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Abstract

Serum anti-Mllerian hormone (SAMH) is a useful marker of ovarian reserve. In many patients, the sSAMH levels gradually FGCQ

after falling to the lowest level after surgery (nadir phenomenon). This study aimed to analyze the factors related to sAMH
recovery from the nadir after an ovarian cystectomy for endometriosis among Korean women. A total of 159 patients with ovarian
endometriosis were included in the study. The sSAMH levels were measured before surgery and at least twice within 12 months after
the surgery. The patients were divided into two groups: those with recovery (nadir group) and those without recovery (reduction
group). Postoperative recovery of the SAMH levels from the nadir was not related to the stage and bilaterality of the lesion, surgical
methods, such as robot-assisted or laparoscopic surgery, or surgical time. In the nadir group, the level of preoperative cancer
antigen 125 was significantly higher, and it decreased significantly after the surgery than in the reduction group (P =.02 and
P =.02). Additionally, the postoperative C-reactive protein (CRP) level was significantly higher in the nadir group, and it increased
significantly after the surgery than in the reduction group (P = .03 and P = .04). The increasing degree of perioperative CRP level
showed a cutoff value on the receiver operating characteristic curve (0.735 mg/dL, area under curve = 0.604; P = .04). Increased
serum CRP levels after surgery are significantly related to the recovery of SAMH levels from the nadir. Therefore, postoperative
serum CRP level could be used as a marker to predict the sSAMH nadir after surgery.

Abbreviations: AMH = anti-Mdullerian hormone, CA-125 = cancer antigen 125, CRP = C-reactive protein, ESR = estimated
sedimentation rate, FSH = follicle-stimulating hormone, GnRHa = gonadotropin-releasing hormone agonist, SAMH = serum anti-

Mullerian hormone, WBC = white blood cell.
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1. Introduction

Anti-Miillerian hormone (AMH) is a glycoprotein hormone
that is synthesized by the granulosa cells of the ovarian cor-
tex. This molecule is a useful marker of ovarian reserve. Thus,
gynecologic endocrinologists often use this hormone as a clin-
ical reproductive predictor.!! The serum AMH (sAMH) levels
slightly or dramatically decreased due to an ovarian cystic
mass. Ovarian endometriosis typically occurs because of the
progression of endometriosis in the ovary.?! Most gynecolo-
gists treat this difficult disease with cystic mass lesion resection
and frequent adhesiolysis to reduce pelvic pain or prepare for
subsequent reproduction. However, according to meta-analy-
ses, SAMH levels decrease by 54.2% after surgical resection of
lesions. >l

There are several methods for measuring ovarian reserve.
The most widely used method is by measuring the levels of
follicle-stimulating hormone (FSH). Although this method has
an advantage of high specificity, its disadvantages include low
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sensitivity, severe variation according to the menstrual cycle,
and low reproducibility between tests.*! Estradiol has an
advantage of being less affected by the menstrual cycle; how-
ever, it is not recommended to solely predict the ovarian reserve
because of its low predictive power. It is more appropriate to
interpret FSH levels.!®! Inhibin B is also not suitable for measur-
ing the ovarian reserve because it varies with gonadotropin-re-
leasing hormone agonist (GnRHa) and FSH levels.>' sSAMH is
less affected by gonadotropin; therefore, it is less affected by the
menstrual cycle. It also has the advantages of high sensitivity,
specificity, and predictive power, making it a popular method
for evaluating the ovarian reserve.l! Although sAMH also has
some limitations, it is a popular marker for evaluating ovarian
reserve.l1’!

Women are born with a certain number of follicles that
produce AMH, and it is well known that surgery for ovar-
ian lesions and endometriosis leads to a decrease in ovarian
reserve. Decreased sSAMH levels are due to destruction of folli-
cles by surgical injury; therefore, sSAMH levels remain reduced.
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However, sSAMH levels gradually recover to an extent after fall-
ing to the lowest level after surgery. The “nadir,” which looks
like an impossible recovery, is shown in many patients treated
with cystectomy.

This study aimed to analyze the factors related to SAMH
recovery from the nadir after an ovarian cystectomy for endo-
metriosis among Korean women.

2. Methods

A total of 182 patients with ovarian endometriosis who visited
the Kyungpook National University Chilgok Hospital between
April 2012 and February 2021 were reviewed. The stages of
endometriosis (I-IV) in each patient were evaluated, according
to the revised classification of endometriosis by the American
Society for Reproductive Medicine. We excluded 15 patients
who did not receive any drugs after the surgery. One patient was
excluded due to unclear drug administration after the surgery,
and seven patients were excluded because of insufficient sSAMH
measurements (Fig. 1). A total of 159 patients were reviewed
and analyzed. The institutional review board of Kyungpook
National University Chilgok Hospital approved this study
(KNUMC2021-07-005).

All the participants underwent unilateral or bilateral ovarian
cystectomy. All the surgeries were performed by four gynecolo-
gists using laparoscopic or robotic devices from a single insti-
tution. After introducing the laparoscopic or robotic device,
the endometriosis lesion and its capsule in the ovary were com-
pletely resected, and adhesiolysis was performed around the pel-
vic cavity. Ovarian sutures and a hemostatic agent were used to
control the hemorrhage. Bipolar cauterization was used to stop
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arterial bleeding, and a suture or hemostatic agent was used for
uncontrolled bleeding.

A GnRHa was administered three times to many participants
immediately after the surgery. Additionally, all the participants
used dienogest or oral contraceptives to prevent postoperative
recurrence.

All the participants were required to undergo sAMH mea-
surement at least three times. These included sSAMH measure-
ment before the surgery (preoperative SAMH) and at least twice
within 24 months after the surgery using the chemiluminescence
immunoassay Unicel® DxI 800 (Beckman Coulter, Fullerton,
CA), according to the manufacturer’s instructions. This method
had a detection threshold of 0.035 pmol/L (0.0049 ng/mL)
and a variation coefficient of 10.0% or less for sSAMH level of
0.16 ng/mL or more.

In most cases, a drastic reduction in the sSAMH levels was
observed at the first postoperative measurement. Some patients
showed sAMH recovery at the next measurement during the fol-
low-up period. The patients were classified into the nadir group.
Others showed similar level of consecutive sSAMH reduction
and were classified into the reduction group.

The white blood cell (WBC) count, absolute neutrophil
count, estimated sedimentation rate (ESR), C-reactive protein
(CRP), and cancer antigen 125 (CA-125) were measured. Of
the five inflammatory factors, WBC count, absolute neutrophil
count, and CRP levels were measured on the day after sur-
gery. The ESR and CA-125 levels were measured after 3 to
6 months.

The Student’s ¢ test or Mann—Whitney U test was used to
compare the mean values of both groups. The chi-square test
or Fisher’s exact test was used to analyze the relationship
between certain factors in both groups. The receiver operating
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Figure 1. Flow diagram for patient selection (*Dienogest or ethinyl estradiol). SAMH = Serum anti-Mdllerian hormone.
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characteristic curve was used to evaluate the area under the
curve, and the Youden’s index was used to determine the cutoff
value. Statistical analysis was carried out using SPSS software
(v26; IBM Corp., Armonk, NY). Statistical significance was set
at P <.0S.

3. Results

Of the 159 patients, 106 (66.7%) were classified into the nadir
group, and the rest were classified into the reduction group. No
significant differences were found in the patient characteristics
or clinical factors between the groups (Table 1).

There were 90.6% and 81.2% (P = .23) patients with stage III
or IV endometriosis in the nadir and reduction groups, respec-
tively. Bilateral ovarian endometriomas were observed in 47.2%
and 45.3% (P = .87) of the patients in the nadir and reduction
groups, respectively. The mean size of lesions was 7.12 = 3.50
and 7.07 = 3.17 c¢m in the nadir and reduction groups (P =.95),
respectively. Robot-assisted cystectomy was performed in
59.4% and 52.8% (P =.50) of the patients in the nadir and
reduction groups, respectively.

The postoperative recovery of sSAMH level from the nadir
after the surgery was not related to the stage and bilaterality of
the lesion, surgical methods, such as robot-assisted or laparo-
scopic surgery, or surgical time.

In the nadir group, the level of preoperative CA-125 was sig-
nificantly higher, and it decreased significantly after the surgery
than in the reduction group (P = .02 and P = .02). The postoper-
ative CRP level was significantly higher in the nadir group, and
it increased significantly after the surgery than in the reduction
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group (P =.03 and P =.04). Other inflammatory factors were
not significantly different between the groups before and after
the surgery. These differences were not statistically significant
(Table 2).

The four factors that showed significance were analyzed
using the receiver operating characteristic curve, wherein, sta-
tistical significance was only observed for the change in serum
CRP level (P =.04), with an area under the curve of 0.604.
Additionally, the cutoff value of the change in serum CRP level
for the sSAMH nadir was 0.735 mg/dL, with 88.7% sensitivity,
31.4% specificity, 57.1% negative predictive value, 72.9% posi-
tive predictive value, and 70.1% accuracy (Fig. 2).

4. Discussion

This study presents a method to easily and objectively predict
the postoperative nadir phenomenon in sAMH for ovarian
endometriomas. This study deserves to be valued for presenting
the relationship between the nadir phenomenon and postoper-
ative sSAMH levels using inflammatory factors, such as CA-125
and CRP, which can be easily identified in clinical practice.

The results of our study suggest that inflammation-related
factors like CRP and CA-125 are associated with the nadir
phenomenon for sSAMH after surgery. This implies that SAMH
recovery from postoperative nadir levels tends to develop under
inflammatory conditions, and these findings are similar to those
of a previous study.'!! In that study, an inverse correlation
between sSAMH levels and the activity index of Crohn’s was
revealed. Thus, researchers have found significantly lower levels
of sSAMH in the active disease group.

Patient characteristics and clinical factors between the serum anti-Miillerian hormone nadir and reduction groups.

Nadir group Reduction group Pvalue
Total patients (n) 106 53
Age (yr) 29.86 + 6.20 29.57 +6.82 79
Obstetric history
Gravida (n) 0.41 +0.95 0.43 +1.01 .62*
Parity (n) 0.26 +0.68 0.25+0.59 .86*
Abortion (n) 014 +0.45 0.25+0.83 40"
Menarche (yr) 1323 +1.31 13.38 +1.43 51*
Dysmenorrhoeat 4.92 + 2.66 519 + 2.68 55"
rASRM stage (n)
| 4 (3.8%) 3(5.7%) 23t
Il 6 (5.7%) 7 (13.2%)
Il 13 (12.3%) 9(17.0%)
v 83 (78.3%) 34 (64.2%)
Bilaterality of lesion (n)
Unilateral endometrioma 56 (52.8%) 29 (54.7%) 871
Bilateral endometrioma 50 (47.2%) 24 (45.3%)
Total size of lesion (cm) 712 +3.50 7.07 +3.17 95
Method of surgery (n)
Robot-assisted cystectomy 63 (59.4%) 28 (52.8%) 50t
Laparoscopy-assisted cystectomy 43 (40.6%) 25 (47.2%)
Time of surgery (min) 114.52 + 48.37 122.49 + 64.65 31"
Method of bleeding control (n)
Suture and hemostatic agent 100 (94.3%) 49 (92.5%) 73t
Hemostatic agent alone 6 (5.7%) 4(7.5%)
Administration of GnRHa after surgery (n) 75 (70.8%) 36 (67.9%) .86t
Medication after surgery
Dienogest (n) 96 (90.6%) 45 (84.9%) A3t
Medication period (m) 19.18 + 11.30 21.04 £11.35 .36*
Drospireonone/ethinyl estradiol (n) 10 (9.4%) 8 (15.1%) 431
Period of medication (m) 26.60 + 26.14 28.63 +24.39 87*

Data are presented as means + SDs or numbers.

rASRM = revised American Society for Reproductive Medicine, GnRHa = Gonadotropin-releasing hormone agonist.

*Evaluated with Student ¢ test or Mann—Whitney U test.
tEvaluated with chi-square test or Fisher’s exact test.
FEvaluated with visual analogue scale (VAS) score.
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Comparison of inflammatory factors before and after the surgery, and the difference between the serum anti-Miillerian hormone

nadir and reduction groups.

Nadir group Reduction group Pvalue

WBC count (n)

Preoperative 6233.21 + 1625.26 6565.28 + 1674.57 237

Postoperative 9250.38 + 2690.38 8961.89 + 2644.84 521*

Difference 3017.17 + 2495.01 2396.60 + 2481.45 141
ANC (n)

Preoperative 3978.32 = 1474.48 3994.90 = 1403.89 .946*

Postoperative 7268.09 + 2707.97 6879.39 + 2553.16 404"

Difference 3372.64 + 2585.94 3067.02 + 2368.79 492%
ESR (mm/h)

Preoperative 17.05+15.23 19.37 +15.83 .386*

Postoperative 3.48 + 4.66 2.29 +0.83 776t

Difference -9.74 +£9.73 -8.07 £ 9.49 454+
CRP (mg/dL)

Preoperative 0.15+0.30 0.24 +0.96 378"

Postoperative 3.22+3.21 2.32 +2.05 .033*

Difference 3.07+£3.20 2.05+218 .040*
CA-125 (UrdL)

Preoperative 78.86 +99.78 52.93 + 36.80 .022*

Postoperative 16.78 + 13.67 23.88 + 37.52 .300*

Difference —61.33 £ 109.03 —25.77 = 40.91 .024*

Data are presented as means + SDs or numbers.

ANC = absolute neutrophil count, CA-125= cancer antigen 125, CRP = C-reactive protein, ESR = erythrocyte sedimentation rate, WBC = white blood cell.

*Evaluated with Student £ test.
tEvaluated with Mann—Whitney U test.
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Figure 2. Receiver operating characteristic curve for increased serum CRP
and its cutoff value, which showed the nadir of serum AMH after ovarian cys-
tectomy due to ovarian endometriosis (*Determined by the Youden’s index).
AMH = anti-MUllerian hormone, CRP = C-reactive protein.

We conducted a subgroup analysis to determine whether
sAMH increased significantly compared to the lowest level
in the nadir group. The mean latest sSAMH level of the nadir
group was not significantly higher than the lowest. Additionally,
it remained at a significantly lower level than the preoperative
level. Furthermore, we could not find any patient who recovered
above the preoperative level.

We found a previous study that may explain the insufficient
recovery of sSAMH levels. Postoperative ovarian inflammation

can either decrease AMH secretion by the granulosa cells or mod-
ify follicle development with a transitory decrease in the activ-
ity of several primary, preantral, and small antral follicles.'? As
reported by the authors, the sSAMH in this study might have been
transiently suppressed by a certain level of inflammation above
the threshold. Another recent study examined the correlation
between inflammatory response and ovarian reserve after surgery
for ovarian endometriosis.!'3! These authors showed that serum
interleukin-6 related to the inflammatory response was lower in a
dinogest group than in a GnRHa group before surgery, although
they could not explain the reason. The relationship between ovar-
ian follicles and systemic inflammation has not been proven by
meta-analyses or by large randomized controlled studies.
Previous studies have reported a relationship between certain
drugs or surgical methods and recovery from sAMH. According
to Kitajima et al, the preoperative use of dinogest suppresses
lesion progression, which is effective for sSAMH recovery after
ovarian endometriosis treatment.!'*! These authors explained
that the ovarian tissue is protected from severe surgical injury
using the dinogest, which suppresses endometriosis preopera-
tively. In our study, all the participants used dinogest or ethinyl-
estradiol for an average of 19 to 29 months postoperatively. The
drugs used and duration of usage did not correlate with sSAMH
recovery from the nadir. Tsolakidis et al reported laser CO,
vaporization ablation as an effective treatment for ovarian func-
tion preservation under GnRH suppression in endometriosis.!*’!
According to another recent study, sSAMH levels show vari-
ability during the menstrual cycle (intra-cycle), between the
menstrual cycles (inter-cycle), and between women (inter-par-
ticipant). There are conflicting reports in the literature regarding
the degree of inter-cycle and intra-cycle variability of SAMH lev-
els. Less variability was suggested for 26 to 40 years age group
than for 18 to 25 years age group.''? Another study reported
that a higher circulating sSAMH level was observed during the
luteal phase, although the reason for this is still unclear. It has
been postulated that the measured sAMH levels reflect the
recruited follicle pool rather than the overall number of primor-
dial follicles residing in both ovaries.'”! Considering these and
previous studies, SAMH does not appear to reflect the overall
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number of primary follicles. This suggests that sSAMH may not
be a precise marker for predicting successful reproduction.

This study had some limitations. First, this was a retrospec-
tive study with data from a single institution. Second, we could
not exclude bias due to inter-cycle variability of sSAMH. Third,
some postoperative inflammatory factors, such as CA-125 or
ESR were not measured on the planned date. Fourth, we could
not exclude participants older than 40 years, although they gen-
erally showed lower levels of sSAMH than women in their 20s or
30s. In this study, nine (5.7%) patients in the total group were
41 to 45 years old.

5. Conclusions

Increased serum CRP levels after surgery are significantly related
to the recovery of SAMH from the nadir. Postoperative serum
CRP level could be used as a marker to predict the sSAMH nadir
after surgery.
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