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Background: Evidence suggests that endometrioma cystectomy can
significantly reduce ovarian reserve. Ethanol sclerotherapy is a promising,
minimally invasive alternative. This overview aims to critically evaluate
systematic reviews that addressed the safety and efficacy of ethanol
sclerotherapy in women with endometrioma and compared it to
endometriotic cystectomy.

Methods: A systematic search was conducted on PubMed, Medline,
Epistemonikos, the Cochrane Library, and PROSPERO using the search terms
“endometriosis OR endometrioma AND sclerotherapy.” Key outcomes assessed
included adverse events, technical efficacy, pain relief, endometrioma
recurrence, impact on ovarian reserve, ART success, and pregnancy outcomes.
Two independent reviewers screened, reviewed, and selected relevant
publications. They also evaluated the quality of the included systematic reviews
using the modified version of the Assessing the Methodological Quality of
Systematic Reviews (AMSTAR?2) tool. Furthermore, they assessed the strength
of evidence for the primary outcome measures according to the Grading of
Recommendations Assessment, Development, and Evaluation (GRADE) system.
The study protocol was registered in advance at PROSPERO under registration
number CRD42024595209 on 10 October 2024.

Results: Nine systematic reviews were eligible, analyzing between 386 and 1,642
procedures. The reviews reported high technical efficacy (95.0%-98.3%) and low
adverse events (11.0%-12.0% minor, 1.0%-1.7% major). Outcomes for pain relief,
ovarian reserve, and pregnancy rates were generally favorable. Pregnancy rates
for ethanol sclerotherapy and endometriotic cystectomy appeared comparable;
however, sclerotherapy resulted in larger number of eggs retrieved and no loss of
ovarian reserve. Overall, the strength of evidence for sclerotherapy was low to
very low. though larger sample sizes supported findings on technical efficacy and
adverse events.
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Conclusions: Ethanol sclerotherapy is a viable alternative to endometriotic
cystectomy for treating endometrioma in reproductive-age women. It has the
advantage of being safe and effective for pain relief and potentially superior to
cystectomy in preserving ovarian reserve. Future studies should evaluate
sclerotherapy compared to cystectomy and expectant management in
randomized controlled trials.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/,
identifier CRD42024595209.

endometriosis, endometrioma, ethanol sclerotherapy, ovarian reserve, endometriotic
cystectomy, overview, systematic reviews

1 Introduction

Endometriomas are a common and distinctive feature of
endometriosis in women of reproductive age (1). Currently, the
primary method of diagnosis is ultrasonography; when performed
by skilled personnel, ultrasound eliminates the need for endoscopy
or surgery for diagnosis (2). There has been an ongoing debate
about the best approach to treating endometrioma, especially in
women experiencing endometriosis-related pain and infertility (3,
4). Generally, management options include expectant, medical,
surgical, or assisted reproductive technologies. The most
appropriate management approach takes into consideration the
woman’s age, ovarian reserve, symptoms, stage and sub-type of the
disease, as well as her desire for childbirth.

There is compelling evidence today suggesting that
endometrioma cystectomy using the stripping technique can lead
to a significant and irreversible decrease in ovarian reserve (5-7). A
recent systematic review and meta-analysis has shown that
endometrioma cystectomy can result in a notable and irreversible
decline in serum AMH levels by 39% and 57% in unilateral and
bilateral cases, respectively, at 9-12 months after surgery (6). These
functional findings, supported by histological studies (8-10),
indicate that this procedure may limit reproductive lifespan and
lead to early menopause (11-13).

To avoid these complications, other minimally invasive
approaches to endometrioma management have been developed
to minimize inadvertent operative damage to the ovarian reserve.
These methods include endometrioma sclerotherapy, ablation using
bipolar electrocoagulation or plasma energy, and laser vaporization.
Unfortunately, these may still impact ovarian reserve if the energy
reaches normal ovarian tissue. Ultrasound-guided sclerotherapy of
endometriomas, mainly using ethanol, has become popular in
recent years, with many published studies. Several systematic
reviews have also been conducted to summarize existing
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experiences and guide management approaches, but their findings
have been inconsistent and contradictory. For example, one review
indicated that sclerotherapy leads to a lower recurrence rate of
endometriomas and a better clinical pregnancy rate (14), while
another review showed comparable results (15).

Systematic reviews and meta-analyses are essential for combining
existing scientific information, strengthening the credibility of
primary study findings, and pinpointing areas for further research
(16). Furthermore, they can enhance the accuracy of evidence, as
numerous studies are not large enough to yield definitive results.
Nevertheless, unquestioningly adopting the findings of a single
systematic review may carry several undisclosed risks (17).

The purpose of this study is to critically explore eligible
systematic reviews that evaluated the safety and effectiveness of
sclerotherapy, specifically with ethanol, in the management of
women with endometrioma during their reproductive years.
Specifically, we examined sclerotherapy’s safety, technical efficacy,
pain relief, endometrioma recurrence, impact on ovarian reserve,
assisted reproductive technology (ART) success, and pregnancy
outcomes. Additionally, we assessed how sclerotherapy compares to
endometriotic cystectomy.

2 Methods
2.1 Protocol

The study protocol was designed a priori and agreed upon by all
authors. We conducted an overview (systematic review) of
systematic reviews following the recommendations of Smith et al.
(18) and the guidelines of Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) (19, 20). The overview was
registered in advance on the International Prospective Register of
Systematic Reviews (PROSPERO—CRD42024595209).
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2.2 Eligibility criteria, information sources,
search strategy

We conducted an extensive database search on PubMed,
Medline (Web of Science platform), Epistemonikos, the Cochrane
Library, and PROSPERO. The search in these databases focused on
publications in the English literature from their inception until
March 31, 2025. The search terms (including their MeSH) used
were endometriosis OR endometrioma AND sclerotherapy. The
investigation was limited to manuscripts published in peer-
reviewed journals and human studies. After the selection process,
we screened the bibliographies of eligible manuscripts for other
potentially suitable papers. All sclerosing agents were considered for
inclusion in the search strategy.

Systematic reviews (with or without meta-analysis) that
examined the safety and efficacy of sclerotherapy in women with
ovarian endometrioma at reproductive age were applicable for
evaluation. Specifically, reviews that explored the procedure
efficacy, pain relief, the recurrence rate of endometrioma, the
impact on ovarian reserve, the ART outcome, and the pregnancy
outcome were eligible. Furthermore, systematic reviews that
compared sclerotherapy safety and efficacy to endometriotic
cystectomy were qualified.

Narrative reviews and opinion papers were excluded from the
evaluation. Systematic reviews targeting only women with non-
endometriotic ovarian cysts, gonadal or non-gonadal malignancies,
and polycystic ovary syndrome were also excluded. Additionally,
systematic reviews focused on females in adolescence,
perimenopause, or postmenopause were excluded from the
evaluation. Moreover, papers assessing women undergoing other
minimally invasive approaches, such as endometrioma ablation
using electrocoagulation or plasma energy and laser vaporization,
were excluded. Data presented exclusively as abstracts at scientific
meetings were discounted. Furthermore, reviews with discernible
sampling bias or inappropriate design were excluded.

2.3 Study selection

All studies relevant to the research question were retrieved. Two
reviewers (JSY and NS) independently screened, reviewed, and
selected relevant publications for this overview. The screening
process for systematic reviews consisted of two stages, e.g., title/
abstract, followed by full-text. We resolved disagreements regarding
inclusion, quality assessment, and data extraction through
discussion, consensus, or mediation with a third reviewer (HST).

2.4 Quality assessment and study overlap
degree

Two independent reviewers (JSY and NS) utilized the
AMSTAR? tool to assess the quality of eligible systematic reviews
(17). This tool was selected because current meta-analyses often
include both randomized and non-randomized intervention studies
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in their evaluations. AMSTAR2 helps decision-makers identify

high-quality systematic reviews that cover both types of studies.
The evaluation of eligible systematic reviews was conducted

using the sixteen domains of AMSTAR2. Each domain was

» <«

categorized as “yes,” “partial yes,” or “no” based on whether it
was fully implemented (and documented), partially applied, or not
implemented, respectively, in each systematic review. Based on the
critical and non-critical domains defined by AMSTAR2, the overall
evidence was rated as high, moderate, low, or critically low (17).
We utilized a citation matrix to evaluate the overlap among
studies analyzed in the included systematic reviews. This allowed us
to calculate the corrected cover area (CCA) according to Pieper

et al. (21).

2.5 Outcome measures

To properly evaluate the use of sclerotherapy for managing
endometriomas, we first looked at whether it was used as a primary
treatment (without previous surgery) or as a secondary treatment
(after recurrence). We focused on assessing the technical efficacy of
the procedure, its impact on pain relief, and the occurrence of any
adverse events. Additionally, we studied the likelihood of
endometrioma recurrence after the procedure and the effect of
sclerotherapy on measures of ovarian reserve. We also examined
how sclerotherapy affected pregnancy rates and assisted
reproductive technology (ART) outcomes. Furthermore, we
compared the outcome measures of sclerotherapy with those of
endometriotic cystectomy.

For consistency, outcomes were defined as follows: technical
success = successful aspiration and instillation/retention of ethanol
without procedural failure; recurrence = reappearance of an
endometrioma in the treated ovary on follow-up imaging; pain
improvement = reduction or resolution of endometriosis-related
pelvic pain as reported by individual studies; pregnancy outcomes =
any reported conception, unless specifically defined as spontaneous
or ART-related. Where reviews distinguished a clinical pregnancy
(ultrasound-confirmed gestational sac) or live birth, this is
stated explicitly.

2.6 Data extraction and analysis

Two reviewers, JSY and NS, independently performed the data
extraction. We created a descriptive table summarizing all
systematic reviews on sclerotherapy for managing endometrioma
during the reproductive years. For each eligible review, we
documented the first author, publication year, the study aims,
detailed review objectives, sclerosing agent used, number of
studies included in the review, total number of women, number
of studies that exclusively used ethanol, the tool used for evaluating
the risk of bias in the included studies, and whether a meta-analysis
was conducted.

We have created a second descriptive table that inclusively
summarizes the results of the outcome measures of all eligible

frontiersin.org


https://doi.org/10.3389/fendo.2025.1612899
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Younis et al.

reviews. We collected pooled estimates of the outcome measures
from the systematic reviews and meta-analyses and organized them
into the table. The remaining results were either calculated or
summarized from the data within the systematic reviews.
Additionally, we included a comparison of sclerotherapy and
endometriotic cystectomy.

2.7 Strength of evidence

In systematic reviews that predominantly employed ethanol
and performed pooled estimates, we meticulously assessed the
strength of evidence for each outcome measure following the
GRADE recommendations (22, 23). Two review authors (JSY,
NS) independently and thoroughly assessed the certainty of the
evidence using GRADE. The level of evidence was evaluated using
the five recommended domains of GRADE scoring, which include
study limitations (risk of bias), inconsistency, indirectness,
imprecision, and publication bias. The overall grading was

10.3389/fendo.2025.1612899

adversely affected by these factors. To enhance the application of
the GRADE scoring tool, we utilized the checklist of questions that
was published in 2014 (24).

Since the current systematic reviews include many
observational studies, we assessed the possibility of increasing the
level of evidence by considering three additional factors in the
GRADE system. These factors are a large magnitude of effect, a
dose-response gradient, and residual confounders (24). Finally, we
classified the levels and certainty of the evidence for each outcome
studied on a four-level scale: very low, low, moderate, or high
(22, 23).

3 Results
3.1 Study selection

Database and manual searching identified two hundred
seventy-six manuscripts (Figure 1). Following exclusions of

PubMed — 97 Medline (Web of Science template) — 98
Cochrane — 26 PROSPERO - 15 Epistemonikos — 40
)
=
£ Records identified through database Additional records identified through
S searching other sources
= = —
= (n=276) (n=11)
=
D
=
o
~—
Records after duplicates removed
(n=162)
= Records screened
'g (n=162)
g Records excluded by reading the title
@R (n=118)
Records excluded by reading the
|
abstract
(n=17)
Full-text articles assessed for
2z eligibility
= (n=130)
B
=]
Full-text articles excluded:
narrative review (n = 14)
—
not in English (n =2)
missing data on sclerotherapy (n=5)
=
LD
=
% Studies included in systematic
= review
(n=9)
—
FIGURE 1
Flow diagram of identified studies.
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duplicates and elimination of publications by reading the title and
abstract, thirty reviews were qualified for full-text assessment.
Among these publications, twenty-one were excluded from the
final evaluation; fourteen were narrative reviews (25-38), five did
not discuss sclerotherapy (39-43), and two were not in English (44,
45). The remaining nine systematic reviews were eligible for final
analysis (14, 15, 46-52).

3.2 Study characteristics

As summarized in Table 1, nine systematic reviews were eligible
for critical appraisal: seven with meta-analysis (14, 15, 47-51) and
two without (46, 52). According to the Journal Citation Reports
2023, all of these systematic reviews, except one (15), were
published in a Journal with an established impact factor. Six
systematic reviews evaluated multiple sclerosing agents, including
Ethanol, Methotrexate, Tetracycline, and Lauromacrogol, and three
targeted solely Ethanol (15, 49, 52). In five systematic reviews,
ethanol was the predominant sclerosing agent (14, 15, 47, 51, 52).

Additionally, all but one systematic review evaluated only
women with endometrioma, while another review evaluated other
benign pelvic cystic masses, including simple cysts, hydrosalpinx,
and other lesions, in addition to endometrioma (50). Furthermore,
all systematic reviews evaluated endometrioma aspiration and
sclerotherapy; seven compared sclerotherapy with surgery (14, 15,
47-49, 51, 52), and one evaluated other endometrioma
management modalities (48).

3.3 Quality assessment of systematic
reviews

The quality of eligible systematic reviews per the AMSTAR2
tool ranged between moderate to critically low (Table 2). The
AMSTAR? sixteen domains were scored as yes, partial yes, or no
based on whether it was fully implemented, partially applied, or not
implemented, respectively. Following the AMSTAR2 critical and
non-critical defined domains (17), the quality appraisal was
critically low in three (15, 46, 48), low in four (47, 49, 50, 52),
and moderate in two (14, 51) systematic reviews.

An overlap analysis using a citation index revealed that the nine
eligible systematic reviews included 67 studies, with 31 of them
analyzed more than once. Using the citation matrix proposed by
Pieper et al. (21), the corrected covered area was calculated to be
14.1%. This overlap prevented the conduct of a random-effects
meta-analysis for the primary outcomes.

Only seven studies were included in four systematic reviews that
compared ethanol sclerotherapy to endometriotic cystectomy and
examined pregnancy rates. One study was analyzed four times,
while another four were analyzed three times, precluding a random-
effects meta-analysis to combine the effect measures for
this outcome.

Frontiers in Endocrinology

10.3389/fendo.2025.1612899

3.4 Ethanol sclerotherapy methodology

The practice of ethanol sclerotherapy varied among the studies
in each systematic review (Table 3). In most cases, aspiration and
sclerotherapy were conducted trans-vaginally under ultrasound
guidance. In some cases, the trans-abdominal approach was
chosen depending on the exact location of the endometrioma. In
one of the largest systematic reviews, among the 21 studies that
employed ethanol as the sclerosing agent, only six employed the
trans-abdominal approach guided by ultrasound or
laparoscopy (14).

The procedure was typically carried out under sterile
conditions. The endometrioma was usually punctured and
aspirated using a needle ranging from 17 to 20 gauge and 20 to
25 cm long. In some cases, an 8.5-F pigtail catheter was utilized
instead. Generally, the endometrioma was aspirated to remove its
contents and then flushed with a saline solution before
introducing ethanol.

The concentration of ethanol used in the studies ranged from
20% to 100%, with most studies employing 95% to 100% dosing
(about two-thirds of studies). The volume of ethanol injected
depended on the endometrioma size and varied between 20% and
100% of the endometrioma volume. In numerous studies, the
maximal volume of ethanol used was below 60-100 ml to prevent
spillage and rupture.

The duration of ethanol sclerotherapy varied across different
studies. Some studies utilized irrigation, while others retained the
ethanol, with approximately two-thirds of cases involving irrigation
and one-third retaining the ethanol. In the irrigation cases, the
duration of ethanol contact varied widely, ranging from one to 30
minutes. In most instances, the duration fell between 5 and
20 minutes.

3.5 Synthesis of results of systematic
reviews

Nine eligible reviews focused on various safety and efficacy
aspects of sclerotherapy for endometrioma management in women
of reproductive age. The results are summarized in Table 4. Seven
systematic reviews also compared sclerotherapy with the surgical
approach, specifically endometriotic cystectomy. The main findings
are focused on accumulated evidence of these aspects, specifically
when employing ethanol as the sclerosing agent and when data was
pooled for quantitative estimates.

It is essential to note that all eligible systematic reviews included
combined studies that evaluated women with endometrioma
undergoing sclerotherapy as a primary (intact endometrioma)
and secondary (endometrioma recurrence) treatment option.

3.5.1 Adverse events
Adverse events secondary to sclerotherapy were evaluated in
five systematic reviews (14, 15, 47, 50, 52). In four of them, ethanol
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TABLE 1 Summary of systematic reviews exploring sclerotherapy for cases with ovarian endometrioma.

o . Number of : .
Authors Journal Purpose Objectives Sclerosing Number of studies with Total number Risk of bias Meta-
P studied agent studies of women evaluation analysis
ethanol
Safe
,a ety and Recurrence
effectiveness of US- ) .
. L Pain relief Ethanol
Gongalves et al., guided aspiration X
Int ] Gynecol Obstet Ovarian reserve Methotrexate 8 2 745 no no
2016 (46) and sclerotherapy L .
Complications Tetracycline
for repeat Pregnancy rate
endometrioma gnancy
Recurrence Newcastle-Ottowa
w
Efficacy of ) . Ethanol scale
Cohen et al,, 2017 . . Pain relief
Fertil Steril sclerotherapy for . Methotrexate 18 13 1,070 + yes
(47) . Fertility outcome i
endometrioma Tetracycline Cochrane
Adverse events L
Collaboration's tool
Success of 4 different 533
Alborzi et al., 2019 . endometrioma Ethanol 142 NIH's quality
Reprod Med Biol Pregnancy rate 8 1 L. yes
(48) treatment Methotrexate Aspiration + assessment tool
approaches Sclerotherapy
Live birth rat
n.fe. irth rate Newcastle-Ottowa
Effect of Clinical pregnancy al
scale
d tri t
Gao et al., 2022 (49) Arch Gynecol Obstet er.l o.me rioma rate Ethanol 10 2 1,207 + yes
aspiration on IVF/ | Number of oocytes .
X Cochrane risk of
ICSI outcomes Estradiol peak .
K bias tool
Gonadotropin dose
Recurrence and
morbidity after US- Ethanol 1386
Garcia-Garcia et al., J Minim Invas guided aspiration Recurrence Lauromacrogol ,’ Newcastle-Ottowa
. X 20 8 benign cysts yes
2022 (50) Gynecol with and without Adverse events Methotrexate X scale
i 352 endometrioma
sclerotherapy of Tetracycline
benign cystic masses
Technical success
Pain relief
Efficacy and safety of = Recurrence Ethanol
US-guided Ovari L 1 NIH's qualit
Kim et al,, 2022 (14) Europ Radiol guide varian reserve AUromacrogo 28 21 1,301 S quanty yes
sclerotherapy of Complications Methotrexate assessment tool
endometrioma Pregnancy rate Tetracycline
Comparison with
surgery
Efficiency of Technical success
Ronsini et al., 2023 sclerotherapy versus Recurrence Ethanol Newcastle-Ottowa
? Medicina PY Pregnancy rate Methotrexate 29 24 1,642 yes
(51) cystectomy for X K i scale
! Comparison with Tetracycline
endometrioma
surgery
(Continued)
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was the leading sclerosing agent (14, 15, 47, 52). Combined, the
g adverse events were defined as minor, including abdominal or
%‘ g 3 pelvic pain, postoperative fever, vasovagal syncope, mild edema of
5 the lower limbs, vaginal bleeding, pelvic inflammation,
gastrointestinal reaction, ethanol leakage to the peritoneal cavity,
" g - 3 and incomplete cyst aspiration. Major complications included
2 & 2 2 E g § 3 alcohol intoxication and abscess formation (14, 47, 52). The
b= Qv == S 2 . C
“5'§ 235 +¢22 _§ 5 minor complication rate ranged from 0.0% to 36.8% across
%S § - 2 % 3 g different studies, with a pooled estimate of 11.0% (95% CI, 7.1-
o 9] Q g . . .
x ¢ Z © = g 16.5%; I? = 74%) (14). The major complications rate ranged
between 0.0% and 7.1%, with a pooled estimate of 1.7% (95% CI,
g = 1.0-2.8%; I = 0%) (14). The rate of minor complications was
1S g significantly lower when exposure to ethanol was less than 10
35 2 2
£s =) @ minutes compared to more than 10 minutes, while major
2w complications did not differ
o O P .
}—
" 3.5.2 Technical efficacy
8-‘; Three systematic reviews, employing predominantly ethanol,
S 9 © © evaluated the technical efficacy of sclerotherapy and reported a high
g 'g success rate, ranging from 95% to 100% (14, 15, 51). Notably, the review
Z% that reported 100% success summarized only 53 cases (15), whereas the
two others summarized a large cohort of women undergoing
= endometrioma sclerotherapy (n = 650-888), with a technical efficacy
5 0f 95-98.3% (14, 51). Kim et al. reported that the pooled technical success
'g = © rate of sclerotherapy was 98.3% (95% CI, 96.8-99.1%; P = 0%) (14).
Z
3.5.3 Pain relief
Four systematic reviews assessing predominantly ethanol
_E’H sclerotherapy evaluated pain relief (14, 15, 47, 52). Overall,
§ & sclerotherapy improved endometriosis-associated pain; however,
% & 3 3 the success rate was not uniformly reported across the reviews.
A % 4,:; Only one review performed a quantitative estimate on this topic,
finding a pooled pain resolution or marked improvement in 85.9%
" g (95% CI, 73.9-92.9%; I = 48%) of cases (n = 150) (14).
95 o S &
Z 0 2523 § z g
(O] '5 v -8 8 3 © 2 v S F .
N s 2528 73250 3.5.4 Endometrioma recurrence
s = § R : ?a E = g = ?; Seven systematic reviews evaluated endometrioma recurrence
O =} g = = =} £ y
S g8 zHME 85 g0 8
£236<& | &&ad& following sclerotherapy (14, 15, 46, 47, 50-52). Five employed
% - o predominantly ethanol (14, 15, 47, 51, 52). These reviews showed
S 238
B &S = S L s 5 L .
v £ ET & EERE: £ that ethanol retention in endometrioma had better outcomes than
o é '§ g £ E g §“ g £ irrigation, particularly with installation time exceeding 10 minutes
n?.’ % ?D g —g ) g ‘ﬂé g § (14, 47). After a follow-up of at least six months, the recurrence rate
8 1L g ] T >~ =
£33 ° §Eg e varied widely among the studies between 0.0 and 62%, with a pooled
25| o ;
'E estimate of 13.8% (95% CI, 9.4-19.9%; IZ = 75%) (n = 1,121) (14).
=}
2y £ Direct comparison within the same setting showed that the odds
3 % g 5 ratio of endometrioma recurrence rate between sclerotherapy of >
[=]
E i ; Fi 10 min and < 10 min was 0.2 (95% CI, 0.1 - 0.8; P= 54%), favoring
g %% g extended exposure (n = 357) (14). Likewise, the risk of
=]
© e endometrioma recurrence within 12 months was 3.47 times
3 £ higher in the ethanol irrigation group compared to the retention
F = 5 3 group (95% CI 1.85-6.51, I> = 25%) (n = 319) (47).
g s 3 5
o 4. S e -
- £ g = £ 3.5.5 Impact on ovarian reserve
w = = 2 . . :
2 ER e o The impact of sclerotherapy on ovarian reserve was assessed in
= = = e three systematic reviews, which primarily employed ethanol (14, 47,
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TABLE 2 AMSTAR2 quality appraisal of the systematic reviews exploring the impact of US-guided aspiration and sclerotherapy on endometrioma treatment.

Gongalves Cohen Alborzi o o ] Ronsini
ot al(; 2016 etal. 2017 etal. 2019 Gao etal., Garcia-GarCia  Kim et al,, et al. 2023 Frankowska He et al.,
el 47 48 2022 ( ) etal,2022( ) 2022( ) 51 etal,2024( ) 2024 ( )
1. Research question and inclusion criteria PY PY Y Y Y PY Y Y Y
per PICO
2. A priori protocol methods established N PY PY PY PY PY Y PY PY
3. Explanation for the selection of the N N N N PY N PY N N
study design
4. A comprehensive literature search Y Y Y Y Y Y Y Y Y
strategy
5. Study selection in duplicate Y Y N Y Y Y Y Y Y
6. Data extraction in duplicate Y Y Y Y Y Y Y N Y
7. List of excluded studies with justification PY Y N PY PY Y PY PY PY
8. Included studies in adequate detail Y Y Y Y Y Y Y Y Y
9. Satisfactory technique for assessing the N Y Y Y Y Y Y Y PY
risk of bias
10. Sources of funding of included studies N N N N N N N N N
reported
11. Appropriate methods for statistical NA Y Y Y Y Y Y NA PY
combination of results
12. The potential impact of risk of bias in NA Y N N N N N NA Y
included studies on statistical estimates
13. Risk of bias in included studies N Y N Y Y Y Y N Y
accounted for in interpretation of results
14. Satisfactory explanation for NA PY N N PY PY N NA N
heterogeneity observed
15. Adequate investigation of publication NA N N Y N Y Y N N
bias
16. Potential sources of conflict of interest Y Y Y Y Y Y Y Y Y
reported
Rating overall confidence per AMSTAR2 Critically low Low Critically Low Low Moderate Moderate Low Critically low
critical and non-critical domains low

Y, Yes; PY, partially Yes; N, No; NA, not addressed.
Domains 1, 4, 7, 9, 11, 13, and 15 are the critical domains.
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TABLE 3 Sclerotherapy technique in systematic reviews predominantly employing ethanol.

Ethanol
concentration

Ethanol
volume

Time of
sclerotherapy

Needle or

catheter

Authors Number of studies Sclerotherapy
employing ethanol approach

Cohen et al., 13 ND

2017 (47)

Kim et al., 2022 21 US-guided 21

(14)

Ronsini et al,, 24 US-guided 23

2023 (51) LPS-guided 1

Frankowska 16 US-guided 16

et al., 2024 (52)

He et al., 2024 6 US-guided 6

(15)

US, ultrasound, LPS - laparoscopy, ND - not disclosed.

52). Two ovarian reserve measures, antral follicle count (AFC) and
anti-Miillerian hormone (AMH), were utilized for this assessment.
Two systematic reviews have shown increased AFC following
sclerotherapy (47, 52). Conversely, two others did not find a
change in serum AMH levels (14, 52). Only one systematic
review with a small number of pooled women (n = 60) analyzed
this topic quantitatively (14). The pooled mean difference in serum
AMH before and after sclerotherapy was -0.01 ng/mL (95% CI,
-0.04 — 0.03; I’ = 0%), demonstrating no significant change in
ovarian reserve. The impact of ethanol sclerosing time on ovarian
reserve was not examined in any systematic review. Notably, the
effect of sclerotherapy on ovarian reserve measures over time was
not assessed in any of the eligible reviews.

3.5.6 Pregnancy rate

Pregnancy outcomes following sclerotherapy are reported
inconsistently. Some reviews included spontaneous conceptions,
others ART-related pregnancies (IVF/ICSI), and many did not
distinguish between them. In our synthesis, “pregnancy” refers to
any reported conception unless explicitly stated as “spontaneous
pregnancy” or “clinical pregnancy” following ART.

Specifically, several systematic reviews addressed the pregnancy
rate following sclerotherapy (14, 15, 46, 47, 49, 51, 52). In five of
them, ethanol was the primary sclerosing agent (14, 15, 47, 51, 52).
Most of these publications did not disclose whether the pregnancy
was achieved spontaneously or after IVF (14, 15, 51, 52).
Furthermore, most reviews did not clearly define pregnancy (14,
51, 52). This is clarified in Table 4, under ‘Pregnancy Rates and
IVF Results’.

Only one review performed a pooled estimate of pregnancy rate,
calculated as 37.6% (95% CI, 30.2-45.6%; IZ = 64%) (n = 538) (14).
Notably, in this study, subgroup analysis revealed no difference in
pregnancy rates between sclerotherapy < 10 and > 10
minutes, respectively.

Frontiers in Endocrinology

ND 50-100% 50-100% of cyst 5-15 minutes 11
in 7/13, 95-100% volume and left in situ 4
<60-100 ml
ND 95-100% 20-100% of cyst 5-30 minutes 13
volume left in situ 10
Needle 21 20-100% 25-100% of cyst 1 - 20 minutes 15
Catheter 3 in 17/24, 95-100% volume and left in situ 4
<60-100 ml ND 5
ND 20-100% 60-90% of cyst 5-20 minutes 10
in 11/16, 95-100% volume left in situ 4
ND 2
Needle 5 ND 25-80%of cyst 5-20 minutes 5
Catheter 1 volume and left in situ 1
<60-100 ml

3.5.7 Comparison with the surgical approach

Seven systematic reviews compared sclerotherapy to
endometriotic cystectomy (14, 15, 47-49, 51, 52). Five employed
ethanol as the predominant sclerosing agent (14, 15, 47, 51, 52), and
four performed quantitative data analyses (Table 4). These reviews
evaluated one or more outcome measures, including the technical
efficacy, recurrence rate, adverse events, the number of oocytes in
IVF, and pregnancy rates.

In the review by Cohen et al, the authors pooled and analyzed
three studies involving 178 women and found that sclerotherapy
resulted in a significantly higher number of oocytes at IVF retrieval
than endometriotic cystectomy. The mean difference was 2.7 (95%
CI 0.98-4.4; P = 71%) (47). However, there was no significant
difference in clinical pregnancy rates (n = 163), with an odds ratio of
1.63 (0.91-2.9; I = 28%). It is worth noting that when comparing
sclerotherapy to no treatment, the number of retrieved oocytes and
clinical pregnancy rates were similar, pooling three studies,
including 164 women.

Similarly, Ronsini et al. analyzed seven comparative studies
involving 370 women and showed a non-significant difference in
pregnancy rate favoring sclerotherapy over endometriotic
cystectomy, with an odds ratio of 0.47 (95% CI 0.21-1.09; I° =
60%) (51). In the same systematic review evaluating endometrioma
recurrence, four studies that included 303 women showed
comparable results between the two management modalities, with
an odds ratio of 0.87 (95% CI 0.18-4.32; I = 62%).

Likewise, He et al. analyzed six comparative studies, including
386 women. The endometrioma recurrence rate did not
significantly differ between ethanol sclerotherapy and
endometriotic cystectomy, with an OR of 1.57 (95% CI 0.39 - -
6.25; I’ = 54%) (15). Of note, when sclerotherapy time was <10
minutes, sub-group analysis revealed a significantly higher risk of
recurrence (n = 91) with an OR of 22.01 (95% CI 3.31 - -146.26; I’ =
0%). Conversely, comparable results were achieved between the
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TABLE 4 The effect of sclerotherapy on endometrioma management, exploring safety and efficacy aspects.

Sclerotherapy as . " f Impact on Comparison with
rimary or secondar lechnicat Fain Endometrioma ovarian AGVEISS Pregnancy rates and IVF results endometriotic
P y y efficacy relief recurrence events 9 y
treatment reserve cystectomy
Gongalves secondary efficient yes sclerotherapy is AFC increase ND not conclusive NE
et al, 2016 superior to aspiration
(46) alone
Cohen et al, combined NE yes ethanol retention is AFC increase ND compared to no treatment, similar number of more oocytes, similar clinical
2017 (47) better than irrigation oocytes and clinical pregnancy rate pregnancy rate
Alborzi et al., combined NE NE NE NE NE NE similar fertilization rate and clinical
2019 (48) pregnancy rate
Gao et al, ND NE NE NE NE NE compared to no treatment, similar number of more oocytes, similar clinical
2022 (49) oocytes and clinical pregnancy rate pregnancy rate
Garcia-Garcia combined NE NE sclerotherapy is better NE minor ND NE NE
et al,, 2022 than aspiration alone major 3/302
(50) 14% vs 52.3% (1%)
Kim et al, combined pooled rate pooled pooled rate no change pooled rate 37.3% pooled pregnancy rate lower recurrence and better clinical
2022 (14) 98.3% rate 13.8% in AMH minor ND if spontaneous or IVF, pregnancy rate with sclerotherapy
85.6% sclerotherapy 11.0% sclerotherapy time has no effect
time major 1.7%
< 10 min. 20.9%
> 10 min. 11.2%
(NS)
Ronsini et al., ND 95.0% NE 20.3% NE NE pregnancy rate 33.2% comparable recurrence rate and
2023 (51) (844/888) (218/1,387) (375/1,128) pregnancy rate
ND if spontaneous or IVF
Frankowska combined NE yes, range 0-62.5%, AMH no change, = minor low < comparable number of oocytes, number of lower AMH after surgery,
et al., 2024 but data not conclusive, AFC increase 12% embryos, fertilization rate, implantation rate, and comparable recurrence rate
(52) not depends on major very pregnancy rate,
conclusive installation time low but data not conclusive
He et al,, ND 100% 51% 16.7% NE total 17.7% Pregnancy rate 40.2% comparable technical efficacy,
2024 (15) (53/53) (57/111) (31/186) (23/130) (49/122) recurrence, adverse events, and
ND if spontaneous or IVF pregnancy rates

ND, not disclosed; NE, not examined; figures between brackets are calculated from data within the systematic reviews.

‘|e 19 SIUNOA

668¢191'G202'0PU34/6825°0T


https://doi.org/10.3389/fendo.2025.1612899
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Younis et al.

groups when the irrigation time was > 10 minutes. Comparison of
adverse events (n = 285) was also comparable between the two
groups with an OR of 1.03 (95% CI 0.20 - -5.38 I° = 43%).
Furthermore, the clinical pregnancy rate did not differ
significantly between the groups (n = 235) with an OR of 1.67
(95% CI, 0.74 -3.75; I = 34%). Subgroup analysis revealed that the
duration of ethanol irrigation, whether lower or higher than 10
minutes, did not impact clinical pregnancy rates.

Conversely, Kim et al. pooled and analyzed three studies
involving 189 women and found that sclerotherapy significantly
increased the pregnancy rate in comparison to endometriotic
cystectomy, with an odds ratio of 2.0 (95% CI, 1.0-3.8; P =
0%) (14).

3.6 GRADE strength (certainty) of evidence

Table 5 summarizes the strength of evidence for the main
outcome measures in eligible systematic reviews primarily
focusing on ethanol sclerotherapy that attained quantitative
estimates. The strength of evidence of these outcome measures
was evaluated using the GRADE tool. The eligible systematic
reviews included both experimental (RCT) and observational
studies. As most cases involved observational studies, the
evidence initially in our overview started with low quality
following the GRADE approach (23). Furthermore, a serious
limitation was present in all eligible systematic reviews,
specifically in the ‘limitations’ domain (risk of bias). Therefore,
since serious limitations preclude upgrading the level of evidence
according to the GRADE recommendations (23), we decided not to
consider the magnitude of effect, dose-response gradients, and
residual confounders to promote the primary evaluation’s results.

The strength of evidence regarding the technical efficacy and
adverse events of ethanol sclerotherapy in managing endometrioma
was low. The pooled estimate of technical efficacy was 98.3%, and
the minor and major adverse events were 11.0% and 1.7%,
respectively (14). Despite the low strength of evidence, the large
number of women involved in the evaluation (650 and 1,117) and
the short-term effect on these outcomes increase the evidence, may
suggest that this minimally invasive approach could be a feasible
option for treating endometrioma.

Moreover, there was a low level of evidence to show that ethanol
retention is superior to irrigation, and ethanol exposure of > 10
minutes is more efficient than < 10 minutes in preventing
endometrioma recurrence (14, 47).

Conversely, sclerotherapy’s impact on pain relief, ovarian
reserve, pregnancy rates, and IVF results had a very low level of
evidence, suggesting that the estimated effects are very uncertain.

Four systematic reviews have compared ethanol sclerotherapy
to endometriotic cystectomy, focusing on adverse events,
recurrence rate, pregnancy rates, number of oocytes, and clinical
pregnancy rates in the context of IVF (14, 15, 47, 51). The strength
of evidence varied from low to very low and, at times, was
controversial, making it difficult to draw definitive conclusions.
Of note, two systematic reviews reported similar pregnancy rates
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between sclerotherapy and endometriotic cystectomy (n = 370 and
235, respectively) (15, 51), whereas a third review showed an
advantage for sclerotherapy (n = 189) (14). However, the level of
evidence was low in the first two reviews and very low in the third,
precluding a definitive conclusion.

4 Discussion

4.1 Main findings

Our comprehensive critical overview of systematic reviews
indicates that sclerotherapy, specifically with ethanol, is a feasible
and readily applicable management modality for women with
endometrioma during their reproductive years. This finding
supports its application as a minimally invasive management
approach for women facing infertility or those who have not yet
achieved their reproductive goals. Sclerotherapy appears to preserve
ovarian reserve better than ovarian cystectomy.

Although each primary outcome measure had only one estimate
among the nine systematic reviews (which precluded the pooling of
effect measures), our overview shows that sclerotherapy has a high
technical efficacy of 95.0-98.3%. Additionally, the rates of adverse
events were low, with minor events reported at 11.0-12.0% and
major adverse events at 1.0-1.7%. Although the strength of the
evidence was assessed as low, the analysis involved a large number
of women, and the effect was observed over a short time, supporting
the feasibility of this minimally invasive approach for managing
endometrioma in women of reproductive age.

Furthermore, there is low-strength evidence that ethanol
retention is more effective than irrigation, and sclerotherapy for
more than 10 minutes is better than less than 10 minutes in
preventing endometrioma recurrence.

The impact of ethanol sclerotherapy on pain relief, ovarian
reserve, pregnancy rate, and IVF results are based on very low
evidence strength, suggesting uncertainty and precluding definitive
conclusions. In addition, systematic reviews that compared
sclerotherapy to endometriotic cystectomy, although showing
comparable pregnancy rates, had low to very low evidence
strength and sometimes provided controversial estimates, making
reliable conclusions at this stage challenging to reach.

4.2 Comparison with existing literature

Sclerotherapy is the controlled, therapeutic use of sclerosants to
destroy undesired target tissues. Ethanol sclerotherapy was first
applied in 1980 and was used to manage endometrioma in 1988 (53,
54). Since then, it has gained popularity worldwide. Its mechanism
of action involves cytotoxic damage induced by the denaturation
and extraction of surface proteins, hypertonic dehydration of cells,
and coagulation and thrombosis in the presence of blood products,
leading to fibrinoid necrosis (55). Dosing should not exceed 1 mL/
kg because this dose can lead to systemic blood alcohol
concentrations of up to 0.07%, posing the risk of alcohol
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TABLE 5 GRADE strength of evidence score for significant outcomes reported in the overview of systematic reviews assessing ethanol sclerotherapy for endometrioma management in the reproductive age*.

GRADE assessment

Effects (95%
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Outcome systematic o vention Cl) and Limitations S SHETEET ©F
review . . . . o Publication evidence
heterogeneity (Risk of Inconsistency Indirectness Imprecision bias
bias)
Technical efficacy Kim et al., 2022 Sclerotherapy 15 (650) Pooled estimate serious no no no no Low
(14) 98.3%
(96.8 - 99.1%) I 0%
Pain relief Kim et al., 2022 Sclerotherapy 8 Pooled proportion serious yes yes yes no Very low
(14) (150) 85.9%
(73.9 - 92.9%) I’
48%
Endometrioma Cohen et al., Irrigation versus 3 OR 3.47 (1.85 - 6.51) serious no no yes no Low
recurrence 2017 (47) retention (319) I 54%
Kim et al., 2022 Sclerotherapy 23 (1,002) Pooled estimate serious yes yes yes no Very low
(14) Sclerotherapy > 10 4 13.8%
versus < 10 minutes (357) (9.4 - 19.9%) I 75%
OR 0.2 (0.1 -0.8) P serious yes no no no Low
54%
Adverse events Kim et al., 2022 Sclerotherapy 25 (1,117) Pooled estimate serious no yes no no Low
(14) Minor 11.0% (7.1 -
16.5%)
I 74%
Major 1.7% (1.0 -
2.8%)
I 0%
Impact on ovarian Kim et al,, 2022 Sclerotherapy impact 4 Pooled standard serious no yes yes yes Very low
reserve (14) on AMH levels (130) mean difference -0.01
ng/mL
(-0.04 - 0.03) I? 0%
Pregnancy rates Kim et al.,, 2022 Sclerotherapy 19 (538) Pooled estimate serious yes yes yes no Very low
(14) 37.6%
(30.2 - 45.6%) I’
46%
IVF results Cohen et al., Number of oocytes 3 -0.51 (-2.23 - 1.21) PP serious no yes yes no Very low
2017 (47) sclerotherapy versus (148) 17%
no treatment
Comparison of Cohen et al., Number of oocytes 2 (178) 2.71 (0.98 - 4.44) I serious no yes yes no Very low
sclerotherapy with 2017 (47) 71%
endometriotic cystectomy
(Continued)
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TABLE 5 Continued

Outcome

Effects (95%

GRADE assessment

Systematic . P Strength of
rgview Intervention Cl) and Limitations Publication evidgnce
heterogeneity (Risk of Inconsistency Indirectness Imprecision bias
bias)
Clinical IVF 3(214) OR 1.63 (0.91 - 2.90) serious no yes yes no Very low
pregnancy I 28%
Kim et al.,, 2022 Pregnancy rate 4 (189) OR 2.0 (1.00 - 3.80) serious yes yes yes no Very low
(14) 0%
Ronsini et al., Recurrence rate 4 (303) OR 0.87 (0.18 - 4.32) serious yes yes no no Low
2023 (51) F 62%
Pregnancy rate 7 (370) OR 0.47 (0.21 - 1.09) yes yes yes no no Low
F 70%
He et al., 2024 Adverse events 5 (285) OR 1.03 (0.20 - 5.38) serious yes yes yes no Very low
(15) P 34%
Recurrence rate 5 (360) OR 1.57 (0.39 - 6.25) serious yes yes no no Very low
P 57%
Pregnancy rate 5 (235) OR 1.67 (0.74 - 3.75) serious no no yes no Low

I 34%

*Reasons for downgrading: “Limitations” reflects methodological weaknesses (mainly observational studies, retrospective designs, risk of bias); “Inconsistency” refers to heterogeneity of effect estimates or outcome definitions; “Indirectness” refers to use of mixed agents,
varied outcome definitions, or lack of direct evidence on ethanol; “Imprecision” reflects wide confidence intervals or small pooled samples; “Publication bias” reflects likelihood of selective reporting of positive outcomes.
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intoxication. The risk of alcohol intoxication in our overview, under
these regulations, was negligible. Furthermore, the rates of other
minor and major adverse events were reasonable in our overview,
supporting the feasibility of this management modality
for endometrioma.

Extensive literature continuously discusses whether
endometrioma could reduce ovarian reserve by itself. Evidence
exists on both sides, but the proof seems inconclusive (56, 57). A
recent systematic review of prospective studies (n = 1,272) found
that intact bilateral endometrioma, compared to unilateral
endometrioma, a surrogate measure of more advanced disease,
did not significantly affect preoperative serum AMH levels,
challenging that endometrioma per se reduces functional ovarian
reserve (6). Conversely, there is convincing evidence that ovarian
cystectomy significantly harms ovarian reserve in a non-reversible
way (5, 6), and may lead to ovarian insufficiency and early
menopause (11-13). Our overview implies that ethanol
sclerotherapy did not impair ovarian reserve; however, the
strength of evidence was low. Additionally, future research on this
matter may be beneficial in refining ethanol dosage, volume, and
sclerosing duration to optimize its effect on ovarian reserve and
endometrioma recurrence.

Endometrioma recurrence after endometriotic cystectomy is
also a primary concern. Based on short-term and long-term follow-
up studies, the reported recurrence rate after endometriotic
cystectomy is high, estimated at 21.5% at two years and 40-50%
at five years (58, 59). Furthermore, there is a high rate of repeat
surgeries (60, 61). In a recent large-scale, population-based, long-
term study on women who underwent surgery for endometriosis, it
was found that 1 in 4 individuals following minor surgery and 1 in 5
following major conservative surgery (with ovarian preservation)
required additional endometriosis surgery (61).

In our overview, the recurrence rate varied considerably,
ranging from 16% to 67%. However, our overview of eligible
systematic reviews of ethanol sclerotherapy was assessed in
combined primary and secondary treatment cases based on short-
term follow-up. Future studies should focus on sclerotherapy as a
primary management tool with long-term follow-up. In this regard,
identifying biomarkers for the diagnosis or recurrence of
endometriosis would help track disease progression (62, 63).

In the IVF setting, various systematic reviews have shown that an
intact endometrioma reduces the number of retrieved oocytes compared
to normal ovaries, but clinical and live birth rates are comparable (64—
66). Furthermore, several systematic reviews have shown that
endometriotic cystectomy, compared to expectant management, does
not improve clinical pregnancy and live birth rates (64, 67-71).

In our overview, we found that using ethanol sclerotherapy to
treat endometriomas did not show significant differences in
pregnancy rates when compared to expectant management or
endometriotic cystectomy. However, it was unclear whether the
pregnancies occurred naturally or as a result of IVF treatment.
Additionally, the evidence supporting these findings was of low to
very low quality. Future studies should investigate whether
sclerotherapy offers any advantages over expectant management
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or endometriotic cystectomy in terms of pregnancy and live
birth rates.

Our overview of systematic reviews did not assess the cost-
effectiveness of ethanol sclerotherapy. In recent small-scale studies
(n = 33-71), ethanol sclerotherapy, compared to endometriotic
cystectomy, avoided or reduced hospitalization stays, decreasing
health costs substantially (72, 73). One study performed the
procedure on outpatients without anesthesia, sedation, or
prophylactic antibiotics, reducing health costs eightfold (73).
Future studies should pursue ethanol sclerotherapy costs,
achieving the best outcome measures at the lowest possible cost.

Ethanol sclerotherapy has its limitations. It cannot be
performed when an endometrioma ruptures during the procedure
or when there is a risk of malignancy. However, the occurrence of
endometrioma rupture and the risk of malignant transformation
are both uncommon and sporadic. Among women with gonadal
endometriosis-associated ovarian cancer, only 0.028% are under the
age of 40, with a calculated risk of 3 to 1000 (74). Utilizing magnetic
resonance imaging (MRI) for atypical endometriomas diagnosed by
trans-vaginal ultrasound prior to sclerotherapy may aid in
distinguishing between benign endometriomas and malignant
transformations (75). Furthermore, when other subtypes of
endometriosis, such as superficial, deep infiltrating, or
adenomyosis, are present, a comprehensive multidisciplinary
evaluation is recommended to determine optimal management
and treatment planning.

4.3 Strengths and limitations

Our overview of the systematic reviews has numerous strengths.
It is the first contemporary overview that rigorously evaluates
systematic reviews focusing on sclerotherapy, particularly with
ethanol, as a minimally invasive treatment for women of
reproductive age with ovarian endometriosis. We developed a
study protocol that all the review authors agreed upon and
registered on PROSPERO beforehand.

The safety and efficacy of endometrioma sclerotherapy
management were evaluated by examining various outcome
measures. These measures included technical efficacy, pain relief,
endometrioma recurrence, impact on ovarian reserve, adverse
events, pregnancy rate, and IVF results. Additionally,
comparisons with endometriotic cystectomy were also analyzed.

We used five search engines to systematically maximize our
results by searching for eligible papers and looking for published
and ongoing reviews. Previous publications were narrative and only
briefly precised the procedure without delving into the various
aspects of sclerotherapy’s safety and effectiveness. Additionally, they
did not include details of the search methodology.

We applied the AMSTAR? tool to evaluate the quality of eligible
systematic reviews, incorporating randomized and non-
randomized intervention studies. Additionally, we rated each
systematic review’s overall evidence according to the critical and
non-critical domains defined by AMSTA2 guidelines.

frontiersin.org


https://doi.org/10.3389/fendo.2025.1612899
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Younis et al.

TABLE 6 Practical considerations for ethanol sclerotherapy in women
with ovarian endometrioma.

Patient selection

o Women of reproductive age with infertility, planning a future pregnancy, or
experiencing symptomatic or recurrent endometriomas, especially when
preserving ovarian reserve is important.

o Exclude cases with suspected malignancy; MRI is recommended for atypical
ultrasonographic findings.

o Can be applied in both primary and recurrent settings, but individualized
decision-making is essential.

Contraindications

o Suspicion or confirmation of malignancy.

o Cyst rupture or challenges in safely accessing the endometrioma.

o Allergy or contraindication for ethanol use.

Procedural parameters

o Ethanol concentration: most studies used 95-100%.

o Maximum dose: <1 mL/kg body weight to minimize systemic toxicity.

o Injected volume: typically 20-100% of aspirated cyst fluid, not exceeding 60—
100 mL.

o Technique: transvaginal ultrasound guidance is standard; trans-abdominal or
laparoscopic guidance in selected cases.

o Retention vs irrigation: retention is preferred over irrigation.

o Instillation time: >10 minutes is associated with lower recurrence compared
to <10 minutes.

Expected outcomes

o High technical success (95-98%).

o Low complication rates (major complications 1-2%).

o Recurrence reduced with ethanol retention and longer instillation times.

o Potential advantage in preserving ovarian reserve compared with cystectomy,
though the certainty of evidence remains low to very low.

Practical considerations

o Requires careful monitoring because of limited long-term evidence on
ovarian reserve, pain, and live birth rates.

o Should be performed in centers with expertise in reproductive imaging and
interventional gynecology/radiology.

o Multidisciplinary counseling is advisable for women seeking fertility
treatment.

The strength of evidence for each outcome measure in all eligible
systematic reviews was evaluated using the GRADE scoring system.
Furthermore, the levels and certainty of the evidence for each outcome
studied were categorized on a four-level scale: very low, low, moderate,
or high, as recommended (22, 23).

In contrast, the overview of systematic reviews we conducted
has several limitations. All eligible systematic reviews included an
assessment of sclerotherapy as a combined primary and secondary
treatment for endometrioma. The reviews pooled cases of
endometrioma recurrence after endometriotic cystectomy and
others who received sclerotherapy as their initial treatment. This
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made it challenging to genuinely assess sclerotherapy as a primary
management modality in women with endometrioma.

Additionally, the inclusion of both investigational randomized
and observational non-randomized (largely retrospective) studies of
intervention influenced the quality of systematic reviews. This was
assessed using the MASTAR? tool, which ranged from moderate to
critically low. Moreover, it influenced the level of evidence of the
outcome measures, as assessed by the GRADE tool, and the strength
of recommendations.

As demonstrated in Table 5, the primary outcome measures in
the included systematic reviews had only one estimate each. Thus, a
random-effects meta-analysis was not performed to pool together
effect measures for these outcomes. Furthermore, while four
systematic reviews comparing ethanol sclerotherapy to
endometriotic cystectomy had more than three estimates for two
of the primary outcome measures (endometrioma recurrence and
pregnancy rates), the overlap between the included studies was
high, which precluded pooling the effect measures.

Also, endometrioma laterality (uni- or bilateral) and diameter were
not considered when assessing sclerotherapy safety and efficacy. In
cases following endometriotic cystectomy, laterality significantly
influences the decline in ovarian reserve measures following surgery
(6). Furthermore, endometrioma size may impact ovarian reserve since
it has been suggested to affect ovarian responsiveness during IVF
treatment (76). These endometrioma characteristics are essential when
assessing the efficacy and safety of sclerotherapy and should be
considered in future research.

Furthermore, the available systematic reviews did not
adequately address the impact of sclerotherapy on ovarian
reserve. While some reviews touched on this topic using AMH or
AFC, none did so proficiently. The rationale for employing
sclerotherapy, particularly with ethanol, aimed to avoid the
significant decline of ovarian reserve caused by endometriotic
cystectomy. Notably, none of the eligible systematic reviews
assessed ovarian reserve measures following sclerotherapy over
time. Additionally, it is essential to note that AMH is a more
sensitive measure of ovarian reserve in this setting, and AFC is not
recommended in women with endometrioma (77).

5 Conclusions

Ethanol sclerotherapy is a feasible, minimally invasive option for
managing endometriomas during reproductive age. The procedure’s
high technical efficacy, broad availability, and low incidence of adverse
events provide sufficient evidence supporting its use as an alternative to
endometriotic cystectomy. Further research should establish ethanol
sclerotherapy’s effects on pain relief, ovarian reserve, endometrioma
recurrence, and clinical pregnancy rates.

Based on the evidence synthesized in this umbrella review of
ethanol sclerotherapy for endometrioma management, we suggest
practical considerations for clinical application, summarized
in Table 6.

Future research should prioritize evaluating sclerotherapy as a
primary management strategy for endometriomas, in comparison with
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expectant management and cystectomy. Particular emphasis should be
placed on its longitudinal impact on ovarian reserve, using serum
AMH as a biomarker, as well as on endometrioma recurrence, clinical
pregnancy, and live birth rates. Both spontaneous and IVF-conceived
pregnancies warrant assessment. The influence of ethanol exposure
duration during sclerotherapy on ovarian reserve should be
systematically investigated. Furthermore, endometrioma diameter
and laterality should be incorporated as variables in such evaluations,
and cost-effectiveness analyses should complement clinical outcomes to
establish the overall value of this approach.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Author contributions

JY: Visualization, Formal Analysis, Writing - original
draft, Project administration, Data curation, Methodology,
Conceptualization, Writing - review & editing, Investigation. NS:
Methodology, Supervision, Data curation, Investigation, Writing -
review & editing, Visualization, Formal Analysis. II: Validation,
Formal Analysis, Methodology, Visualization, Data curation,
Supervision, Writing - review & editing, Investigation. HT: Writing
- review & editing, Formal Analysis, Supervision, Methodology, Data
curation, Investigation, Validation, Visualization.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

References

1. Chapron C, Marcellin L, Borghese B, Santulli P. Rethinking mechanisms,
diagnosis and management of endometriosis. Nat Rev Endocrinol. (2019) 15:666-82.
doi: 10.1038/541574-019-0245-2

2. Guerriero S, Van Calster B, Somigliana E, Ajossa S, Froyman W, De Cock B, et al.
Age-related differences in the sonographic characteristics of endometriomas. Hum
Reprod. (2016) 31:1723-31. doi: 10.1093/humrep/dew113

3. Donnez J, Dolmans MM. Could IVF replace reproductive surgery? No,
reproductive surgery is still very much alive. Reprod BioMed Online. (2023) 46:779-
82. doi: 10.1016/j.rbmo.2023.01.015

4. Somigliana E, Li Piani L, Paffoni A, Salmeri N, Orsi M, Benaglia L, et al.
Endometriosis and IVF treatment outcomes: unpacking the process. Reprod Biol
Endocrinol. (2023) 21:107. doi: 10.1186/s12958-023-01157-8

5. Raffi F, Metwally M, Amer S. The impact of excision of ovarian endometrioma on
ovarian reserve: a systematic review and meta-analysis. ] Clin Endocrinol Metab. (2012)
97:3146-54. doi: 10.1210/jc.2012-1558

6. Younis JS, Shapso N, Fleming R, Ben-Shlomo I, Izhaki I. Impact of unilateral
versus bilateral ovarian endometriotic cystectomy on ovarian reserve: a systematic
review and meta-analysis. Hum Reprod Update. (2019) 25:375-91. doi: 10.1093/
humupd/dmy049

Frontiers in Endocrinology

10.3389/fendo.2025.1612899

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fendo.2025.1612899/
full#supplementary-material

7. Younis JS, Taylor HS. The impact of ovarian endometrioma and endometriotic
cystectomy on anti-Miillerian hormone, and antral follicle count: a contemporary
critical appraisal of systematic reviews. Front Endocrinol (Lausanne). (2024)
15:1397279. doi: 10.3389/fendo.2024.1397279

8. Alborzi S, Foroughinia L, Kumar PV, Asadi N, Alborzi S. A comparison of
histopathologic findings of ovarian tissue inadvertently excised with endometrioma
and other kinds of benign ovarian cyst in patients undergoing laparoscopy versus
laparotomy. Fertil Steril. (2009) 92:2004-7. doi: 10.1016/j.fertnstert.2008.09.014

9. Roman H, Tarta O, Pura I, Opris I, Bourdel N, Marpeau L, et al. Direct proportional
relationship between endometrioma size and ovarian parenchyma inadvertently removed
during cystectomy and its implication on the management of enlarged endometriomas. Hum
Reprod. (2010) 25:1428-32. doi: 10.1093/humrep/deq069

10. Muzii L, Marana R, Angioli R, Bianchi A, Cucinella G, Vignali M, et al
Histologic analysis of specimens from laparoscopic endometrioma excision

performed by different surgeons: does the surgeon matter? Fertil Steril. (2011)
95:2116-9. doi: 10.1016/j.fertnstert.2011.02.034

11. Busacca M, Riparini J, Somigliana E, Oggioni G, Izzo S, Vignali M, et al.
Postsurgical ovarian failure after laparoscopic excision of bilateral endometriomas. Am
] Obstet Gynecol. (2006) 195:421-5. doi: 10.1016/j.2j0g.2006.03.064

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2025.1612899/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2025.1612899/full#supplementary-material
https://doi.org/10.1038/s41574-019-0245-z
https://doi.org/10.1093/humrep/dew113
https://doi.org/10.1016/j.rbmo.2023.01.015
https://doi.org/10.1186/s12958-023-01157-8
https://doi.org/10.1210/jc.2012-1558
https://doi.org/10.1093/humupd/dmy049
https://doi.org/10.1093/humupd/dmy049
https://doi.org/10.3389/fendo.2024.1397279
https://doi.org/10.1016/j.fertnstert.2008.09.014
https://doi.org/10.1093/humrep/deq069
https://doi.org/10.1016/j.fertnstert.2011.02.034
https://doi.org/10.1016/j.ajog.2006.03.064
https://doi.org/10.3389/fendo.2025.1612899
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Younis et al.

12. Coccia ME, Rizzello F, Mariani G, Bulletti C, Palagiano A, Scarselli G. Ovarian
surgery for bilateral endometriomas influences age at menopause. Hum Reprod. (2011)
26:3000-7. doi: 10.1093/humrep/der286

13. Takae S, Kawamura K, Sato Y, Nishijima C, Yoshioka N, Sugishita Y, et al.
Analysis of late-onset ovarian insufficiency after ovarian surgery: retrospective study
with 75 patients of post-surgical ovarian insufficiency. PloS One. (2014) 9:¢98174.
doi: 10.1371/journal.pone.0098174

14. Kim GH, Kim PH, Shin JH, Nam IC, Chu HH, Ko HK. Ultrasound-guided
sclerotherapy for the treatment of ovarian endometrioma: an updated systematic
review and meta-analysis. Eur Radiol. (2022) 32:1726-37. doi: 10.1007/s00330-021-
08270-5

15. He Y, Wang D, Deng Y. Comparison of the Efficacy and Safety of Ultrasound-
Guided Sclerotherapy versus cystectomy for the Treatment of Ovarian Endometriomas:
A Systematic Review and Meta-Analysis. Curr Women's Health Rev. (2024) 20:
€280323215050.

16. Cook DJ, Mulrow CD, Haynes RB. Systematic reviews: synthesis of best evidence
for clinical decisions. Ann Intern Med. (1997) 12697:376-80. doi: 10.7326/0003-4819-
126-5-199703010-00006

17. Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, et al. AMSTAR 2: a
critical appraisal tool for systematic reviews that include randomised or non-
randomised studies of healthcare interventions, or both. BMJ. (2017) 358:j4008.
doi: 10.1136/bmj.j4008

18. Smith V, Devane D, Begley CM, Clarke M. Methodology in conducting a
systematic review of systematic reviews of healthcare interventions. BMC Med Res
Methodol. (2011) 11:15. doi: 10.1186/1471-2288-11-15

19. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA statement. Br
Med J. (2009) 339:b2535. doi: 10.1186/2046-4053-3-82

20. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
BM]J. (2021) 372:n71. doi: 10.1136/bmj.n71

21. Pieper D, Antoine SL, Mathes T, Neugebauer EA, Eikermann M. Systematic
review finds overlapping reviews were not mentioned in every other overview. J Clin
Epidemiol. (2014) 67:368-75. doi: 10.1016/j.jclinepi.2013.11.007

22. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al.
GRADE: an emerging consensus on rating quality of evidence and strength of
recommendations. BMJ. (2008) 336:924-6. doi: 10.1136/bm;j.39489.470347.AD

23. Schiinemann H, Brozek J, Guyatt G, Oxman A. GRADE Handbook,
Introduction to GRADE Handbook (2013). Available online at: https://gdt.gradepro.
org/app/handbook/handbook.html (Accessed (Sept 15 2024)).

24. Meader N, King K, Llewellyn A, Norman G, Brown J, Rodgers M, et al. A
checklist designed to aid consistency and reproducibility of GRADE assessments:
development and pilot validation. Syst Rev. (2014) 3:82. doi: 10.1186/2046-4053-3-82

25. Legendre G, Catala L, Moriniére C, Lacoeuille C, Boussion F, Sentilhes L, et al.
Relationship between ovarian cysts and infertility: what surgery and when? Fertil Steril.
(2014) 101:608-14. doi: 10.1016/j.fertnstert.2014.01.021

26. Psaroudakis D, Hirsch M, Davis C. Review of the management of ovarian
endometriosis: paradigm shift towards conservative approaches. Curr Opin Obstet
Gynecol. (2014) 26:266-74. doi: 10.1097/GCO.0000000000000078

27. Gordts S, Campo R. Modern approaches to surgical management of
endometrioma. Best Pract Res Clin Obstet Gynaecol. (2019) 59:48-55. doi: 10.1016/
j.bpobgyn.2018.12.013

28. Jee BC. Efficacy of ablation and sclerotherapy for the management of ovarian
endometrioma: A narrative review. Clin Exp Reprod Med. (2022) 49:76-86.
doi: 10.5653/cerm.2021.05183

29. Daniilidis A, Grigoriadis G, Kalaitzopoulos DR, Angioni S, Kalkan U, Crestani A, et al.
Surgical management of ovarian endometrioma: impact on ovarian reserve parameters and
reproductive outcomes. J Clin Med. (2023) 12:5324. doi: 10.3390/jcm12165324

30. Kalaitzopoulos DR, Zografou M, Nirgianakis K, Daniilidis A, Krentel H,
Eberhard M, et al. Treatment after endometrioma recurrence: a narrative review.
Minerva Obstet Gynecol. (2023) 75:449-59. doi: 10.23736/52724-606X.23.05249-1

31. Baraki D, Richards EG, Falcone T. Treatment of endometriomas: Surgical approaches
and the impact on ovarian reserve, recurrence, and spontaneous pregnancy. Best Pract Res Clin
Obstet Gynaecol. (2024) 92:102449. doi: 10.1016/j.bpobgyn.2023.102449

32. Nezhat FR, Cathcart AM, Nezhat CH, Nezhat CR. Pathophysiology and clinical
implications of ovarian endometriomas. Obstet Gynecol. (2024) 143:759-66.
doi: 10.1097/A0G.0000000000005587

33. Risner V, Gonzales E, McColgan Y, Salazar G. Interventional radiology
treatments to address chronic pelvic pain in females. Cardiovasc Intervent Radiol.
(2024) 48:950-62. doi: 10.1007/s00270-024-03823-9

34. lIoannidou A, Machairiotis N, Stavros S, Potiris A, Karampitsakos T, Pantelis
AG, et al. Comparison of surgical interventions for endometrioma: A systematic review
of their efficacy in addressing infertility. Biomedicines. (2024) 12:2930. doi: 10.3390/
biomedicines12122930

35. Perrone U, Ferrero S, Gazzo I, Izzotti A, Leone Roberti Maggiore U, Gustavino
C, et al. Endometrioma surgery: Hit with your best shot (But know when to stop). Best
Pract Res Clin Obstet Gynaecol. (2024) 96:102528. doi: 10.1016/j.bpobgyn.2024.102528

Frontiers in Endocrinology

17

10.3389/fendo.2025.1612899

36. Siikiir YE, Aslan B, Varli B, Ozcan P, Daniilidis A, Kalaitzopoulos DR. Ethanol
sclerotherapy for endometriomas in infertile women: A narrative review. J Clin Med.
(2024) 13:7548. doi: 10.3390/jcm13247548

37. Lentzaris D, Gkrozou F, Skentou C, Koutalia N, Bais V, Vatopoulou A, et al.
Future of sclerotherapy in the treatment of endometriosis: A narrative literature review.
Cureus. (2025) 17:¢81215. doi: 10.7759/cureus.81215

38. Vaduva CC, Dird L, Boldeanu L, Serbanescu MS, Carp-Veliscu A. A narrative
review regarding implication of ovarian endometriomas in infertility. Life (Basel).
(2025) 15:161. doi: 10.3390/life15020161

39. Donnez J, Squifflet J, Donnez O. Minimally invasive gynecologic procedures.
Curr Opin Obstet Gynecol. (2011) 23:289-95. doi: 10.1097/GCO.0b013¢328348a283

40. Benagiano G, Petraglia F, Gordts S, Brosens I. A new approach to the
management of ovarian endometrioma to prevent tissue damage and recurrence.
Reprod BioMed Online. (2016) 32:556-62. doi: 10.1016/j.rbmo.2016.03.001

41. Ahuja RS, Garg T, Sudheendra D. Management of patients when superficial
venous disease arises from pelvic escape points. Semin Intervent Radiol. (2021) 38:226—
32. doi: 10.1055/5-0041-1729744

42. Keukens A, Veth VB, Regis M, Mijatovic V, Bongers MY, Coppus SFP], et al. The
effect of surgery or medication on pain and quality of life in women with
endometrioma. A systematic review and meta-analysis. Eur ] Obstet Gynecol Reprod
Biol. (2024) 293:95-105. doi: 10.1016/j.ejogrb.2023.12.012

43. Veth VB, Keukens A, Reijs A, Bongers MY, Mijatovic V, Coppus SFPJ, et al.
Recurrence after surgery for endometrioma: a systematic review and meta-analyses.
Fertil Steril. (2024) 122:1079-93. doi: 10.1016/j.fertnstert.2024.07.033

44. Pineda Mateo M, Arnaez de la Cruz M. Surgical management of endometrioma
in patients with reproductive desire. Clin Investig Ginecol Obstet. (2023) 50:100851.

45. Ivankova K, Hefman H, Drahonovsky J, Hympanova LH. Sclerotherapy of
endometrioma and its impact on ovarian reserve - a narrative review. Ceska Gynekol.
(2025) 90:163-6.

46. Gongalves FC, Andres MP, Passman L], Gongalves MO, Podgaec S. A systematic
review of ultrasonography-guided transvaginal aspiration of recurrent ovarian
endometrioma. Int ] Gynaecol Obstet. (2016) 134:3-7. doi: 10.1016/j.ijg0.2015.10.021

47. Cohen A, Almog B, Tulandi T. Sclerotherapy in the management of ovarian
endometrioma: systematic review and meta-analysis. Fertil Steril. (2017) 108:117—
124.e5. doi: 10.1016/j.fertnstert.2017.05.015

48. Alborzi S, Zahiri Sorouri Z, Askari E, Poordast T, Chamanara K. The success of
various endometrioma treatments in infertility: A systematic review and meta-analysis
of prospective studies. Reprod Med Biol. (2019) 18:312-22. doi: 10.1002/rmb2.12286

49. Gao X, Zhang Y, Xu X, Lu S, Yan L. Effects of ovarian endometrioma aspiration
on in vitro fertilization-intracytoplasmic sperm injection and embryo transfer
outcomes: a systematic review and meta-analysis. Arch Gynecol Obstet. (2022)
306:17-28. doi: 10.1007/500404-021-06278-2

50. Garcia-Garcia I, Alcazar JL, Rodriguez I, Pascual MA, Garcia-Tejedor A,
Guerriero S. Recurrence Rate and Morbidity after Ultrasound-guided Transvaginal
Aspiration of Ultrasound Benign-appearing Adnexal Cystic Masses with and without
Sclerotherapy: A Systematic Review and Meta-analysis. ] Minim Invasive Gynecol.
(2022) 29:204-12. doi: 10.1016/j.jmig.2021.09.708

51. Ronsini C, lavarone I, Braca E, Vastarella MG, De Franciscis P, Torella M. The
efficiency of sclerotherapy for the management of endometrioma: A systematic review
and meta-analysis of clinical and fertility outcomes. Med (Kaunas). (2023) 59:1643.
doi: 10.3390/medicina59091643

52. Frankowska K, Dymanowska-Dyjak I, Abramiuk M, Polak G. The efficacy and
safety of Transvaginal ethanol sclerotherapy in the treatment of endometrial cysts - A
systematic review. Int ] Mol Sci. (2024) 25:1337. doi: 10.3390/ijms25021337

53. Becker GH, Holden RW, Heun YY, Klatte EC. Ablation with absolute alcohol. In:
Castaneda-Zuniga WR, Tadavarthy SM, editors. Interventional Radiology. Williams
and Wilkins, Baltimore (1992). p. 135-52.

54. Akamatsu N, Hirai T, Masaoka H, Sekiba K, Fujita T. Ultrasonically guided
puncture of endometrial cysts—aspiration of contents and infusion of ethanol. Nihon
Sanka Fujinka Gakkai Zasshi. (1988) 40:187-91.

55. Albanese G, Kondo KL. Pharmacology of sclerotherapy. Semin Intervent Radiol.
(2010) 27:391-9. doi: 10.1055/s-0030-1267848

56. Streuli I, de Ziegler D, Gayet V, Santulli P, Bijaoui G, de Mouzon ], et al. In
women with endometriosis anti-Mullerian hormone levels are decreased only in those
with previous endometrioma surgery. Hum Reprod. (2012) 27:3294-303. doi: 10.1093/
humrep/des274

57. Kasapoglu I, Ata B, Uyaniklar O, Seyhan A, Orhan A, Yildiz Oguz S, et al.
Endometrioma-related reduction in ovarian reserve (ERROR): a prospective
longitudinal study. Fertil Steril. (2018) 110:122-7. doi: 10.1016/j.fertnstert.2018.03.015

58. Guo SW. Recurrence of endometriosis and its control. Hum Reprod Update.
(2009) 15:441-61. doi: 10.1093/humupd/dmp007

59. Vercellini P, Crosignani PG, Abbiati A, Somigliana E, Vigano P, Fedele L. The
effect of surgery for symptomatic endometriosis: the other side of the story. Hum
Reprod Update. (2009) 15:177-88. doi: 10.1093/humupd/dmn062

60. Kim ML, Kim JM, Seong SJ, Lee SY, Han M, Cho Y]J. Recurrence of ovarian
endometrioma after second-line, conservative, laparoscopic cyst enucleation. Am |
Obstet Gynecol. (2014) 210:216.e1-6. doi: 10.1016/j.ajog.2013.11.007

frontiersin.org


https://doi.org/10.1093/humrep/der286
https://doi.org/10.1371/journal.pone.0098174
https://doi.org/10.1007/s00330-021-08270-5
https://doi.org/10.1007/s00330-021-08270-5
https://doi.org/10.7326/0003-4819-126-5-199703010-00006
https://doi.org/10.7326/0003-4819-126-5-199703010-00006
https://doi.org/10.1136/bmj.j4008
https://doi.org/10.1186/1471-2288-11-15
https://doi.org/10.1186/2046-4053-3-82
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.jclinepi.2013.11.007
https://doi.org/10.1136/bmj.39489.470347.AD
https://gdt.gradepro.org/app/handbook/handbook.html
https://gdt.gradepro.org/app/handbook/handbook.html
https://doi.org/10.1186/2046-4053-3-82
https://doi.org/10.1016/j.fertnstert.2014.01.021
https://doi.org/10.1097/GCO.0000000000000078
https://doi.org/10.1016/j.bpobgyn.2018.12.013
https://doi.org/10.1016/j.bpobgyn.2018.12.013
https://doi.org/10.5653/cerm.2021.05183
https://doi.org/10.3390/jcm12165324
https://doi.org/10.23736/S2724-606X.23.05249-1
https://doi.org/10.1016/j.bpobgyn.2023.102449
https://doi.org/10.1097/AOG.0000000000005587
https://doi.org/10.1007/s00270-024-03823-9
https://doi.org/10.3390/biomedicines12122930
https://doi.org/10.3390/biomedicines12122930
https://doi.org/10.1016/j.bpobgyn.2024.102528
https://doi.org/10.3390/jcm13247548
https://doi.org/10.7759/cureus.81215
https://doi.org/10.3390/life15020161
https://doi.org/10.1097/GCO.0b013e328348a283
https://doi.org/10.1016/j.rbmo.2016.03.001
https://doi.org/10.1055/s-0041-1729744
https://doi.org/10.1016/j.ejogrb.2023.12.012
https://doi.org/10.1016/j.fertnstert.2024.07.033
https://doi.org/10.1016/j.ijgo.2015.10.021
https://doi.org/10.1016/j.fertnstert.2017.05.015
https://doi.org/10.1002/rmb2.12286
https://doi.org/10.1007/s00404-021-06278-2
https://doi.org/10.1016/j.jmig.2021.09.708
https://doi.org/10.3390/medicina59091643
https://doi.org/10.3390/ijms25021337
https://doi.org/10.1055/s-0030-1267848
https://doi.org/10.1093/humrep/des274
https://doi.org/10.1093/humrep/des274
https://doi.org/10.1016/j.fertnstert.2018.03.015
https://doi.org/10.1093/humupd/dmp007
https://doi.org/10.1093/humupd/dmn062
https://doi.org/10.1016/j.ajog.2013.11.007
https://doi.org/10.3389/fendo.2025.1612899
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Younis et al.

61. Bougie O, McClintock C, Pudwell J, Brogly SB, Velez MP. Long-term follow-up
of endometriosis surgery in Ontario: a population-based cohort study. Am J Obstet
Gynecol. (2021) 225:270.e1-270.19. doi: 10.1016/j.ajog.2021.04.237

62. Moustafa S, Burn M, Mamillapalli R, Nematian S, Flores V, Taylor HS. Accurate
diagnosis of endometriosis using serum microRNAs. Am ] Obstet Gynecol. (2020)
223:557.e1-557.el1. doi: 10.1016/j.2j0g.2020.02.050

63. Vanhie A, Caron E, Vermeersch E,OD, Tomassetti C, Meuleman C, Mestdagh
P, et al. Circulating microRNAs as non-invasive biomarkers in endometriosis
diagnosis - A systematic review. Biomedicines. (2024) 12:888. doi: 10.3390/
biomedicines12040888

64. Hamdan M, Dunselman G, Li TC, Cheong Y. The impact of endometrioma on
IVE/ICSI outcomes: a systematic review and meta-analysis. Hum Reprod Update.
(2015) 21:809-25. doi: 10.1093/humupd/dmv035

65. Alshehre SM, Narice BF, Fenwick MA, Metwally M. The impact of
endometrioma on in vitro fertilisation/intra-cytoplasmic injection IVF/ICSI
reproductive outcomes: a systematic review and meta-analysis. Arch Gynecol Obstet.
(2021) 303:3-16. doi: 10.1007/s00404-020-05796-9

66. Yang C, Geng Y, Li Y, Chen C, Gao Y. Impact of ovarian endometrioma on
ovarian responsiveness and IVF: a systematic review and meta-analysis. Reprod BioMed
Online. (2015) 31:9-19. doi: 10.1016/j.rbmo.2015.03.005

67. Tsoumpou I, Kyrgiou M, Gelbaya TA, Nardo LG. The effect of surgical treatment
for endometrioma on in vitro fertilization outcomes: a systematic review and meta-
analysis. Fertil Steril. (2009) 92:75-87. doi: 10.1016/j.fertnstert.2008.05.049

68. Benschop L, Farquhar C, van der Poel N, Heineman M]J. Interventions for
women with endometrioma prior to assisted reproductive technology. Cochrane
Database Syst Rev. (2010) 11:CD008571. doi: 10.1002/14651858.CD008571.pub2

69. Brink Laursen JB, Schroll JB, Macklon KT, Rudnicki M. Surgery versus
conservative management of endometriomas in subfertile women. A systematic
review. Acta Obstet Gynecol Scand. (2017) 96:727-35. doi: 10.1111/a0gs.13154

Frontiers in Endocrinology

18

10.3389/fendo.2025.1612899

70. Nickkho-Amiry M, Savant R, Majumder K, Edi-O'sagie E, Akhtar M. The effect
of surgical management of endometrioma on the IVF/ICSI outcomes when compared
with no treatment? A systematic review and meta-analysis. Arch Gynecol Obstet. (2018)
297:1043-57. doi: 10.1007/s00404-017-4640-1

71. Wu CQ, Albert A, Alfaraj S, Taskin O, Alkusayer GM, Havelock J, et al. Live
Birth Rate after Surgical and Expectant Management of Endometriomas after In Vitro
Fertilization: A Systematic Review, Meta-Analysis, and Critical Appraisal of Current
Guidelines and Previous Meta-Analyses. ] Minim Invasive Gynecol. (2019) 26:299-
311.e3. doi: 10.1016/j.jmig.2018.08.029

72. Garcia-Tejedor A, Martinez-Garcia JM, Candas B, Suarez E, Manalich L, Gomez
M, et al. Ethanol sclerotherapy versus laparoscopic surgery for endometrioma
treatment: A prospective, multicenter, cohort pilot study. ] Minim Invasive Gynecol.
(2020) 27:1133-40. doi: 10.1016/j.jmig.2019.08.036

73. Koo JH, Lee I, Han K, Seo SK, Kim MD, Lee JK, et al. Comparison of the therapeutic
efficacy and ovarian reserve between catheter-directed sclerotherapy and surgical excision for
ovarian endometrioma. Eur Radiol. (2021) 31:543-8. doi: 10.1007/s00330-020-07111-1

74. Younis JS, Izhaki I. At what age endometriosis-associated ovarian cancer is
diagnosed? The implications for women in the reproductive age. Front Oncol. (2023)
13:1193123. doi: 10.3389/fonc.2023.1193123

75. Younis JS. Endometriosis-associated ovarian cancer: what are the implications
for women with intact endometrioma planning for a future pregnancy? A reproductive
clinical outlook. Biomolecules. (2022) 12:1721. doi: 10.3390/biom12111721

76. Somigliana E, Palomino MC, Castiglioni M, Mensi L, Benaglia L, Vercellini P,
et al. The impact of endometrioma size on ovarian responsiveness. Reprod Biomed
Online. (2020) 41:343-8.

77. Younis JS, Shapso N, Ben-Sira Y, Nelson SM, Izhaki I. Endometrioma surgery-a
systematic review and meta-analysis of the effect on antral follicle count and anti-
Miillerian hormone. Am ] Obstet Gynecol. (2022) 226:33-51.e7. doi: 10.1016/
j.2j0g.2021.06.102

frontiersin.org


https://doi.org/10.1016/j.ajog.2021.04.237
https://doi.org/10.1016/j.ajog.2020.02.050
https://doi.org/10.3390/biomedicines12040888
https://doi.org/10.3390/biomedicines12040888
https://doi.org/10.1093/humupd/dmv035
https://doi.org/10.1007/s00404-020-05796-9
https://doi.org/10.1016/j.rbmo.2015.03.005
https://doi.org/10.1016/j.fertnstert.2008.05.049
https://doi.org/10.1002/14651858.CD008571.pub2
https://doi.org/10.1111/aogs.13154
https://doi.org/10.1007/s00404-017-4640-1
https://doi.org/10.1016/j.jmig.2018.08.029
https://doi.org/10.1016/j.jmig.2019.08.036
https://doi.org/10.1007/s00330-020-07111-1
https://doi.org/10.3389/fonc.2023.1193123
https://doi.org/10.3390/biom12111721
https://doi.org/10.1016/j.ajog.2021.06.102
https://doi.org/10.1016/j.ajog.2021.06.102
https://doi.org/10.3389/fendo.2025.1612899
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Ethanol sclerotherapy for management of endometriomas: an overview of systematic reviews
	1 Introduction
	2 Methods
	2.1 Protocol
	2.2 Eligibility criteria, information sources, search strategy
	2.3 Study selection
	2.4 Quality assessment and study overlap degree
	2.5 Outcome measures
	2.6 Data extraction and analysis
	2.7 Strength of evidence

	3 Results
	3.1 Study selection
	3.2 Study characteristics
	3.3 Quality assessment of systematic reviews
	3.4 Ethanol sclerotherapy methodology
	3.5 Synthesis of results of systematic reviews
	3.5.1 Adverse events
	3.5.2 Technical efficacy
	3.5.3 Pain relief
	3.5.4 Endometrioma recurrence
	3.5.5 Impact on ovarian reserve
	3.5.6 Pregnancy rate
	3.5.7 Comparison with the surgical approach

	3.6 GRADE strength (certainty) of evidence

	4 Discussion
	4.1 Main findings
	4.2 Comparison with existing literature
	4.3 Strengths and limitations

	5 Conclusions
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


