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Abstract

Objective: This study was performed to assess the predictive value of the anti-Miillerian
hormone (AMH) serum level for spontaneous pregnancy in women after endometriosis surgery.
Methods: In total, 124 patients with suspected ovarian endometrioma planning to undergo
laparoscopic ovarian cystectomy were divided into a high AMH group (AMH >2ng/mL) and
low AMH group (AMH < 2ng/mL) according to their preoperative AMH levels. The postoper-
ative AMH levels were also measured, and pregnancy outcomes were followed up.

Results: Twenty-one patients were excluded, and 52 pregnancies were registered in the remain-
ing 103 patients diagnosed with endometriosis. The pregnancy rate was significantly greater in the
high than low AMH group. Receiver operator characteristics analysis of preoperative AMH,
postoperative AMH, and the AMH decline rate showed that preoperative AMH was associated
with the greatest area under the curve. Kaplan—Meier curves showed that women in the
high AMH group had a significantly higher cumulative pregnancy rate than those in the low
AMH group.

Conclusion: The preoperative AMH level might be a useful marker to predict the occurrence of
natural pregnancy and could be offered as part of the fertility strategy to women who desire
pregnancy after endometriosis surgery.
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Introduction

Laparoscopic surgical removal of endome-
triosis is an effective approach to treating
endometriosis.! However, endometriosis is
an enigmatic disease associated with
reduced ovarian reserve, decreased preg-
nancy rates, and even infertility. The ovar-
ian reserve was historically assessed by the
ultrasound sinus follicle count and endo-
crine markers such as statin B, follicle-
stimulating hormone, and estradiol.”
However, these markers are not ideal rep-
resentations of ovarian reserve and men-
strual cycle variation. Anti-Miillerian
hormone (AMH) was recently introduced
as a novel and valuable marker of ovarian
reserve.” AMH, also known as Miillerian
inhibiting substance, is produced by the
primary, secondary, and antral follicles
to prevent depletion of the primordial
follicle pool.*

The role of serum AMH as a predictor of
assisted reproductive techniques (ART)
outcomes has been extensively debated.
AMH has been shown to accurately predict
the potential success of ART prior to treat-
ment initiation.>® However, it is not neces-
sary to perform ART for all patients who
undergo surgery for endometriomas
because some women can still develop a
natural pregnancy.” Therefore, one of the
most difficult aspects of postoperative fer-
tility management is precise prediction of
the chance of spontaneous pregnancy in
patients with endometriosis.

To the best of our knowledge, few
reports have focused on the correlation

between the serum AMH concentration
and natural fecundability outcomes in
patients with endometriosis. Therefore, we
performed the present study to assess the
predictability of the serum AMH level for
spontaneous pregnancy in women undergo-
ing endometriosis surgery.

Patients and methods

This prospective cohort study was
approved by the Ethics Review Board of
Women’s Hospital Zhejiang University
School of Medicine. This study included
consecutive patients suspected of having
ovarian endometrioma at their initial eval-
uation who presented to the hospital from
July 2015 to February 2017. The inclusion
criteria were an age of 20 to 35 years and a
plan to conceive after surgery. The exclu-
sion criteria were any suspicious findings
of malignant disease, recurrent endometri-
osis, and hormone therapy within 3 months
before surgery. Written informed consent
was obtained from all patients.

Blood samples were obtained from all
patients to determine their preoperative
AMH levels from the third to fifth days of
their spontaneous menstrual cycle before sur-
gery. The serum AMH concentrations were
measured using an AMH/Miillerian inhibit-
ing substance enzyme immunoassay kit
(Immunotech version; Beckman Coulter,
Marseille, France). The lowest amount of
AMH in a sample that can be detected
with 95% probability is 0.06 ng/mL. The
threshold value of 2.0ng/mL in women
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<35 years of age was used in the present
study based on a previous report.® The
women were divided into two groups accord-
ing to their preoperative AMH level: the high
AMH group (AMH > 2ng/mL) and the low
AMH group (AMH <2ng/mL). All patients
underwent cyst enucleation and suture
hemostasis in ovarian endometrioma strip-
ping surgery.

Blood samples were obtained again to
measure the postoperative AMH levels
from the third to fifth days of the first
menstruation after endometrioma stripping
surgery. On the basis of the change in
the AMH levels, the rate of AMH
decline was calculated using the following
formula’: rate of AMH decline (%)=
100 x (preoperative AMH level — postoper-
ative AMH level)/preoperative AMH level.

After surgery, women who planned to
conceive underwent a 2-year follow-up
period of pregnancy outcomes. Patients
were withdrawn from the study for the fol-
lowing reasons: no wish to conceive after
surgery, unable to be followed up, tubal
infertility, male infertility, and achievement
of pregnancy by ART.

The statistical analysis was conducted
using GraphPad Prism version 6.00 for
Windows (GraphPad Software, San Diego,
CA, USA). The data analysis was based on
Student’s t test. A receiver operator charac-
teristic (ROC) curve was plotted to analyze
the predictive value of AMH, and Kaplan—
Meier (K-M) analysis was used to assess the
cumulative pregnancy rate (CPR). For all
analyses, values of P < 0.05 were considered
statistically significant.

Results

Of 124 patients with a pathological diagno-
sis of endometriosis, we excluded 16
patients who were lost to follow-up and
S patients who became pregnant through
ART. Hence, 103 women who attempted
to conceive spontaneously were included
in the study, and their clinical characteris-
tics are shown in Table 1. The patients in
the high AMH group (n=61) and low
AMH group (n=42) showed no statistical-
ly significant differences in age at surgery,
body mass index, revised American
Fertility Society stage, size of ovarian

Table 1. Clinical characteristics of the study population (n=103).

High AMH group

Low AMH group

Variables (n=6l) (n=42) PIX? value
Age at surgery, years 30.36 £ 0.47 31.42+£0.57 0.156
BMI, kg/m? 20.93+£0.29 20.45+0.32 0.284
rAFS classification
Stage |ll 21 (34.4) 13 (30.9) 0.136
Stage IV 40 (65.6) 29 (69.1)
Diameter of ovarian 746 £2.43 837+2.89 0.434
endometrioma, mm
Bilateral 23 (37.7) 18 (42.9) 0.600
Unilateral 38 (62.3) 24 (57.1)
Preoperative AMH, ng/mL 4.46 +1.20 .29 +£0.35 <0.001
Postoperative AMH, ng/mL ~ 3.31 +0.90 0.85+0.26 <0.001
Decline rate of AMH, % 0.25+0.04 0.34+0.02 <0.001
Pregnancy 38 (62.3) 14 (33.3) 0.007

Data are presented as mean =+ standard deviation or n (%).

AMH, anti-Miillerian hormone; BMI, body mass index; rAFS, revised American Fertility Society.
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endometrioma, or unilaterality/bilaterality.
The AMH level in both groups significantly
decreased after surgery (P<0.001 for
both), and the rate of decline of AMH
was significantly greater in the low AMH
group than in the high AMH group
(P<0.001). Among the 103 patients, 52
pregnancies were registered in 52 women;
the remaining 51 patients did not
get pregnant.

The AMH level was significantly higher
before than after surgery in the high AMH
group (4.51+1.20 vs. 3.04+0.90 ng/mL,
respectively; P < 0.001). The same phenom-
enon was observed in the low AMH group
(0.89£0.36 vs. 0.51 £0.27ng/mL, respec-
tively; P <0.001) (Figure 1).

As shown by the ROC analysis in Figure 2,
the area under the curve (AUC) of the
preoperative AMH level was 0.812 [95%
confidence interval (CI), 0.730-0.893; Std.
P <0.001], the AUC of the postoperative
AMH was 0.706 (95% CI, 0.604-0.808;
P <0.001), and the AUC of the AMH
decline rate was 0.671 (95% CI, 0.565-
0.777, P=0.003). The preoperative AMH
level was associated with the highest
AUC, suggesting that the preoperative
AMH level is highly associated with preg-
nancy. The best cut-off point of the preop-
erative  AMH was 3.545 (sensitivity,

(a) Changes of AMH after surgery in high AMH group
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80.39%,; specificity, 69.23%), and the
Youden index was 0.496 (Youden index =
sensitivity 4 specificity — 1).

K-M curves were used to estimate the
correlation of the CPR with the preopera-
tive AMH level. The women in the high
AMH group had a significantly higher
CPR than those in the low AMH group
(P<0.001) (Figure 3). The probability of
conceiving during the first 12 and 24
months postoperatively was 50.82% and
69.44%, respectively, in the high AMH
group. However, the CPR was 28.57% in
the first year after surgery in the low AMH
group, and there was only slight growth in
the subsequent year (CPR of 33.61%).

Discussion

This study showed that the preoperative
AMH was associated with the highest
AUC, suggesting that the preoperative
AMH level is highly associated with preg-
nancy. The K-M curves to estimate the
association of the CPR with the preopera-
tive AMH showed that women in the high
AMH group had a higher CPR than those
in the low AMH group.

Numerous studies have confirmed the
negative impact of ovarian cystectomy
for endometrioma on ovarian reserve.'*!!

(b) - Changes of AMH after surgery in low AMH group
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Figure 1. Comparison of AMH changes after surgery in different groups. AMH, anti-Miillerian hormone.
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(a) ROC curve of pre-operative AMH (b) ROC curve of post-operative AMH
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Figure 2. (a) Area under the curve of preoperative AMH. (b) Area under the curve of postoperative AMH.
(c) Area under the curve of AMH decline rate. AMH, anti-Miillerian hormone; ROC, receiver operating

characteristic.
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Figure 3. Cumulative pregnancy rate in different
groups. AMH, anti-Miillerian hormone; K-M,
Kaplan—Meier.

This negative impact is regarded to have sev-
eral underlying mechanisms. First, tissue
damage may precede surgery. Fibrosis of
the cyst may have negative effects on

ovulatory function, disturb folliculogenesis,
and decrease follicular density.'? Second, a
portion of the ovarian cortex containing fol-
licles may be inadvertently removed during
cystectomy.'® Finally, ovarian reserve may
be negatively impacted by surgery-related
local inflammation and electrosurgical
coagulation.' Consistent with previous
studies,'>'® we demonstrated that the post-
operative serum AMH levels were signifi-
cantly lower than the preoperative levels in
both the high and low AMH groups. Our
results also suggest that ovarian cystectomy
for endometriomas affects the ovarian
reserve and that AMH could be a marker
capable of identifying ovarian depletion
due to ovarian damage.

Studies of patients who have undergone
endometrioma  stripping surgery have
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shown that fertility can be maintained but
that pregnancy rates are reduced.'” In one
meta-analysis, the chance of pregnancy
after ovarian surgery for endometrioma
ranged from 30% to 67%.'® Our study con-
firms these results with a total pregnancy
rate of 50.49% in women who were trying
to conceive during a 24-month follow-up.
A more acceptable fecundability rate was
observed among women in the high than
low AMH group, which implies that the
AMH level is an important predictor of
pregnancy after laparoscopic endometriosis
surgery.

The data obtained from the present
study are the first to demonstrate that
AMH is the strongest parameter for esti-
mating pregnancy in women with endome-
triosis. According to the ROC curves, the
preoperative level AMH was associated
with the highest AUC, suggesting that the
preoperative AMH level is the most prom-
ising contributor to the prediction of preg-
nancy. Furthermore, the CPR was
significantly higher in the high than low
AMH group in the K-M analysis. This
result suggests that chance of spontaneous
pregnancy is strongly correlated with the
preoperative AMH level and that a higher
preoperative AMH level might be associat-
ed with a higher pregnancy rate. Hence, our
data may assist physicians in encouraging
patients with endometriosis who present
with high AMH levels to continue to
pursue spontaneous pregnancy during the
first 2 years after surgery. Optimal fertility
management would help to avoid costly
and invasive fertility protocols, particularly
in poorly resourced areas in which ART are
difficult to access or women cannot afford
it. However, for women with low AMH
levels who are counseled regarding their
substantially reduced pregnancy chances,
providing an ART recommendation as
soon as possible would seem crucial to opti-
mize their chance of pregnancy.

On the basis of the results of our study,
we conclude that the preoperative AMH
level can be used as a unique tool to predict
the occurrence of natural pregnancy after
endometriosis surgery. Preoperative AMH
level measurements can be used as part of
a fertility strategy for women undergoing
endometriosis surgery and seeking fertility
assistance. However, the main limitation of
the present study is its small sample size.
Therefore, a large-scale study should be
performed in the future to confirm the
results of this study.
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