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ABSTRACT

Objective: We aimed to investigate the association of immediate transfer of embryos undergoing PGT-A with the clinical pregnancy rates of
women with recurrent implantation failure. Materials and Methods: In total 502 patients with euploid blastocyst transfer were included in this
retrospective study. For each woman, one vitrified-warmed embryo transfer cycle after PGT-A was analyzed. We assessed clinical pregnancy out-
comes, categorizing them as either positive or negative. We grouped the patients according to cryo-storage duration: patients with cryo-storage
duration of less than 90-days were grouped as Group A; and the ones with more than 90-days, were included in Group B. Results: The quanti-
ties of retrieved, metaphase I or fertilized oocytes, vitrified or transferred embryos, and blastocysts at the stage were comparable between the
two groups. The overall clinical pregnancy rate was 77.1%, and this rate was statistically similar between the Grup A and Group B groups
(p=0.747). For Group B, the subgroup with a positive pregnancy outcome had a greater number of transferred embryos but a shorter cryo-stor-
age duration and this features did not change the general outcome between the two groups (p=0.049 and p=0.040, respectively). Within Group
A, the subgroup with a positive pregnancy outcome had a higher proportion of Day 5 blastocysts (p=0.001). Conclusion: Immediate euploid em-
bryo transfer of less than 90 days do not effect the pregnancy rate. A higher number of transferred embryos and a shorter storage duration may
increase the possibility of pregnancy, if cryo-storage exceeds 90 days. Day 5 blastocyst transfer rather than Day 6 seems to be associated with a
higher pregnancy rate when the transfer is done in less than 90 days period after the ovum pick up procedure.
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OZET

Amag: Tekrarlayan implantasyon basarisizlig1 olan kadinlarin PGT-A uygulanan embriyolarin hemen transfer edilmesi ile klinik gebelik oran-
lar1 arasindaki iliskiyi arastirmay1 amagladik. Gereg¢ ve Yontem: Bu retrospektif calismaya 6ploid blastokist transferi yapilan toplam 502 hasta
dahil edildi. Her kadin i¢in PGT-A'dan sonra bir dondurulmus-¢6ziilmiis embriyo transfer sikliisii analiz edildi. Klinik gebelik sonuglarini pozi-
tif veya negatif olarak siniflandirarak degerlendirildi. Hastalar1 kriyo-saklama siiresine gore gruplandirdik: 90 giinden daha az siire saklanan kriyo
grubu Grup A, 90 giin ve daha fazla siire saklanan embriyolar Grup B olarak tanimlandi. Bulgular: iki grup arasinda alinan toplam oosit say1s,
metafaz II oositlerin, dollenmis oositlerin, vitrifiye edilmis veya transfer edilmis asamadaki blastokistlerin saysi iki grup arasinda esitti. Genel
klinik gebelik orani %77,1 idi ve bu oran her iki grupta da istatistik olarak benzerdi (p=0,747). Grup A igerisinde gebelik sonucu pozitif olan alt
grupta 5. giin blastokist oran1 daha yiiksekti (p=0,001). Grup B i¢in, gebelik sonucu pozitif olan alt grupta daha fazla transfer edilen embriyo sa-
yis1 vardi ancak bu grup i¢indeki hastalar karsilastirildiginda kriyo-saklama siiresi daha kisa olma eglimindeydi. (sirastyla p=0,049 ve p=0,040).
Sonug: 90 giinden kisa siiren 6ploid embriyo transferi daha ge¢ yapilan 6ploid embryo transferlerine gore daha iyi bir klinik gebelik oranin1 ver-
memistir. Yumurta toplama giliniinden transfere kadar gegen siire 90 giinii asan grupta (GrupB) klinik gebelik pozitif olanlarda transfer edilen
embriyo sayisi daha fazla oldugu goriilmiis ve grup i¢indeki saklama siiresi daha kisa olma egiliminde oldugu izlenmistir. Bu bulgular Grup A
ve Grup B arasindaki genel sonucu etkilememistir. Transferin yumurta toplama isleminden sonraki 90 giinden daha kisa siirede yapilmasi duru-
munda, 6. Giin yerine 5. Giin blastokist transferi daha yiiksek gebelik orani ile iliskili goriinmektedir (p=0,001).
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Preimplantation genetic diagnosis (PGD) in-
volves examining cells acquired through biopsies of
fertilized oocytes, cleavage-stage embryos, or blas-
tocysts to identify genetic abnormalities.! Preimplan-
tation genetic testing for aneuploidies (PGT-A)
facilitates the selection of euploid embryos for trans-
fer, especially in cases of advanced maternal age, re-
current miscarriages, or repeated in vitro fertilization
(IVF) failures.? Hence, the chance of obtaining high-
quality blastocysts might be increased.

In general, it is known that endometrial recep-
tivity is impaired due to supraphysiological hormonal
metabolism in the patient group which PGT-A is per-
formed by trying to obtain many embryos. Due to ad-
vancements in cryopreservation methods, the success
rate of achieving pregnancy through frozen embryo
transfer (FET) has reached parity with or even ex-
ceeded that of fresh embryo transfer.>* A recent ex-
tensive study demonstrated that the duration of
storage for vitrified embryos did not impact preg-
nancy rates, regardless of whether cleavage-stage em-
bryos or blastocysts were transferred, nor did it affect
neonatal outcomes.’ Nevertheless, the study did find
that storage exceeding 7 years was associated with a
lack of pregnancy success.’ Similarly, another study,
which included slow-frozen early-cleavage human
embryos revealed that long-term cryopreservation did
not impact pregnancy rates or neonatal outcomes.®
However, contrasting findings were also reported.’

Cimadomo et al. investigated the clinical, ob-
stetric and perinatal outcomes after transfer of vitri-
fied-warmed euploid blastocysts, which were
selected by PGT-A.? They stratified storage duration
into 7 groups, and showed no differences in obstetric
and perinatal outcomes among the groups. However,
they found that a storage duration of >90 days was
associated with a lower rate of live births, and sug-
gested that a decline in blastocyst quality as the rea-
son. Shi et al. revealed that the pregnancy rates of
embryos following cleavage-stage PGT were not ad-
versely affected by cryopreservation when compared
to those from fresh cycles.’ Studies regarding the du-
ration of cryopreservation after FET with PGT-A are
scant. Our objective was to examine the link between
the duration of cryo-storage for embryos, which were
selected for high quality through PGT-A, and the
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clinical pregnancy rate among women who have ex-
perienced recurrent failures in IVF attempts.

I MATERIALS AND METHODS
STUDY DESIGN

This retrospective study was conducted in Kolan In-
ternational Hospital Sisli Private IVF Center, and ap-
proved by the local Ethics Committee of Altinabas
University Ethic Commettee with approval number:
04.09.2023-56442. The study was conducted in ac-
cordance with the ethical standards laid down in the
1964 Declaration of Helsinki and its later amend-
ments. Written informed consent was obtained from
all of the participants. The data of the patients can be
found In IVF archive of the Kolan International Hos-
pital IVF Center, Sisli/Istanbul. Derived data sup-
porting the findings of this study are available from
the corresponding author on request.

STUDY POPULATION

Adult (>18-year-old) women, who underwent eu-
ploid blastocyst transfer in the IVF center of the
Kolan Internaional Hospital Sisli between 2018 and
2022 were included retrospectively. Patients under-
going vitrified-warmed blastocyst transfer, after
PGT-A for aneuploidies was performed, were ana-
lyzed. We defined PGT-A indication as recurrent im-
plantation failure(RIF) which was defined as three
unsuccessful IVF cycles with good quality em-
bryos.!®!" If more than one oocyte retrieval occurred
during the study, we included only the first cycle.
Those for whom data were missing were not included
in the study. We excluded contributory factors such
as uterin abnormalities, endocrine factors , bad em-
bryo quality, immunological factors and genetic ab-
normalities such as single gene mutations or
translocations as well as the male infertility problems.

DATA COLLECTION

Demographic parameters (age), and clinical parame-
ters associated with the procedures (number of re-
trieved oocytes, number of metaphase 11 [MII]
oocytes, number of fertilized oocytes, number of vit-
rified embryos, number of transferred embryos, and
pregnancy result after embryo transfer) were recorded
and analyzed.
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The primary outcome was the occurrence of a
clinical pregnancy result after embryo transfer.

We grouped the patients according to cryo-stor-
age duration, which was defined as the duration be-
tween vitrification and warming (just before embryo
transfer): <90-day, Group A; and >90-day, Group B.
We grouped them also according to the clinical preg-
nancy result after embryo transfer as either positive or
negative. We defined the clinical pregnancy rate as
visible gestational sac or sacs by ultrasonography
done 2 weeks after the blood pregnancy test result. It
takes around 4-5 weeks before we get the results of
PGT-A and the earliest Frozen-Thaw embryo trans-
fer can be done 3 months after the egg collection of
the patients. This is why we defined the patient
groups as either being transferred during the first 3
months or more then 3 months after the ovum pick-
up procedure.

IVF Procedures

All patients were treated with recombinant follicle
stimulating hormone (Gonal-F, Merck Serono, Italy)
from cycle day 3 for ovarian stimulation until at least
one dominant follicle reached a diameter of >18 mm,
followed by injection of 250 pg of recombinant
human chorionic gonadotropin (Ovitrelle, Merck
Serono, Italy) and 250 pg of GnRH antagonist
(Cetrotide, Merck Serono) 36 hours before oocyte re-
trieval.

Embryo Culture, Te Biopsy And
Next-Generation Sequencing

The retrieved oocytes were cultured before fertiliza-
tion, in Quinn’s Advantage Fertilization Medium
(Sage Bio-Pharma, Inc., Trumbull, CT, USA) with a
15% serum protein substitute (SPS) (Sage Bio-
Pharma, Inc.), in a triple gas phase of 5% CO,, 5%
0,, and 90% N,. The insemination or intracytoplas-
mic sperm injection (ICSI) was performed 38-41
hours after administration of the antagonist protocol.
Following conventional insemination/ICSI, all em-
bryos were further cultured in microdrops (Quinn
Advantage Cleavage Medium (Sage BioPharma,
Inc.), with 15% SPS under low oxygen (5% O,) until
Day 3. 70-72 hours after insemination/ICSI, all
cleaved embryos were further cultured in microdrops
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of Quinn Advantage Blastocyst Medium (Sage Bio-
Pharma, Inc.), with 15% SPS to blastocyst (Day5/6)
for trophectoderm (TE) biopsy. The laser-assisted
hatching was performed on day 4. The quality of
blastocyst was defined according to the criteria pre-
sented by Gardner and Schoolcraft, only the ex-
panded blastocysts considered to be of a desirable
quality (4, 5, 6, AB, BA, and BB) with diameters
more than 150 um were defined as qualified blasto-
cysts and suitable for subjecting to TE biopsy.'? The
Day 5 blastocyst stage without expansion (<150 pm)
was further cultured until Day 6. TE biopsy was per-
formed at Day 6 stage of blastocyst with an ICM and
TE type A or B. The protocol of TE biopsy was per-
formed as described by Chen et al."* The biopsied TE
cells were immediately placed in an RNAse—-DNAse-
free polymerase chain reaction tube and amplified
using the SurePlex DNA Amplification System (Il-
lumina, Inc., San Diego, CA, USA). Extracted cells
were placed in 2 pL of buffer and shipped frozen to
Genesis Genetics for PGT-A using a high-resolution,
next-generation sequencing (hr-NGS) platform.

Vitrification-Warming Protocol

The biopsied blastocysts were vitrified 2-4 hours after
TE biopsy. The vitrification and warming protocols
with Cryotech (Repro-Support Medical Research
Centre, Co. Ltd., Tokyo, Japan) described by Gut-
nisky et al. were employed.'* Single euploidy was se-
lected for transfer, and warmed embryos were
cultured in a blastocyst medium at 37°C (5% CO, and
5% 0O,) for 1-2 hours before transfer. The survival of
warmed blastocysts was checked at the time of em-
bryo transfer and defined as >80% of cells intact and
full re-expansion. In this study, all of the warmed
blastocysts survived with full re-expansion.

Endometrial Preparation And FET

All patientshad undergone an artificial cycle (AC) for
endometrial preparation since day 3 of their natural
menstrual cycle. Each woman was administered the
same regimen during the menstrual cycle: oral estra-
diol valerate (Estrade, Synmosa, Taipei, Taiwan) at 4
mg daily on days 3 and 4, 8 mg daily from days 5-7,
24 mg daily from days 8-13, 12 mg on day 14, and 8
mg daily from day 15 to the day of the pregnancy test.
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The transfer of single euploid blastocysts was per-
formed on day 18 and required an endometrial thick-
ness of at least §mm. If the endometrial thickness was
<8 mm, the transfer was canceled and shifted to the
next cycle. On the 12" day of the menstrual cycle, a
progesterone injection of 100 mg/day (Kogak Farma
Pharmaceuticals and Chemicals Industry, Tekirdag,
Tiirkiye) for 17 days was started for luteal phase sup-
port. Estradiol and progesterone supplementation
were continued until the day of the pregnancy test
and, if the test was positive, estradiol and proges-
terone were continued until the 12" gestational week.

STATISTICAL ANALYSIS

Data obtained in the study were analyzed statistically
using SPSS 25.0 software (IBM Corporation, Ar-
monk, New York, United States). The conformity of
the univariable data to normal distribution was eval-
uated using the Shapiro-Wilk Francia test. When
comparing two independent groups according to
qualitative variables, the Mann Whitney U test was
used with Monte Carlo results. When comparing cat-
egorical variables to each other, the Pearson Chi-
square test was used with the Monte Carlo simulation
technique. Quantitative variables were stated as me-
dian (1* Quartile-3 Quartile) (q1-q3) values, and cat-

egorical variables as number (n) and percentage (%)
in the table. Variables were evaluated at a 95% con-
fidence level, and a value of p<0.05 was accepted as
statistically significant.

ETHICAL APPROVAL

This study was performed in line with the principles
of the Declaration of Helsinki. Approval was granted
by the Ethics Committee of Altinbas University
(Date: 04.09.2023 Number:56442)

I RESULTS

A total of 502 women was analyzed, and the median
age was 33 (29-37). Group A consisted of 211
women and Group B, 291 women. The number of
collected, MII or fertilized oocytes, the number of vit-
rified or transferred embryos, or blastocyst stage were
similar in both groups. The positive pregnancy rate
was 76.3% in Group A and 77.7% in Group B
(p=0.747) and no significant difference was found
(Table 1). Within Group A, the proportion of posi-
tive clinical pregnancies correlated with a higher ratio
of Day 5 blastocyst transfers (p=0.001). In Group B,
while the subgroup with positive clinical pregnancies
had a greater number of transferred embryos, their
cryo-storage duration was notably shorter (p=0.049

TABLE 1: Comparison of clinical features and pregnancy results in all patients.

Negative (n=115)

Total (n=502) Median (q1-93)
Matermal age (year) 33 (29-37)
Cryo-storage duration (day) 120 (61-227)
Number of retrisved oocytes 11 (5-19)
Number of MIl oocytes 9 (5-18)
Number of fertilized oocytes 8 (4-13)
Number of vitrified embryos 4 (3-8)
Number of transferred embryos 1{(1-1)
n (%)

Cryo-storage

<90-day (Group A) 50 (43.5)

290-day (Group B) 65 (56.5)
Blastocyst stage

Day 5 97 (21.0)

Day 6 18 (46.2)

Clinical pregnancy

Positive (n=387)
Median (q1-93) p
33 (29-37) 0.419
102 (65-194) 0.579
11 (7-22) 0.519
9 (6-18) 0.523
8 (5-13) 0.416
4 (3-8) 0.273
1{1-2) 0.057
n (%)
156 (40.3) 0.590°
231 (59.7)
366 (79.0) 0.001°
21(53.8)

u Mann-Whitney U Test(Monte Carlo), ¢ Chi-Square Test (Monte Carlo), q1: 1st quartile, g3:3rd quartile MIl: metaphase II
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and p=0.040), respectively. It seems logical that as
the number of transferred embryos increases (Median
1.5 embryos per transfer ) the pregnancy rate will be
better. This cannot make any difference in interpre-
tation of results because in overall patients the num-
ber of transferred embryos between negative
pregnancy results patients and positive pregnancy re-
sults patients is statistically same (Table 2). The
shorter cryo-storage duration of Group B in positive
pregnancy subgroup reminds as that prolonged dura-
tion decreases the pregnancy rates. Maybe in differ-
ent studies which have a third group with more than
168 days duration; which is the median cryo-storage
duration of the positive pregnancy subgroup in Group
B, the negative effect of prolonged cryo-duration of
euploid blastocysts can be shown. Additionally clin-
ically pregnancy-positive cases were compared ac-
cording to the 90-day cut-off point and no significant
difference was found (p = 0.59).

I DISCUSSION

Our findings indicated that the embryo transfer of eu-
ploid embryos , whether less or more than 90 days
after the egg collection , did not correlate with the
rate of positive pregnancy outcomes. When the cryo-
storage period was >90 days, a greater number of
transferred embryos and shorter storage duration

were linked to a higher likelihood of clinical preg-
nancy. On the other hand, if the cryo-storage dura-
tion was <90 days, an earlier blastocyst stage was
associated with clinical pregnancy. We included eu-
ploid blastocyst transfer and found a clinical preg-
nancy rate of about 77%, which was about 3-times
that found in a previous study in which embryo trans-
fer was performed without PGT-A.!"> We showed that
a longer storage duration was negatively associated
with the pregnancy rate in the >90-day cryo-storage
group, and that pregnancy was independent of the
number of transferred embryos in the <90-day cryo-
storage group. The findings suggest that extending
the duration of storage (in the >90-day cryo-storage
group) could potentially have a negative impact on
the viability of euploid embryos and could be linked
to a reduction in embryo quality. Therefore, transfer
of more than one embryo might increase the possi-
bility of pregnancy in this group. In a retrospective
cohort study, pregnancy and birth rates were ob-
served not to be affected by storage duration within a
range of 1-84 months, but clinical pregnancy could
not be achieved with vitrified embryos with a cryo-
storage duration of >84 months.’ Shi et al. revealed
no effect of long-term cryopreservation on clinical
pregnancy and birth rates in a cohort of slow-frozen
early-cleavage human embryos.® The study’s discov-

TABLE 2: Comparison of groups features between Group A and B.

Group A
Cryo-storage <90-day (n=211)
Clinical pregnancy
Negative (n=50) Positive (n=161)
Median (q1-93) Median (q1-93)
Maternal age {year) 34 (29-39) 32 (29-36)
Cryo-storage duration (day) 57.5(51-75 59 (52-75)
Number of retrieved oocytes 15 (6-25) 11(7-19)
Number of Mil oocytes 12 (5-19) 9 (6-18)
Number of fertilized oocytes 13 (5-18) 8(5-13)
Number of vitrified embryos 4(3-9) 4(3-8)
Number of transferred embryos 1(1-1) 1(1-2)
n (%) n (%)
Blastocyst stage
Day 5 41(20.8) 156 (79.2)
Day 6 9(64.3) 5(35.7)

Group B
Cryo-storage 290-day (n=291)
Clinical pregnancy
Negative (n=65) Positive (n=226)

p Median (q1-93) Median (q1-93) p
0.194 33(30-37) 33(29-37) 0.892
0.842 193 (136-321) 168 (113-276) 0.040
0.446 9{4-15) 12 (7-25) 0.169
0.505 9(3-14) 9.5 (6-19) 0.174
0.587 7(3-13) 8(5-13) 0.148
0.716 4(3-7) 4(3-8) 0.243
0.591 1{1-1) 1.5(1-2) 0.049

n (%) n (%)
0.001¢ 56 (21.1) 210(78.9) 0.128¢
9(36.0) 16 (64.0)

u Mann-Whitney U Test(Monte Carlo),
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ery of diminished embryo quality among individuals
with cryopreservation periods exceeding 60 months,
in comparison to those under 60 months, did not yield
statistically significant results.

While we categorized cryo-storage durations
into two groups using a threshold of 90 days, it’s
worth noting that the maximum duration observed
in our study was 1,442 days. This extended time-
frame could potentially involve the transfer of em-
bryos of relatively lower quality. Various studies
have reported conflicting results regarding the effect
of prolonged cryo-storage on clinical pregnancy
rates.!*?!

Studies investigating an association of cryo-stor-
age duration with clinical outcomes after euploid
blastocyst transfer are scant. Cimadomo et al. con-
ducted a retrospective analysis of clinical outcomes
after 2,688 vitrified-warmed euploid blastocyst trans-
fers.® They found that live birth rates were lower for
transfers with a cryo-storage duration of between 90-
720 days compared to those with a duration of <60
days. As a possible explanation, they proposed that
the highest quality embryos were prioritized for ini-
tial transfer, while embryos of lower quality were re-
served for subsequent procedures. However, this was
not seen to be statistically significant in the multi-
variate analysis. Ultimately, the live birth rate was
similar in those groups where cryo-storage duration
was >720 days and <60 days, and no difference was
found between consecutive euploid single embryo
transfers, in terms of the live birth rate. For such a
study design, in order to obtain a clear clinical inter-
pretation, possible confounders should be adjusted
during analysis. In a small study analyzing fresh and
frozen-thawed embryo transfer cycles after cleavage-
stage PGD, pregnancy, implantation, abortion, and
live birth rates were found to be similar in both the
fresh cycle and frozen-thawed embryo transfer cycle.’
Cryo-storage duration was not analyzed in that study.
Other studies showed that incubator type or post-
thawing culture duration might affect the blastocyst
formation rate.?>** In our study, we could not analyze
embryo quality, birth rate or neonatal outcomes. We
used the same incubator, culture media and genetic
technique for all transfer procedures. We excluded
factors such as sperm quality or male fertility.
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In a previous report, an endometrial preparation
protocol employing an artificial cycle was identified
as a significant factor negatively impacting the
birth rate, although it did not exhibit the same effect
on the clinical pregnancy rate.!* We used an artifi-
cial cycle protocol in all patients. The study also
demonstrated that transferring blastocysts, in com-
parison to cleavage-stage embryo transfer, led to
higher clinical pregnancy and birth rates. We per-
formed the transfer of blastocysts on Day 5 or Day
6. In many previous studies of artificial reproduc-
tive technology in which PGT-A was not performed,
a Day 5 blastocyst transfer was shown to yield a
higher implantation and clinical pregnancy rate com-
pared to a Day 6 blastocyst transfer.?*2 In one study,
it was suggested that embryo quality or aneuploidy
rate might be important with respect to the differ-
ences seen between Day 5 and Day 6 blastocyst
transfer.?’ In one study, which included 527 frozen-
thawed blastocyst transfers cycles in which PGT-A
was performed, clinical outcomes were compared
between Day 5 and Day 6 blastocyst transfer.?® Im-
plantation rate, clinical pregnancy or live birth rates
were shown to be similar, but birth weight was
found to be higher in the Day 5 blastocyst transfer.
They did not take into account cryo-storage dura-
tion. We revealed a high pregnancy rate in euploid
embryo transfers, and found that the earlier blasto-
cyst stage (Day 5) was associated with a higher
pregnancy rate only in the cryo-storage group of
<90-day. One could argue that extending cryop-
reservation beyond 90 days might mitigate potential
distinctions between Day 5 and Day 6 blastocysts.
To our knowledge, the impact of cryo-storage dura-
tion on the correlation between blastocyst stage and
pregnancy rate has not been investigated previously.
In one study, which included 431 frozen-thawed em-
bryo transfers, in which PGT-A was not performed,
the clinical pregnancy rate was 25.5%, and the age
and number of transferred embryos were found to in-
fluence the birth rate, but cryo-storage duration was
not analyzed.'”

We observed a relation between a higher number
of transferred embryos and the pregnancy rate,
specifically within the cryo-storage group of >90
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days. However, no significant association was noted
between age and the pregnancy rate . We propose that
the factors influencing a higher pregnancy rate ap-
pear to change as the duration of cryo-storage be-
comes longer. Further research is necessary,
encompassing embryo transfer cycles that involve
PGT-A, and examining a broad range of factors
across various durations of cryo-storage In a large
study, cryopreservation time was found not to af-
fect clinical outcomes of vitrified-warmed blasto-
cysts within the same grade.!” Zhang et al. showed
that extended cryopreservation was inversely asso-
ciated with pregnancy rates, particularly evident in
subgroups involving high-quality blastocyst trans-
fer,, a maternal age of <40-years-old, and a higher
(>3) number of oocyte retrievals.'® It’s important to
note that our study also included high-quality blasto-
cysts.

STRENGTH AND LIMITATIONS

Our study aimed to explore the correlation between
cryo-storage durations and clinical pregnancy rates
within a specific subset of vitrified-warmed blasto-
cyst transfers, where PGT-A was employed. We an-
alyzed only one cycle for each woman included. We
used the same incubator and culture media, biopsy
and genetic techniques, vitrification-warming, en-
dometrial preparation and transfer protocols for all
transfer procedures. We excluded factors such as
sperm quality and male infertility as well as the
causes of recurrent implantation failure caused by fe-
male factors. We could not analyze, live birth rates
or neonatal outcomes. As we all know that the most
important prognostic marker in IVF treatments is the
take on hand baby rates. Unfortunately we were not
able to follow these patients till the delivery and this
is why we emphasized that this is the most strong lim-
itation of our study.
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I CONCLUSIONS

Our findings suggest that cryo-storage of less or more
than 90 days seems not to change clinical pregnancy
rates after euploid blastocyst transfer. It could be sug-
gested that, in cases of cryo-storage exceeding 90
days, opting for double embryo transfer and main-
taining shorter storage times might enhance the
chances of pregnancy. Conversely, for cryo-storage
durations less than 90 days, the transfer of Day 5 blas-
tocysts might be more favorable for increasing preg-
nancy likelihood. To minimize possible confounders,
we used the same techniques and protocols in all
transfers, but could not analyze live birth rates or
neonatal outcomes. Further studies including euploid
embryo transfer cycles should analyze possible fac-
tors across a wide range of cryo-storage durations.

Source of Finance

During this study, no financial or spiritual support was received
neither from any pharmaceutical company that has a direct con-
nection with the research subject, nor from a company that pro-
vides or produces medical instruments and materials which may

negatively affect the evaluation process of this study.

Conflict of Interest

No conflicts of interest between the authors and / or family mem-
bers of the scientific and medical committee members or mem-
bers of the potential conflicts of interest, counseling, expertise,

working conditions, share holding and similar situations in any

firm.

Authorship Contributions

Idea/Concept: Alper Sismanoglu, Ulun Ulug; Design: Alper
Sismanoglu; Control/Supervision: Alper Sismanoglu; Data Col-
lection and/or Processing: Alper Sismanoglu; Analysis and/or
Interpretation: Ulun Ulug, Alper Sismanoglu; Literature Review:
Alper Sismanoglu, Writing the Article: Alper Sismanoglu, Criti-
cal Review: Ulun Ulug.



Alper SISMANOGLYU, et al.

TJRMS. 2024;8(3):75-82

I REFERENCES

Zegers-Hochschild F, Adamson GD, Dyer S, Racowsky C, de Mouzon J,
Sokol R, et al. The International Glossary on Infertility and Fertility Care,
2017. Hum Reprod. 2017;32(9):1786-801. [Crossref] [PubMed] [PMC]

De Rycke M, Berckmoes V, De Vos A, Van De Voorde S, Verdyck P, Ver-
poest W, et al. Preimplantation Genetic Testing: Clinical experience of pre-
implantation genetic testing. Reproduction.
2020;160(5):A45-A58. [Crossref] [PubMed]

Bosdou JK, Venetis CA, Tarlatzis BC, Grimbizis GF, Kolibianakis EM. Hig-
her probability of live-birth in high, but not normal, responders after first fro-
zen-embryo transfer in a freeze-only cycle strategy compared to
fresh-embryo transfer: a meta-analysis. Hum Reprod. 2019;34(3):491-
505. [Crossref] [PubMed]

Wei D, Liu JY, Sun'Y, Shi'Y, Zhang B, Liu JQ, et al. Frozen versus fresh sin-
gle blastocyst transfer in ovulatory women: a multicentre, randomised con-
trolled trial. Lancet. 2019;393(10178):1310-8. [Crossref] [PubMed]

Li X, Guo P, Blockeel C, Li X, Deng L, Yang J, et al. Storage duration of vit-
rified embryos does not affect pregnancy and neonatal outcomes after fro-
zen-thawed embryo transfer.  Front Endocrinol  (Lausanne).
2023;14:1148411. [Crossref] [PubMed] [PMC]

Shi B, Cui L, Ye X, Ye Y. Long-term cryopreservation and frozen embryo
transfer do not impact clinical and neonatal outcomes: a retrospective co-
hort study of slow-frozen early-cleavage human embryos. Zygote.
2022;30(5):712-8. [Crossref] [PubMed]

LiJ, Yin M, Wang B, Lin J, Chen Q, Wang N, et al. The effect of storage time
after vitrification on pregnancy and neonatal outcomes among 24 698 pati-
ents following the first embryo transfer cycles. Hum Reprod. 2020;35(7):
1675-84. [Crossref] [PubMed]

Cimadomo D, Fabozzi G, Dovere L, et al. Clinical, obstetric and perinatal
outcomes after vitrified-warmed euploid blastocyst transfer are independent
of cryo-storage duration. Reprod Biomed Online. 2022;44(2):221-7. [Cros-
sref] [PubMed]

Shi B, CuiL, Ye X, Ye Y. [Effects of embryo cryopreservation and thawing
on clinical outcomes of transplantable embryos after cleavage-stage pre-
implantation genetic diagnosis or screening]. Zhejiang Da Xue Xue Bao Yi
Xue Ban. 2017;46(3):295-99. Chinese.

Tan BK, Vandekerckhove P, Kennedy R, Keay SD. Investigation and current
management of recurrent IVF treatment failure in the UK. BJOG. 2005;112
(6):773-80. [Crossref] [PubMed]

Coughlan C, Ledger W, Wang Q, Liu F, Demirol A, Gurgan T, et al. Recur-
rent implantation failure: definition and management. Reprod Biomed On-
line. 2014;28(1):14-38. [Crossref] [PubMed]

Gardner DK, Schoolcraft WB. Culture and transfer of human blastocysts.
Curr Opin Obstet Gynecol. 1999;11(3):307-11. [Crossref] [PubMed]

Chen HH, Huang CC, Cheng EH, Lee TH, Chien LF, Lee MS. Optimal timing
of blastocyst vitrification after trophectoderm biopsy for preimplantation ge-
netic screening. PLoS One. 2017;12(10):e0185747. [Crossref] [Pub-
Med] [PMC]

Gutnisky C, Alvarez GM, Cetica PD, Dalvit GC. Evaluation of the Cryotech
Vitrification Kit for bovine embryos. Cryobiology. 2013;67(3):391-3. [Cros-
sref] [PubMed]

Holschbach V, Kordes H, Dietrich JE, Bruckner T, Strowitzki T, Germeyer A.

82

20.

21.

22.

23.

24.

25.

26.

27.

28.

Patient- and cycle-specific factors affecting the outcome of frozen-thawed
embryo transfers. Arch Gynecol Obstet. 2023;307(6):2001-10. [Cros-
sref] [PubMed] [PMC]

Cui M, Dong X, Lyu S, Zheng Y, Ai J. The Impact of Embryo Storage Time
on Pregnancy and Perinatal Outcomes and the Time Limit of Vitrification: A
Retrospective ~ Cohort ~ Study.  Front  Endocrinol  (Lausanne).
2021;12:724853. [Crossref] [PubMed] [PMC]

Zhang X, Wu S, Hao G, Wu X, Ren H, Zhang Y, et al. Prolonged Cryopre-
servation Negatively Affects Embryo Transfer Outcomes Following the Elec-
tive Freeze-All Strategy: A Multicenter Retrospective Study. Front Endocrinol
(Lausanne). 2021;12:709648. [Crossref] [PubMed] [PMC]

Lin R, Zhou H, Wang C, Chen H, Shu J, Gan X, et al. Does longer storage
of blastocysts with equal grades in a cryopreserved state affect the perina-
tal outcomes? Cryobiology. 2021;103:87-91. [Crossref] [PubMed]

Sekhon L, Lee JA, Flisser E, Copperman AB, Stein D. Blastocyst vitrifica-
tion, cryostorage and warming does not affect live birth rate, infant birth we-
ight ~or timing of delivery. Reprod Biomed  Online.
2018;37(1):33-42. [Crossref] [PubMed]

Reddy NS, Parimala C, Karuppusami R, Mangalraj AM, Kunjummen AT. Ef-
fect of Long-Term Embryo Cryopreservation on Subsequent Frozen Em-
bryo Transfer Outcomes: A Retrospective Cohort Study. J Hum Reprod Sci.
2022;15(3):293-9. [Crossref] [PubMed] [PMC]

MaoY, Tang N, Luo Y, Yin P, Li L. Effects of vitrified cryopreservation dura-
tion on IVF and neonatal outcomes. J Ovarian Res. 2022;15(1):101. [Cros-
sref] [PubMed] [PMC]

Kermack AJ, Fesenko |, Christensen DR, Parry KL, Lowen P, Wellstead SJ,
et al. Incubator type affects human blastocyst formation and embryo meta-
bolism: a randomized controlled trial. Hum Reprod. 2022;37(12):2757-
67. [Crossref] [PubMed]

JiH, Cao S, Ding H, Dong L, Zhao C, Zhang J, et al. Influence of post-thaw
culture duration on pregnancy outcomes in frozen blastocyst transfer cycles.
Syst Biol Reprod Med. 2023;69(1):64-74. [Crossref] [PubMed]

Rao J, Qiu F, Tian S, Yu Y, Zhang Y, Gu Z, et al. Clinical outcomes for Day
3 double cleavage-stage embryo transfers versus Day 5 or 6 single blas-
tocyst transfer in frozen-thawed cycles: a retrospective comparative analy-
sis. J Int Med Res.
2021;49(12):3000605211062461. [Crossref] [PubMed] [PMC]

Sciorio R, Thong KJ, Pickering SJ. Increased pregnancy outcome after day
5 versus day 6 transfers of human vitrified-warmed blastocysts. Zygote.
2019;27(5):279-84. [Crossref] [PubMed]

Zhang H, Arhin SK, Zhao J, Hou X, Chen Y, Huang Z. Delayed develop-
ment influences the outcome of different grades of D5 and D6 blastocysts
during freeze-thaw cycle. Cell Mol Biol (Noisy-le-grand). 2019;65(4):1-
5. [Crossref] [PubMed]

Desai N, Ploskonka S, Goodman L, Attaran M, Goldberg JM, Austin C, Fal-
cone T. Delayed blastulation, multinucleation, and expansion grade are in-
dependently associated with live-birth rates in frozen blastocyst transfer
cycles. Fertil Steril. 2016;106(6):1370-8. [Crossref] [PubMed]

Wu TF, Chen MJ, Lee MS, Huang CC, Ho ST, Cheng EH, Lee TH. Compa-
rison of clinical outcome between day 5 and day 6 single blastocyst trans-
fers in cycles undergoing preimplantation genetic testing for aneuploidy.
Taiwan J Obstet Gynecol. 2023;62(3):429-33. [Crossref] [PubMed]


https://doi.org/10.1093/humrep/dex234
https://www.ncbi.nlm.nih.gov/pubmed/29117321
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5850297
https://doi.org/10.1530/REP-20-0082
https://www.ncbi.nlm.nih.gov/pubmed/33112789
https://doi.org/10.1093/humrep/dey388
https://www.ncbi.nlm.nih.gov/pubmed/30689865
https://doi.org/10.1016/S0140-6736(18)32843-5
https://www.ncbi.nlm.nih.gov/pubmed/30827784
https://doi.org/10.3389/fendo.2023.1148411
https://www.ncbi.nlm.nih.gov/pubmed/36998477
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10043480
https://doi.org/10.1017/S0967199422000193
https://www.ncbi.nlm.nih.gov/pubmed/35730368
https://doi.org/10.1093/humrep/deaa136
https://www.ncbi.nlm.nih.gov/pubmed/32575120
https://doi.org/10.1016/j.rbmo.2021.09.027
https://doi.org/10.1016/j.rbmo.2021.09.027
https://www.ncbi.nlm.nih.gov/pubmed/34862135
https://doi.org/10.1111/j.1471-0528.2005.00523.x
https://www.ncbi.nlm.nih.gov/pubmed/15924536
https://doi.org/10.1016/j.rbmo.2013.08.011
https://www.ncbi.nlm.nih.gov/pubmed/24269084
https://doi.org/10.1097/00001703-199906000-00013
https://www.ncbi.nlm.nih.gov/pubmed/10369209
https://doi.org/10.1371/journal.pone.0185747
https://www.ncbi.nlm.nih.gov/pubmed/28982142
https://www.ncbi.nlm.nih.gov/pubmed/28982142
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5628850
https://doi.org/10.1016/j.cryobiol.2013.08.006
https://doi.org/10.1016/j.cryobiol.2013.08.006
https://www.ncbi.nlm.nih.gov/pubmed/23988558
https://doi.org/10.1007/s00404-023-07019-3
https://doi.org/10.1007/s00404-023-07019-3
https://www.ncbi.nlm.nih.gov/pubmed/37061986
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10147814
https://doi.org/10.3389/fendo.2021.724853
https://www.ncbi.nlm.nih.gov/pubmed/34777241
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8579853
https://doi.org/10.3389/fendo.2021.709648
https://www.ncbi.nlm.nih.gov/pubmed/34630326
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8493094
https://doi.org/10.1016/j.cryobiol.2021.09.003
https://www.ncbi.nlm.nih.gov/pubmed/34520741
https://doi.org/10.1016/j.rbmo.2018.03.023
https://www.ncbi.nlm.nih.gov/pubmed/29706285
https://doi.org/10.4103/jhrs.jhrs_83_22
https://www.ncbi.nlm.nih.gov/pubmed/36341019
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9635375
https://doi.org/10.1186/s13048-022-01035-8
https://doi.org/10.1186/s13048-022-01035-8
https://www.ncbi.nlm.nih.gov/pubmed/36076245
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9454210
https://doi.org/10.1093/humrep/deac233
https://www.ncbi.nlm.nih.gov/pubmed/36287638
https://doi.org/10.1080/19396368.2022.2121191
https://www.ncbi.nlm.nih.gov/pubmed/36173124
https://doi.org/10.1177/03000605211062461
https://www.ncbi.nlm.nih.gov/pubmed/34918976
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8728785
https://doi.org/10.1017/S0967199419000273
https://www.ncbi.nlm.nih.gov/pubmed/31412960
https://doi.org/10.14715/cmb/2021.67.4.1
https://www.ncbi.nlm.nih.gov/pubmed/31078145
https://doi.org/10.1016/j.fertnstert.2016.07.1095
https://www.ncbi.nlm.nih.gov/pubmed/27565255
https://doi.org/10.1016/j.tjog.2023.03.005
https://www.ncbi.nlm.nih.gov/pubmed/37188448

