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ABSTRACT

The aim. To conduct a comparative analysis of clinical and anamnestic data in women of reproductive age after
ovarian cyst surgery and with occult premature ovarian insufficiency (POI) to predict a poor ovarian response to
stimulation.

Materials and methods. We conducted a retrospective study of medical records of women (aged 18—40 years)
with infertility at the Assisted Reproductive Technology Center of Siberian State Medical University from 2017
to 2020. The main group consisted of 84 patients who underwent ovarian cyst surgery. The comparison group
consisted of 33 patients with biochemical signs of POI (follicle stimulating hormone (FSH) 10-12 mMU / ml) who
did not undergo ovarian cyst surgery. Anti-Mullerian hormone (AMH), FSH, estradiol, the antral follicle count
(AFC), and the ovarian response to stimulation were compared.

Results. A correlation was established between AFC and a poor ovarian response both in the main group (»=-0.7;
p = 0.004) and in the comparison group (» = —0.620; p = 0.000) in women under 35 years of age. A correlation
was found between the concentration of estradiol and a poor ovarian response in the comparison group in women
over 35 years of age (»r =—-0.707; p = 0.001). A moderate negative correlation between AMH and a poor ovarian
response was revealed only in the main group of women under the age of 35 years (» = —0.589; p = 0.021).
A moderate negative correlation between AMH and a poor ovarian response was revealed in the comparison group
in women under the age of 35 years ( = —0.648; p = 0.000), a weak negative correlation was found for women at
the age of 35 years (» =-0.500; p = 0.004). In both groups, the level of FSH did not determine the ovarian response
to stimulation.

Conclusion. The determination of AFC and AMH is more significant in predicting a poor ovarian response in
women after ovarian surgery and in women with occult signs of POI under the age of 35 years, compared with
FSH. In the group of women over 35 years with occult signs of POI, the concentration of estradiol may matter in
predicting a poor ovarian response, which requires further research.
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MporHo3sunpoBaHue «6egHOro oTBeTa» B NporpaMmmMax BComMoraTefibHbIX
penpoAYKTUBHbIX TEXHONOrNIA Nocse onepaTuBHbIX BMeLlaTeNbCTB
Ha ANYHUKAX

AmuTtpunesa M.J1., Netpos U.A., TuxoHosckasa O.A., JlorsuHos C.B., flyma O.M.,
Kocumosa 3.0., YepHbiwoBa M.A., IOpbes C.10., Tumodeena O.C., XKaaHkuHa A.A.,
Fepacumos A.B.

Cubupckuii cocyoapcmeennwiil meouyurckuil ynusepcumem (Cubl’ MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

PE3IOME

Iean. IIpoBecTn cpaBHUTENBHBIH aHANIN3 KIMHUKO-aHAMHECTHUECKUX MAHHBIX Y KEHIIMH PENpOJyKTHBHOTO
BO3pAcTa C OMEPAaTHBHBIMU BMENIATENbCTBAMHI HA SIMYHUKAX U C OKKYJIBTHBIMH TPHU3HAKAMH MPEkKIEBPEMEHHON
HegoctaTouyHocTH ssmaHnKoB (ITHS) nist mporuo3upoBanus «O6€IHOT0 OTBETa) Ha CTUMYJISILIUIO.

Matepunajabl u MeToAbl. IIpoBeCHO PETPOCHEKTUBHOE MCCIEAOBAaHUE MEAMLUHCKUX KapT skeHUuH (18—
40 niet) ¢ 6ecronnem LleHTpa BcnoMoraTenbHBIX Pernpo yKTHBHBIX TeXHOJIOrHi CHOMPCKOro rocy1apcTBEHHOTO
MeaunuHckoro yHusepcurera ¢ 2017 mo 2020 r. OcHoBHas rpymnmna — 84 MAaLUEHTKU € ONEPATHBHBIMU
BMCIIIATCIbCTBAMH Ha SIMYHUKAX. [ pynmna cpaBHEHUS — 33 MalMEHTKH ¢ OMOXMMHUYCCKHUMHU npu3Hakamu [THSI
(dommukynoctumynupyrommuii ropmoH (PCIY) 10-12 MME/Mit) 6e3 onepaTuBHOTO BMEIIATEIBCTBA HA SUYHUKAX.
[MpoBoguiock cpaBHeHHe aHTHMIOIepoBa ropmoHa (AMIY), ®CI, scrpagmorna, KoiIMYecTBa aHTPAIBHBIX
¢dommkynoB (KAD), oTBeT SIMYHUKOB HA CTUMYJISIIUIO OBYJISIIIUH.

Pe3yabTaThl. YcTaHOBIIEHA KOPPENSIMOHHAS CBSI3b MekaTy KAD u «OemHpIM OTBETOM» KaK B OCHOBHOM IpyTIIie
(r=-0,7; p = 0,004), Tak u B rpynne cpaBHenus (» = —0,620; p = 0,000) y »xenmmH miamme 35 net. Brisisnena
KOppEISIIIMOHHAS CBA3b MEXKAY KOHIICHTpAlUeH 3CTpaauoia M «OeJHBIM OTBETOM» B TPYIIIE CPaBHEHHSA Y
sKeHIH crapme 35 set (r = —0,707; p = 0,001). OtpunarensHas 3aBUCUMOCTb CpeiHel cmtel Mexxny AMIT u
«OeTHBIM OTBETOM» BBISBIICHA TOJIBKO B OCHOBHOMH rpyrmie B Bo3pacte miamme 35 ner (» = —0,589; p = 0,021).
CpenHsist oTpHLaTeNbHas CBsI3b MeKTy AMI™ 1 «OeTHBIM OTBETOM) BEIBIEHA B IPYIIIE CPAaBHEHUS Yy KEHIIHH B
Bo3pacte miame 35 aet (r =-0,648; p = 0,000), cnadast oTpunaTeIbHAS B3aUMOCBS3b — B BO3pacTe cTapiie 35 et
(r=-0,500; p = 0,004). B 06enx rpynmax ypoeab OCI" He mpenonpenens OTBET SHYHIKOB Ha CTUMYJISLIUIO.

3aximouenune. Omnpeneneane KA® u AMIT aBnsioTcst Gosiee 3HaUMMBIMH IIPU MPOTHO3MPOBAHUM «OETHOTO
OTBETa» y JKEHIINH KaK C ONEePUPOBAHHBIMH SMYHHKAMH, TaK M y >KEHIIHMH C OKKYJIbTHBIMU Npu3Hakamu ITHS B
Bo3pacTe muaaure 35 aet no cpasHenuto ¢ @CI'. B rpynme ¢ okkynbTHeIME Tpu3Hakamu [THS y skeHmun ctapie
35 ner mpu NMpPOrHO3UPOBAHUU «OETHOTO OTBETA», BEPOSTHO, UMEET 3HAUEHNE KOHLEHTpANUs 3CTPAANOa, UYTo
TpeOyeT JambHEeHIINX UCCIeJOBAHHUH.

KuroueBrbie ciaoBa: <(6elIHBIfI OTBET» SIMYHHUKOB, ONCpAllMd Ha AWYHHUKAX, BCIIOMOI'aTCIbHBIC PCIIPOAYKTHUBHBIC
TCXHOJIOTUH, ANYHUKU, OBapHaHbeIﬁ pe3epB

KoHduuKkT HHTEpecoB. ABTOPbI ACKIAPUPYIOT OTCYTCTBUE SBHBIX M IOTCHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNKeil HaCTOSIIEeH CTaThU.

Hcrounuk ¢punancupoBanmsi. [Ipoekt noanepixan KOHKypcHO# komuceneid Cu6I' MY (poTokoI 3acejaHust OT
27.06.2022) B cooTBEeTCTBUU ¢ HojoxeHHeM oT 16.05.2022 Ne 51 «O nmopzepikke HaydHO-HCCIEA0BATEIbCKUX
MIPOEKTOB, BHITIOJIHSIEMBIX MOJIOABIMH yueHbIMH “SibMed.Scholar”.

CooTBeTCTBHE NPUHIMIAM THKH. Bce HalMeHThl MOANKMCAIN HMHGOPMHUPOBAHHOE COIJIACHE HA YYacTHE B
uccnenosanun. Mccenenosanue ogodpeno stmdeckum komuretoM CuolI'MY (mpotokor Ne 9308 ot 15.12.2022).

Jast umtupoBanus: Jmutpuesa M.JL., [lerpoB U.A., Tuxonosckas O.A., Jlorsunos C.B., JIlyma O.M., Kocumo-
Ba 3.0., Yepnsimosa M.A., FOpses C.1O., Tumodeesa O.C., XKnankuna A.A., ['epacumoB A.B. [Iporaosuposanue
«OeTHOTO OTBETa» B MPOrpaMMax BCIIOMOTATEIbHBIX PEIPOIYKTUBHBIX TEXHOJIOTHIT [TOCIIC ONEPATHBHBIX BMEIIIa-
TEJBCTB Ha SIUUHUKAX. brosiemens cubupckoui meouyunsl. 2023;22(4):31-38. https://doi.org/10.20538/1682-0363-
2023-4-31-38.
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INTRODUCTION

Predicting the outcomes of assisted reproductive
technologies (ART) is relevant not only for fertility
specialists, but also for women with infertility
themselves. An accurate diagnosis increases the
effectiveness of ART and meets patients’ expectations.
To accomplish this task, using available clinical and
laboratory parameters is reasonable, which will not
contradict medical examination guidelines.

According to the Bologna criteria adopted in 2011
by the ESHRE, a poor ovarian response (POR) is a
failure of woman’s ovaries to respond to the selected
stimulation protocol. The diagnosis of POR can
be established after at least one cycle of ovulation
induction and if at least two of the following three
features are present: maternal age > 40 years or risk
factors for a poor ovarian response; less than three
oocytes retrieved with the standard stimulation
protocol; an abnormal ovarian reserve test (antral
follicle count (AFC) less than 5-7, anti-Mullerian
hormone (AMH) less than 0.7-1.1 ng/ml) [1]. Women
at risk of POR are those with clinical and anamnestic
signs of diminished ovarian reserve: structural
chromosome aberrations and gene mutations that
can lead to primary ovarian insufficiency, including
Turner syndrome and FMRI1 premutation [2]; a
history of pelvic inflammatory diseases, including
chlamydiosis [3, 4]; cyst or endometrioma removal
[5, 6]; past chemotherapy [2, 7].

Thus, while POR is already implied in case of
a surgical intervention on the ovaries, predicting
POR in women with hypergonadotropism is fairly
challenging. Women with infertility due to ovarian
aging, sometimes referred to as primary ovarian
insufficiency, account for a substantial proportion of
patients seeking treatment in ART centers. This group
of patients is growing, since a large number of women
postpone childbearing until 30-40 years of age, and it
is impossible to establish a clear cause in more than a
half of them [1].

In addition to the 2011 Bologna criteria of
POR, fertility specialists also use the POSEIDON
stratification proposed in 2016 for low prognosis
patients in ovulation induction. The literature data
show a need for further clinical research to confirm
the effectiveness of the ESHRE and POSEIDON
approaches for better ART outcomes [8].

The aim of this study was to conduct a comparative
analysis of clinical and anamnestic data in women of
reproductive age after ovarian cyst surgeries and with

occult primary ovarian insufficiency (POI) to predict a
poor ovarian response to stimulation.

MATERIALS AND METHODS

A retrospective study included women who
underwent infertility treatment in the ART Center of
Siberian State Medical University from 2017 to 2020.
The main group encompassed women of reproductive
age with infertility and past ovarian surgery (n = 84).
The main group was divided into two subgroups
according to age: subgroup 1 — women under 35 years
(n=>51), subgroup 2 —women aged 35 years and older
(n = 33). The comparison group consisted of women
of reproductive age with infertility and serum follicle-
stimulating hormone (FSH) concentration of 10—
12 mIU / ml before ovulation stimulation (which is
typical of occult POI) (n = 33) [9]. The comparison
group was also divided into two subgroups: subgroup
1 — women under 35 years (n = 15), subgroup
2 — women aged 35 years and older (n = 18). The
groups were divided by age according to the current
understanding of the hormonal function of the ovaries
and the size of ovarian reserve, as well as according
to the current POSEIDON stratification assessing
diminished ovarian reserve [10].

The inclusion criteria were somatically healthy
women of reproductive age (18—40 years) with
normoprolactinemia  and  euthyroidism.  The
exclusion criteria were failure to meet the inclusion
criteria; metabolic and endocrine disorders (diabetes
mellitus, all classes of obesity); myoma that requires
surgical treatment; endometriosis; premalignant
and malignant diseases; extragenital diseases
accompanied by immune and endocrine disorders;
contraindications to in vitro fertilization (IVF)
according to the order No. 803n of the Ministry of
Health of the Russian Federation of 31.07.2020 “On
the Procedure for the Use of Assisted Reproductive
Technologies, Contraindications, and Restrictions on
their Use”.

The women were examined in accordance
with the clinical guidelines ‘“Assisted reproductive
technologies and artificial insemination” (letter of
the Ministry of Health of the Russian Federation of
5.03.2019 No.15-4/1/2-1908, of 05.03.2019 No.15-
4/i/2-1908) and medical examination guidelines. The
data analysis included the results of the following
tests and procedures: 1) clinical procedures: analysis
of medical records, study of past medical history,
complaints, and physical exam data; 2) routine clinical
laboratory tests; 3) diagnostic imaging and procedures:
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pelvic ultrasound (AFC), data of past laparoscopic /
laparotomic surgery; 4) measurement of serum FSH,
luteinizing hormone (LH), estradiol, and AMH
levels; 5) number of follicles before a transvaginal
puncture, number of oocytes retrieved. In all the cases,
multifollicular ovarian stimulation in the IVF program
was performed according to the established protocol
using gonadotropin-releasing hormone (GnRH)
antagonists from day 6 of stimulation.

The obtained findings were processed using
SPSS® 26.0 (© SPSS Inc.). The quantitative data were
presented as the median and the interquartile range
Me (Q,~Q,). The significance of the differences was
estimated using the nonparameteric Kruskal — Wallis
test for independent samples. The correlation between
the parameters was studied using the Pearson’s
correlation coefficient 2 and the Spearman’s
rank correlation coefficient. The differences were
considered statistically significant at p < 0.05.

RESULTS

The clinical and anamnestic parameters of the
patients with infertility in the main and comparison
groups are presented in Table 1. There were no
significant differences between the subgroups in the
age, body mass index (BMI), age of menarche, history
of IVF (the Kruskal — Wallis test; significant differences
between the groups were considered at p < 0.05).

Significant differences were found in the duration
of infertility in women of subgroup 2 of the main group
and subgroup 2 of the comparison group, as well as
when comparing subgroups 1 and 2 of the comparison
group in the context of hypergonadotropism (Table 1).

The median age of the patients was comparable
and was 34 (32-36) years. The duration of infertility
ranged from 2 to 15 years and equaled to 6 (4-10)
years. It was greater in the comparison group, namely,
in the women of subgroup 2 (Table 1).

Table 1

Comparative characteristics of clinical and anamnestic data of the examined groups, Me (Q —0,)

1 1 ES *
Main group *p. sub- Comparison group *p, subgroups | P subgroups p, subgroups
1 of the main 2 of the main
Parameter Subgroup 1, | Subgroup 2, | groups of the | Subgroup 1, | Subgroup 2, of.the compar- | and com- | group and com-
n=>51 n=33 main group n=15 n=18 1son group . .
parison group | parison group
320 36.0 . 330 380 .
Age, years (29.0-34.0) | (35.0-37.0) | 0001 (32.0-34.0) | (36.0-39.0) | 0001 0.100 0.060
23.4 25.8 23.8 21.1
2
BMLkg/m™ | 095275 | is314y | %% | @0057) | 198249) | O 0789 0.060
Age of men- 13.0 13.0 13.0 14.0
arche, years (12.0-14.0) | (12.0-14.0) 0.432 (12.0-14.0) | (13.0-14.0) 0.325 0.524 0.282
Duration of 6.0 6.0 4.0 10.5 % %
infertility, years | (4.0-8.0) | (2.5-10.0) 0.928 20-80) | 35-153) | 0008 0.105 0.045
1.0 1.0 2.0 1.5
Past IVF 1020 | (1020 0742 | (1050 | 1020 0.656 0.462 0.957

Here and in Table 2: * Kruskal — Wallis test; the differences between the groups are significant at p < 0.05.

Past surgical interventions on the ovaries in the
patients of the main group were performed for the
following indications: ovarian apoplexy — 39 cases
(46.45%), of which in 13 cases (33.33%), the affected
ovarian tissue was sutured, while in 26 cases (66.67%),
the ovary was resected; ovarian cystectomy due to a
complicated follicular cyst on the ovary (hemorrhage,
rupture) — 26 cases (30.95%); ovarian cystectomy due
to a complicated corpus luteum cyst (hemorrhage,
rupture) — 9 cases (10.71%); ovarian cystectomy due
to benign ovarian tumors — 10 cases (11.9%) (serous
cystadenoma (4), dermoid cyst (3), fibroma (3)). Four
women underwent recurrent surgery: 1 — for ovarian
fibroma, 2 — for a complicated follicular cyst, 1 —
for ovarian apoplexy. Thus, surgical treatment was
predominantly done via laparoscopy using organ-

preserving techniques. A comparative analysis of the
indications for ovarian surgery in the subgroups of the
main group did not reveal any significant differences.

The data in Table 2 demonstrate that the level of
FSH was predictably higher in women aged 35 years
and older in both groups; a significant difference
was identified in the estradiol levels in women aged
35 years and older compared to the women under
35 years in the main group.

Moreover, there were no significant differences in
the AFC (p > 0.05). The number of oocytes retrieved
showed no significant differences either (p > 0.05).

All the patients underwent multifollicular ovarian
stimulation in the IVF program according to the
established protocol using GnRH antagonists from
day 6 of the stimulation.
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Table 2

Characteristics of hormonal status and antral follicle count of the examined women with infertility before ovarian stimulation
in IVF programs, Me (Q0,-0,)

Main group Comparison group * *
b 1 of the | sub 2 of th
Parameter Subgroup 1, | Subgroup 2, p* Subgroup 1, | Subgroup 2, | p* SUDETOUpS © G111 | SULETOUPS 2 02 the
main group and main group and
n=>51 n=233 n=15 n=18 . .
comparison group | comparison group
6.7 8.5 . 10.4 11.1 . .
FSH, mIU / ml (55.89) 67122 | %9 | (101-109) | (103116 | 010 <0.001 0.004
5.1 47 5.4 5.9 .
LH, mIU / ml (5669 (2.64) 0166 | 4o'so) | @783 | 0708 0375 0.013
4 80.0 221.0 . 108.0 138.4
Estradiol, pmol /11 36 7 164.8) | (105.0-351.0) | %" | (67.1-179.1) | (65.9-226.0)| **!! 0163 0.067
1.47 1.34 0.69 13
AMH, ng /ml 0.66-382) | (0.57222) | %49 | 046-4.73) | (0.66-1.79) | ©762 0.447 0.754
9.5 7.0 9.0 6.0
AFC 40-140) | 352135 | "9 | @s140) | 5.0-15.0) | *3%6 0-851 0-600
5.0 40 3.0 3.0
Oocytes 2095 20.85) 0761 | o100 | @os0 | ©73 0.708 0.225

In the main group, a poor ovarian response
accounted for 39.3% of cases and was distributed in
the following way: 40.8% in subgroup 1 and 39.4% in
subgroup 2 (p = 0.465, y2 = 0.533). In the comparison
group, a poor ovarian response occurred in 57.6 %
of cases. In patients under 35 years, a poor ovarian
response to stimulation was recorded in 53.3% of
cases; in women over 35 years, it was detected in
58.8% of cases (p = 0.782, 2 = 0.077). In subgroup
2 of the main group, a poor ovarian response to
stimulation occurred less often than in subgroup 2 of
the comparison group (p = 0.000, ¥2 = 0.486).

A subsequent correlation analysis revealed a
phenomenon that had not previously been described
by other researchers: a moderate negative correlation
between AFC and a poor ovarian response in women
under 35 years in the main group (» =-0.7, p = 0.004)
and in the comparison group (r = —0.620, p = 0.001).
Such correlation was not established in the main group
of women older than 35 years (r =—-0.034, p = 0.894).
Only a weak negative linear relationship was found
in the comparison group in women over 35 years (7 =
—0.372, p=0.033). This fact suggests that it is possible
to estimate the expected response to stimulation based
on AFC only in the age group under 35 years.

No correlation was detected between the FSH
concentration and a poor ovarian response in the
subgroups of the main group (r = 0.295, p = 0.042;
r = 0.072, p = 0.692) and in the subgroups of the
comparison group (» = 0.124, p = 0.659; r = 0.363;
p=0.139).

The investigation of the relationship between a
poor ovarian response to stimulation and the AMH
concentration revealed a moderate negative correlation

(r = —0.648, p = 0.000) in women younger than
35 years and a weak negative correlation ( = —0.500,
p = 0.004) in women older than 35 years in the main
group. In the comparison group, there was a weak
negative correlation between a poor ovarian response
to stimulation and the AMH concentration in women
younger than 35 years (r = —0.589, p = 0.021) and
no correlation in women over 35 years (r = 0.154,
p=10.542).

Interestingly, a positive correlation was established
between the concentration of estradiol and a poor
ovarian response in the comparison group in women
over 35 years of age (r=-0.707, p = 0.001). However,
such correlation was not found in the other subgroups
(»>0.05).

DISCUSSION

The review by Q.H.Y. Wong and R.A. Anderson
(2018) presents studies estimating changes in the ovarian
reserve marker, AMH, before and after gonadotoxic
treatment [ 11]. Ovarian reserve was reported to decrease
after cystectomy, which resulted in lower concentrations
of AMH [12, 13]. The main mechanism through which
ovaries are damaged during a surgical intervention
(thus, the ovarian reserve is diminished) is believed
to be excision of contact ovarian tissue by employing
surgical energy devices [14]. Two systematic reviews
and a meta-analysis demonstrated that the use of bipolar
electrocoagulation is associated with a considerable
decrease in the AMH level compared to non-thermal
hemostasis techniques, including sutures or application
of a hemostatic sealant [15, 16].

It is worth noting that most studies did not find a
correlation between a reduced AMH concentration
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and the size of retention cysts [17-20]. However,
patients with follicular and endometrial cysts
exhibited a significant decrease in the AMH level
within 6 months after surgical treatment. It was also
established that surgical removal of dermoid cysts and
true ovarian neoplasms (including serous tumors) did
not significantly change the AMH concentration [21].

According to the data of the conducted
retrospective study, a poor ovarian response
accounted for 39.3% in the main group and 57.6%
in the comparison group. Yet, when dividing the
groups according to the Bologna criteria and the
POSEIDON stratification, no statistical significance
was revealed. In this research, when the groups
were stratified according to the POSEIDON
classification, the risk of a poor ovarian response
was higher in women under 35 years who underwent
ovarian surgery than in women over 35 years,
which is confirmed by the correlations obtained.

Thus, a correlation was detected between the
AFC and a poor ovarian response in women under
35 years in the main and comparison groups. The
study also found a correlation between the AMH
concentration and a poor ovarian response in the
main group in women under 35 years, which was
not observed in patients over 35 years. In the
comparison group, there was a moderate negative
correlation between the AMH levels and a poor
ovarian response only for women under 35 years,
while for the subgroup of women over 35 years,
the correlation was weak.

This research revealed that the FSH
concentration was not associated with a poor
ovarian response to stimulation in ART programs
in women with a past surgical intervention on the
ovaries, which is inconsistent with the previously
published data. S. Salama et al. (2021) found that
the basal FSH level in women under 35 years
correlated more with the number of follicles
and number of oocytes retrieved, which, in turn,
determined the pregnancy rate [22]. G. Sahin et
al. (2021) reported that at the concentration of
FSH > 10 IU / 1, the frequency of pregnancy and
live birth in younger women was higher despite
elevated FSH levels [23].

Further research on the prediction of a poor
ovarian response might explore the estradiol

concentration that also displays a correlation
in the analysis of the data from the comparison
group of women aged 35 years and older with
infertility and potential hypergonadotropism.

CONCLUSION

The findings indicate that AFC and AMH were
significant markers for women under 35 years in
both examined groups. The FSH level is not the main
predictor of a poor ovarian response. In the group
of women aged 35 years and older with potential
hypergonadotropism, the estradiol level can serve as a
predictor of a poor ovarian response. Further research
with a greater sample size should be carried out to
establish the significance of known and potential
markers of a poor ovarian response in women
after ovarian surgeries and occult primary ovarian
insufficiency. This will allow to develop a predictive
mathematical model using logistic regression.
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