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ABSTRACT
Objectives: To evaluate the impact of blastocysts biopsied once and vitrified twice on clinical out-
comes. Methods: This retrospective study analyzed 277 single euploid blastocyst transfer cycles
conducted at the Center for Assisted Reproduction, 16A Ha Dong General Hospital, from March
2018 to January 2024. Cycles were stratified into two groups: Group BV (biopsied once, vitrified
once; n = 207) and Group VBV (biopsied once, vitrified twice; n = 70). Pregnancy outcomes were
compared between groups, and a binary logistic regression model identified variables associated
with live birth rates. Results: Group BV demonstrated superior outcomes compared to Group VBV
across all metrics: implantation rate (55.6% vs. 37.1%, p < 0.001), clinical pregnancy rate (55.1%
vs. 37.1%, p < 0.001), ongoing pregnancy rate (54.1% vs. 35.7%, p < 0.001), and live birth rate
(53.6% vs. 35.7%, p = 0.01). The number of vitrification-warming cycles was the only factor signifi-
cantly associated with reduced live birth rates (OR 1.95, 95% CI 1.01–3.78, p < 0.05). Conclusions:
An additional vitrification-warming cycle significantly reduces pregnancy success in single euploid
blastocyst transfers. Patients undergoing PGT-A should be explicitly counseled about the poten-
tial decline in success rates if previously vitrified blastocysts undergo repeated warming cycles for
diagnostic confirmation.
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INTRODUCTION
Embryo cryopreservation has become a highly ef-
fective technique in assisted reproductive technol-
ogy (ART).The application of single embryo transfer
helps minimize the risk of multiple pregnancies and
enhance cumulative pregnancy rates—both of which
are significant benefits of embryo cryopreservation.
Recent studies show that the outcomes of frozen em-
bryo transfer (FET) cycles are at least comparable to
those of fresh embryo transfer cycles1,2. Further-
more, embryo cryopreservation plays a crucial role
in preimplantation genetic testing for aneuploidy
(PGT-A) by providing additional time to assess em-
bryos for chromosomal abnormalities3. Combining
trophectoderm biopsy with blastocyst cryopreserva-
tion in FET cycles is becoming increasingly com-
mon, but it raises several concerns that require fur-
ther investigation. The primary advantage of blas-
tocyst vitrification relies on the use of high concen-
trations of cryoprotective agents and rapid cooling
rates, which prevent the formation of ice crystals
within cells. This method has proven safe and effec-
tive. However, the effects of multiple vitrification-

warming cycles on blastocysts are not fully under-
stood4–6. Additionally, micromanipulation during
trophectoderm biopsy, along with associated stres-
sors, may adversely affect the implantation poten-
tial and survival of the blastocyst7–9. In many cases,
cryopreserved blastocysts are warmed and biopsied
for PGT-A to select for embryo sex, screen for newly
discovered genetic disorders, or enhance outcomes
after unsuccessful IVF cycles or miscarriages. These
blastocysts typically undergo a single biopsy and
two vitrification-warming cycles. Currently, there
is a paucity of large-scale studies evaluating the ef-
fects of multiple vitrification-warming cycles on FET
outcomes, and existing studies report conflicting re-
sults10–15.
Therefore, this study aimed to compare the clin-
ical outcomes of blastocysts undergoing a single
biopsy followed by two vitrification-warming cy-
cles with those undergoing a single biopsy and one
vitrification-warming cycle in single euploid blasto-
cyst transfer cycles.

MATERIALS AND METHODS
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Materials
A total of 277 blastocysts were included in single eu-
ploid blastocyst transfer cycles in this study. This
group consisted of 207 blastocysts biopsied and vit-
rified once and 70 blastocysts biopsied once and re-
vitrified (vitrified twice). Data were collected at
the Center for Assisted Reproduction, 16A Ha Dong
General Hospital, from March 2018 to January 2024.

Methods

Research design & Ethical approval
Retrospective cross-sectional descriptive study.
This study was approved by the Institutional Re-
view Board andMedical Ethics Committee of 16AHa
Dong General Hospital. The research aimed solely to
improve IVF treatment efficacy, and all patient data
were anonymized and maintained confidentially.

IVF procedures
Oocyte retrieval, ICSI, and embryo culture: Un-
der ultrasound guidance, cumulus-oocyte complexes
(COCs) were retrieved and stored in G-MOPSTM

PLUS medium (Vitrolife, Sweden). Following re-
trieval, COCs were incubated in G-IVFTM PLUS
medium (Vitrolife, Sweden). After 3± 1 hours of in-
cubation, cumulus cells were removed using GM501
Hyaluronidase medium (Gynemed, Germany). Ma-
ture oocytes at the metaphase II (MII) stage were
selected for intracytoplasmic sperm injection (ICSI)
under an inverted microscope. After ICSI, oocytes
were cultured in 20–30 µL droplets of Global To-
tal LP medium (CooperSurgical, USA) covered with
LiteOil (CooperSurgical, USA) and maintained in an
incubator at 5% O2, 6% CO2, and 37◦C. Fertilization
was assessed at 17± 1 hours post-ICSI, and cleavage-
stage embryos were evaluated at 68 ± 1 hours post-
ICSI. On day 3, assisted hatching was performed us-
ing a laser system with a 7.2-µm-diameter laser shot
applied to the zona pellucida.

Blastocyst classification and biopsy
On days 5 and 6, blastocysts were graded using a
simplified Gardner blastocyst grading system and
categorized into four groups:

• Good: Inner cell mass (ICM) and trophecto-
derm (TE) both graded AA.

• Fair: AB or BA.
• Medium: BB, AC, or CA.
• Poor: BC, CB, or CC.

Trophectoderm biopsy was performed on hatching
blastocysts, with 5–10 cells removed. Biopsied cells
were washed three times in 1% PVP/PBS solution
and transferred into PCR tubes containing 2.5 µL of
washing solution. PGT-A was conducted using the
MiSeq system (Illumina, USA).

Vitrification-warming and blastocyst
transfer
Blastocysts were vitrified using the Cryotech Vitrifi-
cation Kit 101 (Reprolife, Japan). Euploid blastocysts
were warmed using the CryotechWarming Solution
Set Kit (Reprolife, Japan) prior to transfer. Trans-
fers were performedwhen the endometrial thickness
reached 7.0–13.5 mm.

Pregnancy diagnosis
β -hCG: Serum β -hCG concentration was measured
inmIU/mL. A value <5mIU/mLwas considered non-
pregnant (negative); ≥5 mIU/mL was considered
pregnant (positive).
Biochemical pregnancy: Early pregnancy loss
prior to ultrasound detection of a gestational sac.
Clinical pregnancy: Ultrasound-confirmed pres-
ence of a gestational sac (including ectopic preg-
nancy) 3 weeks post-positive β -hCG test.
Ongoing pregnancy: Ultrasound detection of fetal
cardiac activity.
Live birth: Delivery of a live infant.

Statistical analysis
Analyses were performed using SPSS 22.0 (IBM,
USA). Normally distributed continuous variables are
reported as mean ± standard deviation; categorical
variables as frequency (%). Independent-sample t-
tests were used for continuous variables, and chi-
square or Fisher’s exact tests for categorical vari-
ables. Binary logistic regression identified variables
associated with live birth rates. Statistical signifi-
cance was set at p < 0.05.

RESULTS
In this study, we analyzed the single-embryo trans-
fer outcomes of 277 euploid blastocysts, which
were divided into two groups based on the num-
ber of vitrification-warming cycles: (1) blastocysts
that underwent a single biopsy followed by one
vitrification-warming cycle (group BV, n = 207) and
(2) blastocysts that underwent a single biopsy fol-
lowed by two vitrification-warming cycles (group
VBV, n = 70), as shown in Figure 1.
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Figure 1: Flow diagram of blastocyst preparation methods. Group BV (biopsied and vitrified once; n = 207):
IVF (in vitro fertilization) with PGT-A (preimplantation genetic testing for aneuploidy), in which blastocysts were
biopsied, vitrified, and warmed once before transfer. Group VBV (vitrified, warmed for biopsy, and re-vitrified; n =
70): IVF without PGT-A, in which blastocysts were initially vitrified, warmed for biopsy, re-vitrified, and warmed
again for transfer. Both groups underwent single euploid blastocyst transfer. Abbreviations: BV - biopsied and
vitrified once, IVF - in vitro fertilization, PGT-A - preimplantation genetic testing for aneuploidy, VBV - vitrified,
warmed for biopsy, and re-vitrified

We found that oocyte age, age at transfer, and
peak endometrial thickness in group BV were sig-
nificantly higher than those in group VBV. Addi-
tionally, there was a higher proportion of good-
and fair-quality blastocysts in the single vitrification
group (group BV) compared to the double vitrifica-
tion group (group VBV), whereas the proportions
of medium- and poor-quality blastocysts were lower
in group BV than in group VBV. However, statisti-
cally significant differences were only observed in

the proportions of fair- and medium-quality blasto-
cysts between the two groups. Furthermore, there
was no significant difference in the distribution of
Day 5 and Day 6 biopsied blastocysts between the
groups. All patient and blastocyst characteristics are
summarized in Table 1.
The β -hCG positivity rate did not differ significantly
between group BV and group VBV (127 [61.4%] vs.
37 [52.9%], p = 0.21). However, group BV demon-
strated significantly higher implantation, clinical
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Table 1: Baseline characteristics of transfer cycles of euploid blastocysts vitrified once versus twice (group
VBV) following a single biopsy

Characteristics BV VBV
(n = 70)

p

Number of transfer cycles 207 70

Blastocyst number per transfer 1 1

Oocyte age (Years) 32.9 ± 4.3 30.9 ± 4.8 0.01

Age at transfer (Years) 33.3 ± 4.3 31.9 ± 4.8 0.03

Peak endometrial thickness (mm) 9.5 ± 1.3 9.1 ± 1.3 0.02

Blastocyst quality

Good 60 (29.0%) 15 (21.4%) 0.22

Fair 87 (42.0%) 20 (28.6%) < 0.05

Medium 47 (22.7%) 29 (41.4%) < 0.001

Poor 13 (6.3%) 6 (8.6%) 0.58

Biopsy day

Day 5 173 (75.9%) 34 (69.4%) 0.34

Day 6 55 (24.1%) 15 (30.6%)

pregnancy, ongoing pregnancy, and live birth rates
than group VBV: 115 (55.6%) vs. 26 (37.1%) for im-
plantation (p < 0.001); 114 (55.1%) vs. 26 (37.1%)
for clinical pregnancy (p < 0.001); 112 (54.1%) vs.
25 (35.7%) for ongoing pregnancy (p < 0.001); and
111 (53.6%) vs. 25 (35.7%) for live births (p = 0.01).
The biochemical pregnancy rate was approximately
three times higher in group VBV (15.7%, n = 11) than
in group BV (5.8%, n = 12) (Table 2).
Binary logistic regression analysis, adjusted for
oocyte age, age at transfer, peak endometrial thick-
ness, blastocyst quality, and biopsy day, revealed
that exposure to two vitrification-warming cycles
(vs. one) significantly reduced the likelihood of live
birth (OR 0.51, 95% CI 0.27–0.99, p < 0.05). None
of the other variables were significantly associated
with live birth (p ≥ 0.05) (Table 3).

DISCUSSION
PGT-A is a commonly used procedure in IVF to
screen embryos for chromosomal abnormalities. It is
typically recommended for patients with advanced
maternal age, known chromosomal abnormalities,
a heightened risk of chromosomal disorders in off-
spring, recurrent miscarriages, or repeated unsuc-
cessful IVF cycles3,7. Many vitrified blastocysts are
thawed for trophectoderm biopsy to assess chro-
mosomal status in patients meeting PGT-A criteria.
Rather than undergoing additional ovarian stimu-
lation cycles to obtain embryos of higher genetic

quality, couples may opt for genetic testing on ex-
isting blastocysts to mitigate potential risks. Con-
sequently, euploid blastocysts subjected to a single
biopsy and two vitrification-warming cycles are oc-
casionally used in frozen embryo transfer (FET) cy-
cles. Although limited evidence exists on the success
rates of these embryos, prior studies have explored
their outcomes10–15. This study aims to evaluate the
clinical efficacy of transferring once-biopsied, twice-
vitrified blastocysts.
When comparing outcomes between blastocysts un-
dergoing one versus two vitrification-warming cy-
cles (both biopsied once), pregnancy rates, im-
plantation rates, and live birth rates were signifi-
cantly lower in the twice-vitrified group. The live
birth rate declined from 53.6% to 35.7%, highlight-
ing the clinical relevance of this reduction for pa-
tient counseling and the potential advantages of pur-
suing a new stimulation cycle over reusing exist-
ing blastocysts (Table 2 ). These findings align
with Aluko et al. (2020), who reported live birth
rates of 52.5% versus 28.9% (statistically significant),
and Bradley et al. (2017), who observed 50.0% ver-
sus 38.5% (non-significant) (12,13). Li et al. (2022)
similarly found reduced live birth odds (Model 1:
OR 0.42, 95% CI 0.18–0.97, p = 0.041; Model 2:
OR 0.38, 95% CI 0.16–0.92, p = 0.033) in logis-
tic regression analyses15. Multiple studies suggest
that repeated vitrification-warming cycles—with or
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Table 2: Pregnancy outcomes following single embryo transfer
of euploid blastocysts subjected to single biopsy and either one
or two vitrification-warming cycles

Pregnancy outcomes BV
(n = 207)

VBV
(n = 70)

p

β -hCG positive 127 (61.4%) 37 (52.9%) 0.21

Biochemical pregnancies 12 (5.8%) 11 (15.7%) < 0.001

Implantation 115 (55.6%) 26 (37.1%) < 0.001

Clinical pregnancies 114 (55.1%) 25 (37.1%) < 0.001

Ongoing pregnancies 112 (54.1%) 25 (35.7%) < 0.001

Live births 111 (53.6%) 25 (35.7%) 0.01

Table 3: Binary logistic regression analysis identifying variables associated with the likelihood of live birth

Variables OR 95% CI p

Oocyte age 0.93 0.75 - 1.16 0.52

Age at transfer 1.10 0.89 - 1.36 0.38

Peak endometrial thickness 1.24 1.00 - 1.52 0.05

Blastocyst quality

Good 3.01 0.90 - 10.10 0.07

Fair 1.45 0.44 - 4.81 0.55

Medium 2.15 0.64 - 7.22 0.21

Poor 1.00 0.09

Biopsy day

Day 5 1.65 0.82 - 3.30 0.16

Day 6 1.00

Number of vitrification-warming cycles

Vitrified-warmed once 1.95 1.01 - 3.77 < 0.05

Vitrified-warmed twice 1.00

without biopsy—may compromise pregnancy out-
comes4,5. Aluko et al. (2020) hypothesized that
mechanical trauma from repeated cryopreservation
contributes to these effects13, while Wang et al.
(2019) and Maleki-Hajiagha et al. (2020) proposed
biological mechanisms such as apoptosis induction,
impaired trophectoderm function, and endoplasmic
reticulum stress16,17. Additionally, mouse studies
demonstrate reduced inner cell mass cell counts and
blastocyst diameter after re-vitrification18.
Contrastingly, Huang et al. (2021) reported com-
parable pregnancy outcomes between twice-vitrified
and once-vitrified blastocysts, advocating for the use
of re-vitrified embryos to minimize waste6. No-
tably, their study excluded biopsied embryos and

utilized Kitazato commercial media, potentially ex-
plaining discrepancies with our findings. Other
studies, including Taylor et al. (2014) andTheodorou
et al. (2022), found no significant differences in live
birth rates between once- and twice-vitrified biop-
sied blastocysts10,11,14. Thus, the impact of repeated
vitrification on embryo developmental potential re-
mains debated, warranting further investigation.
Notably, oocyte age, age at transfer, endome-
trial thickness, and blastocyst quality differed be-
tween groups BV and VBV. After adjusting for con-
founders via logistic regression, only the number of
vitrification-warming cycles significantly correlated
with live birth rates (Table 3). Other variables, in-
cluding oocyte age and blastocyst quality, showed
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no association—contrasting with Theodorou et al.
(2022) but aligning with prior reports19,20.
Study limitations include its retrospective, single-
center design, which may limit generalizability due
to variability in laboratory protocols and culture me-
dia. The analysis also included a limited number of
variables, potentially overlooking additional predic-
tors of live birth. Furthermore, neonatal and perina-
tal outcomes were not evaluated. Prospective multi-
center studies are needed to validate these findings
and elucidate biological mechanisms affecting blas-
tocyst competence.

CONCLUSIONS
Our findings demonstrate that blastocysts undergo-
ing an additional vitrification-warming cycle and a
single biopsy have reduced success rates compared
to those undergoing a single biopsy and vitrifica-
tion cycle. To reduce risks associated with addi-
tional ovarian stimulation and avoid discarding em-
bryos, thawing vitrified blastocysts of unknown ge-
netic status for biopsy in PGT-A candidates may be
advisable. However, clinicians should clearly con-
vey the reduced success rates associated with twice-
vitrified blastocysts during counseling.

ABBREVIATIONS
Assisted Reproductive Technology (ART), Beta Hu-
man Chorionic Gonadotropin (β -hCG), Biopsied
once and vitrified once (BV), Confidence Interval
(CI), Cumulus-Oocyte Complexes (COCs), Frozen
Embryo Transfer (FET), Inner Cell Mass (ICM),
Intracytoplasmic Sperm Injection (ICSI), In Vitro
Fertilization (IVF), Metaphase II (MII), Odds Ra-
tio (OR), Polymerase Chain Reaction (PCR), Preim-
plantation Genetic Testing for Aneuploidy (PGT-
A), Polyvinylpyrrolidone (PVP), Phosphate-Buffered
Saline (PBS), Statistical Package for the Social Sci-
ences (SPSS), Trophectoderm (TE), and Vitrified,
warmed for biopsy, and re-vitrified (VBV).

ACKNOWLEDGMENTS
Wewould like to express our sincere gratitude to the
Board of Directors of the Fertility Center at 16A Ha
Dong General Hospital, as well as Hai Phong Uni-
versity of Medicine and Pharmacy, for providing the
necessary support and resources that enabled us to
complete this article.

AUTHOR’S CONTRIBUTIONS
Thinh Ngo Van, Dung LeThiThuy and Luan Nguyen
Thanh accquired the data. Thinh Ngo Van, Thuy
Tran Thi, Dung Le Thi Thuy and Phuc Nguyen

Hong analyzed the data and wrote the manuscript.
Trang Nguyen Ha and Thinh Ngo Van revised the
manuscript for important intellectual content and
edited the manuscript. Tao Nguyen Dinh and Linh
Pham Van critically revised and provided final ap-
proval of the version to be published. All authors
read and approved the final manuscript.

FUNDING
None.

AVAILABILITY OF DATA AND
MATERIALS
None.

ETHICS APPROVAL AND
CONSENT TO PARTICIPATE
This retrospective study was approved by the Ethics
Committee of 16A Ha Dong general Hospital. In-
formed consent was waived due to the use of de-
identified patient records.

CONSENT FOR PUBLICATION
Not applicable.

COMPETING INTERESTS
The authors declare that they have no competing in-
terests.

REFERENCES
1. Zargar M, Dehdashti S, Najafian M, Choghakabodi PM. Preg-

nancy outcomes following in vitro fertilization using fresh
or frozen embryo transfer. JBRA Assisted Reproduction.
2021;25(4):570–4. PMID: 34224240. Available from: https:
//doi.org/10.5935/1518-0557.20210024.

2. Karabulut S, Kutlu P. Fresh versus frozen blastocyst transfer
outcomes deriven from the same ICSI cycle in male factor in-
fertility. Clinical and Experimental Obstetrics & Gynecology.
2021;48(2):331–335. Available from: https://doi.org/10.31083/j.
ceog.2021.02.2317.

3. Kimelman D, Pavone ME. Non-invasive prenatal testing in the
context of IVF and PGT-A. Best Practice & Research Clini-
cal Obstetrics & Gynaecology. 2021;70:51–62. PMID: 32739290.
Available from: https://doi.org/10.1016/j.bpobgyn.2020.07.004.

4. Zheng D, Zeng L, Yang R, Lian Y, Zhu YM, Liang X, et al. In-
tracytoplasmic sperm injection (ICSI) versus conventional in
vitro fertilisation (IVF) in couples with non-severe male infer-
tility (NSMI-ICSI): protocol for a multicentre randomised con-
trolled trial. BMJ Open. 2019;9(9):e030366. PMID: 31575574.
Available from: https://doi.org/10.1136/bmjopen-2019-030366.

5. Wang M, Jiang J, Xi Q, Li D, Ren X, Li Z. Repeated cryop-
reservation process impairs embryo implantation potential but
does not affect neonatal outcomes. Reproductive Biomedicine
Online. 2021;42(1):75–82. PMID: 33309388. Available from:
https://doi.org/10.1016/j.rbmo.2020.11.007.

6. Huang Y, Cheng Y, Zhang M, Chen Y, Zhou R, Lin D. Ef-
fect of repeated vitrification of human embryos on preg-
nancy and neonatal outcomes. Journal of Ovarian Research.
2024;17(1):51. PMID: 38402194. Available from: https://doi.
org/10.1186/s13048-024-01370-y.

7401

https://www.ncbi.nlm.nih.gov/pubmed/34224240
https://doi.org/10.5935/1518-0557.20210024
https://doi.org/10.5935/1518-0557.20210024
https://doi.org/10.31083/j.ceog.2021.02.2317
https://doi.org/10.31083/j.ceog.2021.02.2317
https://www.ncbi.nlm.nih.gov/pubmed/32739290
https://doi.org/10.1016/j.bpobgyn.2020.07.004
https://www.ncbi.nlm.nih.gov/pubmed/31575574
https://doi.org/10.1136/bmjopen-2019-030366
https://www.ncbi.nlm.nih.gov/pubmed/33309388
https://doi.org/10.1016/j.rbmo.2020.11.007
https://www.ncbi.nlm.nih.gov/pubmed/38402194
https://doi.org/10.1186/s13048-024-01370-y
https://doi.org/10.1186/s13048-024-01370-y


Biomedical Research and Therapy 2025, 12(5):7396-7402

7. Aoyama N, Kato K. Trophectoderm biopsy for preimplanta-
tion genetic test and technical tips: A review. Reproductive
Medicine and Biology. 2020;19(3):222–31. PMID: 32684821.
Available from: https://doi.org/10.1002/rmb2.12318.

8. Domingo-Muelas A, Skory RM, Moverley AA, Ardestani G,
Pomp O, Rubio C, et al. Human embryo live imaging re-
veals nuclear DNA shedding during blastocyst expansion and
biopsy. Cell. 2023;186(15):3166–3181.e18. PMID: 37413989.
Available from: https://doi.org/10.1016/j.cell.2023.06.003.

9. Gordon CE, Racowsky C. Trophectoderm biopsy-perhaps
not such a benign intervention. Fertility and Sterility.
2020;114(4):748–9. PMID: 32682517. Available from: https:
//doi.org/10.1016/j.fertnstert.2020.06.027.

10. Neal SA, Sun L, Jalas C, Morin SJ, Molinaro TA, Scott RT.
When next-generation sequencing-based preimplantation ge-
netic testing for aneuploidy (PGT-A) yields an inconclu-
sive report: diagnostic results and clinical outcomes after
re biopsy. Journal of Assisted Reproduction and Genetics.
2019;36(10):2103–9. PMID: 31471748. Available from: https:
//doi.org/10.1007/s10815-019-01550-6.

11. Taylor TH, Patrick JL, Gitlin SA, Wilson JM, Crain JL, Griffin
DK. Outcomes of blastocysts biopsied and vitrified once ver-
sus those cryopreserved twice for euploid blastocyst transfer.
Reproductive Biomedicine Online. 2014;29(1):59–64. PMID:
24794643. Available from: https://doi.org/10.1016/j.rbmo.2014.
03.001.

12. Bradley CK, Livingstone M, Traversa MV, McArthur SJ. Im-
pact of multiple blastocyst biopsy and vitrification-warming
procedures on pregnancy outcomes. Fertility and Sterility.
2017;108(6):999–1006. PMID: 29100625. Available from: https:
//doi.org/10.1016/j.fertnstert.2017.09.013.

13. Aluko A, Vaughan DA, Modest AM, Penzias AS, Hacker MR,
Thornton K. Multiple cryopreservation-warming cycles, cou-
pled with blastocyst biopsy, negatively affect IVF outcomes.
Reproductive Biomedicine Online. 2021;42(3):572–8. PMID:
33516664. Available from: https://doi.org/10.1016/j.rbmo.2020.
11.019.

14. Theodorou E, Jones BP, Armas DFC, Heath C, Serhal P, Ben-
Nagi J. Live birth rate following a euploid blastocyst transfer

is not affected by double vitrification and warming at cleav-
age or blastocyst stage. Journal of Assisted Reproduction and
Genetics. 2022;39(4):987–93. PMID: 35217947. Available from:
https://doi.org/10.1007/s10815-022-02440-0.

15. Li X, Li W, Jia H, Gao Y, Shi W, Bai H. Double vitrification-
warming cycles, coupled with blastocyst biopsy, impair live
birth but do not affect neonatal outcomes. International Jour-
nal of Gynaecology and Obstetrics : The Official Organ of
the International Federation of Gynaecology and Obstetrics.
2023;160(3):806–13. PMID: 35844048. Available from: https:
//doi.org/10.1002/ijgo.14355.

16. Wang M, Zhou J, Long R, Li Y, Gao L, Mao R, et al. Re-
cryopreservation impairs blastocyst implantation potential via
activated endoplasmic reticulum stress pathway and induced
apoptosis. MedComm. 2024;5(9):e689. PMID: 39156765. Avail-
able from: https://doi.org/10.1002/mco2.689.

17. Maleki-Hajiagha A, Shafie A, Rezayi S, Marvi M, Karimi
R, Amidi F. Embryonic and neonatal outcomes following
double vitrification/thawing: a systematic review and meta-
analysis. BMC Pregnancy and Childbirth. 2025;25(1):206.
PMID: 40012071. Available from: https://doi.org/10.1186/
s12884-025-07311-x.

18. Fathi R, Valojerdi MR, Yazdi PE, Ebrahimi B, Alipour H, Has-
sani F. Development of 4-cell mouse embryos after re-
vitrification. Cryobiology. 2012;64(1):23–6. PMID: 22127305.
Available from: https://doi.org/10.1016/j.cryobiol.2011.11.003.

19. Irani M, Zaninovic N, Rosenwaks Z, Xu K. Does maternal
age at retrieval influence the implantation potential of euploid
blastocysts? American Journal of Obstetrics and Gynecology.
2019;220(4):379.e1–379.e7. PMID: 30521800. Available from:
https://doi.org/10.1016/j.ajog.2018.11.1103.

20. Capalbo A, Rienzi L, Cimadomo D, Maggiulli R, Elliott T,
Wright G. Correlation between standard blastocyst morphol-
ogy, euploidy and implantation: an observational study in two
centers involving 956 screened blastocysts. Human Repro-
duction. 2014;29(6):1173–81. PMID: 24578475. Available from:
https://doi.org/10.1093/humrep/deu033.

7402

https://www.ncbi.nlm.nih.gov/pubmed/32684821
https://doi.org/10.1002/rmb2.12318
https://www.ncbi.nlm.nih.gov/pubmed/37413989
https://doi.org/10.1016/j.cell.2023.06.003
https://www.ncbi.nlm.nih.gov/pubmed/32682517
https://doi.org/10.1016/j.fertnstert.2020.06.027
https://doi.org/10.1016/j.fertnstert.2020.06.027
https://www.ncbi.nlm.nih.gov/pubmed/31471748
https://doi.org/10.1007/s10815-019-01550-6
https://doi.org/10.1007/s10815-019-01550-6
https://www.ncbi.nlm.nih.gov/pubmed/24794643
https://doi.org/10.1016/j.rbmo.2014.03.001
https://doi.org/10.1016/j.rbmo.2014.03.001
https://www.ncbi.nlm.nih.gov/pubmed/29100625
https://doi.org/10.1016/j.fertnstert.2017.09.013
https://doi.org/10.1016/j.fertnstert.2017.09.013
https://www.ncbi.nlm.nih.gov/pubmed/33516664
https://doi.org/10.1016/j.rbmo.2020.11.019
https://doi.org/10.1016/j.rbmo.2020.11.019
https://www.ncbi.nlm.nih.gov/pubmed/35217947
https://doi.org/10.1007/s10815-022-02440-0
https://www.ncbi.nlm.nih.gov/pubmed/35844048
https://doi.org/10.1002/ijgo.14355
https://doi.org/10.1002/ijgo.14355
https://www.ncbi.nlm.nih.gov/pubmed/39156765
https://doi.org/10.1002/mco2.689
https://www.ncbi.nlm.nih.gov/pubmed/40012071
https://doi.org/10.1186/s12884-025-07311-x
https://doi.org/10.1186/s12884-025-07311-x
https://www.ncbi.nlm.nih.gov/pubmed/22127305
https://doi.org/10.1016/j.cryobiol.2011.11.003
https://www.ncbi.nlm.nih.gov/pubmed/30521800
https://doi.org/10.1016/j.ajog.2018.11.1103
https://www.ncbi.nlm.nih.gov/pubmed/24578475
https://doi.org/10.1093/humrep/deu033

	Double Vitrification-Warming Cycles Reduce Live Birth Rates in Single Euploid Blastocyst Transfers: A Retrospective Cohort Study
	Introduction
	MATERIALS AND METHODS
	Materials
	Methods
	Research design & Ethical approval
	IVF procedures
	Blastocyst classification and biopsy
	Vitrification-warming and blastocyst transfer
	Pregnancy diagnosis
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Author's contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References




