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Abstract

The purpose of this study was to assess long-term ovarian reserve status and reproductive performance after ovarian cystectomy. This
cohort study included 38 women with history of excision of benign non-endometriotic ovarian cysts (> 1 year before the study) and 41 healthy
controls. Study procedures included completion of a questionnaire, an interview, a transvaginal ultrasound scan, and a blood test for ovarian
reserve biomarkers. The primary outcome was serum Anti-Miillerian Hormone (AMH) concentration as a marker of ovarian reserve. Both groups
were similar in age (study, 34.1+6.8 years; control, 35.3+6.7 years) and BMI (study, 26.1+5.1; control, 25.3+5.0 kg/m2). The mean *SD ovarian
cyst diameter was 6.6+1.9cm and the median (IQR) duration of follow up was 6.0 (4.0-7.3) years. There was no statistically significant (P>0.05)
difference in serum AMH concentration between the study (1.3 (0.5-2.4) ng/ml) and the control groups (1.5 (0.6-2.5) ng/ml). Sub-analysis of
women aged <40, also revealed no statistically significant difference in serum AMH levels between the two groups (Study (n= 28), 1.7 (0.7-3.1)
vs. controls (n=30), 1.7 (0.7-3.2) ng/ml). Other ovarian reserve markers were not statistically different between the two groups. Amongst women
seeking fertility, pregnancy rates were significantly (p<0.001) lower in the study group (20/31,64.5%) versus healthy controls (28/28,100%).
In conclusion, excision of benign non-endometriotic ovarian cyst does not seem to affect ovarian reserve in the long-term. However, it may
compromise subsequent reproductive performance, but the study was underpowered for this outcome.
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Introduction

recent studies have consistently reported decline in ovarian
reserve as measured by circulating Anti Miillerian Hormone
(AMH) after excision of benign ovarian cysts [3-9]. Our recent
meta-analysis has shown about 38% decline in circulating AMH
after excision of benign non-endometriotic ovarian cysts, which
was sustained for up to six months [10]. The possible impact of

Ovarian cystectomy is a very common procedure in
gynaecological practice. There hasrecently been a growing concern
that this procedure is associated with a significant compromise to
ovarian reserve. Previous research reported that cystectomy was
associated with concomitant excision of normal ovarian tissue
resulting in significant follicle loss [1,2]. Furthermore, several
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this postoperative decline in ovarian reserve on long-term fertility
potential remains to be investigated. Ovarian reserve refers to
the functional reproductive potential of the ovary. It reflects the
number and quality of the remaining primordial follicles at any
given time. Currently, several tests are used to assess ovarian
reserve including biochemical markers (FSH, LH and anti-
Miillerian hormone (AMH)) and sonographic markers (Antral
Follicle Count (AFC), Ovarian Volume (OV). AMH is produced
exclusively from the granulosa cells of primary and small antral
follicles [11]. Serum AMH has been widely accepted as a reliable
marker of ovarian reserve [12,13]. It offers several advantages
over other markers such as its relative stability throughout the
menstrual cycle with minimal or no fluctuation [14]. The purpose
of the current study was to investigate the long-term effect of
excision of benign non-endometriotic ovarian cyst on circulating
AMH and ovarian reserve markers and on pregnancy rates.

Materials and Methods

The protocol of the study was approved by the National
Research Ethics Committee of the East Midlands, UK [REC
Reference: 16/EM/0244] and The Institutional Review Board
at Faculty of Medicine, Assuit University, Egypt [IRB Ref:
IRB17200052]. All study methods were conducted in accordance
with the ethical principles that have their origin in the Declaration
of Helsinki, 1996; the principles of Good Clinical Practice, and
the Department of Health Research Governance Framework for
Health and Social care, 2005.

Participants
Study group

This study was conducted in two collaborating hospitals
including Royal Derby Hospital (UK) and Assuit Women Health
Hospital (Egypt) between 2016 and 2017. Participants included
women who had previously undergone ovarian cystectomy
between January 2005 and December 2014 for benign non-
endometriotic ovarian cysts (age at surgery <38 years). Women
were recruited if they were aged <48 years at follow-up and were
willing and able to give informed consent for participation in the
study. Exclusion criteria included concurrent treatments, which
could affect participants’ hormonal status such as combined
hormonal contraception, ovarian suppression therapy, fertility
treatment or corticosteroid therapy; any condition, which may
influence the serum AMH level or ovarian function such as
polycystic ovarian syndrome, severe ovarian endometriosis,
uncontrolled thyroid disease, suspected ovarian malignancy,
premature pregnancy. Potential
participants were identified from the operative theatre database

menopause and current
and from women attending gynaecological outpatient clinics at
both sites of the study (Figure 1). Hospital records of identified
women were screened for eligibility. Those who were suitable for
study were invited to take part by either sending an invitation
letter with the patient information sheet or directly handing these

in the clinic.
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Figure 1: Flowchart of participants’ identification and recruitment in both sites of the study.
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Control group

This group included healthy women with no known pelvic
pathology and with no history of previous ovarian surgery
or infertility. They were identified from women attending
gynaecological outpatient clinics and from hospital staff and
students. Suitable control participants of a previous similar study
conducted by our group were also included in this group (Their
anonymous data were retrieved from the study dataset).

Participants in the control group were matched by age and
BMI (at recruitment) to women in the study group. Each control
participant was matched with the same BMI and age category
of a study participant. BMI categories included underweight
(BMI<18.5kg/m?), healthy weight (BMI,18.5-24.9 kg/m?) and
overweight (BMI225.0 kg/m?). Age categories included >30 years,
31- 40 years, >40 years.

Study Procedures

Invited women who agreed to participate in the study were
asked to complete a questionnaire covering medical, surgical
and reproductive history. They were also invited to attend the
hospital for a short interview, a blood test and an ultrasound
scan. All those attending the hospital visit gave a written informed
consent. A transvaginal ultrasound scan of the ovaries was
performed (on cycle day 2-4 if they are menstruating or at any
time if amenorrheic) to assess the Antral Follicle Count (AFC)
and ovarian volume (OV). All scans were performed by three
experienced Gynaecologists. A systematic approach was used for
counting antral follicles measuring 2-10mm in mean diameter
[15]. Ovarian volume was calculated using the prolate ellipsoid
formula (LxHxW x 0.523) [16]. The hospital records of study
group participants were retrieved and reviewed for their medical,
surgical and reproductive history. In addition, details of their
ovarian cystectomy were recorded including route of surgery
(open or laparoscopic), cyst size & laterality, techniques used for
cystectomy, hemostatic measures applied and whether the ovary
was reconstructed by suturing.

Laboratory assay

Venous blood (5mL) was withdrawn on cycle day 2-4 or
at a random time in amenorrheic women. The samples were
immediately transferred to the laboratory of each centre,
centrifuged for 15 minutes at 2000 X g at 4 °C and stored at -80
°C for later analysis for AMH and FSH concentrations. The same
assays were used in the two centres. Serum FSH levels were
measured using enzyme-linked fluorescent assays according
to the manufacturers’ instructions. The serum AMH levels were
measured using the Roche e-601 automated analyzer (Roche
Diagnostics). Reported limit of detection is 0.08 pmol/L. Inter-
assay performance at 37.2 pmol/L and 6.33 pmol/L has a %

coefficient of variation (CV) of 2.8 and 3.1 respectively. Intra-assay
performance at 23.4 pmol/L gave a %CV of 0.57.

Sample size

Power calculation for this study was based on the Ercan study,
which reported a mean+SD AMH concentration of 2.06£0.51 ng/
ml for normo-ovulatory women [17]. A sample size of 34 in each
group was estimated to detect a minimum clinically important
difference in circulating AMH of 0.5ng/ml with 86% power and
a 0.05 two-sided significance level using a Wilcoxon (Mann-
Whitney) rank-sum test.

Statistical analyses

Numerical data were compered between the two groups using
unpaired t-test or Mann-Whitney U test with a 0.050 two-sided
significance level as appropriate. Categorical data were compared
using chi-squared test, with a 0.050 two-sided significance level.

Results

The study included 38 women with a history of ovarian
cystectomy for non-endometriotic ovarian cysts and 41 healthy
controls. Figure 1 shows a flowchart of identification and
selection of participants of the study group in both centres.
Thirty-four women attended the hospital for assessment of
ovarian reserve including serum levels of AMH and FSH, OV and
AFC (Figure 1). Table 1 shows the characteristics of study and
control participants. Both groups were comparable for age, BMI,
menstrual pattern and smoking status. The median (IQR) duration
of follow up after surgery was 6.0 (4.0-7.3) years. Regarding
hormonal contraception, three study participants (7.9%) reported
using progestogen only contraception versus 11 (26.8%) control
participants (p=0.016). The remaining participants either used
non-hormonal contraceptive methods (study, n=1 [2.6%]; control,
n=3 [7.3%]) or did not use any contraception (study, n=34
[89.5%]; control, n=27 [65.9%]).

Surgical procedures

The surgical details of ovarian cystectomy are summarized
in table 2. All operations were performed by senior experienced
Gynaecological surgeons. In about two thirds of the patients
(68.4%) the procedure was carried out through laparotomy and
one third was performed laparoscopically (Table 2). In most cases,
surgery started with an incision in the cyst capsule taking care not
to open the cyst. With careful sharp, blunt and hydro- dissection
the cyst was then removed from the ovarian capsule. If the cyst
accidently opened, its contents were thoroughly washed of the
pelvis and abdomen. Any bleeding points in the ovarian cyst bed
were diathermised with bipolar electro-coagulation avoiding
excessive ovarian damage. Suturing of the ovary was used in most
cases.
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Table 1: The demography of the study and control participants.

Characteristics Cystegl(;n;};;}roup Control Group (n=41) P
Age (years) 34.1+6.8 353+6.7 0.429
BMI (kg/m?) 26.1+5.1 253+5.0 0.469
Smoking 2 (5.3%) 4 (9.8%) 0.375
Current contraception 4(10.5%) 14 (34.1%) 0.016
- None 34 (89.5%) 27 (65.9%
- POPs 2 1
- Mirena 1 6
- Implant 0 3
- Injection-DMPA 0 1
- Barrier 1 1
- Copper IUD 0 1
- Sterilization 0 1
Menstrual pattern
- Regular 29 (76.3%) 25 (61.0%) 0.271
- Infrequent (>5 weeks) 7 (18.4%) 10 (24.4%)
- Frequent (<3 weeks) 0 (0.0%) 3(7.3%)
- Absent* 2 (5.3%) 3(7.3%)

Features of the ovarian cysts

The mean £SD cyst diameter was 6.6+1.9 cm. Most cysts were
unilateral (n=35, 92.1%) and only three were bilateral (7.9%). All
cases had documented histopathology report determining type
of excised cyst (Table 2). Simple (functional) cysts were the most
common (n=18, 47.4%) followed by dermoid cysts (n=12, 31.6%),
then cystadenoma (n=7, 18.4%). Luteoma of pregnancy was only

Table 2: Details of ovarian cystectomy and follow-up in study participants.

reported in one case (2.6%) which was discovered accidentally
during caesarean section delivery. During follow up only one
case showed recurrent cyst on the same side of surgery which
was managed surgically by laparoscopic cystectomy (2.6%).
Indications for surgery are summarized in table 2. Pain was the
most common indication (n=16, 42.1%), followed by the cyst size
being large (n=10, 26.3%) (Table 2).

Characteristics Cystectomy Group (n= 38)
Duration of follow up (years) 6.0 [4.0-7.3]
Cyst diameter (cm) 6.6x1.9
Laterality
Unilateral 35(92.1%)
Bilateral 3(7.9%)
Surgical approach
Laparoscopy 12 (31.6%)
Laparotomy 26 (68.4%)

Pathology

Dermoid, 12 (31.6%)

12 (31.6%)

Serous cystadenoma

4(10.5%)

Mucinous cystadenoma

3 (7.9%)

Functional cyst

18 (47.4%)
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Luteoma of pregnancy

| 1(2.6%)

Indications for cystectomy

Pain 16 (42.1%)

Large size 10 (26.3%)
Infertility™* 4(10.5%)
Pressure symptoms 2 (5.3%)
Opportunistic** 1(2.6%)

ata presented as mean * sd, n (%) and median [Interquartile]
*Cysts were found during fertility investigations
**a cyst removed during Caesarean section

Serum AMH concentrations

The median (IQR) serum AMH concentration of the study
group was 1.3 (0.5-2.4) ng/ml, which was not significantly
(p=0.524) different from that 1.5 (0.6-2.5) ng/ml of the healthy

controls (Table 3). Sub analysis of women aged <40, also revealed
no significant (p=0.932) difference in serum AMH levels between
the two groups (Study (n= 28), 1.7 (0.7-3.1) vs. controls (n=30),
1.7 (0.7-3.2) ng/ml) (Table 3).

Table 3: Serum AMH concentrations and other ovarian reserve parameters after a median (IQR) duration of 6 (4.0 — 7.3) years following ovarian
cystectomy compared with healthy controls All data are presented as median [IQR], Mann-Whitney test used for comparison AMH, Anti-millerian
hormone; FSH, follicle stimulating hormone; AFC, antral follicle count; OV, ovarian volume.

Cystectomy Group Control Group P

Overall (n=34) (n=41)
AMH (ng/ml) 1.3[0.5-2.4] 1.5[0.6-2.5] 0.595
FSH (1U/L) 7.2 [6.3-9.1] 6.6 [5.4-8.7] 0.492
AFC (number) 7.0 [5.0-8.0] 8.5[5.0-10.8] 0.22
Average OV (cm3) 7.5 [4.0-10.4] 6.5 [4.9-8.9] 0.698

Sub analysis age <40 (years) (n=28) (n=30)
AMH (ng/ml) 1.7 [0.7-3.1] 1.7 [0.7-3.2] 0.932
FSH (IU/L) 7.1[6.2-8.5] 5.9 [5.3-7.8] 0.226
AFC (number) 7.0 [5.9-8.4] 10.5[6.5-11.0] 0.133
Average OV (cm?) 8.7 [4.9-12.3] 7.4 [5.6-9.9] 0.633

Other ovarian reserve markers

There was no statistically significant difference in the median
(IQR) of other ovarian reserve markers as summarized in table 3.

Reproductive performance

Table 4 summarizes pregnancy rates amongst women
seeking fertility in the study (n=31) and control (n=28) groups.
The pregnancy rate in the study group after cystectomy (20/31,
64.5%) was significantly (p<0.001) lower than that of the controls
(28/28,100%) (Table 4). The study group achieved a significantly
(p<0.001) lower natural pregnancy (i.e. without fertility
treatment) rate (25.8%, 8/31), compared to a 100% rate achieved
by the healthy controls. The remaining 12 pregnancies amongst
the study group were achieved with fertility treatments as detailed
in table 4. Amongst the 31 women who tried to conceive after the
cystectomy, 23 (74.2%) experienced subfertility due to unknown
cause (14/23, 60.8%), anovulation (7/23, 30.4%) or tubal factor
(2/23, 8.7%). Table 4 also presents comparison of the pregnancy
rates amongst women seeking fertility in the study group before

(n=21) and after cystectomy (n=31). The natural pregnancy rates
were significantly (p<0.004) lower after surgery (8/31, 25.8%)
compared to the rates (14/21, 66.7%) before surgery (Table 4).

Discussion

To the best of our knowledge, this is the first study on the
long-term impact of ovarian cystectomy on ovarian reserve and
reproductive performance. We have assessed ovarian reserve
markers in 34 women after a median (IQR) duration of 6 (4.0-7.3)
years following excision of benign non-endometriotic ovarian
cysts and compared the results with 41 healthy women of similar
age and BMI. We found no statistically significant difference in
circulating AMH and all other ovarian reserve markers between
both groups. Subgroup analysis of participants aged <40 years
still showed no difference in AMH between the two groups. On the
other hand, pregnancy rates amongst women seeking fertility in
the study group were significantly lower after surgery compared
to their pregnancy rates before surgery and to the pregnancy rates
of the controls. The findings of this study are surprising when
considering the results of our recent systematic review, which
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showed significant postoperative decline in ovarian reserve [10].
The review, which included 10 studies (n=367), showed a marked
fall in circulating AMH of 1.14 ng/mL (weighted mean difference,
-1.14 ng/ml; 95% CI, -1.36 to -0.92), which was sustained for up to
six months after surgery [10]. The short-term post-cystectomy fall
in circulating AMH is thought to be due to concomitant removal
of normal ovarian tissue with significant follicular loss [1,18,19].
Another possible mechanism is the thermal damage to ovarian
tissue [20,21] or vasculature due to excessive use of electrosurgical
coagulation for hemostasis [22]. Our results are consistent with
previous studies reporting partial recovery of circulating AMH
within 12 months follow-up after ovarian cystectomy [3,8,22].
Chang et al reported that the initial post-cystectomy decline of
circulating AMH tends to gradually recover at three-month follow-
up to ~65% of the preoperative level [3]. Ding et al reported that
serum AMH levels recovered at six-months follow-up to almost
90% of the preoperative levels and to nearly 100% one year after

Table 4: Pregnancy rates amongst women seeking fertility in both groups.

surgery [8]. Similarly, Sugita et al found serum AMH to recover at
one-year follow-up after excision of ovarian endometriomas [22].
The exact mechanism of the postulated recovery of circulating
AMH after the initial post-cystectomy decline is uncertain. A
possible explanation of this recovery could be the regeneration of
new follicles [23-28]. Emergence of new follicles could either be
derived from rescued atretic follicles [23,24] or from the smaller
follicle pool, termed reserve follicles [25]. Alternatively, surgery-
induced inflammation may stimulate the regeneration of ovarian
follicles from either the ovarian surface epithelium [26,27] or
from bone marrow stem cells [28]. The decline in the long-term
reproductive performance after ovarian cystectomy is surprising
given the normality of ovarian reserve. Mechanical subfertility due
to postoperative peri-adnexal adhesions is a possible explanation.
However, our data do not support this hypothesis, as tubal factor
was responsible for infertility in only 8.7% of cases.

Study versus control groups
Study group after surgery Control group (n=28) P
(n=31)n (%) n (%)
Conception (overall) 20 (64.5) 28 (100.0) <0.001
Natural conception: 8 (25.8) 28 (100%) <0.001
Conception with treatment 12 (74.2) -
cC 6 (30.0) -
SIUI 1(5.0) -
IVF 5(25.0) -
Number of pregnancies:
5 1(3.2) 0 (0.0)
4 0 (0.0) 4 (14.3%)
3 1(3.2) 10 (35.7)
2 2 (6.5) 12 (42.9)
1 16 (51.6) 2(7.1)
Study group: before versus after surgery
Before surgery (n=21) - n (%) After surgery (n=31) - n (%) P
Conception (overall) 16 (76.2) 20 (64.5) 0.28
Natural conception: 14 (66.7) 8(25.8) 0.004

Abbreviations: CC, Clomiphene Citrate; SIUI, stimulated intra-uterine insemination (n=1), IVF, in-vitro fertilization.

The main limitation of this study is the possible variations in the
surgical techniques as several surgeons in the two centres carried
outthe cystectomy overalongperiod of time. However, all surgeons
performing the cystectomies were experienced gynaecological
surgeons and the procedures of ovarian cystectomy were standard
in most cases in both centres. Another possible weakness could
be the high rate of laparotomy in our cohort, which may have

compromised fertility due to postoperative adhesion formation.
However, as the cystectomy techniques are similar in the open
and the laparoscopic approaches, the impact on ovarian reserve
is likely to be similar. Unfortunately, subgroup analysis for open
versus laparoscopy was not possible due to the relatively small
numbers in each sub-group. Another potential limitation could be
the differences in the use of Progestogen Only Contraception (POC)
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between the study and control groups. However, recent literature
data suggest that the use of POC does not affect the serum levels
of AMH [29]. Furthermore, these differences are unavoidable in
population studies. It may be argued that the study design should
have been a longitudinal cohort where the long-term ovarian
reserve markers are compared with preoperative baseline values
rather than with a control group. Whilst this argument is valid
for short-term studies, the situation is different for long-term
investigations due to the confounding effect of advancing age on
ovarian reserve markers. It would be difficult to adjust for the
age-related changes in AMH as these are widely varied in different
women. Furthermore, the longitudinal cohort design may not
be practically feasible in view of the long time between the two
measurements. Moreover, given the well-known issues with AMH
kits which have changed several times over the last decade, it is
likely that different AMH kits would have been used at the two
points, thus invalidating the comparison. Finally, our design has
been widely used in many previous similar long-term studies on
AMH [30-35]. It may also be argued that premature menopause
should not have been an exclusion criterion in the study group
as it may represent worst ovarian reserve damage after ovarian
cystectomy. Although this may be true to some extent, we felt that
premature menopause is unlikely to occur after cystectomy and
that such a condition if identified could be coincidental. It is worth
noting that we did not find any case of premature menopause
amongst all screened post-cystectomy women.

Our results on reproduction should be interpreted with
caution, as the study was not powered to address this outcome.
Furthermore, the control group may not be an ideal group to
compare pregnancy rates, as they are a selected fertile group of
healthy women. We excluded women with history of subfertility, as
these may not be representative of the normal healthy population.
They may also have reproductive pathology that could influence
their AMH levels. The reproductive outcome will therefore require
further investigation with large studies sufficiently powered
and appropriately designed to assess long-term reproductive
performance after ovarian cystectomy. Whilst the long-term
data on ovarian reserve after ovarian cystectomy are reassuring,
patients with benign ovarian cysts should be counselled about
the possible long-term decline in their fertility potential following
surgery. Expectant and conservative approaches to benign ovarian
cysts should therefore be considered whenever possible especially
in young women desiring fertility. In conclusion, excision of benign
non-endometriotic ovarian cysts does not seem to cause any long-
term decline in ovarian reserve. However, the possible long-term
decline in the reproductive performance remains a concern, which
warrants further research.
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