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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Aim of the Study: To evaluate the functional state of the 

reproductive system following unilateral oophorectomy (UO).
Materials and Methods: Forty-three patients (aged 7 to 38 

years) who underwent unilateral oophorectomy were divided 
into three groups based on their age at the time of surgery: 
Group I (7-15 years), Group II (16-30 years), and Group III (30-
38 years). The functional state of the reproductive system was 
assessed 3 months and 1 year after the procedure.

Results: The indications for surgery were as follows: Group 
I: Follicular cysts were present in 69.2% of cases, while 
endometrial, dermoid, papillary, and corpus luteum cysts each 
occurred in 7.7% of cases. Group II: Follicular cysts were the 
most common, found in 57.9% of cases, with endometrial cysts 
occurring in 21.1% of cases. Group III: Endometrial cysts were 
predominant, observed in 54.5% of cases, while follicular cysts 
were found in 36.4% of cases. Following UO, functional cysts 
developed in the remaining ovary in 69.8% of patients, with a 
higher prevalence in Group III.

Three months after surgery, the Anti-Müllerian Hormone 
(AMH) levels decreased significantly across all groups. 
However, AMH levels recovered within one year in Groups I 
and II, but not in Group III.

Conclusions: Unilateral oophorectomy leads to a decrease in 
ovarian reserve in all age patients three months post-surgery. 
Nevertheless, functional ovarian activity is restored within 
one year for pubertal and early reproductive-aged women, 
unlike those in the late reproductive age group. Given the high 
incidence of functional cysts in the remaining ovary following 
UO, regular follow-up for these patients is essential.

Key words. Unilateral oophorectomy, ovarian reserve, 
functional cysts.
Introduction.

It is widely known that with increasing age fertility of women 
decreases. In the modern world women often delay childbirth 
until their 30s or 40s to establish their careers first. The result 
of this trend is that women try to conceive at the age when their 
oocyte pool is decreased which causes fertility to be decreased. 
These women are considered to be subfertile. Current updates 
about the oocyte pool and its impact on fertility led scientists 
and clinics to introduce the term "ovarian reserve" and 
diminished ovarian reserve (DOR), which was first coined by 
Navot et al. [1]. The aetiology of diminished ovarian reserve 
is multifactorial. Women are born with a definite number of 

oocytes, which build a total oocyte pool and determine ovarian 
reserve. The number of oocytes declining throughout life, 
causing depletion of the ovarian pool and the process of ovarian 
ageing [2]. Reproductive ageing is a continuous physiologic 
process, strongly influenced by genetic factors [3]. In addition, 
several further risk factors: environmental, pathological, and 
iatrogenic, can directly or indirectly have an impact on the 
physiologic process of ovarian aging. Among them, important 
role plays in surgical interventions, which can disrupt the blood 
supply to ovaries, or especially procedures that include the 
partial or total removal of ovarian tissues. According to past 
beliefs about ovarian function, it was expected that the removal 
of one ovary could lead to a reduction of the primordial follicle 
pool [4,5]. Unilateral oophorectomy (UO) is a frequent surgical 
intervention performed for benign and cystic formations of 
the ovary, extensive endometriosis, ovarian torsion, or other 
indications [6]. Usually, it is carried out in the premenopausal 
period, but often young women of active reproductive age 
endure the removal of the ovary. For unilateral oophorectomy, 
there are no absolute contraindications. However, because of 
the crucial role of the ovary in women's fertility, a thorough 
assessment of the risk and benefits ratio should be performed 
[7].

The age-related decrease in fertility is a complex process. 
The main physiologic mechanism behind this is the reduction 
of the oocyte pool. Women with diminished ovarian reserve 
experience no clinical symptoms. But there are certain hormonal 
changes detectable. At the same time, an FSH level increase is 
observed. The reason for that is reduced feedback from estrogen 
and inhibin. The level of the Anti-Müllerian hormone is 
reduced. To bring more clearance to the diagnosis of diminished 
ovarian reserve groups of scientists and clinicians such as Scott, 
Toner, and Hofmann have defined diminished ovarian reserve 
as a composition of abnormal ovarian reserve testing and poor 
ovarian response [8]. 

It should be considered that the European Society of Human 
Reproduction and Embryology (ESHRE) guidelines [9] include 
clear statements about the impact of surgical procedures 
on ovarian reserve. Guidelines suggest that since surgical 
interventions include the removal of certain quantities of 
follicles (more or less depending on the type of procedure), it 
should be considered that post-surgically ovarian reserve will be 
diminished [10]. Statistics of unilateral oophorectomy temporal 
trends showed the link between the incidence of unilateral and 
bilateral interventions [11-13]
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Unilateral oophorectomy can be performed in women of 
reproductive age as an adverse outcome of a gynaecological 
emergency or may represent a planned necessary intervention 
of cases of pathologies such as ovarian torsion, ovarian 
rupture, uncontrolled bleeding, pregnancy, endometrioma, 
abscess, and cancerous diseases. A few decades ago, cases 
of unilateral oophorectomy prevailed over the number of 
bilateral ovariectomies, however, in the recent period, this trend 
has changed. Unilateral oophorectomy is performed with a 
higher frequency before the age of 40 in women of age and is 
mostly accompanied by hysterectomy. The results of bilateral 
oophorectomy have been widely studied. In the literature, 
there is little data on the effect of unilateral oophorectomy on 
women’s reproductive health. For years, the dominant view was 
that one ovary is enough for the normal endocrine and female 
body to carry out the reproductive function. In the case of 
oophorectomy, ovaries can take over each other's function. Data 
on the effects of unilateral oophorectomy on female fertility, 
ovarian reserve, menopause, and in general, on women's health 
and well-being, are very limited.

Based on the above, it is important to assess the functional 
status of the reproductive system after unilateral oophorectomy. 
Determination of the nosological structure of intervention and 
subsequent side effects will allow to development of better 
practice guidelines for the management of gynaecological 
diseases in which unilateral oophorectomy may be required.
The aim of the study.

To evaluate the functional state of the reproductive system 
following unilateral oophorectomy (UO).
Materials and Methods.

The prospective and retrospective study included 43 patients 
(aged between 7 and 38 years), who underwent urgent or planned 
unilateral oophorectomy at different ages due to different types 
of cysts. Patients were recruited at the Center for Reproductive 
Medicine – Universe (Tbilisi, Georgia) and Academician O. 
Gudushauri National Medical Center Department of Obstetrics 
and Gynecology (Tbilisi, Georgia). The period for recruitment 
was between February 2017 and December 2022. The main 
inclusion criteria were a history of past unilateral oophorectomy 
or planned upcoming unilateral oophorectomy. Exclusion 
criteria were as follows: chronic diseases, hormonal therapy, 
and age more than 45. Patients were assigned to three groups 
according to the age when surgical intervention was performed: 
Group I – 13 patients aged 7-15 years (12.92±2.32); Group II 
– 19 patients, aged 16-34 years (23.16±4.73), Group III – 11 
women at age 35-38 years (37.09±0.94). 

The general variables compared between groups included 
age, height, weight, and body mass index (BMI) of patients, 
the features of patients' menstrual cycle before surgery (regular, 
irregular), the presence of polycystic ovarian syndrome, and 
menarche age. The exact types of cysts were determined 
histomorphologically after surgery. The monitoring of the 
functional state of the reproductive system lasted for 1 year 
after surgery intervention. After surgery, the features of the 
menstrual cycle (regular, irregular), and the functional state of 
the second ovary (presence of cysts) were evaluated 3 months, 
and one year after surgery which included the hormonal profile 

- anti-Müllerian hormone (AMH), follicle-stimulating hormone 
(FSH), and luteinizing hormone (LH), index of LH/FSH. 
Prolactin (PRL) level was also determined.
Statistical analysis:

Data analysis was performed using the software program SPSS 
(version 26, for Windows IBM SPSS, NY, USA). Comparisons 
of data between groups were performed using one-way analysis 
of variance (ANOVA), Paired samples T-Test, and Chi-Square 
Test. Variables are presented as mean ± S.D. Statistically 
significant was considered P<0.05.
Ethics statement: 

The research project was approved by the Ethics and Research 
Committee of the Faculty of Medicine of Ivane Javakhishvili 
Tbilisi State University. All participants were previously 
informed about the study, written informed consent was obtained 
and the confidentiality of the information provided was ensured.
Results and Discussion.

In all groups the mean age was 27.33±10.10; the mean age 
of surgery amounted to 23.63±9.72 years, the mean age of 
menarche was 12.24±1.67, and the mean BMI was 21.77±4.86. 

The mean values of these variables in groups separately are 
presented in Table 1.

Table 1. Distribution of general variables into groups. All data are 
presented as mean ± SD.

GROUP AGE AGE OF 
SURGERY 

AGE OF 
MEN-
ARCHE 

BMI 

I (13) 17.23±6.70 12.92±2.33 11.42±1.31 21.1846±7.53
II (19) 26.84±5.70 20.11±2.85 12.47±1.69 21.6842±3.41
III (11) 37.82±3.46 34.36±2.25 12.73±1.79 22.5909±3.02

There was a significant difference in the mean age of surgery 
between the groups (P=0.000). It should be noted that all three 
groups of patients had normal BMI. There is an opinion that 
the probability of torsion of cysts is high in thin women, which 
is confirmed by our data - in the case of follicular and corpus 
luteum cysts, the vast majority of patients - n=26 (89.7%) 
underwent surgical manipulation due to torsion [14]. 

The average age at menarche was lower in group I, although 
the rate was not statistically different between groups (P>0.05). 
This may indicate that menarche is not associated with cyst 
development.

In group I at the time of surgical intervention, the majority 
of patients (92.31%) were in the post-menarche period and 
only one patient (7.69%) had the procedure before menarche 
(at age 7). This can be considered a weakness of our study in 
terms of evaluation of the oophorectomy effect on achieving 
normal menarche. Despite this, in the first group mean age of 
menarche was lower (11.42±1.311) compared to the second and 
third groups (12.47±1.679 and 12.73±1.794). However, this 
difference was not statistically significant. The study by Zhai and 
colleagues evaluated the achievement of menarche in pediatric 
patients who underwent ovarian surgery in premenarche [15]. 
No difference in the achievement of normal menarche was 
observed. From this data, we can speculate that oophorectomy 
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in premenarche does not affect the ability to achieve normal 
menarche between ages 10 and 15 years. 

Patients were histomorphologically diagnosed with different 
types of cysts. It should be noted that follicular cysts dominated. 
In group I nine patients had follicular cysts (69.2%), and the 
frequency of endometrial, dermoid, papillary and corpus luteum 
cysts was equal - 7.7%. The high rate of functional ovarian cysts 
in the group of adolescent girls is due to the immaturity of the 
hypothalamic-pituitary-ovarian axis, which is a physiological 
condition in this period. Consequently, follicle persistence, 
anovulation and the appearance of functional cysts are noted 
[16]. 

Follicular cysts were also dominant in group II – 11 cases 
(57.9%). Endometrial cysts were more frequent -4 cases 
(21.1%), compared to group I. The corpus luteum cysts were 
detected in 3 patients (15.8%), and papillary cysts were found 
only in 1 case (5.3%).

In group III, endometrial cysts were the most frequent – 6 cases 
(54.5%), follicular cysts were detected in 4 patients (36.4%), 
corpus luteum cyst - in 1 patient (9.1%) (Table 2), which is 
logical because endometriosis is a chronic progressive disease 
and with increasing age its clinical manifestation becomes more 
intense, including endometriomas that increase in size.

Table 2. Frequency of the morphologically different cysts in the groups.

Group Follicular  
cyst

Endometrial  
cyst

Dermoid 
cyst

Papillary 
cyst

Corpus 
Luteum cyst   

I 69.2% 7.7% 7.7% 7.7% 7.7%
II 57.9% 21.1% 5.3% 15.8%
III 36.4% 54.5% 9.1%
Total 52% 20% 4% 8% 16%

In the case of follicular cysts, there is a high risk of torsion 
of the ovary, which becomes the reason for oophorectomy, and 
which dominated groups I and II. In the third group, due to the 
high frequency of endometriomas, scheduled oophorectomy 
was performed [1].

It should be noted that the localization of cysts in most cases 
of our study was on the right side, especially in the first and 
second groups (76.9% and 63.2%, respectively) where follicular 
cysts predominated. This may be explained by the influence of 
chronic appendicitis, which contributes to the inflammatory 
damage of the ovarian tissue. This can be the reason for the 
formation of follicular cysts. Contrary to the results of Laughlin-
Tommaso and colleagues and Keyhan S.et al., an oophorectomy 
was performed more frequently on the left side [7,11]. 

Retrospective analysis of the menstrual cycle before surgery 
in the groups revealed the following results: it is worth noting 
that in the early reproductive age menstrual cycle disorders 
were detected in 42.1% of patients, which was more frequent 
compared to the adolescent group (30.8%), although there 
was no statistically significant difference (P= 0.4). It should 
be noted that in the group of older reproductive age, menstrual 
cycle disorders before surgery were relatively rare (18.2%) 
compared to adolescents and women of early reproductive age. 
This is somewhat related to the high rate of endometrial cysts 
in this group, for which menstrual cycle disturbances are not 
characteristic [15,17].

In all groups, the high frequency of cycle disturbances before 
surgery, which was associated mainly with functional cysts, 
indicates a high frequency of hormonal dysfunction in those 
patients.

It should be mentioned that after oophorectomy in puberty, 
menstrual cycle disorders increased significantly from 30.8% to 
46.2% (P=0.009). In the early reproductive period, the menstrual 
cycle became more regular - the incidence of oligomenorrhea 
before and after surgery was 42.1% and 36.8%, respectively 
(P=0.003). In the majority of late reproductive-aged patients, 
menstrual cycle became irregular after surgical intervention - 
18.2% and 72.7% before and after surgery respectively (P=0.04) 
(Table 3).

Table 3. The percentages of cyst localization, cycle regularity before 
and after surgery.

Group
(n)

Cyst right 
side 

Cyst 
left 
side

Cycle before 
surgery

Cycle after 
surgery

regular Irregular regular Irregular 
I (13) 76.9% 23.1% 69.2% 30.8% 53.8% 46.2%
II (19) 63.2% 36.8% 57.9% 42.1% 63.2% 36.8%
III (11) 54.5% 45.5% 81.8% 18.2% 27.3% 72.7%

The physiological decline of ovarian function with advanced 
age is reflected in the disturbance of the menstrual cycle, which 
is further aggravated by the reduction of the ovarian reserve 
after unilateral oophorectomy [15]. 

It should be noted that despite the high frequency of menstrual 
cycle disorders in group I, the diagnosis of polycystic ovarian 
syndrome was rare (8.3%). Making this diagnosis is difficult 
for several years after menarche because the diagnostic criteria 
for polycystic ovary syndrome overlap with the physiological 
changes of puberty [14,18].

It is especially important to evaluate the functional activity 
of the second ovary in ovariectomized women. Following UO, 
functional cysts developed in the remaining ovary in 69.8% of 
patients. The highest incidence of cysts in the second ovary 
occurred in late reproductive age (72.7%), which is explained 
by the fact that the decrease in ovarian reserve caused by 
oophorectomy is added to the physiological decrease in ovarian 
reserve related to advanced age. As a result, follicle persistence 
and cyst formation develop [19-21]. After UO in the adulthood 
group, the rate of functional cysts in the second ovary was 
61.5%, and in the early reproductive age group - 52.6%. 

In general, one of the risk factors for torsion of cysts is the 
presence of a congenitally long suspensory ligament of the ovary. 
Therefore, in such patients, who have a history of unilateral 
oophorectomy, there is a high probability of torsion of the 
second ovarian cyst, which may become the reason for excision 
of the second ovary. This complication makes it impossible to 
realize the reproductive function in the future. Therefore, it is 
very important to monitor the second ovary in such patients. 
There are few similar data in the literature [22-24]. 

For the evaluation of the reproductive hormone profile, several 
tests were made. Moderate hyperprolactinemia was observed in 
all three groups (group I - 16.58±1.50; group II - 22.44±5.30; 
group III (18.75±2.90) - prolactin values exceeded the normal 
data of the corresponding age group.
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The role of hyperprolactinemia in menstrual cycle disorders 
is well known [25-27]. It is possible to assume that these 
patients had a moderate increase in prolactin even before the 
operation, which could be associated with follicle persistence, 
anovulation, and consequently the occurrence of retention 
cysts. Hyperprolactinemia is also observed in endometriosis 
[28,29], which requires careful assessment. Probably, 
hyperprolactinemia could be one of the factors contributing to 
the formation of cysts.

It was interesting to determine the anti-Müllerian hormone 
three months and one year after the operation. At three months 
after surgery, the rates of AMH in puberty (2.65±1.60) and 
early reproductive age (2.38±0.86) were significantly higher 
than those of late reproductive age (1.15±0.51) (P=0.00). AMH 
levels were significantly increased in pubertal (4.11±0.80) 
(P=0.01) and early reproductive age groups (3.34±0.65) 
(P=0.00) one year after surgery, whereas AMH levels did not 
change in late reproductive age women (1.04± 0.48) (P=0.45). It 
is worth noting that the indicators of the first and second groups 
did not differ from each other after 3 and 12 months, but in 
patients of both groups, AMH was higher compared to patients 
of late reproductive age.

Data from several studies confirm that AMH decreases after 
surgery, especially in the first month due to tissue damage, 
therefore AMH assessment is not recommended immediately 
after surgery. Studies confirm that the ovary can increase the 
reserve gradually after surgery, which is also confirmed by our 
research [14,16].

It should be mentioned that FSH at 3 months after surgery 
was higher in the third group compared to the first and second 
groups, although there was no statistically significant difference 
between them. It was statistically significantly higher in women 
of late reproductive age compared to women of puberty and 
early reproductive age (Table 4).

FSH was significantly higher one year after surgery in group 
III compared to groups I and II. The FSH index reflected the 
tendency of decreasing ovarian reserve with increasing age. 
LH was not significantly different between groups I and II, 
and between groups I and III, while a statistically significant 
difference was found between groups II and III (P=0.02). It should 
be noted that the mean values of FSH and LH were within the 

normal range in all age groups, however, it was noteworthy that 
the LH/FSH index was found to be less in groups I (0.99±0.91) 
and III (0.49±0.37) at 3 months after surgery, than in group II 
(1.13±0.59) which is evidence of ovarian failure.

After 1 year, the LH/FSH index increased significantly in 
groups I (1.47±0.37) and II (1.36±0.48) in contrast to group III 
(0.61±0.19), in which the index remained unchanged, which is 
probably associated with ovarian insufficiency expressed in the 
late reproductive age (Table 5).

It should be underlined that the functional stability of the 
second ovary is especially noteworthy in the case of UO. 
Because in most cases follicular cysts appear, which in such 
patients is an additional risk factor for ovarian torsion and, 
potentially, repeated surgical intervention and oophorectomy, 
it is very important to monitor the second ovary in women after 
unilateral oophorectomy and to prevent the occurrence of cysts. 
Large-scale studies in this connection should be continued.
Conclusion.

Unilateral oophorectomy leads to a decrease in ovarian reserve 
in all age patients three months post-surgery. Nevertheless, 
functional ovarian activity is restored within one year for 
pubertal and early reproductive-aged women, unlike those in 
the late reproductive age group. Given the high incidence of 
functional cysts in the remaining ovary following UO, regular 
follow-up for these patients is essential to maintain women’s 
reproductive function.
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