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ABSTRACT

BACKGROUND: Endometriosis is a chronic disease that can compromise fertility in up to 30-50% of affected patients, and it is esti-
mated that patients affected by endometriosis represent about 10% of patients undergoing ART treatments. The hypothesized under-
lying mechanisms explaining infertility are various, but great attention has been given to the relationship between ovarian endome-
triomas and reduced ovarian reserve.

OBJECTIVE AND RATIONALE: Infertility in patients with endometriosis does not have univocal management, since surgical therapy
can increase the chances of natural conception, but at the same time increases the risk of damage to the ovarian reserve. In some
cases, IVF procedures should be considered instead of surgery, within a personalized strategy. It has therefore been proposed that
patients with endometriosis are eligible for fertility preservation.

SEARCH METHODS: This article is based on a critical review of literature on peer-reviewed article indexing databases including
PubMed, Scopus and Medline, using as keywords: ‘fertility preservation’, ‘oocyte vitrification’, ‘endometriosis’, ‘endometrioma’,
‘ovarian reserve’ and ‘in vitro fertilization’.

OUTCOMES: Data regarding the feasibility of oocyte cryopreservation in patients with endometriosis have increased over recent
years, indicating that these patients seem to have the same number of oocytes retrieved and IVF outcomes similar to those who per-
form fertility preservation for other indications. However, probably due to a reduced ovarian reserve, several cycles of ovarian stimu-
lation may be needed to gather a suitable number of retrieved oocytes per patient. Age, ovarian reserve, and previous ovarian surgery
are the main factors affecting the success of fertility preservation. Bilateral endometriomas, a history of unilateral endometrioma
surgery with a contralateral recurrence, and preoperative reduced ovarian reserve are the most common indications for fertility pres-
ervation. The choice between primary surgery and ART is often complex, requiring a therapeutic strategy tailored to the patient’s
clinical characteristics and needs, such as age, type and severity of endometriosis lesions, presence of symptoms, surgical history,
and desire for pregnancy.

LIMITATIONS, REASONS FOR CAUTION: The development of endometriosis-related infertility and the severity of ovarian damage
due to endometriosis lesions per se or their surgical treatment are difficult to predict, and data are lacking concerning which sub-
groups of patients with endometriosis might benefit most from fertility preservation.

WIDER IMPLICATIONS: Women with endometriosis, and in particular women with bilateral ovarian endometriomas or recurrent
surgery on the ovaries, should be advised about risk of ovarian reserve damage. Oocyte cryopreservation is an established technique
that has been demonstrated as feasible and successful for these patients; however, the specific indications have not yet been
established.

STUDY FUNDING/COMPETING INTEREST(S): There are no funding sources for the study and no conflicts of interest to declare.
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WHAT DOES THIS MEAN FOR PATIENTS?

Endometriosis is a condition that can harm fertility by reducing the number of available oocytes and affecting the ovaries. This review
aimed to explore how fertility preservation, i.e. freezing oocytes, can help women with endometriosis maintain the possibility of having
children in the future. The study reviewed recent medical research and found that techniques such as oocyte freezing are both safe
and effective. However, women with severe cases or previous surgeries may need multiple treatment cycles to collect enough oocytes
for preservation. Each decision, whether surgery, fertility preservation, or IVF, should be tailored to the individual’s age, health, and re-
productive goals. Patients are encouraged to discuss options with a specialist to create a plan suited to their needs.

Received: July 12, 2024. Revised: December 21, 2024. Editorial decision: February 25, 2025.

© The Author(s) 2025. Published by Oxford University Press on behalf of European Society of Human Reproduction and Embryology.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.


https://orcid.org/0000-0001-7921-9547
https://orcid.org/0000-0001-7921-9547
https://orcid.org/0000-0001-7921-9547

2 | LaMarcaetal

Introduction

In recent years, the development of technologies which allow
the cryopreservation of oocytes, embryos, and ovarian cortex
has provided women with jeopardized ovarian reserve and re-
productive capacity the possibility to preserve their fertility
(Donnez and Dolmans, 2017; Rienzi et al., 2017). These fertility
preservation strategies were originally intended for women who
need to receive gonadotoxic therapies for cancer, which might
cause iatrogenic infertility (Martinez, 2017; Cobo et al., 2018).
However, over the years, the indications have been enlarged: to-
day, they include age-related decline of fertility, often due to the
trend of delaying childbearing in developed countries (so-called
‘social freezing’) (Stoop et al., 2014; Cobo et al., 2016, 2018), and
various medical conditions which, even if not malignant, cause
the patient to be at risk of significant loss in ovarian follicle re-
serve. The last group includes genetic conditions (La Marca and
Mastellari, 2021) and various medical conditions, including en-
dometriosis (Mathieu d’'Argent et al., 2020; Cobo et al., 2021), as
well as benign hematological, autoimmune, and genetic disor-
ders (Santulli et al., 2023).

The potential adoption of the proposal for fertility preserva-
tion in cases of endometriosis, as indicated by a European survey
and existing literature, remains uncertain. Currently, there are
no globally recognized guidelines, such as those from ESHRE or
ASRM (American Society for Reproductive Medicine), which play
a crucial role in disseminating and promoting the uptake of
advances in reproductive medicine, specifically fertility preserva-
tion for endometriosis patients. Nevertheless, it is worth noting
that as early as 2015, endometriosis was acknowledged as a po-
tential indication for fertility preservation. A joint expert working
group consisting of 20 individuals from ESHRE and ASRM empha-
sized the importance of discussing and providing fertility preser-
vation options to patients with benign conditions leading to
premature ovarian insufficiency, including autoimmune disor-
ders (such as systemic lupus erythematosus, inflammatory
bowel diseases, and rheumatoid arthritis), as well as gynecologi-
cal conditions like endometriosis (Martinez, 2017).

Endometriosis as a threat to spontaneous fertility

Endometriosis is a chronic inflammatory disease characterized
by the presence of endometrial glands outside the uterus. It
affects about 5-10% of reproductive-aged women and often
causes pelvic pain, impaired fertility, or both (Giudice, 2010).
Infertility is a major concern in women with endometriosis: up to
30-50% of these patients are infertile (Practice Committee of the
American Society for Reproductive Medicine, 2012; Somigliana
et al., 2017). The prevalence of endometriosis in infertile patients,
moreover, is up to 25-50%, 10 times higher than in the general
population (Ozkan et al., 2008; Koch et al., 2012; Dunselman et al.,
2014); in addition, endometriosis represents 10% of the indica-
tions for performing IVF procedures (Somigliana et al., 2017).
Several mechanisms have been hypothesized to explain the
relationship between endometriosis and infertility. These include
damage to the ovarian parenchyma caused by the presence of
endometriomas, distortion of the pelvic anatomy following the
formation of adhesions, chronic inflammation in the pelvis and
in the peritoneal fluid associated with the presence of superficial
and deep peritoneal lesions, associated adenomyosis if present,
altered hormonal and cell-mediated functions in the endome-
trium, dyspareunia (and therefore the difficulty in having inter-
course), and also possible iatrogenic damage during surgery on
the ovarian parenchyma (Bulletti et al., 2010; Somigliana et al.,
2017; Llarena et al., 2019). These factors can lead to reduced tubal

function, impaired folliculogenesis and/or oocyte quality, and/or
alteration of the uterine microenvironment obstructing sperm
movement and embryo implantation (Somigliana et al., 2017;
Llarena et al., 2019).

Endometriosis is present as an ovarian endometrioma in
17-44% of patients (Busacca and Vignali, 2003), and particular at-
tention in the scientific literature has been paid to the relation-
ship between the presence of endometriomas and the alteration
of the ovarian endocrine function. Endometriomas contain fluid
with massive amounts of free iron, reactive oxygen species, pro-
teolytic enzymes and inflammatory molecules, eventually lead-
ing to substitution of the normal ovarian cortical tissue with
fibrous tissue followed by a reduction of the pool of primordial
follicles (Matsuzaki and Schubert, 2010; Kitajima et al., 2014;
Sanchez et al., 2014; Llarena et al., 2019). A recent systematic re-
view concluded that the presence of endometriosis significantly
reduces anti-Millerian hormone (AMH) levels compared to con-
trols. Additionally, a subgroup analysis examined the antral folli-
cle count (AFC) of ovaries with endometriomas and found that,
before surgery, the AFC in the affected ovary is significantly
lower than that in the contralateral ovary. This supports the hy-
pothesis that most of the damage to the ovarian reserve occurs
prior to surgery (Tian et al., 2021). Large endometriomas can also
expose the ovary to mechanical stress (Llarena et al, 2019).
Women with endometriomas have lower AMH levels (Sanchez
et al., 2014; Nieweglowska et al., 2015), as noted above, as well as
a more rapid decline in ovarian reserve than compared with age-
matched non-endometriosis controls (Kasapoglu et al., 2018).
Moreover, an increased risk of premature ovarian failure
(Kitajima et al., 2014) and less ovulation in the affected ovary
compared with the normal ovary (Horikawa et al., 2008) are often
reported with endometriosis. Reduced oocyte quality in women
with endometriomas has also been suggested, although these
data are still controversial. Data from IVF procedures show that
women with endometriosis have oocytes with lower in-vitro mat-
uration rates and lower fertilization rates (Barnhart et al., 2002;
Harb et al., 2013; Sanchez et al., 2017).

Several studies have explored the quality of embryos originat-
ing from oocytes of women with endometriosis to assess whether
endometriosis impacts embryo quality. In a study involving 235
human embryos, researchers found that nuclear and cytoplas-
mic abnormalities, cytoplasmic fragmentation, and uneven
cleavage were more commonly observed in embryos derived
from oocytes of women with endometriosis compared to those
from patients with different types of infertility (Brizek et al,
1995). Nevertheless, the embryo aneuploidy rate seems to be sim-
ilar in patients with endometriosis and unaffected age-matched
controls (Juneau et al., 2017), and affected patients seem to have
similar pregnancy, live birth, and miscarriage rates in compari-
son with those who have undergone IVF for other reasons
(Gonzdlez-Comadran et al., 2017). Although the relationship be-
tween endometriosis and infertility is supported by substantial
evidence, only 30-50% of women with endometriosis are actually
infertile, and many affected patients can achieve natural concep-
tion (Practice Committee of the American Society for
Reproductive Medicine, 2012; Somigliana et al., 2017).

The role of surgery in improving fertility

Surgical treatment of endometriosis-associated infertility is a
controversial topic. In particular, it is debated whether the first
approach in these patients should be surgery or IVF (Calagna
et al.,, 2020). The decision-making process is complex, since the
possibility of improving natural fertility through surgical inter-
vention can be conditioned by several factors, i.e. the presence
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and degree of pain symptoms, patient age and preferences, his-
tory of prior surgeries, presence of other infertility factors, ovar-
ian reserve, and the estimated endometriosis fertility index (EFI).
This staging system forecasts non-IVF pregnancy rates subse-
quent to surgical endometriosis staging and treatment. Before
surgery, the diagnosis of deep infiltrating endometriosis (DIE) can
also serve as a valuable predictor of surgical complexity.
Additionally, in the context of infertility, the presence of DIE
plays a crucial role in determining whether to proceed with a sur-
gical intervention or opt for ARTSs, particularly when combined
with predictive tools like the EFI (Condous et al., 2024). The first
surgical indication for patients with endometriosis is the pres-
ence of symptoms which cannot be optimally managed by medi-
cal therapy (Dunselman et al, 2014). However, also in
asymptomatic patients, it is reported that surgery can increase
the chances of infertile couples of achieving a natural pregnancy.
In patients with ASRM stage I and II endometriosis, some ran-
domized controlled trials show that excision or ablation of endo-
metriotic lesions and lysis of adhesions during laparoscopic
surgery increases natural pregnancy rates in comparison with
only diagnostic laparoscopy (Marcoux et al., 1997; Parazzini, 1999;
Moini et al., 2012; Duffy et al., 2014). For these reasons, several
guidelines (Koch et al., 2012; Practice Committee of the American
Society for Reproductive Medicine, 2012; Dunselman et al., 2014)
advocate for laparoscopic intervention that includes ablation or
excision of all visible endometriosis lesions as a preferred ap-
proach over diagnostic laparoscopy alone. Each guideline high-
lights different facets of why this approach is beneficial. Koch
et al. (2012) emphasize the enhancement of natural pregnancy
rates, while the Practice Committee of the American Society for
Reproductive Medicine (2012) focuses on the importance of fertil-
ity treatment. Dunselman et al. (2014), on the other hand, offer a
comprehensive perspective that includes both symptom man-
agement and fertility preparation. In summary, these guidelines
collectively support the use of therapeutic laparoscopy for man-
aging endometriosis, demonstrating its crucial role in enhancing
patient outcomes overall.

The efficacy of surgical treatment in improving fertility is less
clear in ASRM stage III and IV endometriosis (Koch et al., 2012;
Dunselman et al., 2014). A prospective cohort study by Adamson
and Pasta (1994) found a 3-year estimated cumulative pregnancy
rate of 62% after laparoscopic surgery in these patients. Other
prospective cohort studies suggest a significant improvement in
pregnancy rates after IVF in patients who were surgically treated
for DIE before the IVF procedures compared with non-operated
patients (Ferrero et al., 2009; Barri et al., 2010; Daral et al., 2010).
Liang et al. (2024) showed that surgery, whether complete or in-
complete, resulted in improved pregnancy rates per patient. This
finding highlights the significance of surgical interventions as a
treatment for DIE; even if the surgery does not entirely eliminate
the disease, it can still offer considerable benefits in terms of fer-
tility outcomes. However, the decision to undergo surgery should
always be weighed against its potential risks, and these should
be carefully discussed with patients.

In contrast, some other studies have shown no improvement
in fertility outcomes with surgery (Vercellini et al., 2006). Thus, in
women with DIE, laparoscopic intervention could be proposed to
restore normal pelvic anatomy, but the indication should be
carefully discussed with the patient (Dunselman et al., 2014;
Kuznetsov et al., 2017). Some experts suggest that IVF, rather
than surgery, should be the first-line treatment for women with
DIE who primarily desire childbearing (Abrao et al., 2015; Falcone
and Flyckt, 2018).

Some data support the surgical removal of ovarian endome-
triomas in order to improve natural conception rates (Hart et al.,
2008; Llarena et al., 2019). In a survey, half of the respondents (28
centers, 48.3%) allowed pregnancy immediately after surgery, 24
centers (41.4%) would recommend waiting for at least 3 months,
and six centers recommended waiting up to 6 months before
pregnancy (Sanger et al., 2023). Guidelines recommend surgical
excision by stripping, which decreases the risk of recurrence and
increases the probability of natural pregnancy, compared to the
drainage and electrocoagulation technique (Hart et al, 2008;
Dunselman et al., 2014; Kuznetsov et al., 2017).

Impact of surgical approaches on ovarian reserve
and fertility preservation in endometriosis
management

When an endometrioma is removed to increase fertility, the po-
tential advantage must be balanced with the risk (described by
several authors) of causing damage to the ovarian reserve
(Dunselman et al., 2014). In fact, many studies and meta-analyses
have shown that AMH levels decrease after endometrioma exci-
sion (Ragni et al., 2005; Li et al., 2009; Chang et al., 2010; Raffi et al.,
2012; Somigliana et al., 2012; Seyhan et al., 2015; Goodman et al.,
2016). Moreover, ovarian cystectomy has been associated with a
2.4-13% risk of premature ovarian failure in the post-operative
phase (Busacca et al., 2006; Benaglia et al., 2010).

Advanced age, elevated BMI, shorter menstrual cycles, bilat-
eral ovarian cysts, advanced surgical staging, or a fully enclosed
Douglas pouch were all associated with significantly lower AMH
levels prior to treatment compared to individuals without these
conditions. Moreover, AMH levels showed an additional decline
within 1 year following laparoscopic cystectomy (Zhang et al.,
2024). Various mechanisms contributing to surgery-related dam-
age to the ovarian parenchyma have been proposed, including
the excessive removal of healthy ovarian tissue (Hachisuga and
Kawarabayashi, 2002; Muzii et al., 2002), vascular damage result-
ing from electrocoagulation, and autoimmune responses
triggered by intense local inflammation (Garcia-Velasco and
Somigliana, 2009; Li et al., 2009). Conservative surgical manage-
ment of ovarian endometriomas typically involves several
options, including cystectomy by stripping, various ablative
techniques (such as those using laser, plasma energy, or bipolar
diathermy), and sclerotherapy with ethanol, as well as com-
bined approaches.

In cystectomy by stripping, the process starts with draining
the endometrioma, followed by the careful separation of the cyst
wall from the ovarian cortex using gentle traction and counter-
traction. Hemostasis is then achieved at the cyst bed, often utiliz-
ing bipolar diathermy, sutures or hemostatic agents. Both the
suture method and hemostatic agents may have potential bene-
fits in the preservation of ovarian reserve over the bipolar coagu-
lation method when cystectomy for ovarian endometrioma is
performed (Paik and Jee, 2024). Ablative techniques involve fen-
estrating, draining, and washing out the cyst, followed by the
destruction of the ovarian endometrioma cyst wall (Muzil et al,,
2007). Compared to bipolar diathermy, laser and plasma energy
provide a more superficial, tissue-conserving effect, thereby min-
imizing unintended damage to the underlying ovarian tissue
(Pados et al., 2010; Roman et al., 2011). Both ablation and cystec-
tomy have significantly detrimental effects on the ovarian re-
serve as evaluated by AMH, but the ablation causes relatively
less damage to ovarian reserve when appraised by AFC (Zhang
etal., 2022).

For larger endometriomas, a ‘three-stage procedure’ may be
utilized. This approach begins with the initial drainage of the
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cyst during laparoscopy, followed by 12 weeks of treatment with
GnRH agonists to reduce the cyst size, and concludes with laser
vaporization of the cyst wall during a second laparoscopic proce-
dure (Pados et al., 2010).

In 2010, Donnez et al. described a combined approach that
involves removing 80-90% of the endometrioma via cystectomy,
with the remaining 10-20% near the hilus being treated with la-
ser ablation. This method aims to minimize the accidental loss of
ovarian follicles (Donnez et al., 2010).

Sclerotherapy for endometriomas during laparoscopy involves
puncturing the cyst, aspirating its contents, and then exposing
the cyst wall to a 96% alcohol (ethanol) solution for 10-15min
(Crestani et al.,, 2022). Historically, cystectomy has been consid-
ered the gold-standard surgical approach due to its lower risk of
endometrioma recurrence, reduction in endometriosis-related
pain (Becker et al., 2022), and higher chances of natural concep-
tion (Hart et al., 2008). However, since ovarian cystectomy has
also been associated with a 2.4-13% risk of premature ovarian
failure in the post-operative phase (Busacca et al., 2006; Benaglia
et al., 2010), alternative solutions have been developed to address
this concern. Additionally, the expertise of the surgeon is crucial
in these procedures, as it significantly impacts the preservation
of ovarian function and the overall success of the surgery.

The reduction in the ovarian reserve after surgery is unpre-
dictable (Vercellini et al., 2013); however, the post-operative se-
rum AMH level decreases more in bilateral endometrioma than
in unilateral endometrioma patients (Busacca et al., 2006; Chang
et al., 2010; Falcone and Flyckt, 2018), not surprisingly.

Some possible measures to reduce ovarian damage during
surgery have been described, including, for example, the careful
delineation of the plane between the endometrioma and the
ovarian cortex, the sparing use of electrocoagulation for hemo-
static purposes, and the use of suturing or hemostatic agents in
order to minimize electrosurgery (Llarena and Flyckt, 2017;
Llarena et al., 2019). In this context, the experience of the surgeon
seems to play a critical role in preserving fertility after surgery
(Yuetal., 2010).

Endometriosis is nevertheless a chronic disorder that tends to
recur, with a risk for the patient of needing to undergo recurrent
surgery. Repeated surgery for endometriosis does not appear to
further improve fertility outcomes and often results in a greater
decline in AMH than the initial surgery (Vercellini et al., 2013;
Ferrero et al., 2015; Muzii et al., 2015).

The role of ART for patients with endometriosis

While the availability of fertility counseling for a patient might
be influenced by the type (surgeon or fertility specialist) and the
expertise of the initial physician she is referred to, the role of
ART in endometriosis patients’ management is nonetheless still
debated. It is estimated that patients affected by endometriosis
represent about 10% of patients undergoing ART treatments
(Somigliana et al., 2017).

ART should be the first intention in treatment of infertile
patients with ovarian endometriomas, to avoid surgical damage
to the ovarian reserve before treatment (Lessey et al., 2018), and
in patients with DIE who primarily desire childbearing (Abrao
et al., 2015; Falcone and Flyckt, 2018). Current guidelines recom-
mend considering the removal of asymptomatic endometriomas
before IVF only in case of large endometriomas (>4cm) to im-
prove access to follicles during oocyte retrieval (Practice
Committee of the American Society for Reproductive Medicine,
2012; Dunselman et al., 2014).

The most widely agreed indications for ART in the scientific
literature concern asymptomatic infertile patients over 35 years

of age or with decreased ovarian reserve, other associated infer-
tility factors, bilateral endometriomas, endometrioma recur-
rence, previous history of surgery for endometriosis, or failure of
natural conception after surgery (Practice Committee of the
American Society for Reproductive Medicine, 2012; Dunselman
et al., 2014; Somigliana et al., 2017; Lessey et al., 2018).

Ovarian stimulation with GnRH agonists or antagonists can be
performed without contraindications in endometriosis patients,
as they do not increase the risk of disease progression (Benaglia
et al., 2010, 2011; Dunselman et al., 2014). The decline in fertility
among women with endometriosis is primarily associated with
quantitative rather than qualitative impairments. Initially, ovar-
ian stimulation involved prolonged pituitary suppression with
GnRH agonists, but this approach was swiftly replaced by GnRH
antagonists due to their advantages, including shorter treatment
duration and reduced gonadotropin doses. Current research sup-
ports the interchangeability of both options, as they result in sim-
ilar numbers of retrieved oocytes and pregnancy rates.
Additionally, it is prudent to contemplate PPOS (progestin-
primed ovarian stimulation) protocols for cycles where a fresh
embryo transfer is not planned (Goyri et al., 2024).

There are conflicting data regarding the fact that the presence
of endometriotic lesions can negatively affect the results of ART;
some meta-analyses report no influence (Barbosa et al., 2014),
and others report a negative influence dependent on the stage of
the disease, with a success rate significantly lower for patients
with severe disease (Barnhart et al., 2002; Hamdan et al., 2015). In
particular, a reduction of up to 30% for clinical pregnancy rate
and up to 40% for live birth rate (LBR) are reported in case of
stage III or IV endometriosis (Hamdan et al., 2015). A further
meta-analysis (Rossi and Prefumo, 2016) found a lower preg-
nancy rate, but a similar LBR, compared to the controls.

New horizons in endometriosis diagnosis and
management: the role of biomarkers

Despite the exploration of various non-invasive diagnostic
approaches, including the analysis of blood, cervicovaginal fluid,
and urine, a definitive biomarker for endometriosis has yet to be
identified. Extensive research into blood and urine tests, along-
side investigations of altered cytokines, angiogenic factors, and
growth factors, has not yielded a conclusive diagnostic tool for
this condition (Nisenblat et al., 2016; Anastasiu et al.,, 2020;
Doliniska et al., 2023; Karkia et al., 2022).

In a recent Cochrane review (Nisenblat et al., 2016), none of
the 60 investigated peripheral blood biomarkers showed suffi-
cient accuracy to serve as a replacement test (sensitivity >94%,
specificity >79%), as a triage test to rule out endometriosis in
cases of a negative result (sensitivity >95%, specificity >50%) or
to determine endometriosis for a positive result (sensitivity
>50%, specificity >95%) in a minimally invasive manner.

The most consistently studied glycoprotein in endometriosis
has been CA-125, which is increased in many physiological and
pathological conditions. A meta-analysis conducted 20 years ago
revealed elevated CA-125 levels in patients with endometriosis,
suggesting a potential link to the more advanced stages of the
disease. Subsequent studies have indicated that while CA-125 is
a biomarker for endometriosis, its levels fluctuate throughout
the menstrual cycle and can differ based on the clinical type and
stage of the condition. Among the biomarkers studied, only four
(anti-endometrial autoantibodies (anti-endometrial Abs), inter-
leukin-6 (IL-6), CA-19.9 and CA-125) had sufficient research sup-
port to allow a meaningful evaluation of their diagnostic
accuracy. However, none of these markers proved reliable
enough to become a diagnostic test (Nisenblat et al., 2016).
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In endometriosis, cytokines are supposed to play a key role in
the decreased immunological surveillance, contributing to im-
plantation of endometriotic foci. The most studied ones were IL-6
and TNF-a, and in 2002, Bedaiwy et al. (2002) suggested that they
might be used as endometriosis biomarkers. In 2006, Martinez et
al. (2007) found that women with minimal to mild endometriosis
had higher serum levels of IL-6 compared to other groups, and
using the cut-off level of 25.75 pg/ml, the authors described a sig-
nificant accuracy of IL-6 in detecting endometriosis (sensitivity
75.0%, specificity 83.3%). However, no cytokine has been demon-
strated to be sufficiently reliable as a biomarker for endometri-
osis. The issue lies in their lack of specificity, as these molecules
can be implicated in various biological processes, both physiolog-
ical (such as the menstrual cycle) and pathological.

Mari-Alexandre et al. (2018) were the first to characterize the
miRNA profile of peritoneal fluid of women with endometriosis
and to examine how miRNA levels correlate with fertility status.
Their study identified a total of 126 miRNAs with altered expres-
sion in the peritoneal fluid of endometriosis patients: 78 were
downregulated and 48 were upregulated. Notably, higher levels
of miR-106b-3p, miR-451a, and miR-486-5p were observed in the
peritoneal fluid of infertile women with endometriosis, indicating
that these miRNAs might serve as potential biomarkers for pre-
dicting fertility outcomes in these individuals (Mari-Alexandre
et al., 2018). More recently, another study introduced a saliva-
based miRNA signature profile as a novel diagnostic tool for
screening endometriosis-related infertility (Dabi et al., 2023).

Numerous studies have indicated that nanoparticles (i.e.
materials measuring less than 100 nm in size) show great poten-
tial for advancing diagnostic and imaging technologies. These
improvements could facilitate more precise non-invasive detec-
tion, a deeper understanding of target signaling pathways, and
the discovery of therapeutic options for a wide range of diseases
(Patra et al., 2018; Moses et al., 2021; Erdil, 2024; Huseynov
etal., 2024).

The identification of specific biomarkers, like aberrantly
expressed miRNAs and inflammation-associated interleukins,
could enable earlier and more accurate diagnosis. Early detection
is crucial, as it allows for intervention before the disease pro-
gresses to more severe stages, significantly improving the
patients’ quality of life and reducing their risk of long-term com-
plications. Moreover, a deeper understanding of inflammatory
pathways and biomarkers can lead to more personalized thera-
ples. Treatments can be tailored based on an individual’'s bio-
marker profile, enhancing the effectiveness of therapy while
minimizing side effects.

Additionally, biomarkers may be useful not only for diagnosis
and treatment but also for monitoring disease progression and
assessing treatment response. Tracking changes in biomarker
levels can provide valuable insights into how well a patient is
responding to treatment and whether adjustments to the thera-
peutic plan are needed. In summary, integrating new findings on
biomarkers into the diagnostic and therapeutic approach for en-
dometriosis has the potential to revolutionize disease manage-
ment. This could facilitate earlier and more accurate diagnosis,
enable more targeted and personalized treatment, and ulti-
mately improve overall patient care and quality of life.

Emotional and psychological impact of
endometriosis on fertility: insights and
implications

It is well established that both potential and diagnosed infertility
can impose significant emotional and financial stress. Research
indicates that women experiencing infertility benefit greatly

from supportive care and timely treatment. However, there is
limited understanding of how endometriosis affects the lives of
women, perceptions of symptom onset, disease progression, and
its impact on fertility. Women with endometriosis face various
choices related to family planning and fertility, including elective
oocyte vitrification, surgical removal of endometriomas, and
ARTs. A survey by Navarria-Forney et al. (2020) explored fertility
issues among women aged 18-40 with endometriosis, revealing
that most women (96%) were concerned about how endometri-
osis would affect their fertility. About half (52%) felt adequately
informed by their doctors, while 31% sought more information.
Despite this, only 27% considered themselves well-informed
about fertility preservation options. Specialist-provided informa-
tion on endometriosis and reproduction was rated as most use-
ful, followed by patient support groups, whereas information
from general gynecologists was less valued. Many women would
consider ART (74%) or adoption (70%) if faced with infertility,
with 72% were open to oocyte vitrification for preservation but
only 37% were open to oocyte donation. Women's stories empha-
size that fertility issues are inseparable from the lived experience
and the complexities of endometriosis-related impacts on both
the individual and the couple. Furthermore, there is a challeng-
ing dynamic between women with endometriosis and their
healthcare providers. Women’s accounts describe the trivializa-
tion of pain, disinterest, and a lack of medical knowledge, as well
as inadequate information provision and medical wandering
without a diagnosis or sufficient treatment (Ng et al., 2020; Girard
et al., 2023). A patient-centered approach to investigation enables
the exploration of a patient’s perceptions and beliefs about their
illness, providing insight into how the various effects of endome-
triosis influence fertility and family planning. Exploring percep-
tions of the patient’s illness involves training in communication
skills and education to understand and engage with their per-
sonal experiences and perspectives (Petrie et al., 2007).

Should fertility preservation have a role?

In recent years, interest in reproductive options for patients with
risk of future reproductive capacity impairment has grown con-
siderably, and the opportunity to preserve fertility has been ex-
panded also to non-cancer patients (Garcia-Velasco et al., 2013;
Calagna et al, 2020). Today, fertility preservation options for
patients include the cryopreservation of oocytes, embryos, or
ovarian tissues, which is no longer considered an experimental
procedure (Practice Committee of the American Society for
Reproductive Medicine, 2019).

Fertility preservation has been proposed in pre-surgical
counseling for women with endometriosis at reproductive ages if
they have not yet completed family planning and have negative
prognostic factors in terms of fertility (Carrillo et al, 2016;
Practice Committee of the American Society for Reproductive
Medicine, 2019). ESHRE guidelines on fertility preservation con-
sidered benign disorders to be an indication for fertility preserva-
tion but did not address whether endometriosis was a reason for
fertility preservation in particular (Becker et al., 2022).

International literature on the topic is poor, and no definitive
and shared guidelines exist on indications and recommendations
for fertility preservation in patients with endometriosis, which is
still debated among experts. The aim of this review is to summa-
rize the current evidence on fertility preservation for patients af-
fected by endometriosis.
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Search methods

This article is based on a critical review of literature on peer-
reviewed article indexing databases, including PubMed, Scopus,
and Medline, using the keywords: ‘fertility preservation’, ‘oocyte
vitrification’, ‘endometriosis’, ‘endometrioma’, ‘ovarian reserve’,
and ‘in vitro fertilization’.

Outcomes

In 2020, Calagna et al. published the first systematic review de-
scribing the applications of fertility preservation techniques for
patients suffering from endometriosis (Calagna et al., 2020). In
most of the reported studies, fertility preservation happened
through oocyte cryopreservation. The first case report in the
review reported oocyte cryopreservation for a 25-year-old nullip-
arous woman who had undergone previous unilateral salpingo-
oophorectomy due to ovarian endometriosis and, at the time of
the study, showed reduced ovarian reserve markers (AFC 3 in the
remaining ovary). After three cycles of ovarian stimulation, 21
mature oocytes (MII) were cryopreserved (Elizur et al., 2009).
Subsequently, Garcia-Velasco et al. (2013) performed a retrospec-
tive multicenter observational study regarding oocyte vitrifica-
tion outcomes for fertility preservation in oncological versus
non-oncological patients, including the results of fertility preser-
vation in 38 endometriosis patients. After one cycle of ovarian
stimulation using a GnRH antagonist protocol, all patients
obtained MII oocytes (9.9-22.6 oocytes per patient). The authors
reported that five patients with endometriosis returned to use
their vitrified oocytes, but outcomes were not specified (Garcia-
Velasco et al., 2013). It is important to note two factors regarding
endometriomas: their size and bilaterality. Studies involving
women with unilateral endometriomas undergoing IVF cycles
revealed that both the affected ovary and the healthy ovary pro-
duced a similar number of codominant follicles and oocytes
(Filippi et al., 2014). Conversely, women with bilateral endome-
triomas experienced an even lower ovarian response; however,
pregnancy rates per transfer remained unaffected (Karadag et al.,
2020). Nonetheless, the cumulative LBR might be lower due to
the diminished ovarian response, underscoring the quantitative
impact of the disease on fertility (Goyri et al., 2024).

Only in 2018, Raad et al. (2018) published a retrospective obser-
vational study describing the first cohort of 49 endometriosis
patients who underwent oocyte vitrification for fertility preserva-
tion. The mean number of retrieved and vitrified oocytes was, re-
spectively, 9.5 (£6.1) and 7.2 (+4.9). No differences were noted in
the mean duration of stimulation and total dose of gonadotropin
used between patients with different endometriosis phenotypes
(superficial versus deep infiltrated endometriosis versus ovarian
endometrioma) or different surgical histories. The average num-
ber of oocytes retrieved and vitrified per cycle was significantly
lower in patients with a history of endometrioma excision com-
pared to those who had not undergone prior ovarian surgery
(Raad et al.,, 2018). A larger number of patients was reported in
the retrospective observational study by Cobo et al. (2020).
Inclusion criteria were patient age up to 42, ovarian endome-
trioma larger than 1cm (with and without deep endometriosis),
healthy residual ovarian tissue, and AMH level >0.5ng/ml. Data
were reported for 485 patients out of 1044 who returned to use
their vitrified oocytes in an attempt to achieve pregnancy. The
average number of oocytes vitrified per patient was 9.4, with sig-
nificantly higher numbers of oocytes vitrified per cycle in women
without prior ovarian surgery before fertility preservation.
Additionally, none of the evaluated parameters (such as the

number of retrieved and MII vitrified oocytes, embryo quality,
survival rate, pregnancy rate, and cumulative LBR) showed sta-
tistically significant differences between early-stage (I-1I) and
advanced-stage (III-IV) endometriosis. They found oocyte sur-
vival rates of 83.2% after warming and a cumulative LBR of
46.4%, and concluded that fertility preservation was a valid treat-
ment option in patients with endometriosis. However, the same
parameters were statistically better in patients <35years old at
the time of oocyte vitrification compared with older patients.
Only one study regarding embryo cryopreservation was reported
in Calagna et al.’s review (Calagna et al., 2020). This was a retro-
spective cohort study on 39 infertile patients with diminished
ovarian reserve, among whom 16 women had endometriosis.
Ovarian stimulation was performed before laparoscopic ovarian
cystectomy using the stripping method. Although few data on
outcomes were specified, the authors reported that six endome-
triosis patients experienced live birth after successive embryo
transfer (Kuroda et al., 2019).

Only three case reports were reported by Calagna et al. (2020)
on ovarian tissue cryopreservation. In two cases, endometrioses
was the main indication for fertility preservation. The first article
reported two cases of nulliparous young patients previously op-
erated for endometrioma, with recurrent severe endometriosis
(including 8-9 cm endometriomas); because of the severity of the
disease, these patients had unilateral oophorectomies, but dur-
ing surgery, fresh 10-12mm strips of ovarian cortex were reim-
planted in a peritoneal window near the contralateral ovarian
hilus (orthotopic reimplantation). In both cases, the grafted tis-
sue showed the presence of ovarian activity (i.e. presence of fol-
licles) at laparoscopic follow-up, and one patient became
pregnant through IVF (Donnez et al., 2005). The presence of ovar-
ian activity up to 9months after the graft was also reported
within Oktay and Oktem'’s series, in a case of orthotopic trans-
plantation of ovarian cortex frozen 6 months before in a patient
with endometriosis (Oktay and Oktem, 2010).

Some other studies have provided additional information on
the topic. Kim et al. (2020) performed a retrospective evaluation
on oocyte cryoconservation for fertility preservation in women
with ovarian endometrioma (but without DIE) who were sched-
uled to undergo ovarian cystectomy. Patients were counseled to
consider fertility preservation before surgery in case of AMH val-
ues lower than expected for their age or less than 3.0ng/ml, or bi-
lateral endometriomas or recurrent endometrioma. Only 34 of 68
patients (50%) agreed to undergo oocyte cryoconservation after
counseling. The number of oocytes retrieved, but not the number
of MII oocytes retrieved, was significantly lower in the patients
with endometrioma. In 13 patients (38.2%), it was necessary to
repeat ovarian stimulation and oocyte retrieval to obtain an ade-
quate number of oocytes to cryopreserve, where 10 MII oocytes
was the goal of the stimulation. Patients with bilateral endome-
triomas had lower numbers of oocytes cryopreserved compared
to patients with unilateral endometrioma (4.1+2.9 versus 5.7 +
3.4); the difference was, however, not statistically different.
Patients with endometrioma received higher total doses of gona-
dotropins compared with those who did not have ovarian endo-
metriosis, probably due to lower AMH levels. There was no
change in size of the endometriomas before and after ovarian
stimulation. Outcomes in terms of pregnancy rate and LBR were
not reported (Kim et al., 2020).

Two non-randomized studies comparing PPOS versus GnRH
antagonist protocols reported similar numbers of retrieved
oocytes in both groups (Guo et al., 2020; Mathieu d’Argent et al,,
2020), suggesting that the PPOS protocol could serve as a viable
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alternative for women with endometriosis, particularly when a
fresh embryo transfer is not planned; the rationale behind using
progestins lies in their comparable efficacy to GnRH antagonists
in preventing premature LH surges. From a practical standpoint,
a woman already undergoing progestin treatment to manage her
symptoms could seamlessly transition to gonadotropin stimula-
tion and continue the same progestin regimen.

Fouks et al. (2023), in an observational cross-sectional study,
identified a significant negative correlation between the number
of clinical symptoms and the quantity of vitrified oocytes. This
association was only partially linked to prior surgical interven-
tions. Among patients with endometriosis undergoing fertility
preservation, AMH levels showed the strongest correlation with
treatment success. Cobo et al. conducted a retrospective observa-
tional study in order to investigate how the number of oocytes re-
trieved affects the cumulative live birth rate (CLBR) in
endometriosis patients who had their oocytes vitrified for fertility
preservation (Cobo et al., 2021). A total of 485 women with endo-
metriosis (stage III-IV endometriosis in about 98% of cases, be-
fore or after surgery) were included. The study confirmed that,
also in patients with endometriosis, the LBR is positively corre-
lated with the number of oocytes stored and patient age: better
outcomes were observed in young women (aged <35years old
versus >35years old). The LBR was 95.4% in the younger group
versus 79.6% in older women, using approximately 20 oocytes.
This finding highlights the relevance of oocyte vitrification at a
young age also in women with endometriosis. Moreover, compar-
ing the results in this endometriosis group with those in women
who underwent fertility preservation for other causes (Cobo et al.,
2018), no statistical differences in age-matched groups with the
same number of vitrified oocytes were observed. When the same
number of oocytes was vitrified, the overall CLBR in endometri-
osis patients showed no statistical differences compared to those
who performed elective fertility preservation, irrespective of age.
On the basis of these observations, the authors suggested that
ovarian endometriosis and previous ovarian surgery for endome-
triosis have a quantitative and not qualitative negative effect on
IVF outcomes. Probably due to a reduced ovarian reserve, in fact,
endometriosis patients showed a lower number of oocytes re-
trieved per cycle compared to patients who were not affected.
However, if an optimal number of oocytes was retrieved, no im-
pairment in LBR in IVF cycles was seen. The results of the study
do not demonstrate a compromised LBR in IVF cycles (Cobo
etal., 2021).

In contrast, a recent meta-analysis by Liang et al. (2024) found
that the pregnancy rate per patient (OR 1.47; 95% CI, 0.59-3.63),
pregnancy rate per cycle (OR 1.16; 95% CI, 0.45-2.99), and live
birth per patient (OR 1.66; 95% CI, 0.56-4.91) were similar in
patients with DIE, whether treated with surgery or ART as the ini-
tial approach. However, when cases of both complete and incom-
plete surgical excision of DIE were included, surgery was
associated with a significant improvement in the pregnancy rate
per patient (OR 1.63; 95% CI, 1.11-2.40).

Discussion

Oocyte cryopreservation: a feasible option for
endometriosis patients

Among the various techniques reported for fertility preservation,
oocyte cryopreservation has been the most frequently proposed
in literature in case of endometriosis. Oocyte cryopreservation
does not have a negative impact on ovarian reserve, has low as-
sociated morbidity, and does not require a male partner (Donnez

and Dolmans, 2017). For these reasons, it seems to be the most
suitable technique for young patients with regular menstrual
cycles but suffering from a benign pathology that can potentially
compromise the ovarian reserve in the future (Carrillo et al,
2016). Studies like Cobo et al. (2016) report oocyte survival rates of
85.2%, with LBRs depending on age and the number of
oocytes retrieved.

Multiple ovarian stimulation cycles may be
needed to achieve optimal results

Due to a reduced ovarian reserve in endometriosis patients, mul-
tiple stimulation cycles may be required to retrieve an optimal
number of oocytes (at least 10) (Carrillo et al., 2016; Kim et al,,
2020; Mathieu d’Argent et al., 2020; Cobo et al., 2021). For instance,
Raad et al. (2018) and Cobo et al. (2020) reported an average of ap-
proximately 9 vitrified oocytes per patient, while those with se-
verely compromised reserve vitrified only 4-6 oocytes
on average.

Age and ovarian reserve are critical predictors

of success

Age and ovarian reserve are key determinants of fertility preser-
vation outcomes. Cobo et al. (2021) found that CLBRs increased
significantly with a higher number of cryopreserved oocytes but
decreased with advanced age.

Surgical history and stage of disease influence
oocyte retrieval

Surgical history and disease stage impact the number of re-
trieved oocytes. Patients with prior ovarian surgery have fewer
oocytes retrieved than those without surgical history (Raad et al.,
2018; Cobo et al., 2020; Santulli et al., 2021; Elizur et al., 2023). On
the other hand, the stage of the disease does not seem to signifi-
cantly influence the number of cryopreserved oocytes (Raad
et al., 2018; Cobo et al.,, 2020; Kim et al., 2020; Mathieu d'Argent
et al., 2020; Cobo et al., 2021). As previously mentioned, some pro-
spective cohort studies seem to suggest a significant improve-
ment in pregnancy rates in patients with DIE that is surgically
treated before the IVF procedures, compared with non-operated
patients (Ferrero et al., 2009; Barri et al., 2010; Darai et al., 2010).

Comparable IVF outcomes with adequate
oocyte retrieval

When an adequate number of oocytes is cryopreserved, IVF out-
comes are comparable to those in patients who underwent fertil-
ity preservation for other reasons. Cobo et al. (2021) showed
similar LBRs between endometriosis patients and age-matched
controls with an equal number of oocytes.

The importance of fertility preservation

before surgery

Fertility preservation before surgery can protect the ovarian re-
serve from the detrimental effects of surgical interventions.
Studies like Llarena et al. (2019) highlight the benefits of this ap-
proach for patients with bilateral endometriomas or a preopera-
tive diminished ovarian reserve.

Fertility preservation tailored to patient
characteristics

Fertility preservation should be tailored based on patient-specific
factors, such as age, ovarian reserve, presence of bilateral endo-
metriomas, or history of repeated surgeries. The indications for
fertility preservation in patients with endometriosis, as
highlighted by the analyzed studies (see Table 1), include several



8 | LaMarcaetal

Table 1. Indications for fertility preservation.

Indications

Age over 35years

Bilateral endometriomas, before surgery
History or risk of multiple surgery
Preoperative reduced ovarian reserve
Ovarian endometrioma and reduced ovarian reserve
Previous unilateral endometrioma surgery
Recurrent endometrioma, before surgery
Severe endometriosis diagnosis

Ovarian endometrioma larger than 4 cm
Unlikely postoperative natural conception
Severe cases identified via surgery

Low EFI score

Endometriosis stages III and IV

Indications for fertility preservation of the papers included in this review are
listed in order of prevalence. Somigliana et al. (2015), Carrillo et al. (2016),
Llarena et al. (2019), Pluchino and Roman (2020), Mathieu d'Argent et al. (2020),
Kim et al. (2020), Cobo et al. (2020), Santulli et al. (2021), Elizur et al. (2023),
Carneiro et al. (2021), Fouks et al. (2023), Goyri et al. (2024), Mifsud et al.

(2023), Sanger et al. (2023).

EFL: endometriosis fertility index.

key factors. The patient’s age is one of the main considerations
(Carrillo et al., 2016; Llarena et al., 2019; Mathieu d’'Argent et al.,
2020; Carneiro et al., 2021; Fouks et al., 2023; Mifsud et al., 2023;
Sanger et al., 2023; Goyri et al., 2024), particularly after the age of
35, when fertility may begin to decline more significantly (Cobo
et al., 2020). The presence of bilateral endometriomas is another
relevant indication (Somigliana et al., 2015; Carrillo et al., 2016;
Llarena et al., 2019; Kim et al., 2020; Pluchino and Roman, 2020;
Carneiro et al., 2021; Elizur et al., 2023; Mifsud et al., 2023; Goyri
et al., 2024). Additionally, a history or risk of multiple surgeries
may suggest the need for fertility preservation due to the poten-
tial compromise of ovarian function (Llarena et al.,, 2019; Cobo
et al., 2020; Mathieu d’Argent et al., 2020; Santulli et al., 2021;
Elizur et al, 2023). A reduced preoperative ovarian reserve
(Carrillo et al., 2016; Llarena et al.,, 2019; Pluchino and Roman,
2020; Fouks et al., 2023; Goyri et al., 2024), as well as the combina-
tion of ovarian endometrioma and reduced ovarian reserve
(Mathieu d'Argent et al., 2020; Kim et al., 2020; Carneiro et al,,
2021; Fouks et al., 2023; Mifsud et al., 2023; Goyri et al., 2024), are
further factors that may indicate the need for fertility preserva-
tion. Finally, in patients who have already undergone surgery for
unilateral endometrioma and/or present with contralateral re-
currence before a new surgery, fertility preservation may be par-
ticularly recommended (Somigliana et al., 2015; Carrillo et al.,
2016; Llarena et al., 2019; Carneiro et al., 2021; Mifsud et al., 2023).

Additional considerations for fertility
preservation

Embryo cryopreservation is a highly effective technique; how-
ever, it requires the involvement of a male partner, which can
lead to ethical and legal concerns, particularly regarding the fate
of embryos in cases of the patient’s death or separation from her
partner. Among all fertility preservation methods, oocyte cryo-
preservation is considered the preferred option for post-pubertal
patients (Rienzi and Ubaldi, 2015). Ovarian tissue cryopreserva-
tion was proven to be effective in cancer patients but has been
described only in a few case reports for patients with endometri-
osis (Donnez et al., 2005; Oktay and Oktem, 2010). This innovative
technique is not particularly suitable as a standard approach for
patients with endometriosis, a benign disease in which ovarian
surgery is conservative in most cases, and the removal of normal
cortical tissue for fertility preservation reasons can further dete-
riorate ovarian reserve. However, it could be applied in selected

situations; for example, the possibility proposed by Donnez et al.
of cryopreserving healthy fragments of ovarian tissue surgically
removed from around the endometrioma or from an ovary re-
moved when the severity of the disease makes oophorectomy
mandatory (Donnez et al., 2005).

In conclusion, it is important to emphasize that, based on
available data, fertility preservation for patients with endometri-
osis should be performed using oocyte vitrification rather than
embryo vitrification or ovarian tissue cryopreservation.

Proposed algorithm for fertility preservation in
endometriosis patients

We propose an algorithm for the management of fertility preser-
vation in women with endometriosis (see Fig. 1) tailored to the
patient’s specific needs and reproductive goals. The figure pro-
vides a structured yet flexible approach to guide decision-
making, whether the patient is seeking immediate pregnancy or
planning for future fertility. To clarify, the term ‘low ovarian re-
serve’ refers to a condition where the number or quality of avail-
able oocytes is diminished. This is typically evaluated through
markers such as AMH levels, AFC, and the patient’s age. A low
ovarian reserve is associated with a reduced likelihood of achiev-
ing pregnancy, either naturally or through ART. Similarly, high
risk in this context refers to situations where factors such as the
progression of endometriosis, the natural decline in fertility with
age, or other medical conditions such as prior ovarian surgeries
pose a significant threat to the patient’s ability to conceive in the
future. This includes more severe cases of the disease, such as
ovarian endometriomas or extensive adhesions, as well as a poor
hormonal response or a history of failed fertility treatments.

Conclusions

Endometriosis is a chronic disease that can compromise fertility
in 30-50% of affected patients. The decision between primary
surgery and ART can be challenging, and the therapeutic strategy
must be customized according to the clinical characteristics and
the needs of the patients (i.e. age, ovarian reserve, type and se-
verity of endometriosis lesions, presence of symptoms, history of
surgery, patient desire for pregnancy) (Table 2). For example,
younger patients experiencing more severe symptoms may de-
rive greater benefits from surgery, whereas older patients might
prefer ART to enhance immediate fertility outcomes (Working
group of ESGE, ESHRE, and WES, 2020).

However, considering the detrimental effect of endometriosis
on ovarian reserve due to surgical intervention, which may be
necessary, or the pathology per se, endometriosis has been
highlighted as a condition that may require fertility preserva-
tion procedures.

Reported experiences regarding the feasibility and success of
fertility preservation in patients with endometriosis have signifi-
cantly increased in recent medical literature. In particular, oo-
cyte cryopreservation seems to be the most suitable technique
for young patients with endometriosis. Age and residual ovarian
reserve are confirmed to be key factors in retrieving sufficient
oocytes, while previous ovarian surgery seems to negatively af-
fect the outcomes in terms of recovered oocytes.

However, also given the difficulty in predicting which patient
will develop endometriosis-related infertility and the severity of
ovarian damage following the development of endometriosis
lesions or surgical treatment, homogeneous data regarding indica-
tions for fertility preservation are lacking in the scientific litera-
ture. The main proposed indications for the preservation regard
women with bilateral endometriomas, those operated unilaterally
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Endometriosis patient
who desires fertility
Desire immediate fertility Desire future fertility
ovarian reserve
natural conception first line surgery / \
or first line IVF +IVF Sl \ow
>35 <35
fertility preservation fertility preservation
if not socially ready if high risk

Figure 1. Proposed algorithm for the management of fertility preservation in women with endometriosis. The algorithm described focuses on
managing a patient who wishes to preserve fertility, and it is divided into two main pathways based on the patient’s preferences. If the patient desires
immediate pregnancy, two options are offered: the first involves attempting to conceive naturally or undergoing first-line treatment with IVF. The
second option involves an initial surgical approach if there are medical conditions that could benefit from surgery. In this scenario, surgery is
considered the first line of treatment, followed by IVF if natural conception is not achieved. If the patient wishes to preserve fertility for the future and
does not wish to conceive in the short term, an evaluation of ovarian reserve is required. If the ovarian reserve is low, immediate fertility preservation
is recommended, particularly if the patient is not socially ready to conceive. Low ovarian reserve refers to a reduced quantity or quality of oocytes,
assessed using markers like AMH, AFC, and age. If the ovarian reserve is normal, the algorithm calls for an assessment of age: if the patient is over 35,
fertility preservation is advised if they are not socially ready to conceive. If under 35, fertility preservation is only considered if there are high-risk
factors, such as severe endometriosis, prior ovarian surgeries, or conditions that significantly threaten fertility. This personalized approach ensures the
treatment pathway is tailored to the patient’s clinical conditions and reproductive goals. AMH: anti-Mtllerian hormone; AFC: antral follicle count.

Table 2. Key criteria for effective fertility preservation.

Criteria Description Data avallablhty

Patient desire The patient’s desire is a key factor in deciding _Thls .study s a narrative review, and no new data were generated
personalized strategies. in this work.

Age The patient’s age plays a crucial role in fertility
preservation. ,

Ovarian reserve Ovarian reserve is critical for assessing fertil- Authors’ roles

ity options. . . . .
First-line surgery  First-line surgery can influence fertil- All authors contributed to conception and design, drafting the

ity outcomes. content, and critically revising the manuscript. All authors ap-
proved the final version.

Personalized approaches, considering age and ovarian reserve, are crucial for
effective fertility preservation, especially when surgery is involved.

Funding
with a contralateral recurrence, and those with preoperative re- This research received no external funding.
duced ovarian reserve. These patients certainly should be advised
about the risk of ovarian reserve damage and can be informed Conflict of interest

about the possibility of cryopreserving oocytes with a personalized

counseling. Future studies are needed to develop a consensus The authors declare no conflict of interest.
about the clinical characteristics of patients to include in fertility
preservation programmes and to better understand the cost-
effectiveness of the procedure, to improve the accuracy of the
counseling and the correct management of such a com- Abrao MS, Petraglia F, Falcone T, Keckstein J, Osuga Y, Chapron C.
plex disease. Deep endometriosis infiltrating the recto-sigmoid: critical factors
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