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Abstract
Background: Endometriosis is a chronic gynecological
condition that affects approximately 10% of women of re-
productive age globally. It is associated with significant
morbidity due to symptoms such as pelvic pain and infer-
tility. Current knowledge suggests that endometriosis im-
pacts oocyte quality, a critical factor for successful fertil-
ization and pregnancy. Despite extensive research, the exact
mechanisms remain unclear, and further updates are nec-
essary to optimize treatment strategies. Objectives: This
review aims to summarize current evidence regarding the
impact of endometriosis on oocyte quality and its subse-
quent effects on fertility outcomes, particularly in the
context of in vitro fertilization (IVF). Methods: A compre-
hensive search was conducted in PubMed using the terms
“endometriosis AND oocyte quality,” “endometriosis AND
infertility, and “endometriosis AND IVF.” The review included
studies published up to July 2024. Outcome: The review
findings indicate that endometriosis may be associated with
decreased oocyte quality, characterized by impaired mor-
phological features and molecular abnormalities. These
defects potentially lead to lower fertilization rates, impaired

embryo development, and reduced pregnancy outcomes.
However, some studies suggest that with controlled factors
such as age and ovarian reserve, IVF outcomes may be
comparable to those without endometriosis. Conclusions
and Outlook: For clinicians and scientists working in
medically assisted reproduction, understanding the impact
of endometriosis on oocyte quality is crucial for improving
fertility treatment outcomes. Advances in assisted repro-
ductive technologies and personalized treatment ap-
proaches may mitigate these adverse effects. The potential
for using artificial intelligence to assess oocyte quality
presents a promising avenue for future research, as currently
there is no direct and objective measure to assess this
parameter. © 2024 S. Karger AG, Basel

Introduction

Endometriosis is a chronic gynecological condition
characterized by the ectopic presence of endometrial-like
tissue, typically in the pelvic cavity but also potentially
affecting other abdominal organs. Affecting approxi-
mately 10% of women of reproductive age globally, en-
dometriosis is a significant health concern due to its
associated symptoms and the scarce existing knowledge
regarding treatment options [1]. The primary symptoms
include pelvic pain, dysmenorrhea, and dyspareunia,
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which can severely impact a womanʼs quality of life [1]. In
addition to these symptoms, endometriosis is a well-
recognized cause of infertility. Studies indicate that
30–50% of women with endometriosis experience in-
fertility, and about 20–50% of infertility patients are
diagnosed with endometriosis [2].

The pathophysiology of endometriosis involves a
complex interplay of genetic, hormonal, immunological,
and environmental factors [3]. Despite extensive re-
search, the exact mechanisms underlying its development
and progression remain unclear. Various theories, in-
cluding retrograde menstruation, genetic predisposition,
and immune system dysfunction, have been proposed to
explain its etiology [4]. Retrograde menstruation suggests
that menstrual blood flows backward through the fallo-
pian tubes into the pelvic cavity, allowing endometrial
cells to implant and grow outside the uterus. However,
additional factors, such as immune dysfunction, are
believed to play a crucial role in the establishment and
persistence of ectopic endometrial tissue [4].

Fertility impairment in women with endometriosis is a
significant concern, with endometriosis often associated
with decreased oocyte quality, which is a critical deter-
minant of successful fertilization, embryo development,
and pregnancy outcomes [5]. The ovarian environment
in women with endometriosis is frequently altered,
leading to compromised oocyte quality [6]. Studies have
shown that oocytes from women with endometriosis
exhibit impaired morphological features and molecular
abnormalities, which may be indicative of lower quality
and could be associated with reduced fertility out-
comes [5, 6].

However, live-birth rates in women with endometri-
osis undergoing in vitro fertilization (IVF) have been
debated, with some studies indicating reduced rates due
to the combined effects of decreased oocyte quality,
impaired embryo development, and altered endometrial
receptivity [7]. Nonetheless, other studies suggest that
when controlled for factors such as age and ovarian re-
serve, IVF outcomes in women with endometriosis can be
comparable to those in women with other infertility
diagnoses [8].

Lastly, emerging evidence suggests that endometriosis
may not be a single entity but rather a collection of related
conditions with different pathophysiological mechanisms
and clinical manifestations. This heterogeneity can in-
fluence the impact of endometriosis on female fertility,
leading to variations in disease severity, response to
treatment, and reproductive outcomes [9].

Endometriosis is now understood to be a diverse
condition that can appear in different forms and sever-

ities, affecting various parts of the pelvic anatomy in
unique ways. This means it should not be seen as a single
disease but rather one with different types, such as mild
peritoneal implants, which are small surface lesions, or
invasive endometriomas, which are cysts that can damage
healthy ovarian tissue and affect deeper structures [1].
These variations influence symptoms, fertility, and
treatment responses differently. Thus, categorizing en-
dometriosis into subtypes is important for better un-
derstanding and personalizing treatment approaches.
This approach helps explain why some patients with
endometriosis may experience severe pain and infertility,
while others with similar-looking lesions may have
minimal symptoms [10]. Thus, women with deep-
infiltrating endometriosis might require different surgi-
cal and medical approaches compared to those with
superficial peritoneal endometriosis.

Such detailed classification can aid in predicting dis-
ease progression and treatment response, thereby opti-
mizing patient care, but also help identify accurate data
regarding the pathology. Bibliography regarding endo-
metriosis and oocyte quality is scarce and most relevant
papers do not address the abovementioned need to
distinguish between different stages and location of en-
dometriosis, even without discussing the complexity of
diagnostic itself.

It has been described that endometriosis is a benign
gynecological disease historically associated with im-
paired fertility and reduced IVF outcomes. This pre-
sumable effect can be explained due to a diminished
ovarian reserve and/or to a lower oocyte quality in pa-
tients who suffer this condition [2]. The ovary is the most
common location of endometriosis and ovarian reserve is
one of the main prognostic factors concerning fertility
and is closely related to a womanʼs age. Currently, the
pathophysiological mechanism of decreased ovarian re-
serve in cases of endometriosis remains diffuse. However,
increasing histological, molecular, and morphological
evidence demonstrates that endometriomas have a det-
rimental effect on ovarian function [11].

In patients with endometriosis-related infertility, as-
sisted reproduction techniques (ART) are an appropriate
option to achieve a pregnancy. ART treatments can
circumvent the inflammatory processes limited to the
pelvic cavity, typically present in patients who present
this disease [2]. However, intrauterine insemination is not
considered effective for addressing the negative impact of
endometriosis on tubal function and fertility, and it has
been linked to a higher rate of recurrence [8]. IVF has
become a key treatment for patients with infertility due to
endometriosis. However, its impact on pregnancy rates
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and the effectiveness of ART in these patients remain
debated [12]. The evidence is mixed; some studies report
lower pregnancy rates for women with endometriosis
compared to those with other infertility issues, while
other studies show no significant differences in live-birth
rates between women with and without endometriosis
undergoing assisted reproductive treatments [13].

The analysis of reproductive results in women with an
endometrioma who had not undergone adnexal surgery
suggested a decrease in the ovarian response as a higher
cancellation rate and fewer oocytes and embryos were
observed [14]. Despite this global effect, it is essential to
highlight two issues concerning endometrioma such as its
size and bilaterality. Women with unilateral endome-
triomas undergoing IVF cycles showed that the affected
ovary and the healthy one had a similar number of co-
dominant follicles and oocytes [15]. On the other hand,
women with bilateral endometriomas had an even lower
ovarian response; however, pregnancy rates per transfer
might not be affected [16]. Thus, cumulative live-birth
rate may be lower due to the poorer ovarian response,
demonstrating the quantitative impact of the disease on
fertility [16]. These results might be suggestive that en-
dometriosis per se does not impair oocyte competence
but impacts reproductive potential in IVF cycles as a
lower oocyte yield may be obtained in endometriosic
patients. A recent prospective observational cohort study
examined the impact of deep-infiltrating endometriosis
and endometriomas, diagnosed via transvaginal ultra-
sound on the cumulative live-birth rate of the first IVF
cycle [17]. Despite no observed differences in the number
of retrieved mature oocytes, fertilization rate, or quality of
embryos between the groups, women with deep-
infiltrating endometriosis had a significant lower cu-
mulative live-birth rate.

Furthermore, other clinical studies have reported lower
fertilization and pregnancy rates in women with endo-
metriosis undergoing IVF compared to those with other
causes of infertility. For instance, Harb et al. [13] con-
ducted a systematic review and meta-analysis, finding that
women with stage 3 and 4 endometriosis had lower im-
plantation and pregnancy rates compared to women
without the condition, although no differences in live-birth
rates were achieved in this study. Current scientific evi-
dence for IVF, egg donation treatments, and tran-
scriptomic analysis of the endometrium indicates that
endometrial receptivity is not affected by the presence of
the disease or its clinical stage. Therefore, the presumable
impaired implantation rates in patients with endometriosis
are currently assumed to be due to oocyte and consequent
embryo quality and not due to hampered endometrial

receptivity [18, 19]. Another potential explanation for the
lower reproductive outcomes observed in women with
endometriosis is the presence of comorbidities, particularly
adenomyosis, which can significantly affect implantation
and increase the risk of miscarriage [20]. Adenomyosis
involves the growth of endometrial tissue within the
muscular wall of the uterus, which can lead to a thickened
and enlarged uterus, reduced uterine receptivity, and al-
tered uterine contractions [21]. These changes can impair
the ability of an embryo to implant properly and maintain
a pregnancy, directly affecting the success rates of ART [20,
21]. Adenomyosis often coexists with endometriosis, yet it
is not consistently accounted for in registries related to
ART [22]. Thus, it may be challenging to isolate the effects
of endometriosis on IVF outcomes. As a result, conclu-
sions drawn from these registries regarding the impact of
endometriosis alone on IVF success rates should be ap-
proached with caution. It is essential to consider the po-
tential confounding influence of adenomyosis and other
related conditions when interpreting these data, as they
may have a major contribution to reproductive failure.

Women with endometriosis often show a reduced
ovarian response during controlled ovarian stimulation
for IVF. This reduced response is characterized by a
lower number of retrieved oocytes and a higher can-
cellation rate of IVF cycles [14]. Studies have reported
that women with endometriomas produce fewer oocytes
during IVF compared to women with other infertility
causes [11]. The presence of endometriomas is believed
to adversely affect ovarian function, potentially due to
the inflammatory environment and altered follicular
milieu [11], compromising ovarian reserve. Different
ovarian stimulation protocols have been explored to
optimize IVF outcomes in women with endometriosis. A
recent review suggests that prolonged GnRH agonist
protocols may improve ART outcomes in advanced
endometriosis [23]. This could be also explained due to
the treatment of undiagnosed adenomyosis meaning
that the benefits might not be specific to endometriosis
alone. Similarly, while GnRH antagonists are sometimes
viewed as less effective for ovarian suppression, clinical
experience shows they can still be effective, depending
on the patientʼs condition due to shorter treatment
durations and reduced risk of ovarian hyperstimulation
syndrome [14]. Additionally, progestin-primed ovarian
stimulation protocols have shown promise in improving
oocyte and embryo quality in women with endometri-
osis, presumably due to its anti-inflammatory effects
[23, 24].

Other studies have suggested that when controlled for
factors such as age and ovarian reserve, the IVF outcomes
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in women with endometriosis are comparable to those in
women with other infertility diagnoses [8]. This con-
clusion is supported by the results obtained by González-
Comadran [25]. This group used data from the South
American IVF registry, which included results from 145
centers of 3.583 endometriosis patients versus 18.833
controls and found no differences in IVF outcomes be-
tween the two groups. Another study that analyzed
13.614 IVF cycles found that the impact of endometriosis
on live-birth rates may be minimal, particularly when
high-quality embryos are transferred [26].

Another systematic review and meta-analysis indicates
reduced live-birth rates in this population [27], pre-
sumably due to the combined effects of decreased oocyte
quality and impaired embryo development, as embryos
derived from oocytes of women with endometriosis also
tend to exhibit lower quality. A plausible mechanism that
would explain the effect of endometriosis in oocyte
quality may be explained by an altered ovarian micro-
environment in endometriosic patients. Granulosa cells,
which surround and nourish the oocyte, are affected by
the pro-inflammatory events that occur in endometriosis.
Studies have described that endometriosis induces apo-
ptosis, inflammation, oxidative stress, disrupted steroid
hormone production, and mitochondrial dysfunction in
granulosa cells, leading to decreased oocyte quality [28].
This research highlights elevated levels of inflammatory
cytokines and oxidative stress markers, which contribute
to follicular atresia and impaired oocyte development, as
represented in Figure 1. This dysfunction is believed to be
a key factor contributing to the reduced oocyte quality
observed in women with endometriosis, as it may impair
meiosis, the supply of essential resources for oocyte
development and influence ovulation [2].

Historically, oocyte quality can be assessed in vitro by
the observation of different dysmorphisms present when
denudating the eggs after oocyte pick-up. The presence of
specific oocyte dysmorphisms, either extra or intra-
cytoplasmic, has been associated to poor embryonic
outcomes [29]. Although some authors have suggested
that, these dysmorphisms render poor prognostic value in
cellular competence [30]. Literature addressing if endo-
metriosis predisposes to the presence of different struc-
tural anomalies in oocytes is scarce as most studies have
inferred that this disease predisposes to a worse oocyte
quality indirectly, mostly due to a suboptimal embryo
development. However, Borges et al. [5] identified in-
creased extra-cytoplasmic defects in oocytes from en-
dometriosis patients. The authors suggest that poorer
oocyte quality might be key factors in the reduced im-
plantation rates seen in endometriosis patients. Also, a

retrospective study found that endometriosis patients
exhibit a higher prevalence of abnormal oocyte mor-
phology, such as dark cytoplasm and fragmented polar
bodies [31]. Also, it was reported that severe endome-
triosis leads to a significant reduction in the rate of
morphologically normal oocytes, yet fertilization and
subsequent pregnancy outcomes remained unaffected
[32]. However, a retrospective study that included more
than 2,000 eggs from endometriosis patients reported no
significant difference in the average oocyte quality and
metaphase II oocyte morphology between endometriosis
and control groups [33]. Collectively, these studies un-
derscore that while endometriosis can negatively affect
oocyte morphology and quantity, it is unclear whether
these dysmorphism have a detrimental impact on re-
productive outcomes in IVF cycles.

Some previous works have observed higher rates of
embryonic fragmentation, uneven cleavage, and cyto-
plasmic abnormalities in these embryos [5, 34]. These
findings suggest that the negative impact of endometri-
osis extends beyond the oocyte to affect early embryonic
development as well. Interestingly, a study by Ferrero
et al. [6] identified significant transcriptomic differences
between oocytes from women with endometriosis and
those from healthy donors, highlighting molecular al-
terations that may contribute to poor embryo quality, as
shown in Figure 2. These include alterations in mito-
chondrial function, increased DNA fragmentation, and
changes in the expression of genes involved in oxidative
stress response and apoptosis. Overall, the pathophysi-
ological mechanisms of endometriosis are complex and
multifactorial, involving a combination of genetic, hor-
monal, and immunological factors that together create an
adverse environment for oocyte development. Under-
standing these mechanisms is crucial for developing
targeted interventions to improve oocyte quality and
fertility outcomes in women with endometriosis [24].

A systematic review and meta-analysis examined the
impact of endometriosis on embryo quality in IVF/ICSI
cycles, concluding that endometriosis does not significantly
compromise embryo quality from a morphological per-
spective [35]. According to the authors, women with en-
dometriosis had similar high-quality embryo rates, cleavage
rates, and embryo formation rates compared to those
without the condition. This consistency was observed
across various stages of endometriosis and in cases with
unilateral endometrioma. The study suggests that while
endometriosis does not appear to affect embryo mor-
phology, it is essential to consider other factors, which may
play a significant role in fertility outcomes. Furthermore,
the study highlights the need for universal criteria for
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embryo grading to ensure consistency across studies, as
embryo grading according to morphologic criteria is
subject to variability and may be imprecise when com-
paring results between different laboratories [36]. Never-
theless, embryo quality is also determined by the sperm cell
and male factor should be considered when inferring that
embryo quality may be an indicator of oocyte competence.

There is a key role for the use in emerging technologies,
such as artificial intelligence (AI) softwares, which provide
objective and reliable data that can be compared between
different centers and users. Using machine learning and
deep learning algorithms to assess embryonic morphologic
and morphokinetic features will render consistent data
regarding this intriguing issue. Interestingly, one study
aimed to assess the impact of endometriosis on embryo
quality using time-lapse imaging to analyze relative mor-
phokinetics [37]. Data were collected from 168 patients
undergoing IVF, with 72 having endometriosis. The study
found that embryos from patients with endometriosis
exhibited poorer relative kinetics compared to controls,
indicating altered embryo development. Specifically,
cleavage synchronicity was decreased, suggesting impaired
embryonic quality. These findings support the hypothesis
that endometriosis negatively affects oocyte quality, con-
tributing to reduced fertility treatment outcomes. Also,
these results obtained are in accordance with the ones
observed by the group of Brizek et al. [38] nearly 30 years
ago. This group studied 235 human embryos and observed

nuclear and higher cytoplasmic impairment, cytoplasmic
fragmentation, and uneven cleavage in embryos derived
from oocytes of females with endometriosis than those
derived from patients with other forms of infertility.

A recent study aimed to evaluate the impact of complete
endometriosis resection on embryo quality, assessed
through morphokinetic parameters using time-lapse im-
aging and machine learning. The retrospective analysis
included 237 embryos from 128 IVF cycles [39]. The study
found that embryos from patients with endometriosis
without complete resection had significantly lower chances
of pregnancy according to the attributed morphokinetic
score, compared to those from the control group without
endometriosis. In contrast, embryos from patients with
complete resection of endometriosis showed a significant
improvement in morphokinetic values, comparable to
embryos from patients without endometriosis. The authors
suggest that complete resection of endometriosis can sig-
nificantly improve embryo quality, indicating a positive
effect of surgical intervention on early embryo development.

Finally, embryo euploidy is considered one of the most
important prognostic factors contributing to IVF treat-
ment success [40, 41]. It could be hypothesized that
aberrant ovarian microenvironment due to the presence
of endometriomas may increase embryo aneuploidy by
compromising the meiotic spindle, leading to poor IVF
outcomes. However, a study by Juneau et al. [7] dem-
onstrated no difference in aneuploidy rate between

Fig. 1. Pro-inflammatory events in endo-
metriosis. Elevated levels of inflammatory
cytokines and oxidative stress markers,
which can be found in follicular fluid and
alter physiological environment during
follicular growth.
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endometriosis patients and controls after IVF cycles when
adjusting for age. Nevertheless, a recent work that ana-
lyzed 308 embryos from endometriosis patients found a
statistically significant increase in embryo aneuploidy in
this cohort compared to controls [42]. Thus, whether
ovarian endometrioma predisposes to an increase in
aneuploidy remains yet to be elucidated.

On the other hand, oocyte vitrification is recom-
mended for women with endometriosis, especially those
undergoing surgical treatment for endometriomas or
those planning to delay childbearing. Early intervention
with fertility preservation can help mitigate the adverse
effects of endometriosis on ovarian reserve and oocyte
quality. Studies by Cobo et al. [43, 44] have demonstrated
that egg freezing is an effective strategy for women with
endometriosis who wish to delay conception.

Cobo et al.’s [44] studies offer detailed insights into the
quantity of oocytes in endometriosis patients undergoing
fertility preservation through vitrification. The authors ob-
served that surgical removal of endometriomas significantly
impacts ovarian reserve and cumulative live-birth rate per
cycle if performed before egg freezing. The group also shows
promising oocyte survival rates in endometriosis patients.

These data may be read as an indicative of good quality
oocytes in this cohort and that the presence of this disease
may not predispose to a clinically significant lower oocyte
survival rate after egg thawing. The 2021 study further
emphasized these findings. It was found that the ovarian
response and cumulative live-birth rates were significantly
influenced by age and previous ovarian surgery. Women
without prior ovarian surgery had better ovarian responses
and higher cumulative live-birth rates compared to those
with unilateral or bilateral surgery. The study highlighted the
importance of performing fertility preservation before sur-
gical interventions in young women with endometriosis to
maximize reproductive outcomes [44]. The overall oocyte
survival rate remained consistent, indicating that fertility
preservation offers a viable option for women with endo-
metriosis to safeguard their fertility, especially before sig-
nificant impacts from the disease or surgical interventions.

As reviewed, criteria used to assess oocyte quality are
indirect and/or offer poor prognosis (e.g., oocyte dys-
morphisms, embryo quality, and/or oocyte survival rate).
The use of AI in assessing oocyte quality has shown sig-
nificant advancements [45]. There exist some commercial
scoring systems that allow for a more objective and

Fig. 2. Endometriosic milieu predisposes to apoptosis, oxidative stress, disrupted steroid hormone production,
and mitochondrial dysfunction in granulosa cells. These changes hamper oocyte competence and posterior
embryonic development.
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consistent assessment of oocyte viability and potential, re-
ducing the subjectivity associated with traditional methods
of oocyte evaluation. By analyzing high-resolution images of
oocytes, softwares can detect subtle morphological features
that may not be easily discernible to the human eye, thereby
improving the accuracy of quality assessments. For example,
the non-invasive Magenta or Violet softwares use a con-
volutional neural network to analyze 2D images of denuded
oocytes, assigning a quality score on a scale of 0–10. These
tools standardize the assessment of oocyte viability and
potential, thereby improving the selection process for pre-
dicting fertilization potential and high-quality blastocyst
formation [46, 47]. By utilizing large datasets of oocyte
images, AI models like Magenta can detect subtle mor-
phological features indicative of oocyte health and devel-
opmental competence, leading to more consistent and re-
liable outcomes in ART [45]. This technology not only
enhances the reliability of oocyte selection for assisted re-
productive techniques such as in IVF but also aids in better
planning and decision-making for future treatment cycles.
The implementation of this technology in clinical practice
may shed light on whether endometriosis compromises
oocyte quality and competence, as might provide direct
evaluation of the morphology and cytoplasmic features of
the eggs obtained in IVF cycles of endometriosis patients.

Conclusion

In conclusion, endometriosis might be associated with
poorer oocyte quality and lower quantity; however, it is not
clear that this disease has a detrimental impact on IVF
outcomes. Differences in diagnostic methods, lack of
standardization and imprecise description of endometri-
osis stages may explain the lack of consistency found in the
literature regarding this topic. This is in accordance with
Ata and Somigliana [9], who argue that endometriosis
might not be as big a factor in infertility as traditionally

thought. While it can cause problems by creating adhe-
sions that block the fallopian tubes, the exact ways it affects
fertility otherwise are still unknown. Oocytes from women
with endometriosis have the same potential to develop into
healthy embryos as those from women without the con-
dition, which suggests that the impact on egg quality might
be overstated. Studies reviewed show that ART outcomes,
like fertilization rates, embryo growth, and pregnancy
rates, are not significantly worse for women with endo-
metriosis, except when fallopian tube issues are affected.
We propose that the detrimental impact of endometriosis
on fertility might be overestimated and, provided ovarian
reserve is preserved, medically assisted reproduction is an
effective treatment from patients who present this pa-
thology. Adenomyosis, which frequently coexists with
endometriosis, can impair implantation, affect uterine
function, and increasemiscarriage rates. Since the effects of
adenomyosis are often not separated from those of en-
dometriosis in studies, its influence on ART success may
be mistakenly attributed to endometriosis. Finally, new
technologies, such as AI might shed light on whether this
pathology affects oocyte quality.
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