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ABSTRACT 

STUDY QUESTION: Which surgical technique for endometrioma has the least detrimental effect on ovarian reserves?

SUMMARY ANSWER: Drainage with hemostatic sealants and cystectomy with ovarian suturing were associated with relatively 
smaller anti-M€ullerian hormone (AMH) declines 3–6 months postoperatively; however, further research assessing fertility and long- 
term outcomes is needed to clarify the safety and efficacy of these techniques.

WHAT IS KNOWN ALREADY: Ovarian endometriomas are common in women of reproductive age and can affect their ability to 
have a pregnancy. Surgical removal of the endometrioma is one of the strategies to favor pregnancy, with different possible surgical 
techniques. However, damage to the ovary can result in lower ovarian reserve. To date, it is uncertain what surgical technique pro
vides the best balance between efficacy and safety.

STUDY DESIGN, SIZE, DURATION: We conducted a systematic review and network meta-analysis (NMA), searching PubMed, 
Embase, and Cochrane Register of Trials for randomized controlled trials (RCTs) that compared the impact of different surgical tech
niques for endometrioma on ovarian reserves (measured with the AMH level or antral follicle count (AFC)) from inception to June 
2024. All relevant peer-reviewed studies were included.

PARTICIPANTS/MATERIALS, SETTING, METHODS: The primary outcome was ovarian reserve, measured by the change in AMH lev
els (ng/ml) at 3–6 months after the treatment. Secondary outcome was the change in AFC at 3–6 months after the surgery. We 
assessed the quality of included studies with the Cochrane risk of bias tool 2 and performed an NMA, comparing the head-to-head ef
fect of different surgical strategies, calculating mean differences (MDs) and 95% CIs.

MAIN RESULTS AND THE ROLE OF CHANCE: 21 RCTs with 1519 participants, comparing 8 different surgical techniques (cystectomy 
with ovarian suturing, cystectomy with hemostatic sealants, cystectomy with tranexamic acid, cystectomy alone, drainage with he
mostatic sealants, drainage alone, laser ablation, and transvaginal sclerotherapy) were included in the systematic review and 17 
studies in the NMA. Regarding AMH at 3–6 months after surgery, drainage with hemostatic sealants (MD: 0.96; 95% CI: 0.60–1.33; high 
level of certainty), cystectomy with ovarian suturing (MD: 0.69; 95% CI: 0.39–0.98; moderate certainty), and cystectomy with hemo
static sealants (MD: 0.37; 95% CI: 0.12–0.61; low certainty) resulted in higher values of AMH compared with cystectomy alone. 
Regarding AFC at 3–6 months after surgery, laser ablation showed higher values of AFC (MD: 2.30; 95% CI: 0.20–4.40) compared with 
cystectomy alone at 3–6 months after surgery, followed by cystectomy with ovarian suturing (MD: 1.88; 95% CI: 0.98–2.79). The overall 
risk of bias of the included studies was low. The Confidence in Network Meta-Analysis (CINeMA) assessment showed that the only 
comparison with high certainty of evidence is the comparison between cystectomy and drainage with hemostatic sealants, followed 
by moderate certainty for the comparison between cystectomy and cystectomy with ovarian suturing and between cystectomy and 
laser, while the remaining comparisons had a low certainty of evidence.

LIMITATIONS, REASONS FOR CAUTION: The heterogeneity among the included studies, due to differences in the timing of AMH 
measurement, the localization and size of endometriomas, and the varying surgical techniques and expertise, is the main limitation 
of this study. In addition, further reasons for caution are the short follow-up period, the lack of data regarding pregnancy rates, and 
specific interventions such as sclerotherapy.

WIDER IMPLICATIONS OF THE FINDINGS: Considering the estimated effect sizes and certainty of evidence for both AMH and AFC, 
cystectomy with ovarian suturing and drainage with hemostatic sealants were associated with the least negative impact on ovarian 
reserve markers. Drainage with hemostatic sealants showed associations with higher short-term AMH preservation; however, this is 
based on limited data, primarily from a single RCT, and more evidence from different centers is needed to assess effectiveness, recur
rence risk, and potential adverse effects such as inflammation or fibrosis from allogenic materials. Given the large number of 
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patients operated on for endometriomas globally, we urgently call for well-powered, multicentric RCTs to compare reproductive 
outcomes across surgical techniques, including those associated with relatively higher AMH in our analysis.
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Introduction
Endometriosis is a highly prevalent estrogen-dependent gyneco
logical disorder of reproductive-aged women, characterized by 
the growth of endometrial-like lesions outside the uterine cavity 
(Bulun, 2009; Gylfason et al., 2010). The disease phenotype varies 
depending on the area/organ in which endometriosis lesions 
grow. When the ovary is affected, it usually creates an ovarian 
cyst lined with endometrial-like tissue and containing fluid from 
the accumulation of blood debris. This is called ovarian endome
trioma, and it affects up to 55% of patients with endometriosis 
(Liu et al., 2007). Symptoms include endometriosis-associated pel
vic pain, pelvic fullness, and infertility, often leading to a signifi
cant reduction in quality of life (Zondervan et al., 2020).

Different therapeutic options for endometrioma are available, 
chosen according to the specific patient’s characteristics such as 
age, symptoms, fertility, endometrioma size, and ultrasound- 
image. According to the most recent guidelines, when surgical 
therapy is indicated, laparoscopic cystectomy should be pre
ferred to laparoscopic drainage and coagulation (Kalaitzopoulos 
et al., 2021; Becker et al., 2022), as it may decrease the risk of re
currence and pelvic pain in addition to an increased chance of 
spontaneous pregnancy (Porpora et al., 2010; Carmona et al., 
2011). However, the main controversy associated with cystec
tomy is that it may damage or remove healthy ovarian cortex 
and follicles, leading to an adjunctive decrease of the impaired 
ovarian reserve following the procedure (Raffi et al., 2012; Muzii 
et al., 2018). Therefore, other surgical options, such as ablation by 
laser or plasma and sclerotherapy, have been developed with the 
aim to mitigate the ovarian reserve damage.

Evidence regarding the optimal intervention to minimize ovar
ian damage remains limited and inconsistent. A recent meta- 
analysis (Cohen et al., 2017) suggested that sclerotherapy is a 
promising alternative to cystectomy for managing ovarian endo
metrioma. However, prior studies and meta-analyses have typi
cally compared only two interventions at a time—most 
commonly cystectomy versus another treatment—without offer
ing direct head-to-head comparisons among all available options. 
Given the variety of interventions for endometrioma and the on
going uncertainty about which approach best preserves ovarian 
reserve, it is crucial to assess their comparative effectiveness 
comprehensively. Therefore, we conducted a network 
meta-analysis (NMA) that, for the first time, provides direct 

head-to-head comparisons of all surgical techniques using anti- 
M€ullerian hormone (AMH) and antral follicle count (AFC) as 
markers of ovarian reserve. Additional outcomes evaluated in
cluded pregnancy and recurrence rates.

Methods
We followed the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) extension statement for network 
meta-analyses. The study protocol was registered in PROSPERO 
(registration number: CRD42021238909).

Inclusion criteria
We performed a systematic review and NMA, including randomized 
controlled trials (RCTs) that compared the impact on ovarian 
reserves (using AMH or AFC) of different surgical treatments for 
unilateral or bilateral endometriomas. Studies with any type of sur
gical treatment, defined as an invasive procedure aiming to treat 
the endometrioma, i.e. cystectomy, modified cystectomy, ablation 
by laser or plasma, sclerotherapy, and draining, were eligible. We 
included participants with ovarian endometriomas of any age or 
ethnicity, as long as they were pre-menopausal. Studies with more 
than one treatment for the same patient were excluded. We ex
cluded other types of studies (cohort, case–control, quasi- 
randomized) and reviews. Non-randomized studies were excluded 
from this NMA as meta-analyses of mixed study design is not sug
gested. When addressing efficacy and tolerability of interventions, 
RCTs and meta-analyses of them represent the most reliable and 
rigorous type of evidence (Murad et al., 2016), as they are the only 
type of study that can infer causality, meaning that the differences 
in the outcome are related to a causal effect of the intervention. For 
the scope of this NMA, we limited the inclusion criteria to reduce 
heterogeneity between studies, avoid confounders and selection 
bias, and infer causality.

Search
We systematically searched PubMed, Embase, and the Cochrane 
Register of Trials from inception until 1 June 2024. Combinations 
of the terms endometrioma, cystectomy, laser ablation, drainage, 
plasma, sclerotherapy, cystotomy, surgical treatment, and ex
pectative were used (Supplementary File S1). We additionally 
searched the reference sections of relevant publications, key 

WHAT DOES THIS MEAN FOR PATIENTS? 
Ovarian endometrioma, or ‘chocolate cyst’, is a type of ovarian cyst that is common in women of reproductive age and can affect 
their ability to become pregnant. Surgical removal of an endometrioma is often reasonable; however, the procedure can damage 
ovarian tissue and reduce the ovarian reserve. This study compared different surgical techniques for ovarian endometrioma and 
evaluated their impact on ovarian reserve. The techniques associated with the least reduction in ovarian reserve were cyst re
moval, followed by suturing of the remaining ovarian tissue and cyst drainage combined with hemostatic sealants. Given the high 
number of patients undergoing surgery for endometriomas worldwide, there is an urgent need for well-powered, multicenter ran
domized controlled trials to compare reproductive outcomes between surgical techniques.
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journals, and abstracts from major meetings in the field. Two 
investigators (D.R.K. and N.F.) screened the titles and abstracts of 
all records retrieved, then the full texts of eligible studies for in
clusion, and any discrepancy was resolved by consultation with a 
third investigator (K.N.).

Outcomes, data extraction, and evaluation of 
study risk of bias
Two reviewers (D.R.K. and N.F.) independently extracted relevant 
data from each included study using a pre-defined Excel extraction 
form. Data extracted included general characteristics of the study 
(author, year of publication, country, intervention, number of 
patients included, AMH kit used, and duration of follow-up), base
line characteristics (age, BMI, and size of endometrioma), and out
comes (mean endpoint and/or mean change levels of AMH and AFC 
in three or less and six or more months, recurrence of endome
trioma, and number of pregnancies after surgical treatment). We 
contacted the corresponding authors of the studies via e-mail for 
missing information. Specifically, we contacted four authors 
(Giampaolino et al., 2015; Shaltout et al., 2019; Park et al., 2021; 
Ghasemi Tehrani et al., 2022) for missing data, and we received only 
the data from one study group (Shaltout et al., 2019).

The primary outcome was ovarian reserve, measured by the 
change in AMH levels (ng/ml) at 3–6 months after the treatment. 
The secondary outcome was the change in AFC at 3–6 months af
ter the surgery. We also extracted information on the rate of 
endometrioma recurrence, calculated as the number of patients 
who experienced a return of the endometrioma after surgery di
vided by the total number of patients and the rate of pregnancy 
at any time point after the surgery.

Two reviewers (D.R.K. and N.F.) independently assessed the 
risk of bias using the RoB2 Tool, classifying studies into three cat
egories: ‘low risk of bias’, ‘high risk of bias’, and ‘some concerns’ 
(Sterne et al., 2019). Any discrepancy was resolved through a dis
cussion with a third investigator (K.N.).

Data synthesis and evaluation of the confidence 
in the evidence
We performed a standard pairwise random-effects meta-analysis 
for each comparison and for each outcome, an NMA in a fre
quentist framework. For continuous outcomes, we pooled mean 
differences (MDs) and SD with 95% CIs between treatment arms 
after surgical treatment, as all studies were expected to employ 
the same unit of measure for hormonal blood levels. For studies 
reporting median and interquartile range, we estimated means 
and SDs before pooling MDs (Wan et al., 2014; Luo et al., 2018).

For the primary and secondary continuous outcomes (AMH 
and AFC), we used data provided at either 3 or 6 months. For 
studies that provided both time points, we calculated the mean 
between the two values (Younis et al., 2022). As a subgroup analy
sis, we separately analyzed studies reporting AMH levels 3 and 6 
months after surgery, in order to verify the consistency between 
these two time points. An NMA was not possible for longer-term 
follow-up as the majority of the included studies did not report 
these outcomes.

For pairwise meta-analyses, we assessed heterogeneity by visual 
inspection of forest plots and by I2 statistics. For the NMA of each 
outcome, common heterogeneity across all comparisons was as
sumed and estimated in each network. For each outcome, we as
sumed a common heterogeneity variance (τ2) across comparisons. 
The magnitude of heterogeneity was judged by comparing τ2 to its 
empirical distribution and by considering the width of the predic
tion intervals. Statistical inconsistency was evaluated using the 
SIDE test for each comparison and the design-by-treatment 

interaction test for the overall network. For each outcome, we pro
duced a treatment hierarchy by employing the P-score, which rep
resents a probabilistic approach similar to the means of surface 
under the cumulative ranking curve (SUCRA) (Mbuagbaw 
et al., 2017).

To assess the plausibility of the transitivity assumption, we 
extracted potential effect modifiers (i.e. BMI, age, baseline AMH 
levels, and size of endometrioma) and compared their distribu
tion across comparisons in the network. To explore potential 
sources of heterogeneity and inconsistency, we also planned net
work meta-regressions for baseline BMI, mean age, and size of 
the endometrioma. Moreover, we conducted a post-hoc subgroup 
analysis based on endometrioma size, using a clinically recog
nized cut-off (<5 cm vs >5 cm), given that surgical management 
of larger endometriomas may have a different impact on ovarian 
reserve compared to smaller lesions. Additionally, we performed 
a separate subgroup analysis according to endometrioma lateral
ity, distinguishing between studies that included only women 
with unilateral endometriomas and those with a mixed popula
tion of unilateral and bilateral cases. This distinction was made 
because surgical treatment of bilateral endometriomas may have 
a more pronounced detrimental effect on ovarian reserves.

To verify the robustness of the results, we performed sensitiv
ity analyses by excluding studies with an overall assessment of 
high risk of bias and studies for which we imputed the data.

Frequentist network and pairwise meta-analyses were per
formed with the netmeta, version 2.8-2 and meta, version 6.5-0 
packages (Freiburg, Germany). The confidence in the NMA esti
mates was evaluated for the primary outcome with the Confidence 
in Network Meta-Analysis (CINeMA) framework, evaluating the cer
tainty of evidence through these items: ‘within study bias’, 
‘reporting bias’, ‘indirectness’, ‘imprecision’, ‘heterogeneity’, and 
‘incoherence’.

Results
Description of included studies
We identified 6179 references published from 2012 to 1 June 2024 
through the literature search. During the screening process, stud
ies were excluded after the initial search if they were not relevant 
or were not RCTs. After screening of titles and abstracts, we 
assessed 47 full-texts and included 21 studies with 1519 partici
pants in the systematic review and 17 studies in the NMA 
(Tsolakidis et al., 2010; Coric et al., 2011; Ferrero et al., 2012; 
S€onmezer et al., 2013; Ghafarnejad et al., 2014; Tanprasertkul 
et al., 2014; Giampaolino et al., 2015; Asgari et al., 2016; Zhang 
et al., 2016; Candiani et al., 2018; Choi et al., 2018; Chung et al., 
2019; Rouholamin and Ahmadpour-Ghazvini, 2019; Shaltout 
et al., 2019; Sweed et al., 2019; Akkaranurakkul et al., 2021; 
Javaheri et al., 2021; Park et al., 2021; Alborzi et al., 2022; Araujo 
et al., 2022; Ghasemi Tehrani et al., 2022). Several studies were ex
cluded because they reported ovarian reserve solely based on 
ovarian volume, some applied the same surgical technique to 
both comparison groups, and one study employed two different 
surgical techniques within the same patients. Details are pro
vided in the PRISMA flowchart (Fig. 1), in the list of excluded 
studies with reason (Supplementary Table S1), and in the tables 
with the characteristics of the included studies (Table 1; 
Supplementary Table S2). The mean age of participants was 
30.08 (SD ¼ 2.12) years, the mean BMI was 23.05 (SD ¼ 1.89) kg/ 
m2, and the mean endometrioma size was 5.79 (SD ¼ 1.89) cm. 
The studies included eight different surgical techniques: cystec
tomy with ovarian suturing (ST), cystectomy with hemostatic 
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sealants (HS), cystectomy with tranexamic acid (TXA), cystec
tomy alone, drainage with HS, drainage alone, laser ablation, and 
transvaginal sclerotherapy. These techniques that have been 
previously described and suggested for endometriomas are sum
marized in Table 2. Studies that used HS after cystectomy were 
categorized as cystectomy þ HS, while studies that used ST after 
cystectomy were categorized as cystectomy þ ST. Similarly, stud
ies that used HS after drainage of the ovary were categorized as 
drainage þ HS. The only study that compared transvaginal 
sclerotherapy to laparoscopic cystectomy reported discrepant 

results in the abstract and the manuscript, and it was unclear if 
the follow-up time was 6 weeks or 6 months after surgery. An ef
fort to resolve the issue was made by contacting the correspond
ing author via email, but we received no response, so the study 
was not included in the NMA (Ghasemi Tehrani et al., 2022). The 
detailed description of each intervention and its classification in 
this network is presented in Supplementary Table S3. Although 
the number of studies for each comparison was low, we did not 
find any clear violation of the transitivity assumption 
(Supplementary Fig. S1).

Figure 1. Flowchart of study selection.
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The assessment of risk for bias (Supplementary Fig. S2) showed 
that five of the included studies had high risk of bias (Ghafarnejad 
et al., 2014; Tanprasertkul et al., 2014; Rouholamin and Ahmadpour- 
Ghazvini, 2019; Akkaranurakkul et al., 2021, Ghasemi Tehrani et al., 
2022), while the rest included studies had low risk of bias.

Primary outcome
The network plot for the primary outcome is shown in Fig. 2. The 
results of the NMA for individual surgical treatments for the pri
mary outcome are shown in Figs 3 and 4. Compared to the stan
dard surgical approach, cystectomy alone, drainage þ HS had the 
least detrimental effect on AMH, with an MD of 0.96 ng/ml (95% 
CI: 0.60–1.33; high certainty of evidence) followed by cystectomy 
þ ST (MD: 0.69 ng/ml; 95% CI: 0.39–0.98; moderate certainty of ev
idence), cystectomy þ HS (MD: 0.37 ng/ml; 95% CI: 0.12–0.61; low 
certainty of evidence), and drainage (MD: 0.34 ng/ml; 95% CI: 
0.04–0.65; low certainty of evidence) (Fig. 3). Cystectomy þ TXA i.v. 
and laser did not show any difference compared to the standard 
surgical approach, cystectomy alone (MD: 0.40 ng/ml; 95% CI: 

−0.47 to 1.27; low certainty of evidence and MD: 0.25 ng/ml; 95% 
CI: −0.25 to 0.74; moderate certainty of evidence, respectively). 
For the comparison of drainage þ HS vs cystectomy, the certainty 
of evidence was high, as we did not find any evidence for down
grading the evaluation (i.e. no evidence of within the study bias, 
reporting bias, indirectness, imprecision, heterogeneity, or incoher
ence). Further details about the certainty of evidence according to 
the CINeMA assessment are presented in Supplementary Table S4.

Head-to-head comparison showed drainage þ HS to be less 
detrimental than cystectomy þ HS, drainage, laser, and cystec
tomy alone on ovarian reserve in terms of AMH levels. All the 
other comparisons showed no difference in their effects on AMH 
levels after surgery.

We found no evidence of significant inconsistency (Supplementary 
File S2).

The sensitivity analysis with only low risk of bias studies in
cluded 14 studies involving 7 surgical techniques (Tsolakidis 
et al., 2010; Ferrero et al., 2012; S€onmezer et al., 2013; Giampaolino 
et al., 2015; Asgari et al., 2016; Zhang et al., 2016; Candiani et al., 
2018; Choi et al., 2018; Shaltout et al., 2019; Sweed et al., 2019; 
Javaheri et al., 2021; Park et al., 2021; Alborzi et al., 2022; Araujo 
et al., 2022). We found no substantial difference compared to the 
main analysis. Details are reported in Supplementary File S3.

The sensitivity analysis with only studies without imputations 
included 13 studies and 7 interventions, and the sensitivity 
analysis after exclusion of the studies with high baseline AMH in
cluded 13 studies and 7 interventions. We found for both analy
ses no substantial differences compared to the main analysis. 
Details are reported in Supplementary File S3.

Subgroup analyses
The analysis considering AMH levels at two different time points, 
3 and 6 months after surgery, included 13 (Ferrero et al., 2012; 
S€onmezer et al., 2013; Tanprasertkul et al., 2014; Giampaolino 
et al., 2015; Asgari et al., 2016; Zhang et al., 2016; Candiani et al., 
2018; Choi et al., 2018; Chung et al., 2019; Akkaranurakkul et al., 
2021; Javaheri et al., 2021; Park et al., 2021; Alborzi et al., 2022) and 
8 trials, respectively (Tsolakidis et al., 2010; Ferrero et al., 2012; 
Tanprasertkul et al., 2014; Zhang et al., 2016; Rouholamin and 
Ahmadpour-Ghazvini, 2019; Shaltout et al., 2019; Alborzi et al., 
2022; Araujo et al., 2022) (Supplementary Table S5). Cystectomy þ
ST was the only intervention compared to cystectomy alone with 
higher AMH at three months after surgery (MD: 0.96 ng/ml; 95% 
CI: 0.64–1.28). The two interventions that showed significantly 
higher AMH levels 6 months after surgery in comparison to cys
tectomy were drainage þ HS (MD: 1.00 ng/ml; 95% CI: 0.29–1.71) 
and cystectomy þ ST (MD: 0.52 ng/ml; 95% CI: 0.25–1.17). Two 
more subgroup analyses were performed according to the locali
zation of the endometrioma (unilateral and bilateral) and the 
size of the endometrioma (< or ≥ 5 cm) (Supplementary Table 
S5). The subgroup analysis of studies with only unilateral endo
metriomas (N¼10) showed similar results to the main analysis. 
When studies with both unilateral and bilateral endometriomas 
were included (N¼ 6), no statistically significant difference was 
found between the interventions and cystectomy alone. 
Concerning the endometrioma size, only three studies included 
endometriomas with size <5 cm, and no difference among the 
interventions was found. For endometriomas ≥5 cm, the results 
were in concordance with the results of the main analysis.

Secondary outcomes
Regarding the reduction of AFC levels at 3–6 months after surgery 
(Supplementary File S4), compared to cystectomy alone, laser 
showed the lowest reduction of AFC (MD: 2.30; 95% CI: 0.20–4.40), 

Table 1. Characteristics of randomized controlled trials included 
in network of AMH.

Characteristics AMH network

Number of studies 17

Number of patients included 1314

Mean (SD)

Age (years) 30.08 (2.12)

BMI (kg/m2) 23.05 (1.89)

Size (cm) 5.79 (1.89)

Baseline AMH baseline (ng/ml) 3.58 (1.15)

Localization of endometrioma

Only unilateral 10 (58.8)

Only bilateral 1 (5.8)

Unilateral or bilateral 6 (35.3)

Study follow-up duration N of studies (%)

3 months 13 (76.4)

6 months 8 (47)

Type of comparison N of studies (%)

Cystectomy alone vs cystectomy þ HS 9 (52.9)

Cystectomy alone vs Cystectomy þ ST 6 (35.2)

Cystectomy alone vs laser 2 (11.8)

Cystectomy alone vs cystectomy þ TXA i.v. 1 (5.8)

Cystectomy alone vs drainage 4 (23.5)

Cystectomy alone vs drainage þ HS 1 (5.8)

Cystectomy þ ST vs cystectomy þ HS 1 (5.8)

Cystectomy þ HS vs drainage 1 (5.8)

Cystectomy þ HS vs drainage þ HS 1 (5.8)

Drainage vs drainage þ HS 1 (5.8)

Risk of bias

Low risk 14 (82.3)

High risk 3 (17.6)

AMH, anti-M€ullerian hormone; cystectomy þ HS, cystectomy with hemostatic 
sealants; cystectomy þ TXA i.v., cystectomy with tranexamic acid; cystectomy 
þ ST, cystectomy with suture; drainage þ HS, drainage with 
hemostatic sealants.
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followed by cystectomy þ ST (MD: 1.88; 95% CI: 0.98–2.79) and 
drainage þ HS (MD: 0.92; 95% CI: 0.19–1.65). In the head-to-head 
comparisons, cystectomy þ ST resulted in significantly lower 
AFC reduction compared to cystectomy þ HS (MD: 1.58; 95% CI: 
0.49–2.67) and drainage (MD: 1.61; 95% CI: 0.55–2.68) 
(Supplementary File S4).

In terms of the recurrence rate, nine studies reported the 
outcome. We observed significant variability among the in
cluded studies. In studies involving drainage, the recurrence 
rate varied from 27% (Shaltout et al., 2019) to 41.5% (Sweed 
et al., 2019) for follow-up between 12 and 24 months. Shaltout 
et al. (2019) observed a lower recurrence rate after drainage 
with HS (10.8%) at 24 months. Regarding cystectomy alone, the 
recurrence rate ranges from 0 cases for a follow-up between 3 
and 12 months (Tsolakidis et al., 2010; Candiani et al., 2018; Park 
et al., 2021) to 24.4% after a 24-month follow-up (Shaltout et al., 
2019). The recurrence rates for variations of cystectomy, such 
as HS, varied between 0% (Park et al., 2021) after 3 months of 
follow-up and 9% after 24 months of follow-up (Shaltout et al., 
2019). For cystectomy with sutures, the recurrence rate ranged 
from 0% (Zhang et al., 2016) to 8.8% (Ferrero et al., 2012) after 
12 months of follow-up. Recurrence after laser treatment of 
ovarian endometrioma ranged from 0% (Candiani et al., 2018) 
after a mean follow-up of 8.1 months to 20% after a 12-month 
follow-up (Tsolakidis et al., 2010), and finally sclerotherapy 
showed a recurrence rate of 48.5% after 12 months of follow-up 
(Ghasemi Tehrani et al., 2022).

Concerning pregnancy outcomes, as the majority of the in
cluded studies had a follow-up of up to 6 months, only four stud
ies with longer follow-up reported pregnancy rates (Ferrero et al., 
2012; Candiani et al., 2018; Shaltout et al., 2019; Alborzi et al., 
2022). Shaltout et al. (2019) had only spontaneous pregnancies, 
while Alborzi et al. (2022) had both spontaneous and pregnancies 
after ART. Pregnancy rates after cystectomy þ HS varied from 
13.6% after 24 months of follow-up (Shaltout et al., 2019) to 40% 
after 12 months of follow-up (Alborzi et al., 2022). Meanwhile, 
12 months after cystectomy þ ST, Ferrero et al. (2012) found a 
44.1% pregnancy rate; however, the author did not report if the 
pregnancies were spontaneous or after ART. Candiani et al. (2018)
reported a 10% spontaneous pregnancy rate after laser treatment 
for a mean follow-up time of 8.1 months.

Discussion
To the best of our knowledge, this is the first NMA comparing the 
impact of different endometrioma surgical treatments on the 
ovarian reserves (Supplementary File S5).

Our results indicate that both drainage combined with the use 
of HS and cystectomy with ST may have a less detrimental 
impact on AMH levels compared to cystectomy alone, measured 
3–6 months post-surgery. This conclusion is supported by high 
and moderate certainty of evidence, respectively, based on the 
CINeMA assessment. Sensitivity analyses restricting to high- 
quality studies, excluding those with data imputations, and 

Table 2. Description of the available techniques for surgical treatment of endometrioma.

Technique Way of performing Disadvantages

Cystectomy Excision of the endometrioma wall by gently 
pulling it from the underlying ovarian tissue. 
Hemostatis is usually performed via targeted 
coagulation on the ovarian tissue. 

Various variations can be performed before or 
after cystectomy, such as the use of hemostatic 
agents, tranexamic acid, and suturing of 
the ovary. 

Often difficult to detach the endometrioma wall 
from the underlying ovarian tissue due to 
fibrosis so that the pulling of the capsule results 
in removing part of the underlying ovarian 
tissue and heavier bleeding. 
Subsequently, a more aggressive bipolar 
coagulation might be needed to achieve 
hemostasis, which further decreases the 
ovarian reserves.

Drainage Fenestration of the endometrioma and aspiration 
of the endometrioma content. Targeted 
coagulation might be needed to 
achieve hemostasis.

High risk of endometrioma and symptom  
recurrence.

Drainage and use of  
hemostatic sealants

Fenestration of the endometrioma and aspiration 
of the endometrioma content followed by the 
use of hemostatic sealant (e.g. Surgicel), which 
is left in the ovary.

Not enough evidence regarding endometrioma 
and cyst recurrence.

Drainage and use of CO2 laser Fenestration of the endometrioma and aspiration 
of the endometrioma content followed by laser 
ablation of the endometrioma wall. 

This can be performed either as a one-step 
procedure or three-step procedure (drainage, 
3 months downregulation, laser ablation). 

Might be time consuming for larger 
endometriomas and difficult to use in 
multiple endometriomas. Equipment cost.

Drainage and use of PlasmaJet Fenestration of the endometrioma and aspiration 
of the endometrioma content followed by laser 
ablation of the endometrioma wall.

Similar to CO2 laser.

Alcohol sclerotherapy Injection of the ethanol sclerosing agent into the 
cyst to destroy the endometrioma wall. 

It may potentially be performed not only 
laparoscopically but also transvaginally. 

Not enough evidence regarding the effect of the 
ovarian reserves. Risk of cyst and symptom 
recurrence. No agreed concentration and 
duration of retention. If performed 
transvaginally, other endometriotic lesions in 
the abdomen cannot be removed.

Cystectomy with combined  
approach

Partial cystectomy is initially performed. When 
the excision causes bleeding or the cleavage 
plane is not clear, the rest of the cyst wall is 
vaporized using a CO2 laser

Not enough evidence regarding pain and fertility 
outcomes. Equipment cost.
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separately examining AMH outcomes at 3 and 6 months consis
tently confirmed these findings. Additionally, the results 
remained robust when excluding two studies with unusually 
high preoperative AMH levels. However, in the case of small 
endometriomas (<5 cm), no significant differences were ob
served, though this conclusion is limited by the inclusion of only 
three studies in the meta-analysis.

Although the impact of drainage with HS and cystectomy with 
ST on AMH levels may appear modest compared to cystectomy 
alone—with differences ranging from 0.70 to 1 ng/ml—AMH 
serves as an important indicator of surgical damage to the ova
ries. Even a slight advantage in preserving AMH levels with one 
technique over another could be clinically significant, particu
larly for patients with already diminished ovarian reserve, and 
thus valuable information for clinicians when selecting the 

optimal surgical approach. However, further research is neces
sary to understand whether the benefits of HS or ST outweigh 
the possible risks related to their use, such as recurrence or in
flammation and fibrosis.

The current meta-analysis showed no difference between la
ser and cystectomy in terms of AMH. It should be noted, how
ever, that other single studies (Donnez et al., 1996; Candiani et al., 
2018) have demonstrated that ablative techniques with CO2 laser 
had less impact on the ovarian reserve than cystectomy.

Regarding the AFC levels at 3–6 months after surgery, laser 
showed better results followed by cystectomy þ ST and drainage 
þ HS. Again, the beneficial effect, between 0.9 and 2.30 antral fol
licles, could be of clinical relevance. It is important that both the 
three-step laser procedure using GnRH agonists for 3 months be
tween drainage and CO2 laser ablation (Tsolakidis et al, 2010) and 

Figure 2. Network plot of ‘AMH at endpoint (3–6 months)’. The lines link interventions that were directly compared in trials. The thickness of the lines 
corresponds to the number of studies evaluating the comparison. The size of the nodes corresponds to the number of participants assigned to the 
intervention. AMH, anti-M€ullerian hormone; cystectomy þ HS, cystectomy with hemostatic sealants; cystectomy þ TXA i.v., cystectomy with 
tranexamic acid; cystectomy þ ST, cystectomy with suture; drainage þ HS, drainage with hemostatic sealants.

Figure 3. Forest plot comparing each surgical technique with cystectomy alone for the on levels of AMH 3–6 months after surgery. Confidence in 
Network Meta-Analysis (CINeMA) appraisal used for assessment of ranking probability and certainty of evidence. AMH, anti-M€ullerian hormone; MD, 
mean difference; cystectomy þ HS, cystectomy with hemostatic sealants; cystectomy þ TXA i.v., cystectomy with tranexamic acid; cystectomy þ ST, 
cystectomy with suture; drainage þ HS, drainage with hemostatic sealants. P-scores (0–1) indicate the relative ranking of treatments, with higher 
values representing a higher effectiveness of the treatment.
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the one-step laser procedure (Candiani et al., 2018) found a simi
lar positive effect on AFC compared to simple cystectomy. The 
former technique has been inspired by Donnez et al. (1996), who 
published the largest series 30 years ago, but it is currently infre
quently applied due to the need for multiple procedures 
and complexity.

A possible explanation of the above findings is the different 
amount of energy (bipolar or monopolar coagulation) applied to 
the remaining ovarian tissue after cystectomy to achieve hemo
stasis. Suture of the ovarian cortex and HS such as cellulose or fi
brinogen and thrombin-containing materials possibly decrease 
the need for coagulation on the remaining ovarian tissue and 
therefore may decrease the coagulation-associated ovarian dam
age (Shaltout et al., 2019). Moreover, for drainage with HS as well 
as for laser ablation, no detaching of the cyst is performed, there
fore limiting the accidental removal of healthy tissue with the 
endometrioma wall (Tulikangas et al., 2001).

A consensus study published by an international working 
group of the European Society for Gynecologic Endoscopy (ESGE), 
ESHRE, and the World Endometriosis Society (WES) suggested 
cystectomy, ablation by laser or plasma energy, and electrocoa
gulation, or a combination of them, for the endometrioma re
moval. Injection of diluted vasopressin solution under the cyst 
capsule, as well as ST or the use of intraovarian HS agents, were 
also recommended (Saridogan et al., 2017). Due to the scarcity of 
evidence, however, recommendations were mainly based on ex
pert opinion on best clinical practice.

The long-term impact of cystectomy for endometrioma on 
ovarian reserve remains controversial. Normal folliculogenesis 
takes �3 months; therefore, in theory, a stabilization of AMH 

would be expected after that period postoperatively. However, 
several observational studies have suggested a significant recov
ery of AMH during 1-year post-surgical follow-up (Sugita et al., 
2013; Vignali et al., 2015; Kova�cevi�c et al., 2018; Kostrzewa et al., 
2019; Wang et al., 2019). The studies included in our meta- 
analysis mainly provided AMH values up to 6 months post- 
surgery, limiting our ability to draw conclusions on longer-term 
outcomes or provide recommendations on when to initiate ovar
ian stimulation for ART if postoperatively needed.

A systematic review and meta-analysis of observational and 
randomized studies analyzing pre- and post-surgical AFC levels 
showed that ovarian reserve was not reduced 3–6 months after 
endometrioma cystectomy (Muzii et al., 2014). In contrast, an
other meta-analysis reported diminished ovarian reserves mea
sured by AMH (Raffi et al., 2012), indicating a reduction in ovarian 
reserve after all types of surgical treatments. These discrepancies 
may be attributed to differences in the outcome measurement 
(AFC vs AMH) and the heterogeneity of studies included. 
Moreover, AFC might be improper for estimating the ovarian re
serve in ovaries with endometriomas. The presence of a large 
endometrioma may impair the sonographic identification of 
small follicles adjacent to the cyst, and, consequently, ovarian 
reserve could be underestimated before surgery.

Regarding the recurrence of endometrioma, included studies 
showed significant variability, with the recurrence rate ranging 
from 0% after cystectomy to 41.5% one year after endometrioma 
drainage. Previous randomized controlled studies have shown 
that endometrioma recurrence tends to be high after endome
trioma drainage (Beretta et al., 1998; Alborzi et al., 2022), likely 
due to the incomplete removal of endometriotic tissue. 

Figure 4. Net league table of the head-to-head comparisons for the primary outcome of levels of AMH 3–6 months after surgery and the secondary 
outcome of AFC. Outcomes are reported as mean differences (MDs) and 95% CIs. AMH results are shown in blue and AFC results in orange. AMH, anti- 
M€ullerian hormone; AFC, antral follicle count; cystectomy þ HS, cystectomy with hemostatic sealants; cystectomy þ TXA i.v., cystectomy with 
tranexamic acid; cystectomy þ ST, cystectomy with suture; drainage þ HS, drainage with hemostatic sealants.
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Interestingly, however, one study reported a lower recurrence 
rate (10.9%) at 24 months when oxidized cellulose was used dur
ing drainage, comparable to traditional cystectomy outcomes 
(Shaltout et al., 2019). The authors suggested that oxidized regen
erated cellulose may exert a chemical ablation effect on the ec
topic endometriotic tissue by creating a highly acidic 
environment (pH 2–4) and inducing severe vasoconstriction, 
leading to tissue anoxia and potentially eliminating residual en
dometrial cells. Further research is needed to validate these find
ings. In terms of laser ablation, a recent study with a 3-year 
follow-up showed that CO2 laser ablation had similar a recur
rence risk compared to cystectomy (4.9% vs 6.3%) (Candiani et al., 
2018). It is important to note that postoperative adjuvant hor
monal treatment remains a crucial protective factor against 
endometrioma recurrence (Vercellini et al., 2013) and should be 
considered regardless of the surgical technique employed.

Adjuvant treatments play an important role in preventing 
endometrioma recurrence, but impact AMH and AFC as well. 
Women who had used combined oral contraceptive pills 
(COC) for more than a year had significantly less AFC as well as a 
smaller ovarian volume compared with the control group (Deb 
et al., 2012). Regarding the effect of hormonal contraceptives on 
AMH, a cross-sectional cohort study including 27 125 women 
compared serum levels of AMH in contraceptive and non- 
contraceptive users (Hariton et al., 2021). The results showed that 
AMH levels were significantly lower in women using COC, vaginal 
ring, hormonal intrauterine device, implant, or progestin-only 
pill than in non-contraceptive users. None of the studies included 
in our meta-analysis reported the use of postoperative hormonal 
treatment, minimizing the risk of bias from this factor in 
our results.

Several other factors can contribute to over- or underscoring 
of AMH and AFC measurements. Manual assays for AMH have 
been prone to variability, but the development of fully auto
mated assays has improved consistency. Moreover, although less 
significant with automated systems, operator skill can still influ
ence results if manual steps are involved. On the other hand, 
AFC is highly dependent on the skill of the operator performing 
ultrasound scans, leading to significant inter-operator variability. 
Again, the inclusion of only randomized controlled studies 
should have balanced these risks between study arms and repre
sents, therefore, the strength of our study.

Regarding pregnancy outcomes, most of the included studies 
did not report pregnancy rates, despite their clinical relevance 
and impact on quality of life, underscoring a critical gap in the re
search. As a result, we were unable to conduct any further analy
sis on this outcome and strongly recommend that future studies 
prioritize the inclusion of clinically relevant outcomes, such as 
pregnancy rates. A multicentric non-randomized comparative 
study found that pregnancy rates were similar after treating 
ovarian endometrioma with either plasma energy ablation or 
cystectomy (Mircea et al., 2016). Additionally, a meta-analysis of 
seven RCTs showed that cystectomy was associated with higher 
conception rates compared to drainage, though not when com
pared to laser ablation (Dan and Limin, 2013).

The results of this work need to be interpreted with caution 
due to a number of limitations. Several sources of heterogeneity 
may reduce the certainty of evidence. There was heterogeneity 
regarding the time of AMH measurement, ranging from 3 to 
6 months, which could have an impact on the value found, as 
AMH levels might need some time to increase back to normality 
after surgery. This could have resulted in an underestimation of 
AMH levels after surgery. To mitigate this potential bias, we 

explored potential differences in terms of the timing of AMH 
measurement in a subgroup analysis. Additionally, it could be ar
gued that long-term rather than short-term AMH values are 
more relevant indicators of the ovarian reserve. However, only a 
few studies measured AMH at 12 months; therefore, we could not 
perform any analysis on the long-term effects of surgery on the 
ovarian reserve. Although we did not find any evidence of signifi
cant inconsistency, it is possible that some residual heterogene
ity and inconsistency exist. Additionally, for certain outcomes 
such as pregnancy rates, the generally short follow-up durations 
limited data availability, precluding planned analyses and 
restricting conclusions regarding long-term fertility outcomes. 
Third, the included RCTs were heterogeneous in terms of locali
zation and size of endometrioma, which we tried to explore with 
two additional subgroup analyses. Fourth, different surgical ex
pertise might have an intrinsic effect on the result of the surgery. 
Fifth, sclerotherapy, a technique for endometrioma surgery that 
has become more popular in recent years, was not included in 
the NMA because the only study found reported discrepant out
comes, and the corresponding author did not respond to our 
emails. Finally, although the mean age, BMI, and endometrioma 
size in our study are representative and generalizable to other 
patients with endometriosis, the mean AMH of 3.58 ng/ml before 
surgery reflects patients with generally good ovarian reserves; 
therefore our findings should be interpreted with caution for 
patients with low ovarian reserve.

Clinical and research implications
The findings of this study suggest that laparoscopic cystectomy 
with ovarian ST as well as endometrioma drainage combined 
with the application of HS are associated with smaller short-term 
declines in ovarian reserve markers compared to traditional lap
aroscopic cystectomy. However, the clinical relevance of these 
differences is uncertain, given the modest effect sizes and reli
ance on surrogate outcomes. Potential risks, including inflamma
tion and fibrosis from allogenic materials applied to the ovary, 
warrant careful consideration. Moreover, the simple drainage 
technique using HS (oxidative regenerated cellulose) was evalu
ated in only one study, and potential bias due to the specific set
ting and surgical expertise cannot be ruled out. Further research, 
including well-powered trials assessing fertility and long-term 
outcomes, is needed to clarify the safety and efficacy of 
these techniques.

Future research should also explore the potential of plasma 
energy or sclerotherapy, as there is currently a lack of RCT data 
on these procedures. Additionally, CO2 laser ablation appears to 
be less harmful to ovarian reserve, as measured by AFC in the 
current study and AMH in several other studies (Donnez et al., 
1996; Candiani et al., 2018) and may be preferred over simple cys
tectomy, although it is typically associated with higher costs and 
technical challenges.

This review excluded non-randomized studies, such as large 
prospective cohorts, to reduce the risk of bias and ensure the 
highest level of evidence (Murad et al., 2016). We recognize that 
this limited the number of included studies and patients, and fu
ture well-designed randomized trials are needed to fill this gap.

Given the widespread prevalence of endometrioma surgery, 
there is an urgent need for adequately powered, RCTs conducted 
through collaborative networks involving endometriosis societies 
and multiple specialized centers. These studies should follow a 
standardized protocol, specifying precise timing and methodolo
gies for measuring AMH and AFC, alongside a comprehensive 
evaluation of reproductive outcomes. An extended follow-up du
ration is essential to obtain robust longitudinal data and to 
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adequately assess long-term outcomes. Additionally, surgical 

techniques must be clearly defined and consistently performed 

by designated surgeons within each center to standardize surgi

cal expertise and minimize variability in outcomes. Importantly, 

since endometriosis lesions outside the ovaries can impair natu

ral conception, surgical approaches should not only target endo

metriomas but also aim to restore pelvic anatomy and excise all 

visible endometriosis lesions.
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