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The technique of preimplantation genetic testing of embryos for aneuploidy makes it possible to select embryos with a
balanced karyotype in case when assisted reproductive technologies are used. The literature provides data on the possibility of
getting a normal pregnancy in patients when embryos with a low level of mosaicism of 20-40 % in the karyotype are transferred.
The rates of blastocyst formation with balanced and mosaic karyotypes in women of different ages, and the clinical pregnancy
rates after embryo transfer with mosaic karyotype in patients with advanced maternal age, were investigated in the present work.
Increasing women's age was associated with decreased total blastocyst formation rate and the rate of blastocysts with high
morphological quality (p=0.0044 and p=0.0190, respectively). Women aged 38 years or older are associated with an increased
frequency of aneuploid embryo and blastocyst formation with a mosaic karyotype when using assisted reproductive technologies
(p=0.00065 and p=0.0330, respectively). No statistically significant difference was found in clinical pregnancy rates between
transferring embryos with a balanced karyotype and transferring blastocysts with a low level of mosaicism (p>0.05). A decrease
in microscopic parameters of ejaculate leads to failures in the ability of sperm to fertilize a mature oocyte, even when the method
of intracytoplasmic sperm injection was used when manipulating gametes in vitro (p=0.00504, p=0.000292, respectively).

Key words: preimplantation genetic testing for aneuploidy, mosaicism, clinical pregnancy, assisted reproductive
technologies.
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HACTAHHS BAT'ITHOCTI Y PE3VJIBTATI IEPEHOCY EMBPIOHIB I3 MO3ATYHUM
KAPIOTHUIIOM ITPM ITPOBEJEHHI EKCTPAKOPIIOPAJIBHOTI' O 3AILIITHEHHSI
KIHKAM CTAPIIOI BIKOBOI KATEIOPIi

eMOpioHH 31 30aTaHCOBAaHUM KapiOTHIIOM MPH 3aCTOCYBaHHI METOJIB AOMOMDKHHMX PEHpPOIYKTHBHUX TEXHOJOriH. Y miteparypi
HaBEe/ICHI JaHi PO MOXJIMBICTH OTPUMATH HOPMaJbHY BariTHICTb Yy MAI[IEHTOK HPH HepeHoci eMOPiOHIB 3 HU3BKHM piBHEM
Mmozaimusmy 2040 % y xapiorumi. Y pmaHii poOOTi JOCTIIPKEHO dYacToTy (OpMyBaHHS ONAacTOLUCT 31 30aJaHCOBAaHMM Ta
MO3al4HHM KapioTHUIIOM Yy XIHOK Pi3HOTO BiKy Ta IEPEeBIPEHO YaCTOTY HACTAHHs KJIiHIYHOI BariTHOCTI IIPH MEPEHOCi eMOpioHiB 3
MO3al9HIM KapiOTHIIOM Y Mali€HTOK CTapuIoi BikoBoi rpynu. [lokazano, 1o 30iIbIIeHHs BiKy JKIHKH BeJle 0 3HIKEHHS 3araibHOl
9acTOTH (popMyBaHHs OJIACTOIMCT TA YAaCTOTH (POPMYBaHHS OIACTOLMCT BHCOKOI Mopdooriunoi sikocti (p=0,0044 Ta p=0,0190,
BiAMoBifAHO). Bik mamientku crapine 38 pOKIB acOIMIOETHCS 3 POCTOM 4acTOTH (HOPMYyBaHHS AHEYIUIOIAHMX eMOpIOHIB Ta
OIacTOmUCT 3 MO3alYHMM KapiOTHIIOM IIPU 3aCTOCYBaHHI METOJIB JONOMDKHHX PENpOXyKTHBHUX TexHoiorii(p=0,00065 Ta
p=0,0330, BixnoBinHO). He BHsBIEHO CTaTMCTUYHO 3HAYYINOI PI3HMII y YAacTOTi HACTAHHS KJIHIYHOI BAariTHOCTI HMPH HEepeHoci
eMOpiOHIB i3 30alaHCOBAaHUM KapiOTUIIOM i Mpu BHKOHAaHHI emOpioTpaHcepy OnacTOLHMCT 3 HU3BKHM DPIiBHEM MO3aillU3My
(p>0,05). 3HMKEHHS MIKPOCKOIIIYHUX MTApaMeTPIB eSKYIISATY IPU3BOAUTH JI0 MOPYIIEHHS 30aTHOCTI CIIepPMAaTO301/1iB 3aIlIi THIOBaTH
3pini oorutr Metadasu 11, HaBiTh 32 yMOBH BHKOPHUCTAHHS METOY IHTPAaUTOINIA3MAaTHYHO]T iH'€KIIT criepMaTo30ina npu poOoTi 3
rameramu in vitro (p=0,00504, p=0,000292, BigmnoBigHo).

KuarouoBi cioBa: mepemiMIUIaHTalliiiHe TEHETWYHE TECTYyBaHHS Ha aHEYIUIOINii, Mo3ailu3M, KJIiHiYHA BariTHICTB,
JIONOMIXHI peTIPOAYKTHBHI TEXHOJOTII.

The study is a fragment of the research project “Determination of pre-treatment role for increasing the efficiency of
cryopreservation and hypothermic storage of cellular structures with different levels of organization”, state registration
No. 0121U113329.

The selection of the embryo with the highest implantation potential is the main purpose when the
method of in vitro fertilization is used in infertility treatment. The main criterion for assessing the quality
of an embryo is its morphological properties. The most perspective is embryo that has formed a blastocyst
on the fifth or sixth day of development. A blastocysts’ morphology is classified according to the Gardner
system [6]. Additionally, in practice, morphokinetic observation is used for embryo selection. However,
the morphological and morphokinetic features of the blastocyst do not provide information about the
embryo karyotype [2]. On the other hand, the use of preimplantation genetic testing of embryos for
aneuploidy makes it possible to select embryos with a balanced karyotype for transfer into the uterus cavity
of patients undergoing infertility treatment using assisted reproductive technologies (ART) [7]. However,
according to literature data, the chances to get an embryo with a balanced karyotype in women older than
39 years do not exceed 10 % [5]. On the other hand, recently, a number of studies have presented
information on the possibility to achieve a normal pregnancy in patients when transferring embryos with a
low level of mosaicism of 2040 % in the karyotype [1].
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The purpose of the study was to investigate the rates of formation of blastocysts with balanced
and mosaic karyotype in women of different ages and to detect the clinical pregnancy rates after the transfer
of embryos with mosaic karyotype in patients with advanced maternal age.

Materials and methods. Primary data collection and laboratory studies were carried out at the
“Clinic of Professor Feskov O.M.” (Kharkiv). The study was approved by the Ethics Committee of Sana-
Med Ltd. (Human Reproduction Center ““ Clinic of Professor Feskov O.M.”) in accordance with Protocol
No. 2 dated December 5, 2022. The patients signed an Informed Consent for the Use and Processing of
Data. During the period 2023-2024, totally 109 couples were considered. The study included only couples
with male factor infertility; no gynecological pathologies were detected in the female partners. The results
of preimplantation genetic testing for aneuploidy (PGT-A) of embryos in vitro were analyzed. Frozen
blastocysts with a balanced or mosaic karyotype were transferred, in cases when the level of mosaicism
was no more than 40 %. Embryos with mosaic aneuploidies involving certain chromosomes (13, 18, 21, X
and Y), commonly referred to as “viable aneuploidies” in the nonmosaic state, were excluded from ETs.
Taking into account the age of the women in the couple, the mentioned patients were divided into 2 groups.

Group 1 included 67 couples: the age of the women was in the range of 2437 years; the age of the
men was from 35 to 47 years. Group 2 was formed from 42 married couples: women aged from 38 to 43
years; the age of the men in this group was in the range of 35-49 years. Women aged 38 years and older
were allocated to a separate group, since according to the presents in literature data, a part of embryos with
a balanced karyotype is expected to decrease significantly right in female patients aged >38 years [1]. The
Control Group was considered separately: embryos obtained using donor gametes. In total, preimplantation
genetic testing was performed for 281 blastocysts: 144, 85 and 52 embryos in Groups 1, 2 and the Control
Group, respectively. Microscopic analysis of ejaculate was performed according to WHO recommendations
from 2021 [4]. A severe male factor of infertility (decreased motility, concentration, and pathological
spermatozoa morphology) was detected in all men in couples in the considered Groups 1 and 2.

Controlled ovulation stimulation (COS) of patients in couples was performed using the ant-GnRH
protocol. Fertilization of the MII oocytes was performed by the Intracytoplasmic Sperm Injection (ICSI)
technique. Embryos were cultured to the blastocyst stage in GAIN medium Single-step (Austria) at a
temperature of 36.9°C-37.1°C and a CO2 content of 5.5 %—5.7 %. The blastocysts were evaluated by
morphological characteristics of the intracellular mass (ICM) and trophectoderm (TE), according to the
criteria of D. Gardner [6]. The ICSI procedure, the evaluation of embryos’ morphology and blastocysts’
biopsy were carried out using the inverted microscope “Leica DMi 8” (serial number 418445). Freezing of
embryos was performed by the method of vitrification according to M. Kuwayama, cryotop, modification
[10]. Preimplantation genetic testing of blastocysts for aneuploidy was done with the technique of the next-
generation sequencing [7].

The data were checked for compliance with the law of normal distribution. Statistical hypotheses
were tested using the chi-square criterion at significance levels of 0.05, 0.025, 0.01 [3]. Calculations were
performed using the Apache Open Office 4.0.0 software package (Sana-Light Ltd., Sana-Med Ltd.).

Results of the study and their discussion. Considering 281 blastocysts, biopsy was performed on
the fifth day of culture for 143 embryos, on the sixth day for 131 blastocysts, and on the seventh day for 7
blastocysts, respectlvely A photo of a blastocyst before the biopsy procedure is shown in Figure 1.

As aresult of COS, a total of 603 oocytes at
the MII maturity stage were obtained from patients
in Group 1. The fertilization rate in this group,
when using the ICSI method, was 61.5 % (371
normal zygotes with two pronuclei). The total

: blastocyst formation rate (BFR) among patients in
Group 1 was 43.6 % (162 blastocysts). Blastocysts
of high morphological quality, suitable for biopsy
and vitrification, developed from 38.8% of
fertilized oocytes (144 blastocysts).

Totally 512 mature MII oocytes were
retrieved from women in Group 2. The
fertilization rate in these patients was 60.4 % (309
zygotes with two pronuclei). The total BFR in

Fig. 1. Blastocyst 6AA according to the D. K. Gardner Group 2 was 32.7 % (101 blastocysts). Blastocysts
classiﬁcatign in vitro, before the procedure of biopsy. gyitable for biopsy and vitrification developed

Magnification: x230. from 27.5 % of fertilized oocytes (85 blastocysts).
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In the control Group 3, 93 mature MII oocytes were fertilized by ICSI. The fertilization rate in this
group was 80.6 % (75 zygotes with two pronuclei). The total BFR and the rate of formation of blastocysts
of high morphological quality in Group 3 were 76. 0 % (57 blastocysts) and 69.3 % (52 blastocysts),
respectively.

The rate of fertilization of MII-oocytes did not differ statistically between patients in Groups 1 and
2. However, the rate of fertilization of mature MII-oocytes in the Control Group was statistically higher,
compared with the fertilization rates both among women in Group 1 (df =1, ¥2¢it.=12.1007, ¥2£.ct.=12.9214,
p=0.00504) and patients with advanced maternal age in Group 2 (df = 1, ¥2it.=13.1183, ¥2fact.=13.9799,
p=0.000292). Data about the blastocyst formation rates in experimental Groups 1, 2 and the Control group
are presented in Table 1.

Table 1
Blastocyst formation rates in patients with different maternal age
Group of patients N Total E:)ZR = BFR with high qua(l)/l‘fy morphology
Group 1 162%** 43.6 144%%* 38.8
Group 2 101* 32.7 85%** 27.5
Control Group ST** 76.0 52 69.3
Statistics *df =1, x20rit=8.1123, x2ac.=8.569, p=0.0044
#xdf = 1, %2t =9.2236, 2 =10.0329, p=0.0024
*¥E*A =1, ¥2rit=9.1485, ¥2£ct=9.6481, p=0.0190

Notes: p — significance level, N — the number of blastocysts.

The total blastocyst formation rate and the rate of formation of blastocyst with high morphological
quality were significantly higher in patients in Group 1, compared with these indicators among patients
with advanced maternal age in Group 2 (p=0.0044 and p=0.0190, respectively). Mentioned results
demonstrated the negative effect of advanced maternal age on the process of blastocyst formation in in
vitro fertilization cycles.

The results of preimplantation genetic screening for aneuploidy of blastocysts obtained from
patients in Groups 1, 2 and the Control Group are presented in Table 2.

Table 2
Results of preimplantation genetic testing for aneuploidy of blastocysts obtained from women
of different age categories
Group of Patients Total number Part of euploid Part of aneuploid Part'of blastocysts with
of blastocysts, N blastocysts, N (%) blastocysts, N (%) mosaic karyotype, N (%)
Group 1 144 81(56.3 %)! 51(35.4 %) 12 (8.3 %)°
Group 2 85 28 (32.9 %)'2 41(48.2 %) 16 (18.8 %)}
Control Group 52 31 (59.6 %)? 16 (30.8 %) 5(9.6 %)
Statistics Tdf = 1, x2eri=10.7268, y2ac.=11.6426, p=0.00065

24f = 1, 32eri=8.3059, 725t =9.3622, p=0.00395
3df = 1, y2eri=4.4567, x2c.=5.4806, p=0.0330

Notes: p — significance level, N — the number of blastocysts.

It was found out that the part of euploid embryos was statistically higher in patients in Group 1 and
in the Control Group compared to the data obtained for patients with advanced maternal age in Group 2
(p=0.00065 and p=0.00395, respectively). In addition, it was found that the part of blastocysts with a
mosaic karyotype was higher in women in Group 2 than among patients under 38 years of age in Group 1
(p=0.0330, respectively). In six patients from Group 2 there were no embryos with a balanced karyotype
or blastocysts with a low level of mosaicism in the karyotype. The mentioned in this study results confirm
that the part of aneuploid embryos increases with the age of the woman [9, 13].

Totally 83 frozen embryo transfers (ETs) were performed within the cryoprotocols. Of these, 47
transfers of embryos with balanced karyotypes were performed for Group 1 patients; 22 transfers of
blastocyst with normal karyotypes and 14 ETs of blastocyst with low level of mosaicism in karyotype were
performed for women in Group 2. The clinical pregnancy rate following balanced karyotype embryo
transfer was 48.9 % (23 pregnancies) for Group 1. Successful implantation among Group 2-women was
40.9 % (9 pregnancies) and 35.7 % (5 pregnancies) after ETs of euploid blastocysts and ETs embryos with
mosaicism levels not higher than 40.0 %, respectively. The clinical pregnancy rate was not statistically
different in the considered groups, both when transferring embryos with a balanced karyotype and when
performing ET with blastocysts with a low level of mosaicism (p>0.05).

Thus, in the present work it was shown that poor microscopic sperm parameters lead to a decrease
in fertilization rates even when the method of ISCI is used. Currently, the data presented in the literature
according to the influence of spermogram parameters on the fertilization rates in vitro are ambiguous. For
example, Toan D. Pham (2025) and co-authors showed a negative effect of a decrease in the part of sperm
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with normal morphology on the fertilization rates and the blastocyst formation rates when using ART
methods [11]. On the other hand, Francesco Del Giudice and colleagues (2022) claim in their study that
spermogram parameters do not affect the fertilization process and the onset of clinical pregnancy in ART
[8]. This work did not reveal the effect of the paternal or maternal age on the frequency of fertilization of
mature MII oocytes in in vitro fertilization cycles.

In our study a negative effect of advanced maternal age on the process of formation of blastocysts
with normal morphology has been demonstrated. The literature data on this is contradictory. For example,
V. S. Vanni et al. (2017) showed in their study that increasing of maternal age negatively affects the process
of blastocyst formation [12]. On the other hand, in the work of Korkmaz C. et al. (2015), it was not proven
that the women’s age over 35 years reduces the rates of blastocyst formation [9].

It was shown that the clinical pregnancy rates after the transfer of blastocyst with balanced
karyotype and transferring low mosaic karyotype-embryo are comparable. Currently, the results of clinical
pregnancy when using embryos with a mosaic karyotype, obtained by a number of authors in different
studies, are ambiguous. For example, Lei Zhang (2019) claims that the implantation rate of embryos with
a normal karyotype does not differ from the clinical pregnancy rate when transferring blastocysts with a
low level of mosaicism [14]. At the same time, Ying Xin Zhang and colleagues (2020) showed that the
implantation potential of a mosaic embryo is significantly lower than in the case of transferring a blastocyst
with a balanced karyotype [15].

Conclusions

1. The negative impact of a decrease in male fertility indices on the ability of sperm to fertilize a
mature oocyte has been demonstrated, even when using the ICSI technique when manipulating gametes in
vitro (df = 1, ¥2¢it=12.1007, }2ct.=12.9214, p=0.00504; df = 1, ¥2crit.=13.1183, ¥2ct.=13.9799, p=0.000292).

2. It has been shown that increasing of maternal age leads to a decrease in the total blastocyst
formation rates and the rates of formation of the blastocyst with high morphological quality (p=0.0044 and
p=0.0190, respectively).

3. It was proved that the women's age over 38 years is associated with an increase in the frequency
of formation of aneuploid embryos and blastocysts with a mosaic karyotype when using ART methods
(p=0.00065 and p=0.0330, respectively).

4. No statistically significant difference was found in the clinical pregnancy rates when transferring
embryos with a balanced karyotype and when performing embryo transfer of blastocysts with a low level
of mosaicism (p>0.05).
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ELECTROCARDIOGRAPHIC DYNAMICS OF THE ST SEGMENT
AND T WAVE IN NON-ST-SEGMENT ELEVATION MYOCARDIAL INFARCTION
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To assess the characteristics and dynamics of ST-segment and T-wave changes in non—-ST-segment elevation myocardial
infarction, 200 patients were examined, including 164 men and 36 women; the mean age was 62.21+9.38 years. Based on coronary
angiography findings, patients were divided into two groups: Group I included 94 patients with non—ST-segment elevation myocardial
infarction and non-obstructive coronary artery lesions (stenosis <50 %); Group II included 106 patients with non—ST-segment elevation
myocardial infarction and obstructive coronary artery lesions (stenosis>50 %). In Group I, predominantly transient electrocardiographic
changes were observed. During the acute phase, ST-segment depression in leads V4-V6 was most common (62.8 % of patients), and less
frequent in leads II, I11, and aVF (21.3 %). In Group II, ST-segment depression was deeper and more persistent; ST depression>1 mm was
recorded in 79.2 % of patients, predominantly in leads V4-V6 and I, III, aVF, which was significantly more frequent than in Group I
(p=0.016). No significant intergroup differences were found for isolated T-wave inversion or for the combined ST |+T pattern. ST-segment
normalization on days 57 occurred significantly more often in Group I (p<0.001). Progression to transmural myocardial infarction (ST-
segment elevation myocardial infarction) was observed only in Group II (p=0.019).

Key words: non-ST-segment elevation myocardial infarction; electrocardiogram; ischemic heart disease; obstructive
and non-obstructive coronary artery lesions.

HI./:x. Xaxinos

EJEKTPOKAPAIOTIPAOIYHA TUHAMIKA CE'MEHTA ST I3YBISI T
IIPU THO®APKTI MIOKAPIA BE3 NI IUOMY CEI'MEHTA ST

3 MeTOoI0 OIiHK! ocoOnBOCTel auHaMiky 3MiH cermenTa ST 1 3yons T y namieHTiB 3 iHpapkToM Miokapaa Oe3 migiomy
ST o6cresxeno 200 marieHTis, 3 HuX 164 donoBiku i 36 xiHOK, cepenHiii Bik 62,21+9,38 pokis. [Tauientu Oynu po3aiieHi Ha 2
rpynu: [ rpyna Bxirouana 94 nanientis 3 IXC Tta indapkrom miokapaa 6e3 migiiomy cermenTa ST 3 HEOOCTPYKTHBHIM ypaXKeHHIM
kopoHapHuX aprepiif; Il rpyna — 106 mamientiB 3 IXC ta indapkTom Mmiokapna 6e3 mimiiomy cermeHta ST 3 0OCTpyKTUBHHM
ypaKeHHSIM KOpOHapHHX aprepiit. Y nauientis I rpynu BigmideHi nepesaxuo tpansutopi 3Mminu EKT. ¥V roctpomy mepioai Ha
EKT nepeBakana ropu3oHTanabHa abo Hu3XiaHa nenpecis cermenrta ST y BinseneHHsx V4-V6 (y 62,8 % marieHTiB), pigme — y
BinBenenusx II, III i aVF (y 21,3 %). ¥V II rpymi nenpecist cermenra ST Oyna BupaxkeHoro i OimbmI crifikoto. Y 79,2 % mamieHTiB
peectpyBaiacs nenpecis ST>1 mm, nepeBakso y Binsenenusx V4-V6 i 11, 111, aVF, o B nopiBHsiHHI 3 | rpynoio Masno 3Hady it
xapakrep (p=0,016). lomo imBepcii 3yonst T i moeguanns ST|+T Mk rpymamu iCTOTHHMX BIIMIHHOCTEH He Bif3HA4Yayocs.
Hopwmanizanis ST Ha 5—7 noOy 3Ha4HO YacTime Big3Hadanacs y nanienTis B [ rpymi. Ilepexin B TpancMypanbHuii iHpapKT Miokapzaa
crocrepirascs yimnie y narieHrtiB I rpynu. HaiiGinbin BupaxeHa BiIMiHHICTh MK IpyHaMH BHUSBICHA 32 03HAKOIO IEPEXOLy B
TpaHCMypaJbHUH iH(papKT Miokapaa (p<0,001).

KonrouoBi cioBa: indapkr miokapma 6e3 mimiiomy cermeHta ST, enexrpokapiiorpama, imremidna xBopoba cepus,
0OCTPYKTHUBHE Ta HEOOCTPYKTHBHE YPaXKEHHS apTepii.

Non—ST-segment elevation myocardial infarction is a type of acute coronary syndrome
characterized by partial coronary artery occlusion, leading to reduced oxygenated blood flow to the
myocardium and myocardial necrosis. This condition requires urgent medical care because it may result in
fatal outcomes [3, 10, 12, 15].

According to published data, approximately 800,000 cases of acute coronary syndrome are
registered annually, and about 60 % of these cases correspond to non—ST-segment elevation myocardial
infarction. The electrocardiogram is most often the first diagnostic test performed in suspected acute
coronary syndrome; ST-segment depression and/or T-wave inversion may be detected. Knowledge of
electrocardiographic patterns that help localize the culprit coronary artery in non—ST-segment elevation
myocardial infarction is clinically important; however, it remains insufficiently studied and contemporary
evidence is limited [2, 6, 14].

© Sh.J. Khalilov, 2025 131 https://pdmu.edu.ua/ Ta https://womab.com.ua/ua/



