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Abstract: Ovarian endometriomas have a negative impact on a patient’s reproductive potential and
likely cause a reduction in ovarian reserve. The most commonly employed ovarian reserve
parameters are anti-mullerian hormone (AMH) and antral follicular count (AFC). Surgical
management options of endometrioma include cystectomy, ablative methods, ethanol sclerotherapy
and combined techniques. The optimal surgical approach remains a matter of debate. Our review
aimed to summarize the literature on the impact of surgical management of endometrioma on
AMH, AFC and fertility outcomes. Cystectomy may reduce recurrence rates and increase chances
of spontaneous conception. However, a post-operative reduction in AMH is to be anticipated, albeit
there is evidence of recovery during follow-up. The reduction in ovarian reserve is likely multi-
factorial. Cystectomy does not appear to significantly reduce, and may even increase, AFC. Ablative
methods achieve an ovarian tissue-sparing effect and improved ovarian reserve, compared to
cystectomy, has been demonstrated. A single study reported on AMH and AFC post- sclerotherapy
and both were significantly reduced. AMH levels may be useful in predicting the chances of
conception post-operatively. None of the aforementioned approaches has clearly demonstrated a
superiority in terms of overall chances of conception. Surgical management of endometrioma may
,overall, improve probability of pregnancy. Evidence on its value before medically-assisted
reproduction (MAR) is conflicting, however, a combination of surgery followed by MAR may
achieve the optimal fertility outcome. In view of the complexity of available evidence,
individualisation of care, combined with optimal surgical technique, is highly recommended.
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1. Introduction

Endometriosis is a common gynaecological disease, affecting an estimated 20 to 50% of the
infertile population [1]. We recognize three phenotypes of endometriosis: superficial peritoneal
lesions (SUP), deep endometriosis (DE), and ovarian endometrioma (OMA) [2]. OMA accounts for
17% to 44% of all cases [3], and is often diagnosed as part of the investigations for pelvic pain and/or
infertility.

The presence of OMA may require surgical management, particularly in symptomatic women.
The precise effect surgical management of OMA may have on ovarian reserve parameters and
reproductive outcomes remains a matter of debate.

1.1. Ovarian Reserve:

This is defined as the woman’s fertility potential at a given time and is determined by the
primordial follicles that can develop into primary, antral and ovulatory follicles [4]. Factors such as
aging, genetic defects, autoimmune disorders, chemotherapy and radiotherapy may negatively
impact ovarian reserve [5]. Ovarian surgery, particularly for OMA, may lead to a post-operative
reduction in the ovarian reserve [6,7].

Various measures have been used to assess the follicular pool. These include endocrine markers,
such as anti-mullerian hormone (AMH), follicle stimulating hormone (FSH) and inhibin B; and
ultrasound markers such as antral follicular count (AFC), ovarian volume and ovarian pulsatility and
resistance indexes). In recent years, AMH and AFC have emerged as the preferred methods of
assessing ovarian reserve [4].

AMH is produced by the granulosa cells of the primary, pre-antral and antral follicles and
regulates the number of primordial follicles that enter the maturation process, thus preventing
premature exhaustion of the ovarian reserve [8]. Its measurement offers objectivity, reproducibility
and stability throughout the menstrual cycle. However, it is labour intensive, there is no
standardization across assays and does not allow for precise estimation of the effect of unilateral
ovarian surgery. AFC, measured by transvaginal ultrasound during the follicular phase, is the total
number of follicles measuring 2-10mm. It is fairly easy to perform, provides immediate results and is
independent of compensation by the unoperated, healthy ovary . Its disadvantages include intra- and
inter-cycle variation, differences in measurements between clinicians due to subjectivity and need for
vaginal access.

Several studies have suggested that the presence of OMA per se, is associated with lower AMH
levels compared to women without OMA [9-11], or non-endometriotic ovarian cysts [9], as well as a
more significant AMH decline over time, compared to healthy, age-matched controls [12]. However,
a cross-sectional study found only age and prior ovarian surgery (not the presence of OMA per se)
to be linked to AMH levels < Ing/ml [6]. Nieweglowska et al. found bilateral, but not unilateral,
OMAs to have a significant, negative association with reduced pre-operative AMH levels [13].

AFC has been found to be lower in ovaries with OMA [10,14], possibly due to inflammation [15],
or inability to perform a correct count due to anatomic distortion caused by the OMA [16]. However,
a systematic review and meta-analysis found women with intact OMAs to have similar AFC with
those without [17]. Lima et al. found ovaries with OMA to have lower AFC than unaffected ones,
however, the number of oocytes retrieved was similar, suggesting a possible underestimation due to
impaired visualisation [18]. Inal et al. observed that women with OMA undergoing in vitro
fertilization-intracytoplasmic sperm injection (IVF-ICSI) had, compared to controls, lower AFC and
number of oocytes retrieved, despite similar AMH levels, concluding that AFC is an optimal marker
of ovarian response in women undergoing IVE-ICSI [19].

1.2. Conservative Surgical Management Options:

Conservative surgical management of OMAs generally involves the following options:
cystectomy by stripping, ablative approaches (using laser, plasma energy or bipolar diathermy),
sclerotherapy with ethanol and combined approaches. Advances in available technology and training
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have allowed for the vast of majority of these procedures to be performed, nowadays, through the
minimal access route (laparoscopy or robot-assisted laparoscopy).

Cystectomy by stripping begins by draining the OMA and, then gently pulling apart the cyst
wall from the ovarian cortex, while applying careful traction and counter-traction. Haemostasis is
,then, applied to the ovarian cyst bed, often by the use of bipolar diathermy, sutures and/or
haemostatic agents.

Ablative techniques involve fenestration, drainage, wash-out and subsequent destruction of the
OMA cyst wall. Endometriotic tissue is only present at a mean depth of 0.6mm [20], therefore,
ablation of the entire depth of the cyst wall is not required and may prove detrimental to the ovarian
reserve. Compared to bipolar diathermy, laser and plasma energy achieve a more shallow, tissue-
sparing effect, thus minimising the inadvertent damage to the underlying ovarian parenchyma
[21,22]. Plasma energy induces formation of a thin coagulum, sealing the tissue surface at a depth
seldom exceeding 0.6 mm [23].

In large OMAs, the “three-stage procedure’ may be employed: Initial drainage of the cyst during
laparoscopy is followed by 12 weeks of GnRH-agonist administration to reduce cyst size and ,then,
laser vaporization of the cyst wall during a second laparoscopy [21, 24].

Donnez et al. described a combined approach with cystectomy of 80-90% of the OMA and laser
ablation of the remaining 10-20% close to the hilus, with an aim to minimize inadvertent follicular
loss [25]. Modifications to the combined approach have been described [26, 27].

Sclerotherapy of OMA by laparoscopy involves puncture of the cyst, aspiration of its content
and exposure of the cyst wall to 96% alcohol solution (ethanol) for 10 to 15 minutes [28].

Traditionally, cystectomy has been considered the gold- standard surgical approach, owing to
the reduced risk of recurrence of OMA and endometriosis-associated pain [29], and increased chances
of spontaneous conception [30]. However, it may lead to a reduction in post-operative ovarian
volume [31], and may be associated with a risk of ovarian failure of 2.4% [32]. Therefore, the
aforementioned surgical techniques have emerged as valid alternatives to cystectomy.

The aim of this narrative review is to present the evidence on how the different surgical
approaches to OMA impact ovarian reserve parameters (namely AMH and AFC), chances of
spontaneous conception and medically-assisted reproduction (MAR) success.

2. Materials and Methods

We performed a systematic electronic search on Pubmed and MEDLINE databases, using the
keywords: “endometrioma’”, “ovarian reserve”, “anti-mullerian hormone”, “AMH”, “antral
follicular count”, “AFC”, “surgery”, “fertility’”’, “pregnancy”. We limited the search to English
language articles, published between 2010 and 2023. Abstracts presented in scientific meetings were
excluded.

Abstracts were reviewed by one of the authors (G..G) and, if considered appropriate, full texts
of all potentially eligible studies were retrieved and reviewed in detail by the same author. A second
author (A.D.) further reviewed all studies and, only if both authors agreed, the study was included
in this narrative review. There was no disagreement between the two reviewers in the selection of
studies to be included. Had there been a disagreement, a third reviewer would have been consulted.

We decided to divide the “Results” section of our review in two main parts: The first part
focused on the impact of conservative surgical management options on AMH and AFC. The second
part focused on the reproductive outcomes following conservative surgical management options. We
also included tables on each surgical management option, including all publications deemed
relevant, with a focus on pregnancy rates (spontaneous and through MAR), recurrence rates, AMH
and AFC values.

3. Results

3.1. AMH
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3.1.1. Cystectomy and AMH

A systematic review of 11 studies suggested that OMA cystectomy was associated with
significant reduction in ovarian reserve, as demonstrated by a drop in AMH [33]. The deleterious
effect of cystectomy on AMH was confirmed by a systematic review and meta-analysis of 8
prospective cohort studies [7], noting a 38% decline in AMH levels with a weighted mean difference
of -1.13 ng/ml (95% confidence interval: -1.88 to -0.37). However, heterogeneity of included studies
was high for both systematic reviews.

Celik et al. found, in their prospective study, that AMH levels were significantly reduced 6
months post- cystectomy compared to baseline (from 1.78 +/- 1.71 to 0.72 +/- 0.79 ng/ml, p< 0.001) [34].
Patients with cyst size >/=5 cm had more profound decrease in AMH, compared to those with OMA
<5cm (65.7% versus 41.3%). Alborzi et al. found OMA cystectomy to be associated with a significant
decrease of AMH at 1 week (P<.001), 3 months (P<.001), and 9 months (P<.001) post-operatively,
compared to baseline. The decline was higher for those with bilateral OMAs and older than 38 years
[35]. In a prospective cohort study of 116 women, OMA cystectomy led to a significant drop in AMH
at 1-month after surgery, the levels remained non-significantly lower at 6-months [baseline: 1.77
(1.18-2.37), 1-month: 1.12 (0.81-1.45), 6-months: 1.41 (0.97-1.85); p=.22] [11]. Lee et al. found
cystectomy to cause significant reduction in AMH levels for 3 months post-operatively and the
pattern of change was similar to that of oophorectomy (p=0.002 for cystectomy and p< 0.001 for
oophorectomy) [36]. Cystectomy led to a sustained reduction of AMH during the 9-month follow-up
period (baseline: 3.0 + 0.4, 3-months: 1.4 + 0.2, 9-months: 1.3 + 0.3, <0.0001) in Biacchiardi’s study [37].
In a prospective study of 104 patients, OMA cystectomy led to significant decrease in AMH up to 12
months post-operatively (baseline: 3.77ng/ml, 12-months: 1.72 ng/ml). In bilateral OMAs, the rate of
decrease was unchanged for 12 months but in the unilateral group, it was lower at 12 months
compared to 6 months. Size of OMA, bilaterality and baseline AMH seem to be independent
predictors of AMH level at 12 months [38].

Various studies have suggested a recovery in AMH during follow-up: Sugita et al. performed a
prospective study including 39 patients and observed that 20 of those had higher AMH levels 1 year
after cystectomy than 1 month (increase group) and 19 had lower AMH at 1 year (decrease group)
[39]. Interestingly, in the increase group, the follicular loss during surgery was higher (p=.035), with
the authors suggesting that mechanisms other than follicular loss may be involved in cases of
sustained ovarian reserve reduction. A prospective study with 171 patients showed that, 12 months
after surgery, AMH levels were no different from the preoperative assessment in OMAs </=7
centimetres, unilateral cysts and stage III endometriosis [40]. Kostrzewa et al. observed a significant
decrease in AMH levels 3 months after cystectomy (4.89 +/- 3.66 versus 3.45 +/- 3.37 ng/mL, p <0.001),
but no further fall in the 1-year assessment (3-months = 3.45 +/- 3.37 versus 1-year = 3.43 +/- 3.62
ng/mL, p > 0.05) [41]. In a prospective, follow-up study, there was no significant difference in AMH
levels (compared to baseline) at 6 and 12 months after OMA cystectomy, despite a significant drop
in the first month post-operatively. It is worth noting that haemostasis was achieved by sutures only,
with no use of bipolar diathermy [42]. Kovacevic et al. observed that AMH levels at 6 and 12 months
after OMA cystectomy were significantly lower compared to baseline, both for unilateral and bilateral
OMAs. When examining the issue of ovarian reserve recovery, they noted a borderline significant
recovery in the unilateral OMA group (P= .056), whereas some recovery, but not significant, was
noted in the bilateral group (P=.698). It is worth noting that the majority of patients received medical
therapy immediately post-operatively, but no therapy between 6 and 12 months [43]. In another
prospective study, AMH levels decreased at 1, 3 and 6 months post-operatively, however, there was
no difference between baseline AMH levels and those at 12 months after surgery (baseline: 3.98+3.27
ng/mL, 12 months: 4.01+3.39 ng/mL) (P>0.05). The rate of decline was higher for bilateral OMAs
compared to unilateral, 12 months after cystectomy (P=0.035) [44].

In a prospective, randomized clinical trial, both OMA cystectomy and deroofing decreased
AMH levels at 12 months post-operatively, however, the reduction was more significant in the
cystectomy group (—2.59 + 1.05 change in the cystectomy group, —2.13 + 0.95 in the deroofing group,
p=0.012) [45].

d0i:10.20944/preprints202307.1698.v1
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In their systematic review and meta-analysis of prospective studies comparing the effect of
unilateral versus bilateral OMA cystectomy on ovarian reserve, Younis et al. found post-operative
AMH drop to be more significant in the bilateral cystectomy group and maintained one year after
surgery. In both groups, post-operative AMH levels were lower compared to baseline, despite a non-
significant difference in AMH between unilateral and bilateral OMAs before surgery [46]. According
to Raffi et al., excision of bilateral OMAs led to higher AMH decline, compared to unilateral
cystectomy (44% versus 30%), however, the difference was not significant, possibly due to the small
number of patients in the included studies [7].

In a retrospective study, OMA cystectomy did not lead to a significant difference in the values
of FSH and AMH at 3 months, compared to baseline [FSH(U/ml): baseline: 7.3+1.3, 3 months: 9.0+1.2;
p=0.202. AMH (ng/mL): baseline: 3.3+0.5, 3 months: 2.1+0.3; p=0.321] [47]. Similarly, Ercan et al. did
not observe a significant decrease in AMH at 3 months after unilateral OMA cystectomy (baseline:
2.03 +/- 0.41 ng/mL versus 1.95 +/- 0.62 ng/mL; P> 0.05) [48].

Kitajima et al. compared post-operative AMH levels following conventional, one-step
cystectomy versus their “’three-step approach”, (initial fenestration and drainage of OMA, followed
by 3 months of oral dienogest and, then, second-look laparoscopy with cystectomy) in a prospective
study of 12 women [49]. At 9-12 months post-operatively, AMH levels in the “’three-step’” approach
did not differ significantly from baseline (p=0.16), in contrast to one-step cystectomy, where they
remained lower (p=0.01). They ,also, observed proinflammatory cytokines and chemokines to be
downregulated in the peritoneal fluid of women following the “three-step approach”, compared to
one-step approach, suggesting that dienogest may exert its effect partly through alleviating
inflammation.

A recent randomized controlled trial linked peri-operative use of dienogest for a total of 4
months with a better ovarian reserve preservation, compared to GNRH analogue use, following
OMA cystectomy: in the dienogest group, after 1 year of follow-up, >60% of patients retained over
70% of baseline AMH levels, compared to no patient in the GNRH analogue group (p<0.01).
Moreover, women in the dienogest group had lower IL-6 levels at the end of treatment, a finding
supporting dienogest’s anti-inflammatory action [50].

3.1.2. Ablative Methods and AMH

In a prospective study by Roman et al., plasma energy ablation of OMA led to a significant
decrease in AMH levels at 3 months after surgery, followed by an increase at > 6 months [3.9 +/- 2.6
ng/mL before the surgery, 2.3 +/- 1.1 ng/mL at 3 months, and 3.1 +/- 2.2 ng/mL at the end of the follow-
up (P =.001)]. The levels remained lower compared to baseline, albeit not significantly. The authors
postulated that, taking into account that plasma energy ablation spares ovarian parenchyma, other
factors such as inflammation may have led to the unexpected AMH decline [51].

3.1.3. Laparoscopic Sclerotherapy and AMH

In a retrospective study of 69 women, AMH significantly decreased [before surgery: 3.4 ng/ml
(SD 2.3) to 2 ng/ml (SD 1.7) after surgery (p< 0.001)], following laparoscopic sclerotherapy of OMA
with 95% ethanol, during a follow-up of 11.5 +/- 4.6 months. Exposure time >10 minutes was not
associated with reduced risk of recurrence [52].

3.1.4. Cystectomy versus Ablative Methods and AMH

In Saito’s study, the rate of AMH decline was significantly higher at 1-month, 6-months and 12-
months after bilateral OMA cystectomy than for cyst vaporization with bipolar diathermy (1 month,
P = 0.04; 6 months, P = 0.02; 1 year, P = 0.02). No statistically significant differences were noted
between the two surgical approaches in case of unilateral OMA. The authors observed that both
approaches had the potential to lower AMH levels, particularly in patients older than 38 years and
those with severe endometriosis [53].

d0i:10.20944/preprints202307.1698.v1
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In a prospective randomized study, traditional OMA cystectomy was compared with a modified
technique of stripping combined with bipolar coagulation of the cyst wall and cutting close to the
ovarian hilum. At 1-month post- operatively, AMH was significantly reduced in both groups, with
the AMH drop being higher in the traditional cystectomy group (9.1% versus 4.5%) [54l.

Chen et al., in their retrospective study, found that OMA cystectomy led to higher AMH decline
compared to drainage and bipolar coagulation of OMA cyst wall (cystectomy: 0.85+0.64 versus
drainage/bipolar: 0.52+0.58; p=.04). Recurrence rates were lower, but not significantly, following
cystectomy [55].

In a small randomized clinical trial of 60 patients with 3-month follow-up, cystectomy led to
higher AMH decline (from 2.6 + 1.4 ng/mL at baseline to 1.8 + 0.8 ng/mL at 3-month follow-up; 95%
CI: -1.3 to -0.2; P =0.012), compared with no reduction in the one-step CO2 laser group (from 2.3 +1.1
ng/mL at baseline to 1.9 + 0.9 ng/mL at 3-month follow- up; 95% CI: -1 to -0.2; P = 0.09) [56]. In a case-
control study with 2-week follow-up, 40 patients underwent argon-beam laser coagulation and 40
patients cystectomy for OMA. There was no statistically significant difference in AMH levels between
both groups, either before (8.8+ 4.5 versus 8.9 +4.5, p =0.9) or after (2.65+ 1.38 versus 3.0 £2.1, p=0.36)
intervention. However, in both groups, post-operative AMH levels were significantly lower than
baseline [57]. Tsolakidis et al., in their prospective randomized study, found that cystectomy for
OMA led to a significant decrease in AMH ( from 3.9 +/- 0.4 to 2.9 +/- 0.2; p=.026) compared to the
’three-step”” procedure (drainage of OMA, followed by 12 weeks of GnRH analogues and CO2 laser
vaporisation of the cyst wall), (from: 4.5 +/- 0.4 to: 3.99 +/- 0.6; p=NS). However, the AMH decline was
not paired with a reasonable decrease of inhibin B or E2 levels or FSH rise, as anticipated by the
greater damage to ovarian reserve in the cystectomy group [58].

Giampaolino et al. found that both cystectomy and ablation with bipolar diathermy caused a
significant decline to baseline AMH, regardless of OMA size. For OMAs < 5 centimetres, they found
no significant difference in AMH levels between the two surgical techniques ( 17.6 +/- 4.7% versus
18.2 +/- 10.6%), however, for OMAs >/= 5 centimetres, cystectomy showed a significantly greater
decrease percentage compared with the ablation group (-24.1 +/- 9.3% versus -14.8 +/- 6.7%, p = 0.011)
[59].

3.2. AFC

3.2.1. Cystectomy and AFC

In a systematic review and meta-analysis of 13 studies, despite the high heterogeneity, surgery
did not lead to a significant difference in AFC levels (mean difference 0.10, 95% CI -1.45 to 1.65; P =
0.90). AFC of the affected ovary was lower compared to the contralateral healthy ovary, both before
and after surgery, however, the difference was only significant post-operatively [14]. In Younis’s
systematic review and meta-analysis [46], cystectomy for unilateral or bilateral OMA did not lead to
a significant difference in AFC levels in either group, compared to baseline. Only 2 studies that
reported on AFC were included in the meta-analysis.

In a prospective study by Georgievska et al., despite a reduction in ovarian volume 3 months
after OMA cystectomy, AFC of the operated side was significantly increased (baseline: 3 + 1.34, 3
months: 5.48+ 1.96; p<0.001) and FSH decreased, albeit not significantly [60]. OMA cystectomy led to
a rise in AFC, both 6 weeks and 6 months after surgery ( baseline: 4.9 +/- 2.2, 6-weeks: 5.1 +/- 2.4, 6-
monbhts: 6.4 +/-2.2, p=0.008), according to Celik et al. [34]. Alborzi et al. reported that OMA cystectomy
led to a significant rise in AFC at 3-months after surgery, compared to baseline (from 7.81+/- 3.22 to
10.75 +/- 3.68, p<.001) [35]. Bhat's prospective study reported a rise in AFC of the operated ovary, 1-
month post- OMA cystectomy ( from 3.3+1.9 to 4.1+1.5; P=0.001), with no significant difference in
ovarian volume. Follicular loss was seen in 27.2% of specimens and was significantly higher in OMAs
< 5 centimetres compared to those > 5 centimetres. Follicular loss was, also, higher in patients with
moderate and severe, compared to minimal or mild disease, however, the difference was not
statistically significant [61].

d0i:10.20944/preprints202307.1698.v1
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In Urman’s prospective study, following OMA cystectomy, the AFC decreased by 11% at 1-
month (P=0.01) and 15% at 6-months, compared to baseline levels. Primordial follicles were found in
61.5% of specimens [62]. Sweed et al., in their prospective randomized study, found OMA cystectomy
and deroofing to reduce AFC up to 12 months post-operatively, with deroofing causing a smaller
reduction (-5.7 * 1.9 change in the cystectomy group, —1.6 + 0.5 in the deroofing group, p<.001) [45].
In a study by Ercan et al., mean AFC of the operated-side ovaries was significantly lower on the
second postoperative day (3.1 +/- 2.4 versus 5.2 +/-3.7; p < 0.05) and in the third month (3.7 +/- 2.1
versus 6.4 +/- 2.7; P< 0.05), with no significant impact, however, on ovarian volume and doppler
indices [48].

Kostrzewa et al. reported no difference in AFC during 12 months of follow-up after OMA
cystectomy [41]. AFC did not significantly change during the 9-month follow-up (baseline: 3.3 + 3.2,
3-months: 6.0 +4.5, 9-months: 5.1 £ 3.6, p-value: NS) in Biacchiardi’s prospective study [37]. In another
prospective cohort study, AFC remained unchanged (9.7 +/- 4.8 versus 10.4 +/- 4.2, P= 0.63) at 6
months after surgery [10]. Ding et al. found no significant difference in AFC levels compared to
baseline, 6 and 12 months after OMA cystectomy, despite a significant decline in 1 month post-
procedure. Only sutures ,and no bipolar diathermy, were used for haemostasis [42].

3.2.2. Ablative Methods and AFC

In a prospective clinical trial of 15 patients, CO2 laser led to a significant increase in AFC of the
operated ovary, 1 and 3 months after surgery (p=0.0021 and p=0.005, respectively) which was
particularly significant for women younger than 35 years [63].

In a retrospective study, plasma energy ablation of OMA led to a decrease in AFC and ovarian
volume by an average of 18% and 12% respectively, compared to the contralateral healthy ovary [64].

3.2.3. Laparoscopic Sclerotherapy and AFC

Crestani et al. found laparoscopic sclerotherapy of OMA with 95% ethanol to lead to a non-
significant increase in AFC, compared to baseline [from 8.2 (SD 7) to 12 (SD 9.6); p=0.9] [52].

3.2.4. Combined Technique and AFC

The combined technique, including cystectomy of the largest part of the OMA and CO2 laser
ablation of the remaining 10-20% close to the hilus, did not lead to a reduction in AFC or ovarian
volume at 6 months of follow-up, compared to women with non- endometriotic ovaries of the same
age ( AFC: Combined technique: 6.1 +/- 3.2, no endometriosis: 6.2 +/- 4.8; Ovarian volume: Combined
technique: 7.64 +/- 2.95, no endometriosis: 7.99 +/- 5.33). Ovarian follicles were present in only 1 case
(2%) [25].

3.2.5. Cystectomy versus Ablative Methods and AFC

In a prospective clinical trial with 60-month follow-up, comparing cystectomy with laser
ablation, pregnancy rates, AFC and FSH levels were comparable at the end of follow-up. Recurrence
rates were statistically higher in the laser group at 12-months and higher, though not significantly
different, at the end of follow-up [65].

Candiani et al. found one-step CO2 laser to lead to a higher post-operative increase in AFC
compared to cystectomy (CO2 Laser: from 4.1 + 2.2 [mean + SD] at baseline to 6.3 + 3.5 at 3-month
follow-up; 95% CI: 0.9—4; Cystectomy: from 3.6 + 1.9 at baseline to 8.6 + 4.2 at 3-month follow-up; 95%
CI: 2.8-7.1; P = 0.016). At a mean follow-up of 5.3 months, pregnancy rates of 15.4% in CO2 laser
group and 25% in the cystectomy group were reported [56]. According to Gheit et al., both OMA
cystectomy and laser ablation led to a higher AFC of the operated ovary compared to baseline, but
the rise was significantly higher in the laser group [57].

In Pados’s randomized study, comparing 2 approaches, the “'three-step”” procedure was
associated with a significant improvement in folliculogenesis compared to cystectomy, as
demonstrated by AFC of the operated ovary at 6 months of follow-up ( “’three-step” procedure: from
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1.27 to 4.36, cystectomy: from 2 to 2.38, P= 0.002). Interestingly, the 2 groups did not differ
significantly in post-operative ovarian volumes and ovarian vascularisation [21].

In a prospective study of women with bilateral OMAs > 3 centimetres, of which one was
randomly allocated to undergo cystectomy and the other CO2 laser vaporisation, AFC and ovarian
volumes, 6 months after surgery, were significantly higher in the laser group compared to
cystectomy, despite no significant differences in both parameters at baseline. 3 pregnancies occurred
out of 9 patients wishing to conceive post-operatively and, in all cases, the corpus luteum was on the
ovary that had laser vaporisation. No recurrences were reported [66].

In a retrospective study of 30 women managed for unilateral OMA >30mm, OMA cystectomy
led to a significantly lower post-operative AFC compared to plasma energy vaporisation (cystectomy:
5.5 +/- 3.9, plasma: 2.9 +/- 2.4, p=0.03), which remained significant after adjustment for age, previous
pregnancy and cyst diameter [22]. Georgievska et al. found that ,both laparoscopic cystectomy as well
as puncture and endocoagulation, led to a significant increase in AFC at 1 and 3 months after surgery,
compared to baseline. However, the AFC increase at 3 months was significantly higher in the
puncture and endocoagulation group [60].

Both cystectomy and bipolar coagulation led to AFC reduction at 6-months of follow-up, with
cystectomy causing a greater decline (p=.001), according to a prospective randomized study [67].

3.2.6. Cystectomy versus Combined Technique and AFC

In a multicentre, randomized clinical trial of 51 patients with bilateral OMAs, one side was
allocated to stripping cystectomy and the other to a combination of stripping (80-90% of the cyst) and
ablation by bipolar coagulation (10-20% of the cyst, close to the hilum). Post-operative AFC at 6
months did not differ between the two approaches (stripping: 4.8 +/- 2.9, combined technique: 4.4 +/-
2.3, p=0.57) [68].

3.3. Fertility Outcomes

3.3.1. Fertility Outcomes and OMA presence

OMAs per se appear to be linked to reduced reproductive potential [69]. It has been
demonstrated that the presence of OMA may have a negative effect on spontaneous ovulation [70],
as well as follicular number and activity of the adjacent ovarian cortex [71].

It has been postulated that increased endometrial expression of the nuclear factor-kappa B (NF-
kB) may be associated with endometriosis- related infertility and surgical excision of OMA may lead
to a reduction in the expression of NF-kB1 and NF-kB p65 in the eutopic endometrium [72]. The
concept of improved endometrial receptivity following laparoscopic OMA excision was further
supported by a recent case-control study [73].

The concurrent presence of OMA reduces the chances of spontaneous conception in women with
rectovaginal endometriosis, regardless of expectant or surgical management, according to a
retrospective study by Maggiore et al. [74].

As regards the impact of ovarian OMA on ovarian responsiveness to stimulation and the
outcome of assisted reproduction, a meta-analysis by Gupta et al. found that presence of OMA was
associated with decreased ovarian response to ovarian stimulation, possibly due to reduced number
of follicles. However, the odds for clinical pregnancy and the overall pregnancy rate did not differ
significantly with controls [75].

Yang et al., in their systematic review and meta-analysis of 9 studies found that women with
OMA had significantly lower number of oocytes retrieved (mean difference [MD] -1.50; 95% CI, -2.84
to -0.15, P = 0.03), metaphase II (MII) oocytes retrieved (MD -3.61; 95% CI -4.44 to -2.78, P < 0.00001)
and total embryos formed (MD -0.66; 95% CI -1.13 to -0.18, P = 0.007) compared to controls.
However, intra-patient comparisons in patients with unilateral OMA, found no significant difference
in total number of oocytes, MII oocytes retrieved and total embryos formed between the affected and
healthy gonad. Furthermore, total gonadotrophin use, stimulation duration, embryo quality,
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implantation rate, clinical pregnancy rate and livebirth rate were similar between women with OMA
and controls [76].

Other studies have also suggested that the presence of OMA per se has a negative impact on
AFC and response to ovarian stimulation [77,78].

However, in a study by Esinler et al., the number of oocytes retrieved from ovaries with OMA
</=3 centimetres was comparable to that of contralateral, healthy ovaries (5.9 + 4.3 versus 5.4 + 3.8),
suggesting that smaller OMAs do not appear to impact negatively upon the ovarian reserve [79]. In
a prospective study by Filippi et al., the presence of unoperated, unilateral OMA did not affect the
ovarian responsiveness or retrieved oocyte quality in women undergoing IVF, compared to the
healthy contralateral gonad. The fertilization rate was the same (64%) between the affected and
healthy gonads [80].

In patients with diminished ovarian reserve (D.O.R.) (AMH< 1.1 ng/ml), the presence of OMA
or not, does not impact on IVF outcomes and time to achieve livebirth, according to a retrospective
case-control study [81].

In a retrospective study by Dong et al., patients with unoperated OMAs undergoing IVF/ICSI
had lower AFC and required higher doses of gonadotrophins, however, the CPR and ongoing
pregnancy rate/ LBR did not differ from women who had undergone laparoscopic OMA cystectomy
and had no visible recurrence [82].

Wu et al. found OMA to be associated not only with reduced oocyte quantity, but also poorer
quality, in women undergoing IVF/ICSI. However, they observed no significant impact on overall
pregnancy outcomes [83].

According to Liang et al., ovarian OMAs are not associated with cytokine profiles in the follicular
fluid of infertile women and are, therefore, unlikely to affect oocyte and embryo quality through
inflammation [84].

A large retrospective cohort study of 2245 infertile women found that, women with ASRM stage
III or IV endometriosis and OMA, necessitated more FSH and had a significantly lower pregnancy
and live birth/ongoing pregnancy rate, compared to those with ASRM stage III or IV endometriosis
but without OMA [85].

In a 5-year retrospective study of 619 patients, those with pelvic endometriosis and OMA
(N=398) undergoing IVF-ET had less number of oocytes retrieved and 2-pronuclei embryos in all age
groups (P<.01), compared to patients with pelvic endometriosis without OMA. As the number of
oocytes and 2-pronuclei embryos were important predictors of IVE-ET success, the authors conclude
that the presence of ovarian OMA exerts a negative impact on IVE-ET efficacy [86].

3.3.2. Fertility Outcomes and OMA Surgery

In a systematic review and meta-analysis of prospective studies of women with infertility and
OMA, pregnancy rates were compared between four approaches: surgery + ART, surgery +
spontaneous pregnancy, aspiration + sclerotherapy + ART, and ART alone. The success of surgery
was higher (43.8%, CI: 22.5-66.4), IVF alone led to lower clinical pregnancy rate (32%, CI: 15.0-52.0),
however, the differences were not significant [87].

Raffi et al. described a total pregnancy rate after OMA surgery of 71%, significantly lower than
the 98% natural pregnancy rate in the control group (p=0.0001). OMA surgery, however, significantly
improved the chances of success of fertility treatments from 7% to 63% (p=0.001) [69].

Surgical excision of OMA does not exert a qualitative impact on oocytes retrieved, according to
a retrospective study by Harada et al. [88]: compared to oocytes from healthy ovaries, those from
ovaries with history of cystectomy did not differ in terms of fertilization rate (63.6 % versus 69.5 %,
P=0.43) and rate of top-quality embryos (40.0 % versus 49.0 %, P=0.34). Clinical and on-going
pregnancy rates per embryos were also similar.

3.3.2.1. Cystectomy and Pregnancy Rates

Taniguchi et al. reported a 50% pregnancy rate (of which, 50% spontaneous) following OMA
cystectomy. Of note, the postoperative decline rate of AMH levels at 1 year in the patients who
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achieved spontaneous pregnancy was significantly lower than that in the patients with infertility
treatment [89].

The pregnancy rate post-OMA cystectomy was 77.4% (24 out of 31 patients) in Kovacevi¢’ s
study, of which 75% (18 out of 24) were spontaneous conceptions [90].

3.3.2.2. Ablative Techniques and Pregnancy Rates

In a retrospective study with minimum 1 year follow-up, plasma ablation of OMA led to post-
operative pregnancy in 67% of women who wished to conceive, with spontaneous conception in 59%
of those cases. The recurrence rate was 10.9% [911].

A prospective study identified a 73% total pregnancy rate following plasma ablation of OMA:
37% of conceptions were spontaneous. 1 case of OMA recurrence was observed during follow-up
(5%) [511.

A total pregnancy rate of 61.4% (of which, 64.7% was spontaneous) was reported in a prospective
study of women with OMAs managed by plasma energy ablation, with or without colorectal
endometriosis. Of interest, management of colorectal endometriosis at the time of OMA management
did not appear to impact the chances of pregnancy or recurrence rate, which was reported at 14.5%
for the whole study population [92].

Lockyer et al., in their retrospective study of women with unilateral or bilateral OMAs of >/=25
mms in diameter, with associated pelvic pain and/or infertility, managed by plasma energy ablation
reported a pregnancy rate of 46.2% (6 of the 13 women wishing to conceive fell pregnant), all of them
by MAR techniques. Recurrence rate of 9.5% was observed. The study showed a statistically
significant decrease in the proportion of patients reporting dysmenorrhoea, dyspareunia, and chronic
pelvic pain postoperatively [93].

3.3.2.3. Laparoscopic Sclerotherapy and Pregnancy Rates

Crestani et al., in their retrospective study of 69 women managed by laparoscopic sclerotherapy
of OMA with 95% ethanol, reported a 40.1% post-operative pregnancy rate, with 61% through ART.
Recurrences were recorded in 11.8% of cases during a follow-up of 11.5 +/- 4.6 months. Exposure time
>10 minutes was not associated with reduced risk of recurrence [52].

Another retrospective study of laparoscopic ethanol sclerotherapy of OMA reported a 57% total
pregnancy rate post-operatively, with 87% of those being spontaneous conceptions. The recurrence
rate was 3% for those that received post-operative hormonal therapy for more than 6 months and
21% for those that received only for 3 months [94].

3.3.2.4. Combined Techniques and Pregnancy Rates

Donnez et al. reported a pregnancy rate of 41% during a mean follow-up of 8.3 months after
their combined technique for OMA management [25].

Supermaniam et al. described their combined technique that included injection of diluted
vasopressin between the cyst wall and ovarian cortex, stripping of the cyst wall until close to the
ovarian hilus, minimal bipolar ablation to the remaining cyst wall and ovarian reconstruction with
suturing. They employed this technique in 143 patients with co-existent stage III or IV endometriosis.
The primary outcome was clinical pregnancy rate. Out of 76 patients with pre-operative infertility
and pregnancy intention, 38 (50%) were successful in achieving a pregnancy. 32 patients achieved a
spontaneous conception within a mean duration of 6.9 months of trying to conceive, 5 patients via
IVF/ICSI and 1 patient following ovulation induction. Patients who underwent bilateral cystectomy
had lower pregnancy rate compared to unilateral cystectomy. The spontaneous pregnancy rate was
also lower in patients with severe endometriosis as compared to moderate endometriosis, 34.6%
versus 62.5% respectively [27].

3.3.2.5. Comparing Surgical Approaches and Pregnancy Rates
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In a meta-analysis of seven randomized controlled trials, cystectomy was associated with higher
chances of post-operative conception compared to fenestration/ coagulation but not to laser
vaporisation. Cystectomy also led to lower OMA recurrence rates compared to the other two
approaches [95].

A multi-centric, prospective, case-control study compared post-operative pregnancy probability
between women with OMA managed by cystectomy versus plasma energy [96]. The probability of
pregnancy at 24 and 36 months after plasma energy vaporisation and cystectomy was respectively
61.3% (95%CI 48.2-74.4%) versus 69.3% (95%CI 54.5-83%) and 84.4% (95%CI 72-93.4%) versus 78.3%
(95%CI 63.8-90%). Both approaches led to comparable pregnancy rates and analysis showed the type
of surgical procedure not to have a statistically significant impact on probability of pregnancy.

Puscasiu et al. recently reported the results of their retrospective, three-arm study, comparing
post-operative pregnancy rates between OMA cystectomy, ablation by plasma energy and simple
OMA drainage [97]. The overall post-operative pregnancy rate was 60.3%, with the probability of
pregnancy at 12 months being 27% (cystectomy), 32% (plasma) and 16% (drainage). There was a
statistically significant difference in pregnancy rates between the groups (p=0.015). The proportion
of spontaneous conceptions was 58% (cystectomy), 43% (plasma) and 27% (simple drainage).

Traditional OMA cystectomy led to a 10% post-operative pregnancy rate, similar to the
pregnancy rate following a combination of cystectomy and bipolar coagulation of the cyst wall and
cutting close to the ovarian hilum (9%) [54].

Chen et al., in their retrospective study, found cystectomy and drainage followed by cyst wall
ablation by bipolar energy linked with similar pregnancy rates [71.05% following cystectomy and
73.08% following drainage and bipolar ablation, with a mean follow-up of 30.40 months and
32.35months (P>.99), respectively] [55].

3.3.3. OMA Surgery pre- MAR

In a systematic review and meta-analysis, Hamdan et al. found that, compared with women
with no surgical treatment, women who had their OMA surgically treated before IVF/ICSI had a
similar LBR (OR: 0.90;95% CI [0.63, 1.28]), a similar CPR (OR 0.97; 95% CI [0.78, 1.20]) and a similar
mean number of oocytes retrieved (SMD - 0.17; 95% CI [-0.38, 0.05]) [17]. Two more meta-analyses
reported similar outcomes in terms of clinical and livebirth rates, between surgically and
conservatively managed OMAs pre-IVF [98,99].

Tao et al. conducted a meta-analysis of 21 published studies (2649 Artificial Reproductive
Technology cycles) assessing the role of OMA cystectomy pre-IVF [100]. Women with a history of
cystectomy required higher doses of gonadotrophins, had lower number of oocytes retrieved and
similar stimulation duration, total number of embryos formed, pregnancy and livebirth rate,
compared to women that were managed by IVF only.

Compared to use of Gnrh-agonist only, a prospective clinical trial by Hosseinimousa et al. found
that OMA cystectomy followed by Gnrh-agonist use led to a higher pregnancy rate (chemical and
clinical) and live birth rate, albeit not statistically significant. There was no difference in duration of
stimulation, number of oocytes retrieved or number of embryos [101].

Age <35, AFC>7 and having two embryos transferred may be associated with better outcome in
fresh embryo transfer following IVF/ICSI in women who had, previously, undergone OMA
cystectomy [102].

In a retrospective study by Tang et al., OMA cystectomy pre-IVF led to significantly lower AFC,
number of dominant follicles and oocytes retrieved. The effect was more significant for OMAs >4
centimetres than those < 4 centimetres, suggesting that the size of OMA may play a role in the degree
of ovarian damage caused by cystectomy [103].

A retrospective case-control study by Motte et al. found that, compared with controls, women
with OMAs that underwent plasma energy ablation prior to IVF/ICSI had lower number of oocytes
but better implantation rate, pregnancy and delivery rates per cycle and cumulative birth rate per
transfer [104].
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There is concern regarding the risk of surgery-induced ovarian damage, leading to gonadal
unresponsiveness during hyperstimulation. Benaglia et al. found that OMA cystectomy led to
subsequent absence of follicular growth during hyperstimulation in 13% of cases (95% CI: 7-21%)
[105].

Interestingly, a retrospective study of 45 women with previously operated OMA, undergoing
IVE, found that ovaries with recurrent OMA had higher responsiveness compared to those without
OMA recurrence [ the mean +/- SD number of follicles in gonads with and without recurrences was
2.5 +/- 2.3 and 1.1 +/- 1.5, respectively (P <.05)], presumably reflecting a more intact ovarian reserve
[106].

D.O.R. following OMA cystectomy was linked to lower implantation rate, clinical and livebirth
rate in IVF cycles compared to idiopathic D.O.R., according to Roustan et al. [107].

Those results contradict those reported in a retrospective study by Hong et al., according to
which, cases of D.O.R. following OMA cystectomy and those with idiopathic D.O.R. did not differ
significantly in terms of clinical pregnancy and livebirth rate [108].

Cystectomy by “experienced” surgeons (attending physicians) led to a significantly higher post-
operative AFC (9.6 +/- 6.6 versus 7.5 +/- 3.8; p=0.011) and live-born rate per cycle (32.9% versus 9.3%;
p<0.001), compared to “inexperienced surgeons” (chief residents and fellows) [109]. However, there
was no significant difference between the 2 groups regarding mean number of oocytes, fertilization
rate, mean number of embryos transferred, rate of good-quality embryos transferred, implantation
rate and clinical pregnancy.

In a retrospective study by Yu et al., the laterality of OMA (left or right side) did not impact
ovarian reserve or IVF/ICSI outcome following laparoscopic cystectomy for unilateral OMA.
However, the implantation rate (but not clinical or livebirth rate) was lower in women following left
ovarian OMA cystectomy (10.1% versus 20.2%; P = 0.015) [110].

Bilaterality of ovarian OMA does not appear to affect the outcome of IVF/ICSI post- cystectomy,
according to a retrospective study by Yu et al [111]. Implantation rates, clinical pregnancy, livebirth
and miscarriage rates were similar between unilateral and bilateral OMAs, despite a significantly
lower number of dominant follicle on the day of human chorionic gonadotropin (hCG)
administration (5.2 + 3.1 versus 4.2 + 2.7; p = 0.048), and oocytes retrieved (10.0 + 6.9 versus 7.6 + 6.6;
p =0.047) in the bilateral OMA group.

3.4. Tables of Surgical Approaches and Outcomes

The following tables summarize the published studies included in our review, based on the
surgical approach utilised. Each table presents the evidence on one surgical approach, focusing on
post-operative fertility outcomes, as well as AMH and AFC values. The fertility outcomes and AMH,
AFC values given are at the end of follow-up, unless stated otherwise [Tables 1-5].
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Table 1. Published studies on ovarian endometrioma (OMA) cystectomy and reported outcomes. TP: Total pregnancy (number and percentage). SP: spontaneous pregnancy (number 'g
and percentage). MAR: Medically-assisted reproduction (pregnancies achieved through MAR, number and percentage). NS: Not specified. AMH: anti-mullerian hormone. AFC: Antral g..
follicular count. Ng/ml: nanograms/ millilitre. Values are at the end of follow-up, unless otherwise specified. )
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Table 2. Published studies on ovarian endometrioma (OMA) ablation by laser and reported outcomes. KTP: Potassium-Titanyl-Phosphate. CO2: carbon dioxide. TP: Total pregnancy
(number and percentage, where available). SP: spontaneous pregnancy (number and percentage, where available). MAR: Medically-assisted reproduction (pregnancies achieved through
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follow-up, unless otherwise specified.
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Table 3. Published studies on ovarian endometrioma (OMA) ablation by plasma energy and reported outcomes. TP: Total pregnancy (number and percentage). SP: spontaneous
pregnancy (number and percentage). MAR: Medically-assisted reproduction (pregnancies achieved through MAR, number and percentage). NS: Not specified. AMH: anti-mullerian
hormone. AFC: Antral follicular count. Ng/ml: nanograms/ millilitre. Values are at the end of follow-up, unless otherwise specified.
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Lockyer et al., 201

: 9(; yeretal, 2019 ¢ trospective 21 ; 10 (3 to 31) 2 (9.5%) 6(462%) 0 6(100%) NS NS
Puscasiu et al., 2023 Retrospective i.Cystectomy o 57 o

071 (threwem) 204 i Dramage. | 026(12t0120) NS 182 (65%) a0 75(57%) NS NS

Table 4. Published studies on ovarian endometrioma (OMA) managed by combined procedures and reported outcomes. TP: Total pregnancy (number and percentage). SP:
spontaneous pregnancy (number and percentage). MAR: Medically-assisted reproduction (pregnancies achieved through MAR, number and percentage). NS: Not specified. AMH: anti-
mullerian hormone. AFC: Antral follicular count. Ng/ml: nanograms/ millilitre. Values are at the end of follow-up, unless otherwise specified.

Length of
Author, Year Study Design Nufnber of Control Group Type of Combined Procedure follow-up Recurrence TP SP MAR AMH AFC
Patients (ng/ml)
(Months)
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Table 5. Published studies on ovarian endometrioma (OMA) managed by laparoscopic ethanol sclerotherapy and reported outcomes. TP: Total pregnancy (number and percentage).
SP: spontaneous pregnancy (number and percentage). MAR: Medically-assisted reproduction (pregnancies achieved through MAR, number and percentage). NS: Not specified. AMH:
anti-mullerian hormone. AFC: Antral follicular count. Ng/ml: nanograms/ millilitre. Values are at the end of follow-up, unless otherwise specified.
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4. Discussion

Surgical management of OMA represents a major concern in daily activity of surgeons involved
in endometriosis management. Our study attempted to update and classify abundant information
which has been published in this field, with spotlight on ovarian reserve conservation and likelihood
of pregnancy. Extensive information should be provided to patients pre-operatively, in order to avoid
further conflicts, particularly when patients are planned to undergo postoperative MAR and
experience a decrease of AMH and AFC levels. For these reasons, we believe that our review could
be of major interest to those colleagues interested in endometriosis surgery.

The presence of OMA may negatively impact on ovarian reserve [9-11,14]. Its surgical
management, on the other hand, may cause a further decline. Concerns, therefore, arise regarding
the potential impact of various surgical management options on the fertility potential of affected
women and the associated reproductive outcomes.

A post-operative reduction in AMH levels may be anticipated following any of the
aforementioned surgical approaches, however, cystectomy is likely to be linked with the highest
decline [51-56,58]. However, few studies have reported on long-term, post-operative follow-up and
,based on those available, a gradual recovery with time in AMH levels may be anticipated [39-42,44].
The decline in ovarian reserve is probably multi-factorial and may be linked with inadvertent
removal of healthy follicles at the time of cystectomy [127,128], and ovarian tissue damage caused by
the use of bipolar diathermy: Various systematic reviews and meta-analyses have found bipolar
diathermy to be more deleterious to ovarian reserve compared to non-thermal methods of
haemostasis [129-131]. Other factors that may impact ovarian parenchymal loss and post-surgical
ovarian reserve decline are: OMA size [34, 38, 103, 132,133], bilaterality [7,35,38,44,46], pre-operative
AMH levels [10, 34, 38, 43], disease severity according to rASRM classification [133,134], and age
[135,136]. Of interest, the number of follicles inadvertently removed during cystectomy does not
always correlate with the AMH decline after the procedure [116,134].

Can AMH levels be used to predict chances of spontaneous conception? According to Dong et
al., the best cut-off point of preoperative AMH for postoperative spontaneous pregnancy is > 3.68
ng/mL (Hazard ratio (HR): 2.383; 95% CI, 1.093-5.197) [137]. A very similar value was proposed by
Zhou et al. (3.545 ng/mL; sensitivity 80.39%; specificity 69.23%) [138]. A retrospective study found no
difference in the pregnancy rates between women with normal (>/=2ng/ml) and low (<2ng/ml) AMH
levels undergoing OMA ablation with plasma energy and excision of stage 3 and 4 endometriosis.
Pregnancy rates were, respectively, 74.6% and 73.9%, while spontaneous conception represented 54%
and 58.8% women of cases [139]. In a study by Iwase et al., AMH levels 1 year after laparoscopic
cystectomy for OMA were higher in women that got pregnant using infertility treatments rather than
non-pregnant women (3.44 + 1.78 versus 2.17 + 2.24 ng/ml, p= 0.049). The authors concluded that
AMH levels 1 year post cystectomy may be used to predict success chances of post-operative fertility
treatments but not the chances of disease recurrence [140].

However, in a series of patients of patients with severe endometriosis and preoperative AMH<
1 ng/ml, whose OMAs were treated by vaporization using plasma energy, postoperative pregnancy
rate was as high as 68.2%, with 66.7% of spontaneous conception [139]. This study suggested that ,in
women with baseline low AMH and in which the results of the ART are expected to be sub-optimal,
surgery could be a useful tool to improve natural conception, particularly when fallopian tubes and
sperm parameters are normal.

2 systematic reviews and meta-analyses found OMA cystectomy not to lead to a significant
decline in AFC [14,46]. Indeed, some studies suggest a rise in AFC post-cystectomy [34,35,60,61].
Various studies have reported an advantage of ablative procedures over cystectomy, as regards post-
operative AFC [21,22,56,57,60,66]. A single, retrospective study reported on ovarian reserve
parameters after laparoscopic OMA sclerotherapy and linked this approach with a decline in both
AMH and AFC [52].

Surgery for recurrent OMA may be a particularly challenging scenario. The deleterious effect of
repeat OMA excision for recurrence on the ovarian reserve has been demonstrated [141,142]. In the
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context of IVF/ICSI, second-line surgery for recurrent OMA led to higher total dose and days of
gonadotrophin use, lower number of oocytes, grade 1 and 2 embryos as well as lower embryo
implantation rate and clinical pregnancy rate per cycle, compared to controls [143]. Kim et al.
performed laparoscopic cystectomies for recurrent OMAs and identified 20.8% recurrence rate and
13.1% re-operation rate after the second cystectomy. A higher rASRM score and disease stage were
associated with higher risk of recurrence [144].

OMA per se negatively affects fertility, with an impact on ovarian [69-71], and ,possibly,
endometrial level [72,73]. Regarding the impact of unoperated OMA on MAR outcomes, studies have
reported contradictory results on response to ovarian stimulation, oocyte and embryo quality, clinical
and livebirth rates [75-86]. Cystectomy has, traditionally, been considered superior to non-excisional
approaches in terms of chances of spontaneous conception, supported by 2 RCTs comparing
cystectomy to cyst coagulation using bipolar current [29,30,145,146]. No significant differences
between surgical approaches, in terms of overall post-operative pregnancy rates, have been reported
by various studies [54,55,95-97]. Various systematic reviews and meta-analyses have not
demonstrated a significant improvement in clinical or livebirth rate by surgery pre-MAR, compared
to conservatively managed OMA by MAR only [17, 98-100]. However, another study demonstrated
significant increase in the chances of success of infertility treatment following OMA surgery [69].
Albeit not statistically significant, the combination of surgery and ART may be the most successful
in terms of livebirth rates [87].

Comparison of recurrence rates through various series is much more challenging, as most
patients may, continuously or intermittently, use hormonal contraceptives postoperatively. The
ovary represents a localization of the disease with a high postoperative recurrence rate in normo-
ovulatory patients. A randomized study comparing patients undergoing OMA cystectomy followed
by continuous oral contraceptive pill intake versus cyclic oral contraceptive pill intake versus no
hormonal treatment, clearly demonstrated that amenorrhea reduced 3.5-fold the rate of postoperative
OMA recurrence [147]. It should be emphasized that 29% of women with complete excision of OMA
and no post-operative hormonal treatment developed a recurrent OMA within 24 months after the
surgery. This rate (which represents the pure likelihood of postoperative OMA recurrence) is higher
than the majority of postoperative recurrence rates reported in various studies where postoperative
pill intake is not clearly provided. Consequently, accurate comparison of recurrence rates following
various techniques should only include studies enrolling patients free of hormonal treatment during
the whole follow-up period.

5. Conclusions

OMA per se exerts a negative effect on ovarian reserve and fertility. On the other hand, its
surgical management may further aggravate the condition, due to inadvertent injury to ovarian
parenchyma. Of the available surgical approaches, cystectomy appears advantageous in terms of
reduced recurrence rates and probability of spontaneous conception, when performed in women
with no past history of ovarian surgeries. However, loss of normal ovarian tissue should be
anticipated, even in experienced hands, causing an, at least temporary, reduction in AMH.
Furthermore, little information exists about fertility outcomes in women undergoing repeated
cystectomies, where the loss of ovarian tissue may further increase. Alternative techniques, namely
ablative approaches appear promising as they have an ovarian tissue- sparing goal, thus causing less
inadvertent injury to ovarian parenchyma. Checking AMH levels pre-operatively may be useful in
choosing the correct technique (as high-risk groups, such as patients with low AMH, may benefit
from non-excisional techniques) and informing women of chances of post-operative conception.
There appears to be no single technique that is clearly advantageous over the others, as regards
chances of post-operative pregnancy. Surgical management of OMA may significantly improve
chances of conception. In the context of MAR, although surgery pre-MAR has not demonstrated a
clear benefit in terms of clinical pregnancy and livebirth rate, the combination of surgery followed by
MAR, may yield the optimal reproductive outcome. Individualisation of care and optimal surgical
technique are of paramount importance. Last but not least, it should be emphasized that, since
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surgical expertise may vary greatly between different units and clinicians, results may also vary
accordingly.

6. Future Directions

In the future, more accurate information needs to be provided by randomized controlled trials
comparing the available techniques, in terms of ovarian reserve parameters and reproductive
outcomes, in patients free of postoperative hormonal treatment. We also need more original research
on the topic of surgery or no surgery pre-MAR in women with OMA. In women who will undergo
surgery pre-MAR, more research is needed to decide on the optimal surgical approach. In the future,
introduction of novel approaches and technologies that achieve even less damage to the healthy
ovarian parenchyma would be most welcome.
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