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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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with Latin symbols.
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be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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 | — <15 mm, Group Il — 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.

© GMN

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

iogl)lcle stimulated hormone basal level (mIU/ 78491

TSH (mIU/mL) 22+1.3

PRL (ng/mL) 163+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
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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”
FSH! level at DR (mIU/mL) 3,6£2,5
E22level at DR? (pg/mL) 10.4 +£8.6
Total gonadotropins administration (TU)* 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

!FSH — follicle stimulating hormone

’E2 -estradiol

3DR -downregulation

“Total 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



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 MIL. 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.

Cumulative Incidence of Egg Maturity Stages by Follicle Size
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Figure 1. The cumulative incidence plot illustrates the relationship
between follicle size and the stages of egg maturity (GV, MI, MII).
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Figure 2. A graphical representation of the relationship between
oocyte maturity and follicle size is clearly evident.
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Figure 3. The frequency of fertilization relative to follicle size.

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



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
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Relationship between Follicle Size and Blastocyst Grade
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Figure 4. Correlation analysis, ANOVA, and t-tests were employed to
assess the relationship between follicle size and blastocyst grade.

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



evidence of a relationship between follicle size and the
likelihood of obtaining a euploid blastocyst (Figure 5).

Receiver Operating Characteristic (ROC) Curve
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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,
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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/muse (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).

Comparison of PGT and Non-PGT Pregnancy Outcomes (Without Total Miscarriages)
PGT
100 . Non-PGT
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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.
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Figure 7. The logistic regression analysis revealed a statistically
significant difference between the PGT and non-PGT groups (p <
0.001).



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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B3aumocBsA3b Mexkay pasMepoM ¢GoJLINKYJIA, CO3PEeBAHHEM
oonuTa, oOpa3oBaHWeM OJIACTONUCTOB, ILUIOHWTHOCTBIO
0JIACTOUCTOB M HMCX0JAMH OepeMEHHOCTH Yy MOJOABIX
’KeHIIUH, mpoxoasimux npouenypy KO

Tea YapkBuauun'> [:xenapa Kpucracamsumu', Tamap
Bap6akanze'?, Mapuam I'a6anze’, Tamap Komnamsuan?,
Mapuam Maxapanze®

!®akynemem KauHUYECKOU U MPAHCIAYUOHHOU MEOUYUHDL,
Tounucckutl eocyoapcmeennvlil yHugepcumem umenu Heane
Jicasaxuweunu, Tounucu, I'pysus

2Omoenenue penpoOykmueHou 3HOOKpuHonozuu, I pysuro-
Amepuxanckuti yewmp  pPenpoOyKMuGHoU  MeOUYUHbl
«PenpoApmy, Tounucu, I pysus.

‘Baxanasp Meduyunckoeo yHueepcumema umeHu Jasuoa
Teunouanu, Tounucu, I'pysus.

A0cTpakT

CBs3p MEXAy pa3MepoM (OJUIMKYNa, KauyeCTBOM OOIMTOB
U IUIOWJHOCTBHIO OJIACTOIMCTOB /O KOHIIA HE YCTaHOBJIEHA.
3TOT BONpPOC NMPUOOpETaeT 0COOYI0 BaXKHOCTH JUIS TAIIMEHTOK
C TUIOXMM OTBETOM WU JKEHIIUH ITOXKHJIOT0 MaTEePHHCKOTO WU
MIO3/THETO PENPOAYKTHBHOTO BO3pacTa, KOT/Aa ONTHMaJbHBIN
pasmep (OJUTHKYIAa ¥ ONTHMAIFHOE KOJIMYECTBO SHIIEKIETOK
HE BCErja MOTYT OBITh JOCTHTHYTHI NPH MEAMKaMEHTO3HOU
CTUMYJISLIUH STHYHUKOB.

Llens  wccnenmoBaHust - ONPEACIUTH  B3aMMOCBSI3b
MEXAy pa3sMepoM  (OJUTMKYJa, CO3PEBaHHMEM  OOLHUTA,
oOpa3oBaHMeM OJAaCTOIMCTOB, IUIOWAHOCTBHIO OJACTOIMCTOB
U MCXO/I0M OEPEMEHHOCTH y MOJIOABIX JKCHIIMH, MPOIIE IINX
9KCTPAaKOPIOPATBHOE OILUIOJOTBOPEHHE.

MeTtoabl 1 MaTepHAJIbI

B uccnenoanuu npuHsun yyactue 32 JoHOpa SHIEKIETOK B
Bo3pacte oT 19 g0 35 nert. lyis MeAMKaMEHTO3HOM CTUMYJISLIUN
SMYHUKOB ~ TNPUMEHSUIM  TIPOTOKON  C  AHTAarOHUCTaMH
TOHAJOTPONUH-PUIU3UHT TOpPMOHA (GnRH-antagonist)
METO/IOM JIayHPETYJISIINH SUYHUKOB C TOMOIIBIO TTIEPOPATEHBIX
KOHTpAleNTUBOB. Tpurrep OBYJSIMM Ha3Ha4ajcs KOTAa
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20% dommmkynoB mocturanu pasmepa 18 mm. Acmupanmio
npoBoqwid Ha 35-i1 Yac mocne Ha3HAYeHUs] TpUrrepa
oByssiuu. Pazmep QommmkyiioB onpenensu oAanH 3a APYTUM
HENOCPEACTBEHHO Mepes] BBEACHHEM AacNUPALUOHHOW WUIIIbI
B ¢ommky1 u acrnupanueil QoJUMKyISpHOH SKUIKOCTH.
[NonydeHnsle siinexneTky U pasmep (oumkyma, U3 KOTOpOro
ObUT TOJydYeH YKa3aHHBIH OOLMT, 3alChIBAT 3MOPHOJIOT
nHIUBHAyanbHO. [lomydeHHBIe OIACTOLMCTHI  MOJBEpPrain
MPEUMIUIAHTAlUOHHOMY TE€HETHUECKOMY TECTUPOBAaHHUIO Ha
BeisiBieHue aneymiongun (PGT-A) meronom NGS. Hcxon
0GepeMEHHOCTH OI[EHUBAIIUCH 110 OMOXMMUYECKIM TTOKa3aTesiM
OEpEeMEHHOCTH, BBIKU/IBIIIEH W )KUBOPOXKICHUSI.

PesyabTaTsl

N3 555 m3mepeHHbIx ¢QommmkyiaoB Obuto momydeHo 508
oortoB (91,5%). Yucino 3penbix stiinekierok (MII) cocraBuino
411 (80,9%), mespenbix siinekiaerok - 97 (19,2%), uz 97
HE3peNbIX SHNEeKIeTOK 51 TpencraBiustiv  co0oil  OOIMTHI
3apoJbIIeBEIX  MMy3bIppkoB  (GV) (10,04%), 46 (9,06%)
oonyuTa He UMeny nossipHoro tensia (MI). dommmkyns! ObuTH
paszenceHsl Ha 4 HcclenoBaTeNbCKUe IPYMIBI 1O pa3Mepy: |
rpymna - <15 mmM; II rpynna — 15-18 mm; III rpynma — 18-20
Mmm; IV rpynma— >20 mM. KosmaecTBo 3pesbIX OOIMTOB OBLIO
3HAYUTENBHO BBIIIE BO BTOPOIl, TpeThell U 4eTBEPTOI rpymmax
II0 CPABHEHUIO C MEPBOM IPYMNIOHN, YTO YKa3bIBA€T HA TO, YTO
pasmep (OJUTMKYJIa OKasblBaeT CYIIECTBEHHOE BIIMSHUE Ha
m3pnedenue oormroB MII (p<0,0001). OcobenHo Ooibie
3peJbIX OOLUTOB HAOJIONAINCH BO BTOPOH M TPeThel rpyrmax.

VYcraHOBIIEHO, YTO  OIUIOJIOTBOPEHHE W  0Opa3oBaHHE
07acTOIMCTOB W3 SHIEKIETOK, MONYyYEHHBIX W3 KPYIHBIX
(OJTMKYIIOB BBINIE, YeM Yy SHIEKIETOK, ITOJNyYCHHBIX U3
Menkux ¢ommmkynos (p < 0,0001); YcraHOBICHO, 4TO YacToTa
MOJYYEHHs] DYIUIOWAHBIX OJIACTOIMCTOB JOCTOBEPHO HE
paznuyanach MeXJy Uccae yeMbIMU rpynnaMu. CyIecTBeHHOM
B3aUMOCBSI3M MEXAY pa3MepoM (OUTHKYIa U 00pa3oBaHUEM
SYIUTOMIHBIX OJIACTOLUCT HE BBISBICHO.

JKeHmuHbl, mnpomenmue TEHETHYECKOE TECTUPOBAHUE
SMOPHOHOB W TIEpEHECUINe JYIUIOUIHBIE SMOPHOHBI, UMENH
3HAQUUTEIBHO Oojiee HHM3KHE TMOKazaTedd OHOXUMHYECKOU
OEpeMEHHOCTH M BBIKHJBIIICH, a TaKke 3HAYUTENBHO Ooee
BBICOKHE MOKA3aTeNN JKUBOPOXKACHUS, [0 CPABHEHUIO C TEMH,
KTO HE MPOXOANJ T€HETHYECKOE TECTHPOBaHNE IMOPHOHOB.

3aki0ueHne

Co3peBaHne OOIMTa, OIUIOJOTBOPEHHE M 0Opa3oBaHHE
OnacToIMCTOB 3aBHCAT OT pasMepa (omumkyna. OnpHako
pasmep QoIIMKyNla HE SBISIETCS IIOKa3aTesieM 3YIIONIUH

6J1aCTOICTOB. [IpenMnnanTanMoHHOE TEHETUYECKOE
tectupoBanue Ha oymionguio  (PGT-A)  3HaumTenbHO
YBEIMYMBACT  YCIEIIHOCTh OEpEeMEHHOCTH M 4acTOTy

XKHUBOPOXKIEHHSI, OJTHOBPEMEHHO CHIXKAsl 4YaCTOTY BBIKH/IBIIIEH.
KnaioueBsie caoBa: Pasmep ¢ommkyna, KauecTBO OOIMTOB,
TUIONMs OJIaCTOLMCTOB, CO3PEBAHKIE OOIUTOB, POPMUPOBAHHE
0J1aCTOILNCTOB, IKCTPAKOPHOpaTIbHOE OIJIOJJOTBOPEHUE
(OKO), mpeuMIIIaHTalMOHHOE T'€HETHYECKOE TECTHPOBAHUE
Ha aseymwiongun (PGT-A), crumymamust  SIMYHUKOB,
SYIUIOWHBIE OJIACTOLMCTHI, UCXOBI OEPEMEHHOCTH, TPOTOKOJI
c axraronuctamu ['HPI', nOHOpBI OOLUTOB, mNOKa3aTeIU
AKHUBOPOXKJIEHHSI, TOKA3aTEIN BBIKHIBIIICH.
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