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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.
Introduction: The relationship between follicle size, oocyte 

quality, and blastocyst ploidy is not fully established. This 
question becomes especially important for poor responders 
and older reproductive age women, where optimal follicle size 
and oocyte quantity cannot always be achieved during ovarian 
stimulation.

The aim of this study is to determine the relationship between 
follicle size, oocyte maturation, blastocyst formation, blastocyst 
ploidy, and pregnancy outcomes in young women undergoing 
in vitro fertilization (IVF).

Materials and Methods: The study involved 32 oocyte donors 
aged 19 to 35. For ovarian stimulation, a protocol with GnRH-
antagonists was used, employing downregulation with oral 
contraceptives. The ovulation trigger was administered when 
20% of follicles reached 18 mm. Aspiration was performed 
35 hours after the ovulation trigger was administered. Follicle 
size was measured immediately before the aspiration needle 
was inserted and follicle fluid was aspirated; data (follicle 
size and oocyte from this follicle) were recorded individually 
by the embryologist. The resulting blastocysts underwent 
preimplantation genetic testing for aneuploidy (PGT-A) using 
NGS. Pregnancy outcomes were assessed by biochemical 
indicators, miscarriages, and live births.

Results: Out of 555 measured follicles, 508 oocytes were 
obtained (91.5%). The number of mature oocytes (MII) was 
411 (80.9%), and there were 97 immature oocytes (19.2%). 
Out of the 97 immature oocytes, 51 were germinal vesicle (GV) 
oocytes (10.04%), and 46 (9.06%) were MI oocytes without a 
polar body. Follicles were divided into four groups based on 
size: Group I — <15 mm, Group II — 15-18 mm, Group III — 
18-20 mm, Group IV — >20 mm. There were significantly more 
mature oocytes in the second, third, and fourth groups compared 
to the first, indicating that follicle size has a substantial impact 
on retrieving MII oocytes (p<0.0001). Especially high number 
of mature oocytes were observed in the second and third groups.

Fertilization and blastocyst formation from oocytes obtained 
from larger follicles were higher than from smaller follicles 
(p<0.0001). The frequency of obtaining euploid blastocysts did 
not significantly differ between the groups, and no significant 
relationship was found between follicle size and the formation 
of euploid blastocysts. Women who underwent genetic testing 
of embryos and transferred euploid embryos had significantly 
lower rates of biochemical pregnancy and miscarriages, as well 
as significantly higher live birth rates compared to those who 
did not undergo genetic testing of embryos.

Conclusion: Oocyte maturation, fertilization, and blastocyst 
formation depend on follicle size. However, follicle size is not an 
indicator of blastocyst euploidy. Preimplantation genetic testing 
for aneuploidy (PGT-A) significantly increases pregnancy 
success and live birth rates while reducing miscarriage rates.

Key words. Follicle size, oocyte quality, blastocyst ploidy, 
oocyte maturation, blastocyst formation, in vitro fertilization 
(IVF), preimplantation genetic testing for aneuploidy (PGT-A), 
ovarian stimulation, euploid blastocysts, pregnancy outcomes, 
GnRH-antagonists protocol, oocyte donors, live birth rates, 
miscarriage rates.
Introduction.

Assisted reproductive technologies (ARTs) have become a 
routine part of women's reproductive health care. As the field 
advances, enhancing its effectiveness remains a key focus. 
The success of treatment depends on various factors, including 
egg quality associated with the woman's age [1-3], controlled 
ovarian stimulation (COS) protocols [4,5], the type of ovulation 
trigger administered for final oocyte maturation, blastocyst 
quality and ploidy [6,7], endometrial condition, synchronization 
between the endometrium and embryo during implantation, and 
overall health status of the woman [8,9].

Over the last decade, there has been an increased demand 
for egg freezing among young women for social and medical 
reasons [10]. A critical point is that not all mature eggs are 
capable of fertilization and may not develop to the blastocyst 
stage [11]. Determining blastocyst ploidy using preimplantation 
genetic testing (PGT-A) significantly improves pregnancy 
rates, reduces implantation failures and miscarriage rates, and 
increases live birth rates [12,13].

Developing an ideal ovarian stimulation protocol and achieving 
the optimal number of eggs for a successful pregnancy, as well 
as identifying the ideal follicle size from which genetically 
complete embryos are derived, remains a significant challenge 
[14,15]. This issue is particularly critical for poor responders 
and patients planning to delay pregnancy until late reproductive 
age [16,17].

It is known that larger follicles yield mature oocytes with a 
higher potential for blastocyst formation [14,15]. However, 
in poor responders and older women, obtaining a sufficient 
number of large follicles is often not possible; therefore, 
achieving fully developed oocytes from relatively smaller 
follicles becomes relevant [16]. Several studies have explored 
potential correlations between follicle size and oocyte maturity, 
blastocyst formation, and ploidy, but such studies are few and 
have not yielded conclusive results [11,16].
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Establishing the relationship between follicle size and 
embryo ploidy is of great practical value, allowing clinicians to 
improve follicle selection criteria and refine ovarian stimulation 
protocols to better select follicle sizes more likely to result in 
euploid blastocysts [18]. This, in turn, increases the chances 
of achieving pregnancy and live birth [19]. Therefore, the aim 
of our study was to determine the relationship between follicle 
size, oocyte maturation, blastocyst formation, blastocyst ploidy, 
and pregnancy outcomes in young women undergoing in vitro 
fertilization.
Materials and Methods.

The study was conducted at the Georgian-American 
Reproductive Clinic "ReproART" in Tbilisi, Georgia, between 
2019 and 2022. It involved 32 anonymous oocyte donors aged 
19 to 35. Each donor was associated with a potential parent. 
Before the start of ovarian stimulation, all participating donors 
were informed about the nature of the study. They were made 
aware that measuring each follicle prior to aspiration could 
prolong anesthesia. Only donors who expressed willingness and 
signed informed consent were included in the study.

The criteria for participation were consistent for all women. 
These criteria are detailed in Table 1.

Table 1. The criteria for participation were consistent for all women.
Egg Donor criteria Average Indicator
Age 25.0 ± 3.5
AMH (ng/mL) 4.2 ± 2.0
Antral follicle count (AFC) 24.7 ± 7.6
BMI 21.9± 2.4
Follicle stimulated hormone basal level (mIU/
mL) 7.8 ± 2.1

TSH (mIU/mL) 2.2± 1.3
PRL (ng/mL) 16.3 ± 5.7
Sperm parameters normozoospermia
Sperm DNA fragmentation (%) <15

Participants were excluded from the study if they had the 
following conditions: irregular menstrual cycles, abnormal 
BMI, polycystic ovary syndrome, sexually transmitted 
diseases, complicated obstetric history, endometriosis, uterine 
abnormalities, previous ovarian surgeries, or infertility due to 
male factors.

The ovarian stimulation protocol was identical for all donors. 
A GnRH-antagonist protocol with prior ovarian downregulation 
was employed using oral contraceptives to synchronize donor 
and recipient cycles. Each donor received recombinant FSH 
(Gonal-F, Merck Serono, Germany) combined with highly 
purified human menopausal gonadotropin (h-hMG Menopur, 
Ferring Pharmaceuticals, Switzerland).

Stimulation began on the fifth day after stopping oral 
contraceptives. The initial medication dose was a double-high 
dose of gonadotropins at 450 IU FSH for the first two days, 
followed by a reduced dose. The duration of stimulation 
depended on follicular growth rate, averaging 11-12 days.

The first follicular monitoring was conducted on the fifth or 
sixth day of stimulation, with subsequent monitoring every 
other day or daily as needed. Monitoring comprised ultrasound 

assessment of follicles (The GE Voluson E8- GE HealthCare 
US) and hormonal evaluations (FSH, LH, E2).

Hormonal monitoring parameters are detailed in Table 2. 
Medication dosing was adjusted based on follicular response. 
The GnRH-antagonist (Cetrotide 0.25 mg, Merck Serono, 
Darmstadt, Germany) was administered when one follicle 
reached 14 mm in diameter. Ovulation triggers included 10,000 
IU of chorionic gonadotropin (Pregnyl 5000 IU, Organon, 
Netherlands) alone, a combination of 1,500 IU chorionic 
gonadotropin and GnRH-agonist (Decapeptyl 0.2 mg, Ferring 
Pharmaceuticals, Switzerland), or GnRH-agonist alone 
(Decapeptyl 0.2 mg).

Table 2. Details of Hormonal monitoring parameters.
Parameters Mean value*

FSH1 level at DR (mIU/mL) 3,6± 2,5
E22level at DR3 (pg/mL) 10.4 ± 8.6
Total gonadotropins administration (IU)4 3203±536
Days of stimulation 10,5 ± 2,1
E2 level on day of trigger (pg/mL) 7325±1567
Follicle diameter at retrieval (mm) 18,4±1.7
Total number of retrieved oocytes 19,3±5.5

1FSH – follicle stimulating hormone
2E2 -estradiol
3DR -downregulation
4Total gonadotropins – total amount of FSH dose (either r-FSH or 
hMG)
*Mean value ± standard deviation (N)

Aspiration was performed 35 hours after administering the 
ovulation trigger. For donors with more than 25 follicles, only 
the GnRH-agonist (Decapeptyl 0,2 mg, Ferring Pharmaceuticals, 
Switzerland) was used to prevent ovarian hyperstimulation.

Donors underwent ovarian follicle aspiration in the dorsal 
lithotomy position under general anesthesia (IV anesthesia 
with spontaneous breathing maintenance). Follicle aspiration 
was performed transvaginally under ultrasound guidance using 
17-gauge aspiration needles (single lumen needles, Gynetics-
Fertitech, Belgium). Aspiration was conducted at a pressure 
of 120 mmHg. Each follicle was measured in two dimensions 
before puncture and aspiration, and the average data were 
recorded. It was also noted whether an oocyte was retrieved 
from the measured follicle. The embryologist recorded the 
follicle size and the retrieved oocytes. If two oocytes were 
found in the test tube, or if the oocyte was from an unmeasured 
follicle, it was excluded from the study.

All oocytes underwent the ICSI procedure. Fertilization 
assessment—identifying one or two pronuclei (PN)—was 
conducted 16 to 18 hours post-ICSI. For embryo culture, 
Quinn’s Advantage Fertilization medium (ref no.: ART-1020, 
Origio, Netherlands) was used. After fertilization assessment, 
embryos were transferred to Quinn’s Advantage Cleavage (ref 
no.: ART-1026, Origio, Netherlands) in individual droplets. On 
day three of embryo development, Zona Pellucida was disrupted 
using a laser (device), and the embryos were transferred to the 
blastocyst culture medium Quinn’s Advantage Protein Plus 
Blastocyst Medium (ref no.: ART-1529, Origio, Netherlands) 
in individual droplets. Embryo evaluation was performed at 
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the blastocyst stage on days five, six, and seven. Blastocyst 
morphological quality was assessed using the Gardner grading 
method. High-quality blastocysts (AA to BC; CB) underwent 
trophectoderm biopsy—using vitrification—and 5-8 cells from 
the biopsied trophectoderm were sent to the genetic laboratory 
for ploidy analysis (PGT-A). Genetic testing was conducted at 
Reprogenetics/Cooper Genomics (New Jersey, USA, or UK) 
for comprehensive chromosomal analysis by next-generation 
sequencing (NGS)
Results and Discussion.

From the 555 measured follicles from 32 donors, 508 oocytes 
were obtained (91.5%). The number of mature oocytes (MII) 
was 411 (80.9%), 97 immature oocytes (19.2%), including 
51 germinal vesicle (GV) oocytes (10.04%) and 46 oocytes 
without a polar body (MI) (9.06%). Follicles were divided into 
four research groups: Group 1 (<15 mm); Group 2 (15-18 mm); 
Group 3 (18-20 mm); Group 4 (>20 mm).

All statistical analyses and visualizations in this presentation 
were performed using T-test, ANOVA, Python to determine the 
significance of differences between groups.
Follicle Size and Oocyte Maturity:

In the first research group (<15 mm), of the 113 oocytes 
obtained, 51 (45.13%) were GV; 28 (24.78%) were MI; and 34 
(30.09%) were MII. It was noted that only GV quality oocytes 
were obtained from follicles smaller than 10 mm.

In the second group (15-18 mm), 191 oocytes were collected, 
resulting in 27 GV (14.14%), 16 MI (8.38%), and 148 MII 
(77.49%).

In the third group (18-20 mm), no GV oocytes were founded; 
of the 99 oocytes, 86 were MII (86.87%) and 13 were MI 
(13.13%).

In the fourth group (>20 mm), all 128 oocytes were mature 
MII (100%).

Statistical analysis shows a clear increase in the frequency 
of oocyte maturity parallel to follicle size. Notably, significant 
differences were observed in the second and third groups.

The cumulative incidence plot (Figure 1) illustrates the 
relationship between follicle size and the stages of egg maturity 
(GV, MI, MII). It shows that as follicle diameter increases, 
the likelihood of reaching the MII stage also increases, while 
smaller follicles tend to remain at the GV stage.

A graphical representation (Figure 2) is provided here, 
showing the categorization of follicle sizes into groups, where 
the relationship between oocyte maturity and follicle size is 
clearly evident. 

This bar chart illustrates the incidence of matured eggs (MII) 
categorized by follicle size ranges. The data is divided into four 
categories: <15 mm, 15-18 mm, 18-20 mm, and >20 mm. The 
chart indicates that the incidence of matured eggs is highest in 
the 15-18 mm and 18-20 mm categories, with rates of 94.85% 
and 95.38%, respectively. In contrast, follicles smaller than 15 

Figure 1. The cumulative incidence plot illustrates the relationship 
between follicle size and the stages of egg maturity (GV, MI, MII).

Figure 2. A graphical representation of the relationship between 
oocyte maturity and follicle size is clearly evident.

Figure 3. The frequency of fertilization relative to follicle size.
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mm have a significantly lower incidence rate of matured eggs at 
30.09%, and follicles larger than 20 mm at 91.78%.

In some studies, the size of the follicle at the time of retrieval 
has long been considered a significant factor in predicting 
oocyte maturity. Larger follicles are typically associated with 
a higher likelihood of retrieving mature oocytes (MII stage). 
This is supported by previous studies that suggest a positive 
correlation between follicle size and oocyte maturation rates 
[15]. The underlying physiology indicates that larger follicles 
have undergone more advanced stages of development, thereby 
completing the necessary processes for meiotic progression. A 
study by Weissman et al. (2007) also highlighted that follicles 
above 18 mm are more likely to yield mature oocytes, which is 
crucial for successful fertilization [1]. Other authors noted that 
follicle size alone is not a definitive predictor of oocyte quality or 
embryo viability, as other factors, such as cytoplasmic maturity 
and the in vitro culture environment, play critical roles [16].

Out of the 411 mature oocytes obtained, 347 were fertilized 
(84.4%), and of the 46 MI oocytes, 16 were fertilized. The 
frequency of fertilization relative to follicle size is shown in 
Figure 3.

The relationship between follicle size and the likelihood of 
fertilization (indicated by the presence of two pronuclei, 2PN) 
was investigated. This analysis aimed to determine whether 
follicle size could predict the incidence of mature eggs (MII) 
and their subsequent fertilization.

The t-test results show no statistically significant difference 
between the follicle sizes of fertilized and mature oocytes (P 
= 0.2741; Z = 0.20). The analysis suggests that follicle size is 
not a significant predictor of fertilization (2PN). The observed 
differences in follicle sizes between fertilized and mature 
oocytes are not statistically significant, as indicated by the 
p-value (0.2741) and Z-value (0.20). Additionally, the ROC 
curve analysis was inconclusive due to the lack of negative 
samples, which necessitates further research in the future.

This comprehensive analysis supports the conclusion that 
follicle size does not significantly influence the likelihood of 
oocyte fertilization, providing valuable insights for clinical 
decision-making and research in reproductive medicine.

While larger follicles tend to yield more mature oocytes, our 
data showed no significant difference in fertilization rates per 
mature oocyte across different follicle sizes. This finding aligns 
with existing literature, suggesting that once oocytes reach 
maturity, their fertilization potential is more influenced by 
intrinsic oocyte quality and sperm factors rather than the follicle 
size [14]. A study by Dubey et al. (1995) found that while there 
was a positive correlation between follicle size and the maturity 
of oocytes, follicle size alone was not a reliable predictor of 
successful fertilization [11].
Follicle Size and Blastocyst Formation:

No significant differences were observed in the quality of 
blastocysts formed from oocytes based on the size of their 
originating follicles.

Correlation analysis, ANOVA, and t-tests were employed to 
assess the relationship between follicle size and blastocyst grade 
(Figure 4). These statistical methods collectively provided a 
robust evaluation, revealing a statistically significant but modest 

effect of follicle size on blastocyst formation, suggesting that 
other factors also play a significant role.

The positive coefficient for follicle size (0.0400) suggests a 
positive relationship between follicle size and blastocyst grade. 
The p-value (<0.001) is highly significant, confirming the 
relationship is not due to random chance. factors also play a 
significant role. Further research is needed to identify additional 
factors that influence blastocyst grade. The R-squared value is 
relatively low, shows that while the relationship is statistically 
significant, follicle size alone does not explain much of the 
variance in blastocyst grade. 

Our analysis revealed a nuanced relationship between follicle 
size and blastocyst formation. Although larger follicles are 
generally associated with higher oocyte maturity rates, which 
is a critical factor for successful fertilization and subsequent 
embryo development [21], the conversion rate to blastocysts did 
not increase proportionally. This discrepancy may be attributed 
to factors beyond follicle size, such as oocyte cytoplasmic 
maturation and in vitro culture conditions [22]. These findings 
suggest that while follicle size is a useful marker for predicting 
oocyte yield, it is less reliable for forecasting blastocyst 
development. 
Follicle Size and Blastocyst Euploidy:

Out of 374 fertilized oocytes, preimplantation genetic 
testing (PGT-A) of 145 resulting blastocysts showed that 76 
were euploid (52.41%). The average follicle size from which 
the oocytes forming euploid blastocysts were obtained was 
18.68±2.12 mm. The analysis indicated no statistical difference 
in the average size of follicles that formed aneuploid blastocysts, 
which was 18.65±2.13 mm. An interesting observation was 
that none of the mature oocytes from the first group (<15 mm) 
developed into blastocysts.
ROC and AUC Analysis:

The AUC of 0.65 suggests that follicle size has a poor 
predictive power for determining euploid blastocyst formation.

The significant Z-value and very low p-value provide strong 

Figure 4. Correlation analysis, ANOVA, and t-tests were employed to 
assess the relationship between follicle size and blastocyst grade.
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evidence of a relationship between follicle size and the 
likelihood of obtaining a euploid blastocyst (Figure 5).

Figure 5. The significant Z-value and very low p-value provide strong 
evidence of a relationship between follicle size and the likelihood of 
obtaining a euploid blastocyst.

The analysis shows that while there is a high rate of euploid 
blastocysts from mature oocytes, follicle size alone does 
not significantly predict euploidy. Other factors, such as the 
incubation environment, cultivation mediums and also play a 
crucial role in determining euploid blastocyst likelihood.

Determining the relationship between follicle diameter, from 
which mature MII oocytes are obtained, and blastocyst euploidy 
is important for clinicians. Establishing this relationship as a 
predictive factor is especially crucial for patients who freeze 
oocytes indefinitely for later reproductive age, essentially doing 
so blindly.

Extended culture to the blastocyst stage, coupled with 
preimplantation genetic testing for aneuploidy (PGT-A), has 
become a standard practice to enhance embryo selection. 
This approach allows for the identification and transfer of 
euploid embryos, which are more likely to result in successful 
pregnancies. Studies have consistently shown that the use of 
PGT-A significantly improves implantation rates and reduces 
miscarriage rates by ensuring that only chromosomally normal 
embryos are selected for transfer [17]. A large-scale study 
by Sadecki et al. (2021) demonstrated that PGT-A improves 
live birth rates by reducing the risk of transferring aneuploid 
embryos [19].
Pregnancy Outcomes:

A retrospective analysis was conducted on the outcomes of 
pregnancies resulting from the transfer of genetically tested and 
non-tested embryos.

Embryo transfer was performed after endometrial medical 
preparation in recipients. Endometrial preparation began either 
after taking oral contraceptives (prescribed only to surrogate 
mothers to suppress ovarian fuction) or directly on the second 
day of the menstrual cycle. To prepare the endometrium, 

recipients received 9 mg of estradiol per day (Femostone 2/10 
– Abbot, Netherlands). To further suppress their own ovulation, 
surrogate mothers were additionally given a GnRH-agonist 
injection until progesterone was prescribed. The average 
preparation duration was 10-15 days, depending on endometrial 
thickness. Progesterone (Luteina 200 mg - Poland) for vaginal 
and i/m use (Prolutex 25 mg – IBSA Switzerland) was prescribed 
once the endometrial thickness exceeded 8 mm. On this day, 
estradiol and progesterone levels were measured in the blood, 
and embryo transfer was scheduled if the blood progesterone 
level was < 1 ng/ml. The embryo transfer was performed on the 
sixth day after starting progesterone.

A total of 110 genetically tested embryo transfers resulted in 
48 pregnancies (43.63%), whereas 63 transfers with non-tested 
embryos resulted in 23 pregnancies (36.5%). Miscarriages in 
the PGT-A group were 12.5% (6/48) compared to 20.6% (6/23) 
in the non-PGT-A group (Figure 6).

Figure 6. Miscarriages in the PGT-A group were 12.5% (6/48) 
compared to 20.6% (6/23) in the non-PGT-A group.

Figure 7. The logistic regression analysis revealed a statistically 
significant difference between the PGT and non-PGT groups (p < 
0.001).



201

To rigorously test whether the difference in pregnancy rates 
between the PGT and non-PGT groups is statistically significant, 
accounting for the number of patients in each group. The 
logistic regression analysis (Figure 7) revealed a statistically 
significant difference between the PGT and non-PGT groups (p 
< 0.001). The Z-value (-2.18) confirmed the distinct outcomes 
in the PGT group after adjusting for group size. The ROC curve 
demonstrated the model's strong predictive accuracy, with an 
AUC of 0.90, highlighting its effectiveness in distinguishing 
between the two groups regarding pregnancy outcomes. 

Numerous studies have compared the efficacy of PGT-A with 
non-PGT-A embryo transfers, with mixed results depending on 
the patient population and study design.

PGT-A is associated with higher implantation and clinical 
pregnancy rates, particularly in older women and those with 
recurrent pregnancy loss. For instance, a clinical pregnancy rate 
is approximately 60% after PGT-A, significantly higher than 
non-PGT-A transfers [13]. Similarly, Scott et al. demonstrated 
that PGT-A cycles led to an increased implantation rate of 
around 65%, highlighting the technique's potential to improve 
pregnancy outcomes in select populations [18].

One of the primary benefits of PGT-A is its ability to reduce 
miscarriage rates by selecting euploid embryos, which are less 
likely to result in early pregnancy loss. Dahdouh et al. found 
that the miscarriage rate after PGT-A was significantly lower, 
often below 10%, compared to non-PGT-A transfers [12].

Despite these advantages, the universal application of PGT-A 
remains controversial. Mastenbroek et al. found no significant 
difference in live birth rates between PGT-A and non-PGT-A 
groups in younger women, questioning the necessity of PGT-A 
in populations with a good prognosis [23], The study suggests 
that PGT-A should be applied selectively rather than routinely.

Overall, PGT-A has shown substantial benefits in improving 
pregnancy outcomes, particularly in older women and those with 
a history of pregnancy loss. However, its application should be 
tailored to the individual patient's characteristics and clinical 
history to maximize the chances of a successful pregnancy. 
Further large-scale studies are needed to refine the indications 
for PGT-A and confirm its long-term benefits in diverse patient 
populations.
Conclusion.

Oocyte maturation, fertilization, and blastocyst formation 
depend on follicle size. However, follicle size is not an indicator 
of blastocyst euploidy. Preimplantation genetic testing for 
euploidy (PGT-A) significantly increases pregnancy and live 
birth rates while reducing the frequency of miscarriages.
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Взаимосвязь между размером фолликула, созреванием 
ооцита, образованием бластоцистов, плоидностью 
бластоцистов и исходами беременности у молодых 
женщин, проходящих процедуру ЭКО 
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Абстракт
Связь между размером фолликула, качеством ооцитов 

и плоидностью бластоцистов до конца не установлена. 
Этот вопрос приобретает особую важность для пациенток 
с плохим ответом и женщин пожилого материнского или 
позднего репродуктивного возраста, когда оптимальный 
размер фолликула и оптимальное количество яйцеклеток 
не всегда могут быть достигнуты при медикаментозной 
стимуляции яичников.

Цель исследования - определить взаимосвязь 
между размером фолликула, созреванием ооцита, 
образованием бластоцистов, плоидностью бластоцистов 
и исходом беременности у молодых женщин, прошедших 
экстракорпоральное оплодотворение.

Методы и материалы
В исследовании приняли участие 32 донора яйцеклеток в 

возрасте от 19 до 35 лет. Для медикаментозной стимуляции 
яичников применяли протокол с антагонистами 
гонадотропин-рилизинг гормона (GnRH-antagonist) 
методом даунрегуляции яичников с помощью пероральных 
контрацептивов. Триггер овуляции назначался когда 

20% фолликулов достигали размера 18 мм. Аспирацию 
проводили на 35-й час после назначения триггера 
овуляции. Размер фолликулов определяли один за другим 
непосредственно перед введением аспирационной иглы 
в фолликул и аспирацией фолликулярной жидкости. 
Полученные яйцеклетки и размер фолликула, из которого 
был получен указанный ооцит, записывал эмбриолог 
индивидуально. Полученные бластоцисты подвергали 
преимплантационному генетическому тестированию на 
выявление анеуплоидии (PGT-A) методом NGS. Исход 
беременности оценивались по биохимическим показателям 
беременности, выкидышей и живорождения.

Результаты
Из 555 измеренных фолликулов было получено 508 

ооцитов (91,5%). Число зрелых яйцеклеток (МII) составило 
411 (80,9%), незрелых яйцеклеток - 97 (19,2%), из 97 
незрелых яйцеклеток 51 представляли собой ооциты 
зародышевых пузырьков (GV) (10,04%), 46 (9,06%) 
ооцита не имели полярного тельца (MI). Фолликулы были 
разделены на 4 исследовательские группы по размеру: I 
группа - <15 мм; II группа – 15-18 мм; III группа – 18-20 
мм; IV группа– >20 мм. Количество зрелых ооцитов было 
значительно выше во второй, третьей и четвертой группах 
по сравнению с первой группой, что указывает на то, что 
размер фолликула оказывает существенное влияние на 
извлечение ооцитов MII (p<0,0001). Особенно больше 
зрелых ооцитов наблюдались во второй и третьей группах.

Установлено, что оплодотворение и образование 
бластоцистов из яйцеклеток, полученных из крупных 
фолликулов выше, чем у яйцеклеток, полученных из 
мелких фолликулов (р < 0,0001); Установлено, что частота 
получения эуплоидных бластоцистов достоверно не 
различалась между исследуемыми группами. Существенной 
взаимосвязи между размером фолликула и образованием 
эуплоидных бластоцист не выявлено.

Женщины, прошедшие генетическое тестирование 
эмбрионов и перенесшие эуплоидные эмбрионы, имели 
значительно более низкие показатели биохимической 
беременности и выкидышей, а также значительно более 
высокие показатели живорождения, по сравнению с теми, 
кто не проходил генетическое тестирование эмбрионов.

Заключение
Созревание ооцита, оплодотворение и образование 

бластоцистов зависят от размера фолликула. Однако 
размер фолликула не является показателем эуплоидии 
бластоцистов. Преимплантационное генетическое 
тестирование на эуплоидию (PGT-A) значительно 
увеличивает успешность беременности и частоту 
живорождения, одновременно снижая частоту выкидышей. 
Ключевые слова: Размер фолликула, качество ооцитов, 
плоидия бластоцистов, созревание ооцитов, формирование 
бластоцистов, экстракорпоральное оплодотворение 
(ЭКО), преимплантационное генетическое тестирование 
на анеуплоидии (PGT-A), стимуляция яичников, 
эуплоидные бластоцисты, исходы беременности, протокол 
с антагонистами ГнРГ, доноры ооцитов, показатели 
живорождения, показатели выкидышей.
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ფოლიკულის ზომის, კვერცხუჯრედის მომწიფების, 
ბლასტოცისტის ფორმირების, ბლასტოცისტის 
პლოიდიის და ორსულობის შედეგების 
ურთიერთკავშირი ახალგაზრდა ქალებში ინ ვიტრო 
განაყოფიერების პროგრამებში

თეა ჩარკვიანი1,2, ჯენარა ქრისტაშივილი1, თამარ 
ბარბაქაძე1,2, მარიამ გაბაძე2, თამარ კბილაშვილი2, მარიამ 
მახარაძე3

1კლინიკური და ტრანსლაციური მედიცინის 
ფაკულტეტი, ივანე ჯავახიშვილის სახელობის თბილისის 
სახელმწიფო უნივერსიტეტი, თბილისი, საქართველო 
2რეპროდუქციული ენდოკრინოლოგიის დეპარტამენტი, 
ქართულ-ამერიკული რეპროდუქციული მედიცინის 
ცენტრი რეპროარტი, თბილისი, საქართველო 
3დავით ტვილდიანის სამედიცინო უნივერსიტეტის 
კურსდამთავრებული, თბილისი, საქართველო

აბსტრაქტი
ფოლიკულის ზომასა და კვერცხუჯრედის ხარისხს და 

ბლასტოცისტის პლოიდიას შორის კავშირი ბოლომდე 
არ არის დადგენილი. ამ საკითხს განსაკუთრებული 
მნიშვნელობა აქვს ღარიბ მოპასუხე პაციენტებსა და 
გვიან რეპროდუქციული ასაკის ქალების შემთხვევაში, 
როდესაც საკვერცხეების მედიკამენტოზური 
სტიმულაციის დროს ყოველთვის ვერ მიიღწევა 
ფოლიკულის ოპტიმალური ზომა და კვერცხუჯრედების 
ოპტიმალური რაოდენობა.

შრომის მიზანს წარმოადგენდა ფოლიკულის ზომას, 
ოოციტების მომწიფებას, ბლასტოცისტების ფორმირებას, 
ბლასტოცისტების პლოიდიასა და ორსულობის 
გამოსავალს შორის ურთიერთამოკიდებულების 
დადგენა ახალგაზრდა ქალებში, რომლებიც იტარებენ 
ინ ვიტრო განაყოფიერებას

მეთოდები და მასალები
კვლევაში მიიღო მონაწილეობა 19-დან 35 წლის 

ასაკამდე 32-მა კვერცხუჯრედის დონორმა. 
საკვერცხეების მედიკამენტოზური სტიმულაციისთვის 
გამოყენებული იქნა GnRH-antagonist პროტოკოლი 
საკვერცხეების წინასწარი დათრგუნვის (downregulation) 
მეთოდით ორალური კონტრაცეპტივების გამოყენებით. 
საოვულაციო ტრიგერი ინიშნებოდა, როდესაც 
ფოლიკლების 20% აღწევდა 18 მმ-ს. ასპირაცია 
ტარდებოდა საოვულაციო ტრიგერის დანიშვნიდან 35-ე 
საათზე. სათითაოდ ხდებოდა ფოლიკულების ზომის 
განსაზღვრა უშუალოდ ფოლიკულში საასპირაციო 
ნემსის შესვლამდე და ასპირაციამდე. მიღებული 
კვერცხუჯრედები და ფოლიკულის ზომა, საიდანაც იქნა 
მიღებული აღიშნული კვერცხუჯრედი, ემრბრიოლოგის 
მიერ აღირიცხებოდა ინდივიდუალურად. მიღებულ 
ბლასტოცისტებზე ტარდებოდა პრეიმპლანტაციური 
გენეტიკური ტესტირება ანუპლოიდიის გამოსავლენად 
(PGT-A) NGS-მეთოდით. ორსულობის გამოსავალი 
ფასდებოდა ბიოქიმიური ორსულობის, თვითნებითი 
აბორტების და ცოცხლად შობადობის მაჩვენებლის 
მიხედვით. შედეგები

გაზომილი 555 ფოლიკულიდან მიღებული იქნა 
508 კვერცხუჯრედი (91,5 %). მათგან მომწიფებული 
კვერცხუჯრედების (MII) რაოდენობა აღმოჩნდა 
411 (80,9%), მოუმწიფებელი იყო 97კვერცხუჯრედი 
(19.2%), მოუმწიფებელი 97 კვერცხუჯრედიდან 51 იყო 
გერმინაციული ვეზიკულა (GV - 10.04%), 46 (9.06%) 
კვერცხუჯრედს არ ქონდათ პოლარული სხული (M I). 
ფოლეკულები ზომების მიხედვით დაიყო 4 საკვლევ 
ჯგუფად: ჯგუფი I - <15 მმ; ჯგუფი II - 15-18 მმ; 
ჯგუფი III - 18-20 მმ; ჯგუფი IV - >20 მმ. მომწიფებული 
კვერცხუჯრედების რაოდენობა სარწმუნოდ მაღალი 
იყო მეორე, მესამე და მეოთხე ჯგუფებში პირველ 
ჯგუფთან შედარებით, რაც მიუთითებს იმაზე, 
რომ ფოლიკულის ზომას აქვს მნიშვნელოვანი 
ეფექტი MII კვერცხუჯრედების მიღებაში (p<0.0001). 
განსაკუთრებით მეტი მომწიფებული კვერცხუჯრედები 
დაფიქსირდა მეორე და მესამე ჯგუფებში.

დადგინდა, რომ დიდი ზომის ფოლიკულებიდან 
მიღებული კვერცხუჯრედების განაყოფიერების და 
ბლასტოცისტის ფორმირების სიხშირე სარწმუნოდ 
მაღალია მცირე ზომის ფოლიკულებიდან მიღებულ 
კვერცხუჯრედებთან შედარებით (p<0.0001);

დადგინდა, რომ ეუპლოიდური ბლასტოცისტების 
მიღების სიხშირრე სარწმუნოდა არ განსხვავდებოდა 
საკვლევი ჯგუფების მიხედვით. არ დაფიქსირდა 
მნიშვნელოვანი ურთიერთკავშირი ფოლიკულის 
ზომასა და ეუპლოიდური ბლასტოცისტის ფორმირებას 
შორის.

იმ ქალებში, ვისთანაც ჩატარდა ერმბიონის გენეტიკური 
ტესტირება და გადატანილ იქნა ეუპლოიდური 
ემრბიონები, სარწმუნოდ დაბალი აღნოჩნდა 
ბიოქიმიური ორსულობის, თვითნებითი აბორტების 
მაჩვენებელი და სარწმუნოდ მაღალი ცოცხლად 
შობადობის მაჩვენებელი, მათთან შედარებით, ვისაც არ 
ჩაურდათ ემბრიონის განეტიკური ტესტირება .

დასკვნა
კვერცხუჯრედის მომწიფებულობა, განაყოფიერების 

და ბლასტოცისტის ფორმირება დამოკიდებულია 
ფოლიკულის ზომაზე. ფოლიკულის ზომა არ 
არის ბლასტოცისტის ეუპლოიდიის ინდიკატორი. 
პრეიმპლანტაციური გენეტიკური ტესტირება 
ეუპლოიდიის გამოსავლენად (PGT-A) მნიშვნელოვნად 
ზრდის ორსულობის მიღების და ცოცხლად შობადობის 
მაჩვენებელს და ამცირებს თვითნებითი აბორტების 
სიხშირეს.

საკვანძო სიტყვები: ფოლიკულის ზომა, 
კვერცხუჯრედის ხარისხი, ბლასტოცისტის პლოიდია, 
უჯრედის მომწიფება, ბლასტოცისტის ფორმირება, 
ინ ვიტრო განაყოფიერება (IVF), პრეიმპლანტაციური 
გენეტიკური ტესტირება ანეუპლოიიდის გამოსავლენად 
(PGT-A), საკვერცხეების სტიმულაცია, ეუპლოიდური 
ბლასტოცისტები, ორსულობის შედეგები, GnRH-
ანტაგონისტის პროტოკოლი, კვერცხუჯრედის დონორი, 
ცოცხლად შობადობის მაჩვენებლები, თვითნებითი 
აბორტი.
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