with both anatomical and
microenvironmental disturbances being suggested [4]. While in infertile patients
with advanced-stage endometriosis anatomical changes might be involved (peritubal and periovarian adhesions), the presence of infertility in milder forms of
endometriosis suggests other mechanisms. Thus, decreased ovarian reserve, altered
folliculogenesis, oocyte quality and endometrial receptivity were reported as
possible contributors to infertility [4].
The extent and severity of endometriosis lesions are variable, ranging from few
implants on the pelvic peritoneum to surrounding organs infiltration or extension
outside the pelvis. Several grading systems for endometriosis have been created, but
their predictive value for fertility is unclear. One of these classification systems, the
Endometriosis Fertility Index (EFI) which is based on the scores from the American
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Society for Reproductive Medicine (ASRM) system [5] combined with anamnestic
and information from surgery, gives a score from 0 to 10 points [6]. It was shown
that a score between 0 and 3 is associated with a 10% probability of obtaining
pregnancy after 3 years with non-IVF treatments, while a score of 9–10 points is
associated with a 75% chance of pregnancy [6, 7]. The predictive value of the EFI
score for pregnancy was also confirmed for IVF treatments [8].
The impact of variate treatments for endometriosis on chances to obtain pregnancy and the efficacy of infertility treatments is still a matter of discussion. Thus,
whether surgery contributes to the improvement of fertility in endometriosis or is
preferable to perform infertility treatments needs further clarification.
In minimal or mild endometriosis without anatomical disruption, it was shown
that laparoscopic removal of endometriosis implants improves fertility with an
increase of risk ratio of 1.44 [9] and an odds ratio of 1.94 [10]. In a large Canadian
multicenter study, the monthly fecundity rate and the 36-week cumulative probability of pregnancy increased from 2.4 to 17.7% for a diagnostic laparoscopy to
4.7 and 30.7% for laparoscopic surgery [11]. However, these rates of pregnancy
should be discussed with the patients in the light of similar success rates of 30%
after only one cycle of IVF taking into account the age, ovarian reserve or the cost
of the treatment [12].
In patients with moderate and severe endometriosis surgery aims to remove
large endometriomas and to restore the pelvic anatomy. Data regarding the effect
of surgery on fertility in this category of patients are lacking. Excision of endometrioma is controversial in infertile patients taking into account the risk to decrease
the ovarian reserve and lack of evidence of benefits on IVF outcome [13].
IVF could be a treatment option for infertility in patients with endometriosis.
Therefore, the performance of patients with endometriosis at IVF and their predictors should be clarified to elaborate strategies for ovarian stimulation and to
improve IVF outcomes. Oocyte yield at IVF is an important predictor of live birth
in the general population of patients performing IVF, but it might be affected by
the microenvironmental changes associated with endometriosis. Moreover, the
AMH production could be disturbed in endometriosis, possibly interfering with its
relationship with the ovarian reserve.
Therefore, the present paper aims to review the literature regarding the association of endometriosis with oocytes number and serum AMH level in infertile
patients performing IVF, and the predictive value of AMH for the response to
controlled ovarian stimulation.

2. The serum level of AMH in infertile patients with endometriosis
The relationship between endometriosis and serum AMH level is largely debated
and data available in infertile women undergoing IVF are scarce. Only a limited
number of studies with small study groups evaluated the impact of endometriosis
on circulating AMH levels in patients with a wider range of endometriosis lesions
[14, 15], most of the studies included only patients with endometrioma. The surgery for endometrioma probably affects the serum AMH level as suggested by two
systematic reviews [16, 17] and represents a possible confounder of the relationship
between endometrioma and AMH. It was shown that the decrease of serum AMH
level after surgery was significant and persistent at 12 months in patients with
endometrioma over 7 cm, with bilateral cysts and with endometriosis stage IV [18].
In turn, patients with smaller and unilateral ovarian endometrioma and stage III
endometriosis had higher chances to have an only transient decline in circulating
AMH [18]. However, a recent meta-analysis showed that the mere presence of
2
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endometrioma, without previous surgery, is associated with lower AMH levels in
patients without clearly defined fertility status [19]. In this study the serum AMH
level was decreased in patients with endometrioma both versus patients with
non-endometriotic cysts and with healthy ovaries, suggesting a specific effect of
endometriosis independent of mass effect. The dimension of the endometriotic
cyst could be an important contributor to the decrease of AMH level, although the
available data are limited. In the meta-analysis of Muzii et al. most of the studies
included patients with mean endometrioma dimension over 6 cm, being therefore
impossible to conclude smaller cysts [19]. A small study found that even endometrioma bigger than 2 cm had lower serum AMH levels in comparison with controls
[20]. On the other hand, Yoon et al. failed to find any relationship of ovarian endometrioma size with serum AMH level [21]. A small study with less than 60 patients
per study group showed that patients with bilateral endometrioma had lower serum
AMH levels in comparison with both unilateral endometrioma and no cysts [22].
Moreover, a negative linear relationship was found between endometrioma size
and serum AMH level [22]. A prospective study with 40 women per study group
reported that patients with endometrioma have a progressive decline in serum AMH
level at an accelerated rate in comparison with patients without endometrioma [23].
Data regarding the impact of a wider range of endometriosis lesions on serum
AMH levels are limited. A cross-sectional study that evaluated women surgically
explored for a benign gynecological condition irrespective of their fertility status
reported a similar serum AMH level in endometriosis patients and controls [24].
Patients in this study presented with various types of endometriosis: endometrioma, deep infiltrating endometriosis and superficial lesions [24]. However, in this
study, infertile patients with decreased ovarian reserve might be underrepresented
since these patients are more probably referred for reproductive treatments rather
than for surgery.
Several studies evaluated the relationship between endometriosis and serum
AMH levels in patients with infertility. Thus, Yoo et al. found that infertile
patients with endometriosis performing IVF had lower AMH in comparison with
male factor infertility patients [14]. In this study, the type of the endometriosis
lesions was not specified and the number of patients in the two groups was
reduced (43 versus 48). Moreover, patients with and without previous surgery for
endometriosis were included, without a significant difference in terms of circulating AMH in these two categories of patients. Ashrafi et al. reported that serum
AMH level is decreased in patients with deep infiltrating endometriosis with or
without endometrioma and infertility [25]. Another small study showed that
infertile patients with endometriosis stage I and II have lower circulating AMH
levels in comparison with patients with tubal infertility undergoing IVF [15].
Inal et al. found no difference in serum AMH level in infertile patients with and
without endometrioma performing IVF [26]. Shebl et al. studied the serum AMH
level in patients undergoing IVF and found a decreased AMH only in patients
with endometriosis stage III-IV in comparison with male factor infertility, but not
in patients with stage I-II endometriosis [27].

3. The association between endometriosis and oocyte yield in infertile
patients performing IVF
The relationship between endometriosis and oocytes yields in infertile patients
performing IVF was previously studied, but the results are divergent. Senapati
et al. found that patients with endometriosis obtain fewer oocytes in comparison
with patients with other causes of infertility undergoing IVF in a big database of
3
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347,185 assisted reproductive technic cycles [28]. In this study, the presence of
endometriosis was associated with a lower number of oocytes in patients with
isolated endometriosis or association with other causes of infertility, including
diminished ovarian reserve [28]. The negative association between endometriosis
and oocytes yield was also studied by a meta-analysis that included 20,167 patients
with endometriosis and 121,931 without endometriosis [29]. Subgroups with 1703
women with stage III/IV endometriosis were compared with 2227 women with stage
I/II endometriosis. Although, a small difference in oocytes yield was observed in
favor of non-endometriosis patients, the authors concluded that the quality of the
evidence is very low, not allowing meaningful conclusions to be drawn [29]. No
significant difference in patients with variate stages of endometriosis was reported
[29]. Moreover, in both studies patients with and without previous surgery for
endometriosis were included, generating a possible bias [28, 29]. Thus, Dong
et al. analyzed only patients with previous surgery for endometriosis and found
that patients with stage III/IV endometriosis obtained lower oocytes number in
comparison with controls [30], suggesting that surgery for severe endometriosis
might negatively affect COS response. Several other studies confirmed the negative
association between surgery for endometriosis and oocytes yield in women with
advanced-stage endometriosis [31]. In patients operated for endometrioma, laparoscopic cystectomy is associated with decreased oocytes number, with an additional
effect of bilateral versus unilateral cystectomy [32]. Similarly, bilateral surgery
for endometrioma was shown to decrease the oocytes number in comparison with
unoperated patients [33].
Regarding the association of variate types of endometriosis with COS response,
a recent meta-analysis found that unoperated endometriomas are associated with
reduced oocytes number in IVF cycles [34]. Papaleo et al. found that profound
infiltrative endometriosis has an additional negative effect on oocytes yield in
comparison with patients with isolated ovarian endometrioma, supporting the
hypothesis that variate types of endometriosis lesions can differently impact the
ovarian response [35]. In turn, a small study that included only patients with stage
I and II endometriosis found similar oocytes number with patients performing IVF
for tubal infertility [15].

4. The predictive value of AMH for oocyte yield in endometriosis
Although, circulating AMH levels are considered, in general, a valuable tool
for the prediction of the ovarian response to COS, in endometriosis its predictive
value might be affected. This hypothesis is supported by studies that demonstrated
that AMH production could be influenced independently of the ovarian reserve.
However, its predictive value in endometriosis is largely unknown.
Yoo et al. showed that serum AMH level is a significant predictor of oocytes
yield in endometriosis patients performing IVF [14], while Wahd et al. found no
predictive value of AMH in patients with advanced endometriosis [36]. The lack of
the predictive ability of AMH was confirmed in another study that analyzed only
patients with endometrioma [26]. The design of the studies and differences in study
populations might explain the divergent results of the studies, being possible that
more severe endometriosis and endometrioma, especially bigger ones to significantly disrupt the relationship between AMH and ovarian reserve.
Despite the negative relationship between endometriosis and circulating AMH
reported by several studies, two reports found an increasing serum AMH level with
endometrioma size [37, 38]. If this finding will be confirmed by future studies, a
possible explanation is a different impact of endometrioma on AMH production
4
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from the other endometriosis lesions. The authors hypothesized that the increasing
AMH level could be due to higher discharge in the systemic circulation by increased
ovarian blood flow as a consequence of the inflammation and neoangiogenesis
found in endometriosis. In support of this hypothesis are the studies that reported
increased levels of vascular endothelial growth factor (VEGF) in serum and
peritoneal fluid of patients with endometriosis [39]. These increased levels are correlated with microvessels density in the endometriotic tissue [40]. Thus, increased
vascularization might contribute to disproportionately higher serum AMH levels in
comparison with ovarian reserve, therefore affecting its value as a predictor of COS
response in endometriosis. However, this mechanism could be particular to endometrioma as suggested by a study that showed that the gene expression of VEGF is
increased only in patients with endometrioma and not in those with deep infiltrating endometriosis [41].

5. The mechanisms explaining the decreased ovarian response and
decreased serum AMH level in infertile patients with endometriosis
Besides the mass effect of the endometrioma, other mechanisms might be also
involved in the occurrence of reduced oocytes yield since similar oocytes number
was found in the contralateral ovary of women with unilateral endometriomas [42].
Moreover, more severe endometriosis seems to have an additional negative impact
on oocytes number [35].
Histological studies found that the cortex of ovaries with endometrioma presents decreased follicular density, increased fibrosis, loss of cortex-specific stroma
[43] and high density of atretic follicles [44]. Moreover, activated follicular recruitment was observed in ovaries with endometrioma [44], suggesting follicle ‘burnout’
as a possible cause of decreased follicle number. It was suggested that the structural
changes are the consequence of the cytokines produced in the endometriotic tissue
which might affect the surrounding ovarian tissue by diffusion [44]. It was also
showed that the addition of human endometriotic fluid to mouse preantral follicles
decreases the follicles survival rates proportional with the endometriotic fluid
supernatant concentration [45]. These data support the hypothesis that endometriotic fluid components can influence the ovarian response to COS through long-term
destructive effects of ovarian tissue and, therefore, decreased ovarian reserve, but
also by directly influencing the follicles survival [45]. It is also possible that the diffusion of the endometriotic fluid components from the peritoneum or the endometrioma to be able to influence the unaffected ovary function and structure [46].
The decreased serum AMH level in patients with endometriosis might be
the consequence of reduced ovarian reserve due to structural ovarian changes.
However, it was shown that the endometriotic fluid components can directly induce
the dysfunction of the granulosa cells [47]. Tumor necrosis factor (TNF) alpha, one
of the cytokines overproduced in endometriosis, was found to be negatively associated with serum AMH level [15], suggesting its involvement in decreased circulating AMH. Indeed, an experimental study showed that TNF alpha administration
decreases the expression of AMH in bovine ovarian granulosa cells [48]. In mice,
TNF alpha was demonstrated to inhibit the AMH production in testis [49]. Thus,
TNF alpha might be the mediator of functional decrease of AMH production in
endometriosis.
Another mechanism that can contribute to low oocytes yield is a decreased
response to gonadotropin stimulation in endometriosis. Thus, interleukin 1 (IL1)
was found to be increased in the peritoneal fluid of patients with endometriosis
[50–52]. Il1 is also a regulator of ovarian function, being able to decrease the ovary
5
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receptors of FSH and LH [53], thus inducing a reduced sensitivity to gonadotropin stimulation. Moreover, women with endometriosis seem to have a decreased
expression of the soluble decoy receptor IL1-RII which can generate an augmentation of IL1 alpha and IL1 beta effects [51, 54].

6. Conclusions
The data available in the literature support a negative association between the
presence of an endometrioma and serum AMH level. Moreover, previous surgery
for endometrioma is associated with decreased serum AMH level, the risk of the
persistence of low AMH being higher in patients with bilateral endometrioma,
bigger than 7 cm and with stage IV endometriosis. However, in patients with a
wider range of endometriosis without clearly defined fertility status the serum
AMH level does not seem to be decreased. In infertile patients with endometriosis
available studies suggest lower serum AMH levels, although further research is
necessary to clarify this aspect. Moreover, endometriosis seems to negatively
impact the oocyte yield, especially in patients with previous surgery for severe
endometriosis and endometrioma. The impact of variate types of endometriosis
on the oocytes yield is incompletely clarified, the available evidence supporting
that endometrioma has a deleterious effect on the ovarian response, with a possible
additional negative effect of deep infiltrating endometriosis.
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