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Purpose: To investigate whether laparoscopic ovarian cystectomy (LOC) affects ovarian
reserve.

Patients and Methods: In 46 premenopausal women, who underwent either LOC (study
group, n=26) or laparoscopic myomectomy (LM) (control group, n=20), serum anti-
Mullerian hormone (AMH) levels were measured pre-operatively (AMHO), and postopera-
tively at 7 days (AMH1), 2 months (AMH?2), and 6 months (AMH3). Changes in AMH from
baseline level (AMHO) in each group were compared.

Results: AMHO did not differ between the two groups (3.5 £+ 3.33 in LOC vs 2.4 +2.72 in
LM, P=0.250). AMH1, AMH2, and AMH3 in each group were also similar. However,
a significant decline of AMH (ie more than 50% decrease compared to AMHO) at post-
operative 6 months occurred more frequently in the LOC group than in the LM group. In the
sub-analysis of the LOC group, a significant decline of AMH at postoperative 2 months and
6 months was highly correlated with bilateral ovarian tumors (P=0.001).

Conclusion: Compared to LM, serum AMH level showed a minimal decrease after 1 week
following LOC, which did not revert to normal over 6 months of follow-up. In addition,
a significant decline of ovarian reserve at postoperative 6 months was significantly more
frequent in the LOC group, suggesting that LOC may have more adverse effects on ovarian
reserve compared to the LM (control) group. Thus, care is required during the LOC
procedure, specifically in women with bilateral tumors.
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Introduction

Laparoscopic ovarian cystectomy (LOC) is one of the most widely used fertility-
preserving procedures used in gynecologic surgery. Ovarian tumors are common in
women of all ages, and up to 10% of those women undergo surgical removal because of
the risk of ovarian malignancy or of complications, such as ovarian cyst hemorrhage,
rupture, and torsion." Surgical removal can be achieved by various procedures, such
as aspiration, cystectomy, and partial or complete oophorectomy. Usually, LOC is
preferred for women who desire to preserve fertility.> LOC allows complete excision of
the cyst wall (by the so-called stripping method), and preservation of healthy ovarian
tissue. However, the safety to the patient of this procedure remains contentious because
of its potential risk of causing decreased ovarian reserve and premature ovarian failure.
Indeed, several reports have suggested that ovarian reserve, as measured by serum

AMH levels, decreased following LOC in women with endometrioma.*
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AMH is expressed by the granulosa cells of active
growing ovarian follicles from their initial recruitment to
cyclic selection and it negatively regulates primordial fol-
licle recruitment.”® AMH is considered to be a reliable
marker for ovarian reserve.”'' AMH gradually declines
with increasing age and is independent of the ovarian
cycle.'*'* Moreover, AMH level is correlated with other
markers of ovarian reserve, such as an antral follicle count
of cycle day 3 serum FSH concentration, and can predict
ovarian responsiveness to hyperstimulation, or impending
menopausal transition.®'*!> In clinical practice, the serum
AMH is widely used to estimate ovarian reserve in women
with suspicious menopausal symptoms or in infertile
women who wish to undergo assisted reproductive tech-
nology (ART)."> Several studies have reported on the use
of serum AMH to evaluate ovarian reserves following
procedures such as the excision of ovarian endometrioma,
and hysterectomy.'>'>1

Nonetheless, only a few reports have described the
long-term effects of LOC on residual ovarian function
and the results have been equivocal.'” '’ Furthermore,
most prior studies have been of infertile women with
ovarian endometrioma, with a control group that was not
homogeneous.'” ' There might be some differences
between women with endometriomas and other benign
ovarian cysts in relation to the decrease of ovarian reserve
following LOC.

Therefore, we aimed to evaluate the ovarian reserves of
women who underwent LOC compared to those women
who underwent non-ovarian surgery, by taking serial mea-
surements of the serum AMH level over 6 months of
follow-up.

Patients and Methods

For this prospective study, we recruited patients who
underwent laparoscopic cystectomy for benign ovarian
disease and laparoscopic myomectomy, at Hallym
University Medical Center, Korea, between January 2016
and December 2018. The inclusion criteria were 1) women
who were diagnosed with benign ovarian tumor or uterine
myoma by ultrasound, 2) who underwent laparoscopic
ovarian cystectomy (the study group) or laparoscopic
myomectomy (the control group), and 3) who checked
serum AMH at preoperatively, and postoperative 7 days,
2 months, and 6 months. The exclusion criteria were 1)
postmenopausal women, 2) a prior history of adnexal

surgery, 3) hormonal treatment within 3 months of

surgery, 4) women undergoing both LOC and LM,
and 5) co-existence of endocrine disease.

During the follow-up period (postoperative 6 months),
no women were treated with hormonal therapy.

This study was approved by the local institutional
review board and all recruited patients provided informed
written consent. This study was conducted in accordance
with the Declaration of Helsinki.

Sample Size Calculation

The study aimed to show 1.0 difference in mean AMH
between the two groups. Standard deviation was assumed
to be similar in both groups. Based on two-tailed power
calculation with 80% power, 0.05 alpha, 1:1 allocation, 26
patients needed to be included in the trial to show this
difference.

Surgical Technique

Each laparoscopic procedure was performed by a senior
surgeon (there were four in all), each of whom had per-
formed over 200 LOC and LM procedures.

The LOC technique was as follows. After a careful
incision of the ovarian cyst surface using monopolar scis-
sors (Karl Storz Monopolar Forceps™, Karl Storz,
Tuttlingen, Germany), the ovarian cyst wall was dissected
and completely removed from the ovarian cortex by the
traction/counter traction method with non-traumatic grasp-
ing forceps. Bleeding control, using laparoscopic bipolar
forceps (Karl Storz Bipolar Forceps™, Karl Storz,
Tuttlingen, Germany) and the Force FX™ Electrosurgical
Generator (Valleylab) with 35 watt setting was careful and
highly selective. Suturing of the residual ovarian cortex
was not routinely performed. The enucleated ovarian cyst
was placed in a retrieval bag (Lap bag™, Sejong Medical,
Seoul, Korea) and extracted through the 12 mm trocar site.

The LM technique was as follows. After an injection of
a dilute solution of vasopressin (10 [U/100mL normal saline)
into the tissue adjacent to the base and capsule of the uterine
myoma, an incision was made into the myometrium, using
monopolar scissors. With careful dissection and coagulation,
the uterine myoma was detached. Then, the uterine muscle
layer was repaired with either 1 or 2 layers of continuous
suturing (depending on the depth of the wound) using uni-
directional barbed suture material (1-0 V-Loc 180™,
Covidien, Mansfield, MA, USA). Detached myomas were
placed in a retrieval bag and extracted through the 11-mm
trocar site with a 12 mm electronic morcellator (Rotocut™
G1 Morcellator, Karl Storz, Tuttlingen, Germany).
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Hormonal Assay

Serum AMH levels were measured in each group as fol-
lows: AMHO (preoperatively, within 2 weeks prior to
surgery); AMHI1 (postoperative day 7); AMH2 (postopera-
tive 2 months); and AMH3 (postoperative 6 months).
Although AMH levels are well known to not be affected
by hormonal periods, blood sampling was done at 7th to
10th day of menstrual period. Therefore, AMH sampling
was done. We used commercially available enzyme-linked
kits
Laboratories Inc., Webster, TX) to measure serum AMH

immunosorbent  assay (Diagnostic ~ System
levels. Serum AMH levels were reported as nanograms per

milliliter with a detection limit of 0.006 ng/mL.

Statistical Analysis

For all statistical analysis, SPSS for Windows (version
22.0, SPSS Inc., Chicago, Illinois) was used. Continuous
variables were compared using the #-test. Dichotomous
variables were compared using Fisher’s exact test or the
chi-square test. A P value less than 0.05 was considered to
be significant for all statistical tests.

Results

A total of 46 patients (LOC=26, LM=20) who agreed to
participate were included in the study. Of those, 30
patients continued in the study until the last follow-up
visit at 6 months. Their mean age was 36.8 years.

The baseline data of all patients is presented in Table 1.
Patients in the LOC group were significantly younger than
those in the LM group, and the mean BMI was signifi-
cantly lower in the LM group than in the LOC group.
Parity was not different between the two groups. Among
the 26 women in LOC group, 5 were confirmed (by
pathology) with endometriomas, and the other 21 as non-
endometriomas. The details of the pathology of the LOC
group are described in Table 2.

Changes of serum AMH after surgery are shown in
Table 3. AMHO was similar in the two groups (3.5 = 3.33
in LOC vs 2.4 £ 2.72 in LM, P=0.250). AMH1, AMH2,

Table | Baseline Data

LOC (N=26) LM (N=20) P value
Age (years) 335 + 873 413 %577 0.001%*
Parity | +0.99 | +1.03 0.174

BMI 21.5 +3.29 24.9 + 4.41 0.004*

Notes: Baseline data are presented. *P value < 0.05. Data are presented as mean *
SD or median + SEM.

Table 2 Pathology of Women with Ovarian Cystectomy

Pathology N=26
Endometriosis 4(15.4)
Mature cystic teratoma 8 (30.8)
Mucinous cystadenoma 4 (15.4)
Abscess 1 (3.8)
Follicular cyst 3(11.5)
Adenofibroma 5(19.2)
Endometriosis & adenofibroma 1 (3.8)

Notes: Pathology of women with ovarian cystectomy are presented. Data was
presented as number (%).

and AMH3 were also similar in both groups. However,
a significant decline of AMH (ie more than 50% decrease
compared to AMHO) was more frequently observed after 6
months of surgery in the LOC group than in the LM group.
The serial changes of serum AMH levels after LOC and
LM are depicted in Figure 1. The serum AMH level,
which was barely changed in LM group, abruptly
decreased after 1 week of surgery and did not recover to
pre-operative levels even in the 6 months after surgery in
the LOC group; however, there were no statistically sig-
nificant differences between AMHO and AMH3 levels.

An older age was a clinical characteristic associated
with a significant decline of AMH after postoperative 6
months (>39 yrs.; P=0.035) (Table 4).

In the sub-analysis of the LOC group, a significant
decline of AMH was highly correlated with bilateral ovar-
ian tumor (P=0.001). Age, BMI, and tumor size were not
correlated with a significant change in AMH (Table 5).

Discussion
Currently, laparoscopic ovarian cystectomy is considered
to be the primary treatment of choice for benign ovarian
tumors.”’ The main benefit is thought to be a more com-
plete excision of the tumor during the procedure.?!
Nonetheless, reduction of residual ovarian function and
increased risk of premature ovarian failure induced by an
excessive removal of healthy ovarian tissue remains an
issue.>*?! Indeed, there is an accumulation of evidence
indicating that laparoscopic ovarian cystectomy for the
treatment of benign tumor in premenopausal women has
a negative impact on ovarian reserve.'>'%2!-22

Most researchers agree that ovarian reserve, as repre-
sented by the patient’s serum AMH level, is slightly or
significantly decreased 1 to 3 months after surgery.'®?*-**
A prospective study evaluating ovarian reserve after
endometriosis  revealed

cystectomy  for  ovarian
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Table 3 Changes in Serum AMH Levels Following LOC and LM

LOC (N=26) LM (N=20) P value
AMH levels
Preoperative (AMHO) 35+333 24 +£272 0.250
Postoperative 7 days (AMHI) 24 £ 246 2.6 +3.28 0.788
Postoperative 2 months (AMH2) 2.6 +£283 26+ 3.11 0.957
Postoperative 6 months (AMH3) 1.6 £2.23 2.6 + 3.60 0414
AMH changes comparing to preoperative level
Postoperative 7 days (AMHI) —1.1 £298 02+ 1.44 0.079
Postoperative 2 months (AMH2) —0.9 + 3.20 0.1 £1.32 0.196
Postoperative 6 months (AMH3) -1.7 + 434 0.0 + 1.81 0.136
AMH| decrease 250% (N=7/46) 5(19.2) 2 (10.0) 0.332
AMH2 decrease 250% (N=10/46) 6 (23.1) 4 (20.0) 0.547
AMH3 decrease 250% (N=8/30) 4 (36.4) 4 (21.0) 0.001*

Notes: Changes in serum AMH levels following LOC and LM were presented. *P value < 0.05.

a temporary decreased serum AMH level, which reverted
to normal within 12 months of follow-up.'” However,
there are very few reports of long-term follow-up and it

remains controversial as to whether the ovarian reserve is

According to one prospective follow-up study of 71
women who underwent ovarian cystectomy (21 bilateral
ovarian endometriomas, 29 unilateral ovarian endome-

triomas, and 21 unilateral other benign ovarian cysts),

restored within 6 months to 1 vyear following serum AMH level was significantly decreased at post-
surgery,>!7-18:23:25-27 operative 1 month, but restored within 1 year.'® Another
L
3.5 1
3
LM
25 4
2
15 4
LOC
1
0.5 4
0 I I I 1
AMHO AMH1 AMH2 AMH3

Figure | Serial changes of serum AMH levels following LOC and LM. The serum AMH level, which barely changed in the LM group, abruptly decreased in the LOC group |
week after surgery and had not recovered to pre-operative levels 6 months after surgery. However, in this group there were no statistically significant differences between

AMHO0 and AMH3.
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Table 4 Correlation Between Changes in AMH and Clinical Characteristics
AMHI Decrease >50% P-value AMH2 Decrease >50% P-value AMH3 Decrease >50% P-value
(N=7/46) (N=10/46) (N=8/30)
Age 0.500 0.142 0.035%
<39yrs 3 (13.0) 3 (13.0) 2 (8.7)
=39 yrs 4 (17.4) 7 (30.4) 6 (26.1)
BMI 0.207 0.043* 0.544
<20 3(27.3) 5(14.3) 3(27.3)
=20 4 (11.4) 5(21.7) 5(14.3)
Notes: Correlation between changes in AMH and clinical characteristics was presented. *P value < 0.05.
Table 5 Correlation Between Changes in AMH and Clinical Characteristics Following LOC
AMHI| Decrease >50% P-value AMH2 Decrease >50% P-value AMH3 Decrease >50% P-value
(N=5/26) (N=6/26) (N=4/11)
Age 0.580 0.332 0.182
<39yrs 3(17.6) 3(17.6) 2(11.8)
=39 yrs 2 (22.2) 3(333) 2 (22.2)
BMI 0.580 0.084 0.105
<20 2 (22.2) 4 (44.4) 3 (33.3)
220 3(17.6) 2 (11.8) 1 (5.9)
Bilateral tumor 0.411 0.028* 0.001*
No 3 (15.8) 2 (10.5) 0 (0.0)
Yes 2 (28.6) 4 (57.1) 4 (57.1)
Tumor diameter 0.150 0.622 0.302
<7cm 2 (11.1) 4 (22.2) 4 (22.2)
27 cm 3 (37.5) 2 (25.0) 0 (0.0)

Notes: Correlation between changes in AMH and clinical characteristics following LOC was presented. *P value < 0.05.

prospective study of 22 women with endometrioma (10
with unilateral tumors and 12 with bilateral tumors)
reported that serum AMH levels were significantly
decreased at postoperative 1, 3, and 6 months but were
completely restored within 1 year of follow-up.'’
Moreover, women with bilateral endometriomas had
a significantly higher rate of decline in AMH levels at
than

endometriomas. '’ Furthermore, several studies have

postoperative 1 year those with unilateral
reported that ovarian reserve is not restored after 6
months to 1 year.>>?*3% According to an observational
study of 25 women with unilateral endometrioma, serum
AMH level was decreased by 24% of the baseline level at
postoperative 1 month and was not restored until post-
operative 6 months.”’ Another prospective study of 30
women with endometrioma reported a minimal decline in
AMH levels at postoperative 1 month, which then further

significantly declined until postoperative 6 months.?® Our

results are in accordance with these reports. The AMH
level minimally decreased after 7 days, 1 month, and 2
months of surgery. Although the serum AMH levels at
postoperative 6 months were not significantly different
from those of the baseline, 36.4% of women who under-
went LOC showed a significant decline of ovarian reserve
(ie more than 50% decrease from baseline) at postopera-
tive 6 months. Interestingly, this permanent damage to
the ovary tissue can affect future pregnancies in infertile
women. According to a prospective study of 54 infertile
women who underwent ovarian cystectomy for the treat-
ment of endometrioma, the postoperative l-year serum
AMH level may be a possible predictor for the likelihood
of pregnancy.”® In that study, 17 women became preg-
nant, and the serum AMH levels 1-year postoperatively
were significantly higher in the pregnant group compared
to the non-pregnant group (3.44 + 1.78 versus 2.17+2.24
ng/mL, P=0.049).%
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However, most past studies have been of infertile women
with endometrioma. It remains unclear, due to lack of data, as
to whether the impact of LOC on ovarian reserve is similar
between women with or without endometrioma, and between
infertile women and healthy women. A recent study comparing
women with endometrioma and healthy controls showed that
women with endometrioma had lower serum AMH levels
compared to the healthy controls.”® After surgical excision of
endometrioma, their serum AMH levels further declined,
which appeared permanent.”> Undertaking cystectomy in ovar-
ian endometriomas which do not present with real cyst cap-
sules presents a risk of possible inadvertent removal of healthy
ovarian tissue.'® In addition, serum AMH levels in infertile
women may differ from those in women with a normal men-
struation cycle. In a prospective study of 27 women with
polycystic ovarian syndrome (PCOS), which is a major cause
of infertility, serum AMH levels were significantly higher in
those women with PCOS compared to healthy controls.”'
Also, the authors suggested that a higher serum AMH level,
which represents the disordered folliculogenesis characteristic
of PCOS, may be a useful predictive marker for persistent or
recurrent disease.’’

Our study investigated the impact on ovarian reserve of
LOC undertaken for the treatment of benign ovarian tumors,
by comparing serial changes of serum AMH levels with
a homogeneous control group (LM) during 6 months of post-
operative follow-up. Our data showed that ovarian reserve
following LOC abruptly decreased at postoperative 7 days,
although this was not significant, and this decreased serum
AMH was sustained until postoperative 6 months, a finding
similar to that of prior studies.'®*°>° By contrast, there were no
abrupt changes of ovarian reserve following LM during the
study period. Interestingly, a significant decline of ovarian
reserve (ie more than 50% of decrease from baseline) at post-
operative 6 months was more frequently observed in the LOC
group compared to the LM group. The significant decline of
ovarian reserve at postoperative 6 months was highly asso-
ciated with an older age (=39 years). Considering that the mean
age of the LM group was older than that of the LOC group, the
decline of the AMH level after LOC seems clinically more
significant. Therefore, care exercised in the operative proce-
dure will be important for women of an older age.

In our sub-analysis of the LOC group, bilateral tumor was
highly associated with a significant decline of ovarian reserve
(more than 50% of decrease from baseline) at postoperative 2
months and 6 months, which is in accordance with findings of
prior studies.”>**** However, age, BMI, and tumor size were

not correlated with a significant decline of ovarian reserve,
which is also similar to the findings of prior studies.'”*°

Based on our results, we believe the possible mechan-
isms of decreased ovarian reserve after LOC are 1) the
decline of ovarian volume during the stripping method;
and 2) thermal damage to healthy ovarian tissue occurring
during hemostasis with a bipolar device.

Many investigators have suggested that the inadvertent
removal of adjacent healthy ovarian tissue during the stripping
method is the possible main cause of decreased ovarian reserve
after ovarian cystectomy.”>****35 One retrospective study
revealed that the stripping procedure employed in 90% of
cases in both endometrioma and non-endometrioma groups
removed normal ovarian tissue; and the tissue loss was greater
when endometriotic cysts were involved.***> The correlation
of hemostatic methods and ovarian reserve, however, is con-
troversial. One prospective study of 80 women with unilateral
or bilateral endometriomas reported that the serum AMH level
decreased significantly from baseline to 6 months and 12
months after surgery, even with the ovarian suturing
method.*® Other randomized controlled trials comparing dif-
fering techniques of laparoscopic ovarian cystectomy have
revealed that a hemostatic suture group had no statistically
significant change from baseline AMH levels (P=0.165). By
contrast, postoperative AMH levels in the bipolar electrocoa-
gulation group were lower than baseline AMH levels
(P=0.028). Nonetheless, pregnancy rates were not significantly
different (P=0.546), and ovarian reserve did not decrease
further during the follow-up period of up to 12 months follow-
ing surgery.’” However, another prospective comparative
study of 125 women with endometriomas undergoing laparo-
scopic-endoscopic single-site cystectomy reported that hemos-
tasis using bipolar coagulation reduced ovarian reserve more
than suturing.*® In addition, a meta-analysis comparing suture,
hemostatic sealant, and use of a bipolar device revealed that
suture and hemostatic sealant are significantly associated with
the protection of residual ovarian function compared to bipolar
coagulation.®® In our study, we used a bipolar device for
hemostasis, which can be a major cause of reduced ovarian
reserve even with a careful and selective coagulation.

There are some limitations to our study. First, our sample
size was small and there was follow-up loss of some patients at
postoperative 6 months. Second, ours was a prospective study
rather than a randomized clinical trial. Nonetheless, our study
has the advantages of having a homogeneous control group
and a large portion of non-endometrioma women in the study
group. Moreover, our findings are consistent with prior pub-

. 182
lished results.'®26-3°
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Conclusion
Our results suggest that overall changes in ovarian reserve
following LOC are minimal. However, if there are any, then
the adverse post-LOC effect on ovarian reserve seems more
significant than that following non-ovarian surgery. In addi-
tion, the compromised ovarian reserve is not restored until 6
months following LOC. Therefore, to avoid loss of ovarian
reserve, more careful and highly selective hemostasis, more
cautious preservation of ovarian volume, and less damage
to the healthy ovarian tissue are prerequisites during the
LOC procedure, particularly in the treatment of bilateral
ovarian tumors. In addition, these negative impact on ovar-
ian reserve should be informed to women who desire for
future pregnancy or are concerned about early menopause.
Further large-scale prospective studies are required to
examine the long-term outcomes of AMH level after surgery.

Abbreviations

AMH, anti-Mullerian hormone; ART, assisted reproduc-
tive technology; LM, laparoscopic myomectomy; LOC,
laparoscopic ovarian cystectomy.
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