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ABSTRACT

Background. There are different opinions about the effect of functional ovarian cysts on the duration of controlled 
ovarian hyperstimulation, the dose of gonadotropins, the number and quality of collected oocytes and produced 
embryos, and the frequency of pregnancy.

Aim. To analyze in vitro fertilization (IVF) programs in women with anovulatory infertility and ovarian retention. 

Materials and methods. A prospective study included 71 women aged 18–44 years. The main group (I) included 
patients (n = 38) with anovulatory infertility and functional ovarian cysts (FOC) diagnosed by ultrasound before 
enrollment in the IFV program. Patients of this group underwent ultrasound-guided transvaginal puncture of ovari-
an cyst followed by cytology. The comparison group (II) (n = 33) encompassed patients with anovulatory infertility 
without FOC, who went through the IVF program. The control group (III) included apparently healthy individuals 
(n = 15).

The study algorithm included collection of clinical and anamnestic data of the patients, data of laboratory and 
instrumental studies, parameters of a stimulated IVF cycle, characteristics of oogenesis and early embryogenesis, 
and assessment of IVF program effectiveness. 

Conclusion. It was established that in FOC and anovulatory infertility, the number of collected oocytes was small-
er; however, the number of the best quality embryos and the frequency of pregnancy did not differ. 
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Анализ программ экстракорпорального оплодотворения  
при ановуляторном бесплодии у пациенток с ретенционными 
образованиями яичников 

Тимофеева О.С., Петров И.А., Гайфулина Ж.Ф., Тихоновская О.А., Логвинов С.В.,  
Самойлова Ю.Г., Петрова М.С., Юрьев С.Ю., Дмитриева М.Л., Жданкина А.А.,  
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РЕЗЮМЕ

Введение. Cуществуют различные мнения о влиянии функциональных кист яичников на длительность сти-
муляции суперовуляции, дозу гонадотропинов, количество и качество полученных ооцитов и эмбрионов, 
частоту наступления беременности. 

Цель исследования – провести анализ программ экстракорпорального оплодотворения (ЭКО) при ановуля-
торном бесплодии у пациенток с ретенционными образованиями яичников.

Материалы и методы. Проведено проспективное исследование 71 женщины в возрасте 18–44 года. Ос-
новную группу (I) составили пациенты (n  =  38) с ановуляторным бесплодием и функциональными ки-
стами яичников (ФКЯ), диагностированными при ультразвуковом исследовании непосредственно перед 
вступлением в программу ЭКО. Пациентам данной группы проводилась трансвагинальная пункция кисты 
под ультразвуковым контролем с последующим цитологическим исследованием. В группу сравнения (II)  
(n = 33) включались пациенты с ановуляторным бесплодием без ФКЯ, которым проведена программа ЭКО. 
В группу контроля (III) вошли условно здоровые пациенты (n = 15).

Алгоритм исследования включал анализ клинико-анамнестических характеристик пациентов, данных ла-
бораторного и инструментального исследования, показателей стимулированного цикла, характеристику 
показателей оогенеза и раннего эмбриогенеза, а также оценку эффективности программы ЭКО.

Заключение. Установлено, что при функциональных кистах яичника и бесплодии получено более низкое 
количество ооцитов при стимуляции, однако количество топовых эмбрионов, частота наступления бере-
менности и живорождения не отличались.

Ключевые слова: функциональные кисты яичников, лечение функциональных кист, вспомогательные ре-
продуктивные технологии, экстракорпоральное оплодотворение, стимуляция овуляции  
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INTRODUCTION

The problems of diagnosis and treatment of 
infertility are some of the main clinical and socially 
sensitive problems in modern medicine, which is 

due not only to the significant prevalence of various 
infertility factors, but also to their tendency to 
increase [1]. Assisted reproductive technologies 
(ART), including in vitro fertilization (IVF), are 
some of the effective and popular methods to 
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overcome infertility [2]. According to the register 
of the Russian Association of Human Reproduction, 
more than 36,000 children were born following IVF 
in Russia in 2019 and more than 34,000 children 
were born in 2020 [3]. The indication for IVF is 
the ineffectiveness of infertility treatment by other 
methods for 12 months for women younger than 
35 years and for 6 months for women older than 35 
years [4]. 

According to the literature, every fourth patient 
with infertility has ovarian masses of various genesis 
and 80% of them are follicular ovarian cysts. The 
majority of retention masses are functional ovarian 
cysts (FOC): follicular cysts and corpus luteum cysts 
[5–9]. Over the last decade, the prevalence of FOC 
has increased from 6–12 to 25% [9–13]. In 60% of 
cases, they occur in patients of the reproductive age 
[14, 15]. Infertility in patients with FOC reaches 41% 
[16, 17].

The pelvic ultrasound examination is the starting 
point for planning ART and its purpose is to assess 
the endometrium, detect uterine cavity anomalies, 
count the number of antral follicles, and detect 
ovarian pathology, in particular ovarian cysts [4]. 
Management strategy for patients with FOC in IVF 
programs remains controversial. B. Kumbak et al. 
(2009), E.B. Rudakova et al. (2014) believe that FOC 
do not affect the effectiveness of IVF programs [18, 
19]. H.S. Qublan et al. (2006), R.D. Firouzabadi 
et al. (2010), and R. Levi et al. (2003) suggest that 
FOCs detected before the start of stimulation in IVF 
programs adversely affect its outcome as they require 
higher doses of gonadotropins, are associated with a 
lower ovarian response, and reduce the pregnancy rate 
[20–22]. 

There are different approaches to the management 
of patients with FOC in ART programs: surgical 
(transvaginal puncture of the cyst with a subsequent 
cytological examination) and conservative 
(administration of gonadotropin-releasing hormone 
(GnRH) agonists and antagonists for 3–7 days) 
methods, as well as a wait-and-see approach [18–27]. 
Despite a significant number of studies, the impact 
of FOC on the course and outcome of IVF protocols, 
namely on the features of controlled ovarian 
superovulation, the number and quality of oocytes, 
as well as the parameters of oogenesis and early 
embryogenesis, requires further research. 

The aim of the study was to analyze IVF programs 
in patients with anovulatory infertility and FOCs 
detected in the IVF program.

MATERIALS AND METHODS  

We conducted a prospective study that included 71 
women of reproductive age who applied to the Center 
for Assisted Reproductive Technologies of Siberian 
State Medical University. The main group (I) consisted 
of (n = 38) patients with anovulatory infertility and 
FOCs diagnosed by ultrasound immediately before 
enrollment in the IVF program. Patients in this 
group underwent ultrasound-guided transvaginal cyst 
puncture followed by the cytological examination. 
The comparison group (II) (n = 33) included patients 
with anovulatory infertility without FOC who went 
through IVF. The control group (III) included healthy 
patients (n = 15).

Inclusion criteria:
1) age 18–44 years;
2) anti-Müllerian hormone (AMH) level in the 

blood of women 1.2–3.5 ng / ml;
3) informed consent to participate in this study;
4) body mass index (BMI) 18.5–30.0.
Exclusion criteria:
1) the age under 18 and over 45 years;
2) hyperprolactinemia;
3) moderate and severe forms of genital 

endometriosis (ASRM ≥ III, 1996);
4) hypothyroidism;
5) uterine myoma requiring surgical intervention; 
6) true ovarian tumors;
7) contraindications to IVF according to the 

Order of the Ministry of Healthcare of the Russian 
Federation No. 803n of 31.07.2020 “On the Procedure 
for the Use of Assisted Reproductive Technologies, 
Contraindications, and Restrictions on Their Use” 
(hereinafter – Order No. 803n);

8) the woman’s refusal to participate in the study.
The main group included patients with unilateral 

FOC persisting for no more than 3 months and being 
25–60 mm in diameter according to the ultrasound 
examination. In case of FOC detection, patients were 
tested for CA-125 and HE-4. If the concentration of 
these markers increased above the reference values, 
the patient was excluded from the study. 

The research algorithm included an analysis of 
clinical characteristics and medical history of the 
patients, laboratory tests and clinical investigation 
data, stimulated cycle parameters, oogenesis and early 
embryogenesis parameters, as well as an assessment 
of the effectiveness of the IVF treatment. All patients 
were examined in accordance with the Order No. 
803n. All patients underwent ovulation stimulation 
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according to the protocol with GnRH antagonists. 
Statistical data was processed using the SPSS 23 
program.  The Levene’s test was used to determine 
the homogeneity of dispersions. The Kolmogorov 
– Smirnov test with the Lilliefors correction, the  
Shapiro – Wilk test, and visual assessment of 
histograms were used to assess the normal distribution 
of variables. The Mann – Whitney test was used to 
compare quantitative data from two independent 
groups, and the Kruskal – Wallis test was used to 
compare data from more than two independent groups, 
followed by an analysis of a posteriori comparisons 
by the Dunn’s test (Dunn, 1964) and the Conover–
Iman  test (Conover, Iman, 1979). When comparing 
qualitative variables,  contingency tables with the 
Pearson’s χ2 test were used. The data were presented 
as the median and the interquartile range (Me  
(Q25–Q75)), or the mean and the standard error 
(M  ±  SD). The critical significance level p for all 
statistical analysis procedures was 0.05.

RESULTS
The mean age of all the examined individuals (n = 

71) was 34.0 (30.0–39.0) years. The statistical analysis 
showed age homogeneity of the main group and the 
comparison group (p = 0.746). In the vast majority of 
cases, menarche in women of all groups occurred at 
the age of 12–15 years. The mean age of menarche in 
all the subjects (n = 71) was 13.5 (12.0–14.0) years. 
The mean duration of the menstrual cycle in all the 

subjects (n = 71) was 30.0 (27.0–37.0) days. Menstrual 
disorders were established in the medical history of 
51 (71.8 %) patients. Oligomenorrhea  occurred in  
12 (16.9%) patients, while abnormal uterine bleeding 
(AUB) in the absence of chronic endometrial pathology 
was observed in 20 (28.1%) women. Dysmenorrhea 
was observed in 21 (29.5%) patients. The statistical 
analysis of groups I and II showed their homogeneity 
in all the studied menstrual cycle parameters.

The mean duration of infertility was 6.0 ± 0.3 years 
(p = 0.929). Combined infertility (combination of 
both male and female factors) occurred in 19 (26.7 %) 
patients. Combined female infertility was diagnosed in 
25 (35.2 %) patients. Tubal factor and endometriosis 
were detected in 18 (25.4 %) and 12 (12.1 %) patients, 
respectively. The statistical analysis of homogeneity 
in groups I and II did not reveal any differences.

The health status of all patients was assessed as 
satisfactory. At the time of enrollment in the ART 
program, 50.5% of women had extragenital pathology 
that was in a stable remission or compensated. 
Compensated pathology of the thyroid gland in 35.2% 
of the patients and pathology of the gastrointestinal 
tract in remission in 16.9% of patients of all groups 
were the most common. 

Hormonal profile (AMH, follicle stimulating 
hormone (FSH), luteinizing hormone (LH)) and 
ultrasound data on the antral follicle count (AFC) 
were used to assess the ovarian reserve of patients in 
all groups (Table 1).

T a b l e  1

Analysis of ovarian reserve parameters, Me (Q25–Q75)
Parameter Group I, n = 38 Group II, n = 33 Group III (control), n = 15 p (the Kruskal – Wallis test)

FSH, mU / ml 5.60 (5.1–8.4) 5.3 (3.8–8.5) 4.6 (3.1–5.3) 0.608
LH, mU / ml 6.9 (3.2–7.4) 6.5 (3.0–6.9) 3.9 (2.8–4.8) 0.043*
AMH, ng / ml 2.51 (1.4–3.4) 2.4 (1.8–3.1) 3.3 (3.0–3.8) 0.841
Estradiol, pg / ml 42.9 (30.0–64.0) 42.0 (30.3–69.0) 41.6 (30.5–65.0) 0.906
 AFC 10.0 (5.0–13.0) 11.0 (8.5–13.0) 13.6 (11.0–14.0) 0.449

Note :  pairwise comparison of groups I and II by the Mann – Whitney test did not reveal statistically significant differences (p = 0.442), while 
comparison of groups I–III and II–III revealed significant differences, p = 0.032 and p = 0.028, respectively.

Thus, the analysis of ovarian reserve data shows 
the homogeneity of groups I and II. The homogeneity 
of the groups was achieved by fulfilling the inclusion 
criteria, namely limiting the AMH level to 1.2–3.5 ng / 
ml and BMI for participation in the study. Thus, all 
the studied groups of patients had the expected normal 
response to ovulation stimulation, which makes it 
possible to obtain true data on the influence of FOC 
on the effectiveness of ovarian stimulation. Ovulation 

stimulation in all patients who participated in the 
study was performed according to a protocol using 
GnRH antagonists. 

GnRH antagonists were added on day 6 of 
gonadotropin stimulation. The study of induced cycle 
parameters in the main group and the comparison 
group did not reveal any statistically significant 
differences in either the starting dose or the duration 
of stimulation (Table 2). 
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T a b l e  2
Stimulated cycle data

Parameter Group I, n = 38 Group II, 
n = 33 p

Starting dose of 
gonadotropins, IU,
M ± SD,  
Me (Q25–Q75)

194.7 ± 10.4
150 (150–225)

200 ± 7.3
225 (150–225) 0.932

Total dose of 
gonadotropins, IU,
M ± SD,  
Me (Q25–Q75)

2,373.7 ± 220.9
1,950 (1,350–

2,850)

1,981.8 ± 82.9
2,175.0 

(1,750.0–
2,250.0)

0.875

Duration of 
stimulation, days,
M ± SD, Me (Q25–Q75)

10.8 ± 0.9
11.0 (9.0–14.0)

10.5 ± 0.3
(11.0; (9.0–11.0) 0.910

Trigger, n (%):
– triptorelin
– α-subunit of hCG

34 (89.4%)
4 (10.5%)

30 (90.9%)
3 (9.1%) 1.000

Note :  hCG is human chorionic gonadotropin. 

The effectiveness of the IVF program is expressed 
not only by the response to ovulation stimulation, but 
also by the quantity and quality of oocytes and embryos 
obtained. Based on the data obtained, we analyzed the 
parameters of oogenesis and early embryogenesis. 
The average number of punctured follicles in group 
I and II (n = 38 and n = 33, respectively) was 10.2 
(from 7 to 13). The number of punctured follicles 
was significantly higher in the comparison group with 
anovulatory infertility and absence of FOC than in the 
patients of the main group (p = 0.006). A significant 
increase in the number of obtained oocytes in the 
group of patients without FOC was also observed  
(p = 0.002). However, the proportion of mature 
oocytes was higher in the group with FOC (p = 0.014), 
which ultimately resulted in an equal number of best 
quality embryos in both groups (p = 0.097) (Table 3).

T a b l e  3

Characteristics of oogenesis and early embryogenesis

Parameter Group I, n = 38 Group II, 
n = 33 p

Number of punctured 
follicles, M ± SD,  
Me (Q25–Q75)

7.9 ± 0.5
8.0 (5.0–11.0)

10.2 ± 0.5
11.0 (7.0–13.0) 0.013

Number of oocytes, 
M ± SD, Me (Q25–Q75)

7.24 ± 0.5
7.0 (5.0–11.0)

9.45 ± 0.6
9.0 (6.0–13.0) 0.022

Proportion of mature 
oocytes (MII), n (%)

243/312
(77.9%)

198/283
(69.9%) 0.007

Number of fertilized 
oocytes,
M ± SD, Me (Q25–Q75)

4.9 ± 0.5
4.0 (3.0–6.0)

6.58 ± 0.6
6.0 (3.5–8.5) 0.075

Number of best quality 
embryos on day 5, 
M ± SD, Me (Q25–Q75)

2.34 ± 0.3
2.0 (1.0–3.25)

3.3 ± 0.5
2.0 (1.5–3.5) 0.097

The effectiveness of IVF was analyzed (Table 4). 
The pregnancy rate per cycle initiated and per embryo 
transfer was 21/71 (29.5 %) and 31/71 (43.7 %) in 
group I and II, respectively. The Take baby home 
parameter, i.e. the delivery of a baby, was 24/71 
(33.9 %). The Pearson’s χ2 test and contingency 
tables showed that implantation, pregnancy per cycle 
initiated (transfer), and live birth rates were similar 
regardless of the presence (absence) of FOC before 
entering the IVF treatment.

T a b l e  4 
Clinical effectiveness of IVF programs

Parameter Group I,  
n = 38

Group II, 
n = 33 p

Pregnancy rate per cycle 
initiated, n (%) 11 (28.9%) 10 (30.3%) 0.627

Pregnancy rate per embryo 
transfer, n (%) 16 (42.1%) 15 (45.5%) 0.886

Pregnancy termination, n (%) 2 (5.3%) 3 (9.1%) 0.579
Ectopic pregnancy, n (%) 1 (1.5%) 0 (0%) 1.000
Take baby home, n (95% CI) 12 (31.6%) 12 (36.4%) 1.000

CONCLUSION
FOC may have a negative effect on the effectiveness 

of ovarian stimulation, which can manifest itself by a 
lower follicle count (p = 0.006) and a smaller number 
of oocytes produced (p = 0.002) in anovulatory 
infertility. This effect is probably mediated both by the 
mechanical effect of FOC on the ovary, which prevents 
follicle growth, and by an altered blood supply which 
prevents follicle development, resulting in a reduced 
response to stimulation and a smaller number of 
oocytes produced in the anovulatory infertility group 
with FOC compared to the group without FOC. 

Presumably, FOC may have an active paracrine or 
endocrine effect resulting from the release of estradiol. 
Cysts associated with increased estradiol levels may 
cause a premature increase in LH and progesterone 
levels, which leads to a decrease in the oocyte quality 
and adversely affects the endometrium. The presumed 
mechanism of the negative effect of FOC on the number 
of oocytes during ovarian stimulation is consistent 
with the literature data [20, 23, 24]. However, the 
proportion of mature oocytes (MII) was higher in the 
group of patients with FOC compared to the group 
of patients with anovulatory infertility without FOC, 
which proves that there is no pronounced negative 
effect of follicular cysts and corpus luteum cysts on the 
quality and competence of oocytes. 

The number of best quality embryos (category A 
and B blastocysts according to the Gardner blastocyst 
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grading system aimed at assessing human embryos at 
the blastocyst stage proposed by Gardner, Schoolcraft 
(1999), based on the analysis of trophectoderms, inner 
cell mass, and blastocyst cavity size) also did not 
differ in the two groups (p = 0.097), which confirms 
the literature data on the absence of a possible 
negative effect of FOC on the effectiveness of the IVF 
program [18, 19]. Program effectiveness estimated as 
the number of pregnancies per cycle initiated and the 
number of pregnancies per transfer was also similar 
in both groups (p = 0.89 and p = 0.89, respectively). 
Thus, FOCs detected before patient entering the 
protocol do not have a pronounced adverse effect on 
the outcome of ART programs.
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