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Clinical Outcomes of Infertility Treatment Cycles
for Repeatedly Cryopreserved Embryos

Pecbepat: Y pocnigxeHHi NpoBedeHO aHami3a 4acToTU BWXMBAHHSA, peeKkcrnaHOyBaHHA Ta iMnnaHTauii nepegiMnnaHTauiiHux
eMOpioHIB NMoAMHM Ha cTagii GnacToumncTu nicrnst o4HOro Ta ABOX payHAIB KPiOKOHCEepBYBaHHS MeToaoM BiTpudikauii. EMGpioHn, siki
nipAaBanmcs NOBTOPHOMY KPIOKOHCEPBYBaHHIO, MPOAEMOHCTPYBanM 3HA4YHO HUXYY YacTOTy BWDKMBAHHS, peekcnaHAyBaHHsA Ta iMnnaH-
Tauii NopiBHSAHO 3 TUMK, WO Bynu KpiokoHcepBoBaHi oauH pa3 (p < 0,05 ans BwxuBaHHsA, p < 0,001 ons peekcnaHgyBaHHS Ta iMnnaH-
Tauii). HarBuia 4actota imnnaHTauii 6yna BusiBneHa y rpyni 3 nepeHeceHHsiIM eMOpioHiB, siki Gyrno kpiokoHCepBOBaHO OAuH pas
(p < 0,001). OTpumaHi pesynbraTv cBigyaTe Npo Te, WO MOBTOPHE KPIOKOHCEPBYBAHHSA HEraTMBHO BMAMBAE Ha XWUTTE3AATHICTb Ta iM-
nnaHTauito eMBpioHiB, WO MOXe BYTU 3yMOBMNEHO CTPYKTYPHUMM i DyHKUiOHANbHUMMK nopyLueHHamu. OpepkaHi pesynbrati nigkpec-
MIOOTb BaXKMUBICTb PETEMBHOIMO OLUIHIOBAHHSI Ta BpaxyBaHHsl MOTEHLINHUX PU3MKIB MNpW MnaHyBaHHI NikyBaHHs 6e3nnigas 3 BUKo-
PUCTaHHSIM NOBTOPHO KPiOKOHCEPBOBaHMX EMOPIOHIB.

Knro4yoBi cnoBa: kpiokoHcepByBaHHS, BiTpudikallis, nepediMmnnaHTauiiHi eMBpioHN, KPiOMOLIKOOXEHHS.

Abstract: The study analyzed the survival, re-expansion, and implantation rates of human preimplantation embryos at the
blastocyst stage following one and two rounds of cryopreservation using vitrification. Embryos subjected to repeated cryopreservation
showed significantly lower survival, re-expansion, and implantation rates compared to those cryopreserved once (p < 0.05 for sur-
vival, p < 0.001 for re-expansion and implantation). The highest implantation rate was observed in the group with embryos cryopre-
served once (p < 0.001). The results indicate that repeated cryopreservation negatively affects the viability and implantation of
embryos, potentially due to structural and functional impairments. These findings highlight the importance of carefully assessing

and considering potential risks when planning infertility treatment using repeatedly cryopreserved embryos.
Key words: cryopreservation, vitrification, pre-implantation embryos, cryodamage.

KpiokoHcepByBaHHs eMOpiOHIB IepeniMILIaH-
TalifHUAX CTaliii PO3BUTKY 3HAWIIO CBOE IIMPOKE
3aCTOCYBaHHS TPH JIIKyBaHHI OE3IUTioAs MeTomaMu
JIOTIOMDKHUX PEeNponyKTUBHUX TexHojorid (JIPT)
Ta JUIs 30epekeHHsA (DEPTHILHOCTI MAII€HTIB, SKi
IUIAHYIOTh XiMio- abo mpoMeHeBy Tepamito. OcTan-
HIM 9acoM TIOKa3aHHA 1O KPiOKOHCEPBYBaHHS €M-
OpiOHIB POMHUPHIHACS, OCKITEKH BUKOPHUCTAHHS ITiET
TEXHOJIOTIi 3a0e3meuye THYyYKiCTh Ta Oe3MeKy mpo-
TOKOJIB JIIKyBaHHS, IO O3BOJISIE TOAPYKHIM Hapam
pOOUTH pPENpONYKTUBHHUK BUOip, SKUH HalKpaiie
BiAmoOBigae iX 0ocoOHMCTHM OOCTaBHMHAM Ta MeEIUY-
HUM ToKa3zaHHsM [11, 15].

BBeneni oOMexxeHHS 100 MTEPEHECEHHS 0THOTO
eMOpioHa B MOPOXKHUHY MAaTK{ TAIll€HTKH B ITHKII
mikyBaHHs Oesmmimns meromamu JIPT 3ymoBmmn
HEOOX1THICTh ONTHMAJILHOTO BUKOPUCTAHHS paHIIIe
KpIOKOHCEpBOBaHUX eMOpioHiB. CIemianicTi CTHK-
HYJUCH 13 MPOOIEMOI0 IOBTOPHOTO KPiOKOHCEPBY-
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Cryopreservation of pre-implantation embryos
has been widely used in the treatment of infertility by
assisted reproductive technologies (ART) and when
preservinf the fertility in the patients planning
chemotherapy or radiotherapy. Recently, the indica-
tions for cryopreservation of embryos have expanded,
as the use of this technology provides flexibility
and safety of treatment protocols, allowing couples
to make reproductive choices that suit best their
personal circumstances and medical indications [11,
15].

The restrictions imposed on the transfer of one
embryo into the uterine cavity of a patient in an
ART infertility treatment cycle have necessitated the
optimal use of previously cryopreserved embryos.
Specialists have encountered the problem of re-
peated cryopreservation of embryos. This situation
arises, in particular, due to the placement of several
embryos on one carrier. After thawing, for transfer
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BaHHA eMOpioHiB. Taka cuTyauis BHUHHKAaE, 30Kpe-
Ma, Yepe3 pO3MILICHHS! Ha OTHOMY HOCIi JEKUIBKOX
emOpioniB. [licnsa BigirpiBy oOupaioTh onuH eMO-
pioH mis TpaHchepy, a peiTy eMOpiOHIB MOTPIOHO
3HOBY KpPiOKOHCEpBYBATH JIJIsl BUKOPUCTAHHS B TIO-
JaNbIIMX IUKIaX JiKyBaHHsA. Kpim Toro, momiOHa
CUTYyallis BHHMKAE IIiJl Yac TPOBEIACHHS TEepeIiM-
IJIAHTAI[IfHO-TEHETHYHOTO TECTyBaHHS paHIIIe Kpio-
KOHCepBOBaHHUX eMOpioHiB [13]. ¥V TakoMy BHUmamKy-
eMOpiOHH BiJirpiBaioTh, 3 HUX BHIYYalOTh JEKiJIb-
Ka KIITHH TpodeKToaepMu IS HPOBEICHHS TI'cHe-
TUYHOTO aHalli3y, a MOTiM 3HOBY KpPiOKOHCEPBYIOTb.
[licns oTpuMaHHS pe3yNbTaTiB y CIOPHATIUBOMY
LUK IPOBOASATH TpaHCc(ep eMOpioHa 3 eyIUIoiTHIM
HabopoM xpomocoMm. JlomaTkoBO IOBTOpPHE Kpio-
KOHCEPBYBaHHS MOKe OyTH HEOOXITHHUM Y BHITaJI-
KaX, KOJIM TICPCHECCHHS EMOpIOHIB BiIKIIATAETHCS
yepe3 HemependadeHi METUYHI MPUYHHHA, HEOOXiIl-
HICTh JIIKyBaHHS CYITyTHIX 3aXBOPIOBAHBIHM 3MIiHHU
B OCOOMCTHX IITaHAX. X04ua TaKWi MiAX1IHE € 3araib-
HONPWHHITHAM 4Yepe3 TOTCHIIWHI pPHU3UKHA IS
MOAAJBIIOT0 PO3BUTKY €MOpiOHIB, BiH MOxke OyTH
aKTyaJbHUM Yy TICBHUX KIIHIYHHX CHUTyalisix. Tomy
METOI0 HAIIOTO JOCIi/PKEeHHS Oyno OIHUTH edek-
TUBHICTh IHKIIIB JIIKYBaHHS OE3ILTi AN, SIKi BKITFOUYA-
I0Th TEPEHECEHHs MepeAiMIUTaHTaliiHuX eMOpio-
HIB JIIOODMHU Ha cTamll OJIACTOLMCTH IIICJISA 1X IOB-
TOPHOTO KPIOKOHCEPBYBaHHS METOIOM BITpH(iKaIlii.

Marepiaau Ta MeTOAH

HocmimkenHss mpoBemeHo Ha 0a3l MEIMIHOTO
neHtpy TOB «/IPT-ximiHikKa penpomxyKTHBHOI MeTH-
nuHr» (M. XapkiB, Ykpaina). IIpoananizoBani em0-
pionoriyni Ta KIiHIYHI MPOTOKOIM MAali€HTiB, fKi
MPOXOIWIM Kypce JiKyBaHHS O€3IUTiAAS MeTomamu
JPT 3 mepeHeceHHsM NepeNiMIUIAaHTALITHUX eM-
OpioHiB Ha crafii OmacronucTy. Jns aHami3y 4acTo-
TH BWKWBaHHS, PECKCIAHAYyBaHHS Ta iMIDIaHTAIli
nepeaiMIuIaHTaniiHuX eMOpioHiB Oyno cdopmosa-
HO TPYITH MAIiEHTOK Ha OCHOBI 3aCTOCOBAHOTO THITY
eMOpioTpancdepy: rpyma 1 (n = 80) — Tpancdep ox-
HOTO CBIKOBHIIJICHOTO eMOpioHa, rpymna 2 (n=70) —
TpaHchep KpiOKOHCEPBOBAHOIO eMOpioHa, rpyma 3
(n = 63) — Tpancep TOBTOPHO KPiOKOHCEPBO-
BaHOTO eMOpionHa. /[y BKITIOYCHHS MAIIEHTOK 10
TPy AOCHIHKEHHsI BAKOPUCTOBYBAJIM HACTYIIHI KpH-
Tepii: Bik 25-38 pOKiB, PeryjaspHUA MEHCTpyallb-
HUM IMKJ,BIICYTHICT BAXKKUX (OPM E€HIOMETPiO3y
a00 1HIMX TiHEKOJOT1YHHUX MATOJOTiH, OTPUMaHHA
OinmbIie 4 eMOpiOHIB Ha cTafil OIACTOIUCTH, TIPUIAT-
HUX JI0 KpiOKOHcepByBaHHs. Kpurepii BUKIIOUCHHS
MAaIi€HTOK 3 TPyH MTOCIIDKEHHS: BiACYTHICTH a0
HEJOCTATHS BiAMOBIIb HA CTUMYJISIIIIO S€THHKIB.

JlomoMi>KHI  PEenpOMYKTUBHI TEXHOJOTii TIpo-
BOAWJIA BIAIMOBITHO JO 3arajJbHONPUAHATHX CTaH-
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one embryo is selected, and the remaining embryos
must be cryopreserved again to be used in subse-
quent treatment cycles. In addition, a similar situation
arises during pre-implantation genetic testing of
previously cryopreserved embryos [13]. In this case,
the embryos are thawed; several trophectoderm cells
are removed from them for genetic analysis, and
then they are cryopreserved again. After obtaining
the results in a favorable cycle, an embryo with
a euploid set of chromosomes is transferred. Ad-
ditionally, repeated cryopreservation may be neces-
sary in the cases when an embryo transfer is post-
poned because of unforeseen medical reasons (need
to treat concomitant diseases) or changes in personal
plans. Although this approach is not generally
accepted due to potential risks to further embryo
development, it may be relevant in certain clinical
situations. Therefore, the aim of our study was to
evaluate the effectiveness of infertility treatment
cycles that include the transfer of pre-implantation
human embryos at the blastocyst stage after their
repeated cryopreservation by vitrification.

Materials and methods

The study was performed at the medical center
LLC ‘ART-clinic of reproductive medicine’. Em-
bryological and clinical protocols of the patients
who underwent infertility treatment using ART
methods with the transfer of pre-implantation em-
bryos at the blastocyst stage were analyzed. To con-
sider the survival rate, re-expansion and implan-
tation of embryos, the groups of patients were for-
med based on the type of embryo transfer used:
group 1 (n = 80) — transfer of one freshly isolated
embryo, group 2 (n = 70) —cryopreserved embryo,
group 3 (n = 63) — re-cryopreserved embryo. The
following criteria were used to include patients in
the study groups: age 25-38 years, regular mens-
truation, absence of either severe endometriosis or
other gynecological pathologies, obtaining more
than 4 embryos at the blastocyst stage suitable for
cryopreservation. Criteria for excluding patients
from the study groups: absence or insufficient res-
ponse to ovarian stimulation.

Superovulation induction and ART procedures
were performed according to generally accepted
standard protocols [4]. Mature oocytes were ferti-
lized by intracytoplasmic injection of a single
sperm, after which the embryos were cultured
in vitro in a CO, incubator (temperature 37°C,
5% CO,) for 5 days. Embryos that reached the
blastocyst stage were evaluated by the stage of
development and morphological characteristics of
the intracellular mass and trophectoderm according
to D. Gardner criteria [10]. Depending on the stage
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JapTHUX TpoTokoiiB [4]. 3arutigHeH-
HSl 3pUIMX OOLMTIB HPOBOJWIN Me-
TOJIOM IHTPAIIMUTOIUIA3MATHYHOT iH’ €K-
Ii{ TIOOITHOKOTO CcriepMaro30ina, Mmicys
40oro eMOpiOHH KYJIBTUBYBAIIH in Vitro
B ymoBax CO, inkybGaropa (Temmnepa-
typa 37°C, 5% CO,) nporsrom 5 1i6.
EmOpionun, siki gocsmm cranii Onac-
TOIMCTH, OI[HIOBAAM 3a CTaJicio
PO3BUTKY Ta MOP(HOJIOTIYHUMH Xa-
pPaKTEePUCTUKAMHU BHYTPIIIHbOKIII THH-
HOI Macu Ta TPO(MEKTOACPMH 3TiTHO
3 kpurepissmu D. Gardner [10]. 3a-
JISKHO BiX cTafii pO3BUTKY KOXKHHUI
3 eMOpioHIB m’sATOI 10OM KyIBTUBY-
BaHHS KJIACH(]iKyBald TAKUM YUHOM:
paHHS OnacTommcTa 3 OJacToueneM
MEHIIIE TOJIOBHHU 00’eMy eMOpioHa;
Omacronucra 3 OIacTOIEIEM IMOJIOBH-
HY 1 Oinblre 06’ eMy eMOpioHa; TOBHA
Onacrorcra; posmupeHa Onacto-
UcTa 3 BUTOHUEHOW Zona Pellucida
(ZP); Gnacrouucra 3 MOYaTKOM XeT-
YHHTY; TIOBHICTIO BHIIyIUIEHa 0JacTo-
nucTa (puc. 1).

VYci emOpioHu, sKi He MiAIsATamu
MEPCHECCHHIO B TMOPOKHHHY MAaTKH
MAI€HTKY, MiAIaBantd  BiTpudikarii
3a M. Kuwayama meTozioM KpioTor
3 BiacHUMH Momudikarismu [9]. Jlns
IIFOT0 €MOPIOHH TEPEHOCUIIH Y PO3-

uynH 7,5% etunenrmukontio (EI) ta7,5%
mumeriicynspokeuay (JIMCO) y ce-
penosumni  «Global total» (Cooper
Surgical, CILLIA) npu KiMHaTHId TeM-
neparypi (25-26°C) ta BuTpuMyBa-
JM 70 BiJJHOBJCHHS iX MOYaTKOBOTO
00’€eMy, TICIIS YOTO MOMIIIATN Y PO3-
yuH 15% EI, 15% AMCO Ta 0,5 M
caxapo3u. EmMOpionn (y MiHIMalIb-
HIH Kparun Kpio3aXMCHOTO PO3YHHY)

Puc. 1. Cragii po3Butky emOpioHa noavHn Ha M'AaTy 400y KynbTUBYBaHHA
in vitro: A — paHHsa brnacTouucTa 3 GrnacTouenem MeHLLE NonoBuHY 06’e-
My embpioHa; B — GnacTtouucTa 3 6nacrouenem, Lo CTaHOBUTL NOOBK-
Hy 06’emy embpioHa; C — noBHa 6nacrtouuncta; D — poswupeHna 6nacro-
uucta 3 BUTOH4YeHot ZP; E — noyatok xetumHry; F — 6Gnactouucra,
sIka NoBHICTO BUMLLINA i3 ZP.

Fig. 1. Stages of human embryo development on the fifth day of
development in vitro: A — early blastocyst with a blastocoel less than
half the volume of the embryo; B — blastocyst with a blastocoel that
is half the volume of the embryo; C — complete blastocyst; D — expan-
ded blastocyst with a refined ZP; E — beginning of hatching; F — blasto-
cyst fully hatched out of the ZP.

MO0 OMHOMY pO3MIIIyBaJli Ha HOCIT

(Cryotech, Amownis) 1 Bimpady 3a-

HYPIOBAIIM Y PiIKKH a30T. Bixirpis 3pa3kiB 37ilcHIO-
BaIM NUISIXOM 3aHypeHHs Hocis B 1,0 M po3uunn
caxapo3u y cepenopuili «Global total» mpu 37°C.
Yepez 1 xB eMOpiOHM TMOCTYIIOBO MEPEHOCWIN Y
0,75, 0,5, 0,25 M pozumHH caxapo3d Ta BHUTPH-
MyBaJIl Yy KO)KHOMY 3 HUX mpotrsrom 2 xB. [licis
IBOro eMOpioHM po3minryBanu B cepenosuili «Glo-
bal total» 3a crammapraux ymos CO,-iHKybaropy.
UYepe3 2 roguH{ KyJIbTUBYBaHHA in Vvitro Bigmida-
JU BiIHOBJCHHS OJAaCTOLENIO TICHsS peeKClaHCil
Ta 37iiicHIOBanu emOpioTpaHcdep. Y BuUMaaKy Tmo-
BTOPHOTO KpPIOKOHCEPBYBAaHHS, MICNsi BiAIrpiBy Ta

23

of development, each of the embryos of the fifth
day of development was classified as follows: early
blastocyst with a blastocoel of less than half the
volume of the embryo; blastocyst with a blastocoel
of half or more of the volume of the embryo;
complete blastocyst; expanded blastocyst with a thin
Zona Pellucida (ZP); blastocyst with the beginning
of hatching; fully hatched blastocyst (Fig. 1).

All embryos that were not subject to transfer to
the patient’s uterine cavity were vitrified according
to M. Kuwayama’s ‘Cryotop method’ with our own
modifications [9]. For this purpose, the embryos
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KyJIBTUBYBaHHSI IPOTIATOM 2 TOAMH €MOpiOHM Kpio-
KOHCEpBYBaJIM 3a BHIICBKa3aHUM MeTonoM. Yac-
TOTY BW)XKUBaHHA eMOpiOHIB OILiHIOBaIM 3a 30epe-
JKeHicTio OmactomepiB. Ilpu 30epekeHH] Olbiie
HiX 50% KITIITHH eMOPiOH BBaXKaJTH JKUBUM.

Jst OIMIHKYM 3HAYYMIOCTI BIAMIHHOCTEH TOKa3-
HUKIB JOCTII)KYBaHUX TPyl BHUKOPHUCTOBYBAIH
kpurepiit @imepa. OTpuMaHi JaHI BBaXKaIH 3HATY-
mmu ipu p < 0,05. JIIsg CTaTUCTHYHOTO aHamizy
OTPUMaHHMX JaHWX BUKOPHUCTOBYBAIM IPOrpaMHE
3abe3meuenHs «GraphPad Prism Software» (Graph
Pad Software Inc., CIIIA).

Pe3yabTaTi T2 00rOBOpeHHS

Bik mamieHTOK, eMOpIOHM SKUX JOCIIDKYBAJIH,
CyMapHi 703U (OIIKOKYJIOCTHMYITIOIOYOTO TOPMOHY
(®CT), sxi Oyny 3aCTOCOBaHI MPH CTHMYJIALIT OBY-
TSI, CepemHsl KiIbKICTh SHIEKIIITHH, BITyYCHHX
mpu acmipariii (oMiKyIiB, 4acToTa iX 3arIigHCHHS
Ta YTBOPEHHS OJIACTOITUCT 3HAYYIIO HE BiIPiI3HSIUCS
(Tabm. 1).

were transferred to a solution of 7.5% ethylene
glycol (EG) and 7.5% dimethyl sulfoxide (DMSO)
in the “Global total” medium (CooperSurgical,
USA) at room temperature (25-26°C) and kept until
their initial volume was restored, after which they
were placed in a solution of 15% EG, 15% DMSO
and 0.5 M sucrose. Embryos (in a minimal drop of
cryoprotective solution) were placed one by one
on a carrier (Cryotech, Japan) and immediately
immersed in liquid nitrogen. Samples were warmed
by immersing the carrier in a 1.0 M sucrose solution
in the ‘Global total’ medium at 37°C. After 1 min,
embryos were gradually transferred to 0.75, 0.5,
0.25 M sucrose solutions and kept in each of them
for 2 min. Afterwards, the embryos were placed
in the ‘Global total’ medium under standard CO,
incubator conditions. After 2 hours of in vitro
culturing, the restoration of the blastocoel after re-
expansion was noted and embryo was transferred.
During repeated cryopreservation, after warming
and cultivation for 2 hours, the embryos were

Tabnuus 1. KniHiuHi Ta embpionoriyHi xapakTepucTrK1 AOCNISXKyBaHUX rpyn nauieHTok, M £ m
Table 1. Clinical and embryological characteristics of the studied groups of patients, M + m

Fpynn
G
XapaKTepucTuka roups
Characteristics
1 (h = 80) 2 (n = 70) 3 (n= 63)
Cepge:‘gg'e"p”aat?‘;ﬁ*t'?';é?"” 32,7 + 4,7 33,2 + 4,6 31,6 + 4,6
Cymapuan aosa SCI. MO 1800 =+ 275 2200 + 225 1800 = 225
CepenHAa KinbKicTb ANUEKNITUH 885 + 2.1 8 97 + 2.02 9.09 + 163
Average number of oocytes ! - ! - ! -
H 0,
F‘:}i‘;ﬁ‘z’;i‘igrf"f’:é%”uee”n”c"\}' A 92,12 = 6,49 91,22 + 6,48 94,99 + 5,98
YacToTa po3BuTKy go cTapii 6nactounctu, %
Frequency of development up to blastocyst, % 87.8 + 8,08 84,0 + 7,22 88,8 + 7,3

Y OigpmiocTi BUNAAKIB MJIsT KPiOKOHCEPBYBaH-
Hi Ta IOAAJIBIIOr0 eMOpioTpaHc(epy BHUKOPHCTO-
ByBaJM eMOpIOHM Ha cTajii eKcrmaHmoBaHOI Omac-
TouucTH. YacToTa BIDKMBAaHHS eMOpioHIB rpymu 3
Oyna 3HA4YyIIO HIKYOIO, MOPIBHAHO 3 eMOpioHa-
Mmu rpynu 2 (p <0,05). EmMOpionu rpymu 3, siki He
Malyd BHAMMUX MOP(QOJOTiYHUX MOpYUIeHb, 3Ha-
YyIlie piAlle BiJHOBIIOBANIM CBi 00’eM Ta dopmy-
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cryopreserved according to the above method.
The survival rate of embryos was assessed by
the preservation of blastomeres. If more than
50% of cells were preserved, the embryo was
considered alive.

To assess the significance of the differences in
the values of the studied groups, Fisher’s test was
used. The findings were considered significant
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BaM ONacToleNb Micis BifirpiBy MOPIBHSIHO 3 eM-
Opionamu rpymu 2 (p < 0,001), Mo CBiAYUTH TIPO
BILUTUB TIOBTOPHOTO KPIOKOHCEPBYBaHHS Ha IXHIO
JKUTTE3MATHICTh Ta TOTEHITIAT MO0 peeKCHaHmy-
BaHHS.

IlixaBi pe3ynpraTi OyinM OTPUMaHI IMICIIS aHATI3y
JacCTOTH IMIDIAHTAIll cepen MOCTIKyBaHUX TPYIL
Bussumnocs, mo 1ei nokazauk 0yB MaKCHMaJIGHUM Y
rpymi 2, a B TpyIli 3 — 3HAYYIIO HIKIAM ITOPIBHSIHO
3 rpynamu 2 ta 1 (p < 0,001) (Tabm. 2). Lle cBiquuth
Mpo T€, M0 MOBTOPHE KPiOKOHCEPBYBaHHS BILIHBAE
HE JIMIIC Ha YacTOTy BIKUBAaHHS Ta €(EKTHBHICTh
pEEeKCTIaHIyBaHHs, ajie i Ha 3IaTHICTh eMOpiOHa 10
IMILTAHTAI].

at p < 0.05. For statistical analysis of the obtained
data, the software ‘GraphPad Prism Software’
(GraphPad Software Inc., USA) was used.

Results and discussion

The age of the patients whose embryos
were studied, the total doses of follicle-stimulating
hormone (FSH) that were used during ovulation
stimulation, the average number oocytes extracted
during follicle aspiration, the frequency of their
fertilization and the formation of blastocysts did
not differ significantly (Table 1).

Assessment of human embryos according to
the distribution of blastocyst development stages

Tabnuuga 2. MapameTpu XUTTE3AATHOCTI NepeaiMniaHTaliiHUX eMOpPIoHIB NMIOAMHU AOCNIMAKYBAHUX TPy
Table 2. Viability parameters of pre-implantation human embryos of the studied groups

MapameTtpu pyna 1 pyna 2 Mpyna 3

Parameters (n = 80) (n = 70) (n = 63)
YacToTa BusuBaHHA, % 68/70 (97 3/63 (84.1)*

Survival frequency, % - /70 (97.1) 53/63 (84,1)
0
Reroxpanding reationer. 5 - 66/68 (94,3) 49/66 (74,21
. N

|§SZE?£?.$“S?TZ’SZZﬁ'éV/°% 33/80 (41,3) 39/66 (59,0) 11/49 (22,4)%#

MpuMiTKN: * — pi3HMUS 3Hadywa BigHOcHo rpynu 2 (p < 0,05); & — pisHMUS 3Hadywa BigHOCHO rpynu 2 (p < 0,001), # —

pisHMUSA 3HavyLa BigHocHo rpyn | (p < 0,001).

Notes: *— significant difference for groups 2 (p < 0.05); & — significant difference for groups Il (p < 0.001); # — significant

difference for groups 1 (p < 0.001).

IIpencraBneni pe3yasraTd BKa3ylOTh Ha Te, IIO
MMOBTOPHE KPiIOKOHCEPBYBAaHHS MPU3BOAUTE A0 HU3KU
MOPYIICHb K CTPYKTYpHOI, Tak 1 ()yHKI[IOHAIBHOI
IUTICHOCTI TepeiMIUIaHTaifHnX eMOpioHiB. Bimo-
MO, 1m0 (i3iko-xiMiuHI (PaKTOpU KPiOKOHCEPBYBaH-
HS MOXYTh CHPUYMHSTHA KIITHHHI TOIIKODKEHHS;
30KpeMa,BeJIMKUI 00’ €M PiJMHU B TIOPOXKHUHI Onac-
TOLIEMIO TMiJBHILYE iMOBIPHICTH YTBOPEHHS KpHC-
taniB npony [S5]. Ilokazano, mo Big 1 10 5% BiTpu-
(ikoBaHMX OIACTOLUCT MOXYTb HE BIKHTH MICIA
po3MopoxyBanHs [1]. 3rimHO 3 pe3yibTaraMu Joc-
mimpkeHHsM X. Zheng Ta cmiBaBt.[17], moBTOpHE
KpIOKOHCEPBYBaHHA HETaTUBHO BIUTUBAE Ha PO3-
BHTOK €MOpIOHIB JIOAWHM Ta iX IMIUIAHTAIliO, IO
BKa3y€ Ha KyMYIATUBHUH eQEeKT ITOMKOKESHHS
KJIITHH Tig dYac OaraToKpaTHUX ITUKIIIB KpPiOKOH-
CepBYBAaHHS .

Ilpu kpiokoHCEepBYBaHHI 0i000’€KTIB BaXKIIH-
BUM (PaKTOPOM € 4Yac, BiABeNEHHUN Ha iX BiJHOBJICH-
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showed no significant differences between the
studied groups (Fig. 2).

In most cases, embryos at the expanded blasto-
cyst stage were used for cryopreservation and
subsequent embryo transfer. The survival rate of
embryos in group 3 was significantly lower compared
to embryos in group 2 (p < 0.05). Embryos in
group 3, which did not have visible morphological
abnormalities, were significantly less likely to re-
cover their volume and form a blastocoel after
thawing compared to those in group 2 (p < 0.001),
that indicates the effect of repeated cryopreser-
vation on their viability and potential for re-expan-
sion. Interesting results were obtained after ana-
lyzing the implantation rate among the studied
groups. It turned out that this index was maximal in
group 2, and in group 3 that was significantly lower
compared to groups 2 and 1 (p < 0.001) (Table 2).
This suggests that repeated cryopreservation affects
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Puc. 2. Po3nogin ctagiii po3sutky Grnactoumct y nauieHToK AocnigXyBaHux rpyn: A — cCBiXXOOTpUMaHi emopioHun (rpy-
na 1); B — kpiokoHcepBoOBaHi eMb6pioHun (rpyna 2); C — MOBTOPHO KpPiOKOHCEepBOBaHi embpioHu (rpyna 3); 1 — paHHs
6nactouncTta 3 bnacrouenem MeHLwe nonoBuHM ob’emy embpioHa; 2 — Bnacrouucta 3 GrnacTouenem, Lo CTaHOBUTb
nonoBuHyo6’emy eMbpioHa; 3 — noBHa bnacToumcTa; 4 — po3lwmnpeHa bnacToumcTa 3 BUTOHYeHow ZP; 5 — GnacrouuncTa
3 MO4aTKOM XETUYMHTY; 6 — MOBHICTIO BUNynneHa bnactoumca.

Fig. 2. Distribution of blastocyst development stages in patients of the studied groups: A — freshly obtained embryos
(group 1); B — cryopreserved embryos (group 2); C — repeatedly cryopreserved embryos (group 3); 1 — early blastocyst
with a blastocoel occupying less than half of the embryo’s volume; 2 — blastocyst with a blastocoel occupying half
of the embryo’s volume; 3 — full blastocyst; 4 — Expanded blastocyst with a thinned zona pellucida (ZP); 5 — blastocyst

with the beginning of hatching; 6 — fully hatched blastocyst;

HS Tichs BiAirpiBy. MOXIUBO AOMYCTHTH, 1O 2 ro-
OUHA MDK BIZIrpiBOM 1 MOBTOPHUM KpiOKOHCeEp-
BYBaHHSIM MOXYTh OyT HEHOCTAaTHIMH MJIsI TOBHOT
pemapaiii KIITHHHUX CTPYKTYp, 30KpeMa JUis BiJl-
HOBJICHHSI TUTa3MaTUYHUX MeMOpaH, MiTOXOH/pIH,
BHyTpimHbOKTITHHHNX opranen i JIHK. IMopyrmien-
HS B MEMOpaHHUX CTPYKTypaX, SIKi BiJITOBIIAIOTH
3a 0OMIH PEYOBUH Ta 10HIB, € OCOOIUBO KPUTUYHU-
mu. OOMeXkeHuH Jac TSt perapariii Moke MPU3BeCTH
JI0 TOTO, IO eMOPIOHW HE BCTHTAIOTh BiIHOBUTHCS
JI0 ONTUMAJILHOTO CTaHy, a Ie 30inblrye WMOBIip-
HICTh HAKONHMYCHHS TMOLIKO/DKEHBb il Yac IOBTOP-
Hoi BiTpuikauii. JJanuii ¢akt Moxke NOSCHIOBATH
3HIDKCHHSI TOKA3HUKIB PEEKCIIaHTyBaHHS Ta IMIUIaH-
Tamii y TOBTOPHO KPIOKOHCEPBOBAaHUX €MOpIOHIB.
Jlis miHIMI3amil BKa3aHUX PH3UKIB JIONMUIBHO pPO3-
IJISTHYTH MOMJIMBICTH 30UTBIICHHS Yacy MK JJBOMa
payHIaMH KpiOKOHCEPBYBaHHS.

Binpir BucOKuMil piBeHb IMIUIAHTAIT, SIKHHA CTIOC-
TEpiraeThCsl TMICNS OJHOPA30BOTO KPIOKOHCEPBY-
BaHHS, HMOBIPHO, MOXXHA IOSICHUTH JIBOMAa OCHOB-
HUMH YMHHUKAMU: OLTBII BUCOKOIO YKUTTE3NATHICTIO
0 IMITIAHTAIii Ta ONTHUMI3AIi€l0 YMOB MiATOTOB-
JICHOTO IMKIy TEepPEHECEHHS eMOpPiOHIB MOPIBHSIHO
3 YMOBaMH CTUMYJIbOBAHOTO IHKITY.

Pesynbratu gocmipkeHHs, ski Oynu mpoBeneHi
Ha nabopaTopHUX TBapHHAX, MOKa3aiu, Mo eMOpio-
HU MUIII BIDKUBAKOTH MICHS TPHOX IUKIIB 3aMOpPO-
KyBaHHS-PO3MOPOXKYBAaHHS 1 3aJHIIAIOTBCSA 371aT-
HUMH JI0 PO3BUTKY in vitro [14]. Onepxani qaHi Ha
eMOpioHax IIFOMUHH € OOMEXEHHUMH 4Yepe3 CSTHYHI
MipkyBaHHs. KiiHiuHa HEOOXiJHICTh BUKOPHCTAHHS
IUKITIB 3 MOBTOPHO KPiOKOHCEPBOBaHUMH €MOpio-
HaMH J03BOJIMJIa BUSIBUTH [EsIKi 3aKOHOMIpHOCTI.
Tak Oyno moka3aHo, IO YacTOTA IMIUIAHTAIIl TpU
Tpanchepi eMmOpioHIB, 3aMOPOKEHHX OOUH pa3
4M JIBiUi, 3HAYYIIO HE BiApizHsnacs [3, 6]. Cuix Bka-

npobnemu Kpiobionorii i KpiomeaUUMHN
problems of cryobiology and cryomedicine

Tom/volume 34, No/issue 3, 2024

not only the survival rate and re-expansion effi-
ciency, but also the ability of the embryo to im-
plant.

The presented results indicate that repeated
cryopreservation leads to a number of disorders of
both the structural and functional integrity of pre-
implantation embryos. Physicochemical factors of
cryopreservation are known to cause cellular da-
mage; in particular, a large volume of fluid in the
blastocoel cavity increases the likelihood of ice
crystal formation [5]. It has been shown that from
1 to 5% of vitrified blastocysts may not survive
after thawing [1]. According to the results of the
study by X. Zheng et al. [17], repeated cryopreser-
vation negatively affects the development of human
embryos and their implantation, that indicates a
cumulative effect of cell damage during multiple
cycles of cryopreservation.

When cryopreservation of biological objects,
an important factor is the time allotted for their
recovery after thawing. It is possible to assume that
2 hours between thawing and repeated cryopreser-
vation may be insufficient for complete repair of
cellular structures, in particular for the resto-
ration of plasma membranes, mitochondria, intra-
cellular organelles and DNA. Disturbances in mem-
brane structures responsible for metabolism of
substances and ions are particularly critical. Limited
time for repair may lead to the fact that embryos
do not have time to recover to an optimal
state, which increases the likelihood of accumu-
lation of damage during repeated vitrification.
This fact may explain the decrease in re-expansion
and implantation rates in repeatedly cryopre-
served embryos. To minimize these risks, it is
advisable to consider increasing the time between
two rounds of cryopreservation.
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3aTd, OI0 B IUX JOCHIKCHHAX OYyJI0 MpoaHami3o-
BaHO OOMEXEHY KIIBbKICTh IMKIIB JIIKyBaHHS Oe3-
mwnigag. [Ipote mpm posmmpeHoMy aHamizi Oynau
BISIBJICHI HETAaTWBHI TICpUHATAIBHI HACTIAKHA
BHIMaNKaX TpaHcepy MABIUI KpPiOKOHCEPBOBAHUX
eMOpioHiB [8].BaxxmuBo BpaxoByBaTH TOH (hakr,
10 y MPOBEACHUX IOCHIHKEHHAX BHKOPHUCTOBYBAIN
pi3HI METOIW KPIOKOHCEPBYBAaHHS: IMOBIJIHHE 3aMO-
pOoXyBaHHS Ta BiTpHudikamiro abo TUTBKH BITpH-
¢ikamiro. MOXIUBIUM TOSCHEHHSIM PO301KHOCTEH
MiX OTpUMaHWMH Pe3yJibTaTaMu MOKe OyTH BIUIUB
came IbOTO YNHHHKA.

Bigomo, mo Ha 4YacTOTy IMIUIAHTAIlii BIUIMBAE
0arato YMHHUKIB, cepell SAKUX BaKJIMBY pOJb BiAir-
pae TeHeTHUYHUl ctaryc emOpioHa [2] .Y Hemonas-
Hiii poboTi Q. Zhang Ta cmiBaBT. [16] Oymam 1poa-
HaJIi30BaHI KPIOMUKIN TICASA TepeaiMITIaHTaIlii-
HOTO TecTyBaHHA 97 eymioimHuX OJIaCTOLHUCT 3
Oiomciero Ta OMHOKpaTHOIO BiTpH(ikariero ta 117
CYIUIOIAHUX OJIACTOLHUCT, OIONCII0 SKHX IPOBOIMIN
OITMH pa3, aie ABidi BiTpU(iKyBaTu. ABTOPH BCTa-
HOBWJIM, IO JOAAaTKOBE KPIOKOHCEPBYBaHHs Oiac-
TOIMCT TPU3BEIO JIO 3HIKCHHS YacTOTH IXHBOTO
BI)KMBAHHSI, MPOTE pPiBEHb IMIUIAHTALil OJacTOLUCT
3HAYYIIO HE 3HWXKYBaBcs. HeoHaranbHi pe3ynbraTtu
(CHiBBIIHOIICHHS CTaTel, reCTAaliHMKA BiK, YacToTa
MepeYacHuX IMOJIOTIB 1 HU3bKa Maca JUTHHU ITiCIs
HapODKCHHS) HE BIAPI3HsUIACS MiX Trpynamu [16].
[Ipore 3anumaeTsCs MUCKYyCIHHUM TWTAHHS, SKUN
caMe YMHHUK HETraTMBHO BIUTMHYB Ha XHUTTE3Zar-
HICTh eMOpIOHIB: TIOBTOPHE KPiOKOHCEPBYBAaHHS YU
KJIITHHHI MIKPOMAHIMYISIIIil, HEOOXigHI IS BHKO-
HaHHS TeHETHYHOTO TECTyBaHHS?

IcHye moOorOBaHHS, IO MOBTOPHE KPiOKOHCEP-
BYBaHHS MOXXC BHKJIMKATH TEHETHYHI Ta EIireHe-
TUYHI 3MIiHM B KJIITHHaX eMOpioHa Ha cTajii Omac-
TOIIMCTH, OCKIIBKH caMmMe I CTafisl XapaKTepH-
3YEThCS IEPBUHHUM JTU(DEPCHIIIFOBAHHSM i TIOYaTKOM
excnpecii Oaratbox reniB [12]. J. Li Ta cmiBasrt. [7]
MIPOBENIH JOCIIHKEHHS] Ha Ja00paTOpHUX TBapHHAX
1 BUSBWIH TJIBUIIECHY YaCTOTy BUKHIHIB ITiJl Jac
BariTHOCTI eMOpioHaMH, SKi OyiIM 3aMOpPOXKEHI Ta
PO3MOpOXKEHI KiJIbKa pasiB, MOPIBHSAHO 3 THMH, IO
MIPOWIIIIN OMWH IHKJI KPIOKOHCEPBYBAaHHSA. ABTO-
pY BCTAHOBWJIM 3HAYHO BHIII PiBHI €KCHpecii TeHiB
BAX Ta Caspase3y rpymni HOBTOPHO KpPiOKOHCEPBO-
BaHHUX eMOpIOHIB, IO MOXKE CBITYUTH MPO 3HWKEHHUH
MOTEHLia] PO3BUTKY IIUX €MOPiOHIB.

Crnig 3a3HauMTH, IO TPOBEAEHA HAMHM POOOTa
Mana meBHi oOMmexeHHs. [lo-mepire, e Oyno pe-
TPOCIIEKTUBHE JOCIiPKEHHS, TMO-Apyre, Oyao BH-
KOPHUCTAHO TUTBKH OIWH CIOCIO KpiOKOHCEPBYBaH-
HA — BiTpudikaitito. EMOpioHu, sKi MH JOCTIIKY-
Balli, HE [iarHOCTYBalli Ha EYIUIOIMHICTh. 3 OI-
HOTO OOKY, II€ JO3BOJMJIO YHHKHYTH JOIATKOBOTO
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The higher implantation rate observed after
single cryopreservation is likely to be explained
by two main factors: First, embryos that survived
single cryopreservation were likely to have higher
viability, which increased their ability to implant.
Second, it may indicate that cryo embryo transfer
cycle had optimized hormonal condition control
to the stimulated cycle, which could also contribute
to the implantation rate increasing.

The results of a study conducted in laboratory
animals have shown that mouse embryos survive
three freeze-thaw cycles and remain capable to
in vitro development [14]. The data obtained in
human embryos are limited due to ethical conside-
rations. The clinical need for cycles with re-
cryopreserved embryos has revealed some patterns.
It has been shown that the implantation rate in
the transfer of embryos frozen once or twice
did not differ significantly [3, 6]. It should be noted
that these studies analyzed a limited number of
infertility treatment cycles. However, an extended
analysis revealed negative perinatal outcomes in
cases of transfer of twice cryopreserved embryos [8].
It is important to consider the fact that the studies
used different cryopreservation methods: slow
freezing and vitrification or vitrification alone. A
possible explanation for the discrepancies between
the results obtained may be the influence of this
factor.

It is known that many factors influence the
implantation rate, among which the genetic status
of the embryo plays an important role [2]. In
a recent study by Q. Zhang et al [16], cryo-
cycles after preimplantation testing (97 euploid
blastocysts with biopsy and single vitrification
and 117 euploid blastocysts with single biopsy
but double vitrification) were analyzed. The authors
found that additional cryopreservation of blasto-
cysts resulted in a decrease in their survival rate,
but the blastocyst implantation rate was not signi-
ficantly reduced. Neonatal outcomes (sex ratio,
gestational age, rate of preterm birth and low
birth weight) did not differ between groups [16].
However, it remains a debatable question which
factor negatively affected the viability of the
embryos: repeated cryopreservation or the cellular
micromanipulations required to perform genetic
testing?

There is concern that repeated cryopreservation
may induce genetic and epigenetic changes in blasto-
cyst-stage embryo cells, as this stage is characte-
rized by primary differentiation and the onset
of expression of many genes [12]. J. Li et al. [7]
performed a study in laboratory animals and found
an increased incidence of miscarriages during
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BTPYYaHHS Ha OJIACTOIUCTH, a 3 IHIIIOTO — MU HE
MOXKEMO BUKJIFOYUTH BIUIMB TEHETUYHOTO CTaTyCy
eMOpioHiB Ha IX iIMIUIaHTAaLi10. 3 ypaxyBaHHIM BHILE-
BHUKJIQZICHOTO U OLIHKA OE3MeKH MOBTOPHOTO
KpIOKOHCEPBYBaHHS €MOpIOHIB MeTomoM BITpH(i-
Kamii HeoOXiIHI IOJAJBINI JOBTOCTPOKOBI JOCIII-
JKEHHS.

BucHoBKkH

YacToTa BW)KMBaHHs Ta pEeKCIaHAyBaHHS ABidi
KpPIOKOHCEPBOBaHMX €MODIOHIB € 3Hauymo HIX-
YOI0 TIOPIBHSHO 3 TaKOIO AJsl eMOpioHiB, 10 Oyiu
KpiOoKOoHCEepBOBaHi OonuH pa3. [lepeHecenHs B mo-
POXKHUHY MaTKH ABiUi KPIOKOHCEPBOBaHHUX eMOpio-
HiB 3HAYyIIO 3HWKYE YaCTOTy iX IMIUIaHTaliimo-
PIBHSHO SK 3 HATUBHHMH, TaK 1 3 THMH, IO OyIH
KpiOKOHCEpBOBaHI OomuH pa3. OnepkaHi pe3yiasTaTh
TTOBHUHHI PETEIHHO BPaXOBYBATHCS K KITIHIITUCTAMH,
TaK 1 TAIll€HTaMW MiJ Yac TUIaHYBaHHS JIIKyBaHHS
Oe3ILTi AN 3 BUKOPUCTAHHSIM ITOBTOPHO KPIOKOHCEP-
BOBaHUX €MOpPIOHIB.
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pregnancy in embryos that had been frozen and
thawed several times compared with those that
had undergone a single cryopreservation cycle.
The authors found significantly higher levels of
BAX and Caspase3 gene expression in the
group of repeatedly cryopreserved embryos, that
may indicate a reduced developmental potential
of these embryos. It should be noted that our
investigations had certain limitations. First, it
was a retrospective study, and second, only one
cryopreservation method was used, vitrification.
The embryos we studied were not diagnosed
for euploidy. On the one hand, this avoided
additional intervention on blastocysts, and on
the other hand, we cannot exclude the influence
of the genetic status of the embryos on their
implantation. Taking into account the above men-
tioned, further long-term studies are needed to
assess the safety of repeated cryopreservation of
embryos by vitrification.

Conclusions

The survival and re-expansion rates of cryopre-
served twice embryos are significantly lower
than those have been cryopreserved once. Transfer
of cryopreserved twice embryos into the uterine
cavity significantly reduces their implantation rate
compared to both native and once-cryopreserved em-
bryos. The results obtained should be carefully
considered by both clinicians and patients when
planning infertility treatment using repeatedly
cryopreserved embryos.

References

1. Allen M, Hale L, Lantsberg D, et al. Post-warming embryo
morphology is associated with live birth: a cohort study of single
vitrified-warmed blastocyst transfer cycles. J Assist Reprod
Genet. 2022;39(2):417-25.

2. Buderatska N, Gontar J, Petrushko M, et al. Embryological
characteristics and preimplantation genetic testing for
aneuploidy of embryos derived from cryopreserved oocytes
of women of different reproductive ages. Biopreserv Biobank.
2023;21(6):576-82.

3. Check JH, Brittingham D, Swenson K, et al. Transfer of refrozen
twice-thawed embryos do not decrease the implantation rate.
Clin Exp Obstet Gynecol. 2001;28(1):14-6.

4. ESHRE Guideline Group on Good Practice in IVF Labs; De los
Santos MJ, Apter S, et al. Revised guidelines for good practice
in IVF laboratories (2015). Hum Reprod. 2016; 31(4): 685-6.

5. Kovaci¢ B, Taborin M, Vlaisavljevic¢ V, et al. To collapse or not
to collapse blastocysts before vitrification? A matched case-
control study on single vitrified-warmed blastocyst transfers.
Reprod Biomed Online. 2022; 45(4):669-78.

243

@%



outcomes [Internet]. Biomed Res Int. 2022 [cited 2024 Aug 25];
2022: 5623462. Available from:https://onlinelibrary.wiley.com/
doi/10.1155/2022/5623462

9. Petrushko M, Yurchuk T, Piniaiev V, et al. Cryopreservation
of incomplete compacted morulae and preliminary biopsy of
excluded fragments. Zygote. 2019; 27(6): 386-91.

10.Pierson HE, Invik J, Meriano J, et al. A novel system for rapid
conversion of Gardner embryo grades to linear scale numeric
variables. Reprod Biomed Online. 2023; 46(5):808-18.

11.Pomeroy KO, Comizzoli P, Rushing JS, et al. The ART of
cryopreservation and its changing landscape. Fertil Steril.
2022;117(3):469-76.

12.Telugu BP, Pence L. Development of pre-implantation
mammalian blastocyst. Adv Anat Embryol Cell Biol. 2021;
234:21-40.

13.Tsai S, Johal J, Malmsten J, et al. Embryo ploidy in vitrified
versus fresh oocytes: Is there a difference? J Assist Reprod
Genet. 2023; 40(10):24192-5.

14.Vitale NJ, Myers MW, Denniston RS, et al. In-vitro development
of refrozen mouse embryos. Hum Reprod. 1997; 12(2):310-6.

15.Yurchuk T, Petrushko M, Fuller B. State of the art in assisted
reproductive technologies for patients with advanced maternal
age. Zygote. 2023; 31(2):149-56.

16.Zhang Q, Yu W, Jin C, et al. Impact of multiple vitrification-
warming procedures and insemination methods on pregnancy
and neonatal outcomes in preimplantation genetic testing for
aneuploidy. Reprod sci. 2023; 30(7):2302-12.

17.Zheng X, ChenY, Yan J, et al. Effect of repeated cryopreservation
on human embryo developmental potential. Reprod BioMed
Online. 2017; 35(6):627-32.

244

6. Kumasako Y, Otsu E, Utsunomiya T, et al. The efficacy of the
transfer of twice frozen-thawed embryos with the vitrification
method. Fertil Steril. 2009; 91(2):383-6.

7.LiJ, Xiong S, Zhao Y, et al. Effect of the re-vitrification of embryos
at different stages on embryonic developmental potential
[Internet]. Front Endocrinol (Lausanne). 2021[cited 2024 Aug
25];12:653310. Available from: https://www.frontiersin.org/
journals/endocrinology/articles/10.3389/fendo.2021.653310/full

8. PanY, Wu R, Wang Z, et al. The effect of freezing twice during
assisted reproductive technology on perinatal and neonatal
outcomes [Internet]. Biomed Res Int. 2022 [cited 2024 Aug 25];
2022: 5623462. Available from: https://onlinelibrary.wiley.com/
doi/10.1155/2022/5623462

9. Petrushko M, Yurchuk T, Piniaiev V, et al. Cryopreservation
of incomplete compacted morulae and preliminary biopsy of
excluded fragments. Zygote. 2019; 27(6): 386-91.

10.Pierson HE, Invik J, Meriano J, et al. A novel system for rapid
conversion of Gardner embryo grades to linear scale numeric
variables. Reprod Biomed Online. 2023; 46(5):808-18.

11. Pomeroy KO, Comizzoli P, Rushing JS, et al. The ART of
cryopreservation and its changing landscape. Fertil Steril.
2022;117(3):469-76.

12.Telugu BP, Pence L. Development of pre-implantation
mammalian blastocyst. Adv Anat Embryol Cell Biol. 2021;
234:21-40.

13.Tsai S, Johal J, Malmsten J, et al. Embryo ploidy in vitrified
versus fresh oocytes: Is there a difference? J Assist Reprod
Genet. 2023; 40(10):24192-5.

14 .Vitale NJ, Myers MW, Denniston RS, et al. In-vitro development
of refrozen mouse embryos. Hum Reprod. 1997; 12(2):310-6.

15.Yurchuk T, Petrushko M, Fuller B. State of the art in assisted
reproductive technologies for patients with advanced maternal
age. Zygote. 2023; 31(2):149-56.

16.Zhang Q, Yu W, Jin C, et al. Impact of multiple vitrification-
warming procedures and insemination methods on pregnancy
and neonatal outcomes in preimplantation genetic testing for
aneuploidy. Reprod sci. 2023; 30(7):2302—12.

17.Zheng X, ChenY, Yan J, et al. Effect of repeated cryopreservation
on human embryo developmental potential. Reprod BioMed
Online. 2017; 35(6):627-32.

npobnemu Kpiobionorii i KpiomeanUMHM

problems of cryobiology and cryomedicine
Tom/volume 34, No/issue 3, 2024



