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Abstract

Objectives This systematic review and meta-analysis aimed to evaluate the impact of double vitrification/thawing
(DVT) versus single vitrification/thawing (SVT) on key embryonic and neonatal outcomes.

Data extraction Information sources included systematic search in PubMed, Scopus, and Cochrane databases up to
September 7, 2024. Data from each qualifying study were extracted by two reviewers using a standardized electronic
data gathering form.

Data Analysis Mantel-Haenszel odds ratio (MHOR) and mean difference (MD) with 95% confidence intervals (Cl)
were calculated using both fixed and random-effects models. Subgroup analyses were based on biopsy status,
number of biopsy rounds, extended culture between rounds of vitrification, and embryo transfer strategy.

Results A total of 35 studies involving 46,749 embryo transfer cycles were included. After excluding studies that
used slow freezing, 28 studies were included in the meta-analyses. The findings indicated that DVT is associated with
significant reductions in cryosurvival rates (MHOR: 0.4; Cl: 0.3 to 0.8; P<0.01), biochemical pregnancy (MHOR: 0.7; Cl:
0.6 to 0.8; P<0.01), clinical pregnancy (MVHOR: 0.7; Cl: 0.5 t0 0.8; P<0.01), and live birth rates (MHOR: 0.6; CI: 0.5 to 0.7;
P<0.01). Additionally, there was a significant increase in the miscarriage rate (MHOR: 1.4; Cl: 1.2to 1.7, P<0.01). No
significant differences were found in neonatal outcomes.

Conclusion Poor-quality evidence suggests that the transfer of double-vitrified embryos might be associated with
significantly lower rates of cryosurvival, pregnancy, and live births; however, it does not appear to affect neonatal
outcomes such as birth weight and gestational age at birth. Given the small sample size in some subgroups, the high
risk of selection, confounding and missing data biases, and the high level of heterogeneity for some outcomes, these
findings should be interpreted cautiously.
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Introduction

The practice of repeated cryopreservation in assisted
reproductive technology (ART) has become increas-
ingly common due to the widespread adoption of elective
freeze-all and single embryo transfer (SET) strategies.
These strategies, while effective in minimizing the risks of
ART-related complications like ovarian hyperstimulation
syndrome or multiple pregnancies [1-3], often result-
ing in surplus embryos. Surplus embryos may undergo
multiple rounds of vitrification, although this is less com-
mon compared to single vitrification. Additionally, for

preimplantation genetic testing (PGT), embryos may be
subjected to one or more biopsies during the PGT pro-
cess, further complicating their cryopreservation history.
The need for repeated biopsy may be due to inconclu-
sive diagnoses, test failures, or genetic testing on already
cryopreserved, non-biopsied embryos [4].

Despite the prevalence of these practices, the impact
of repeated rounds of cryopreservation and biopsy on
embryonic and neonatal outcomes remains a topic of
debate. Some studies have suggested that double cryo-
preservation can negatively affect reproductive outcomes,
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including significantly lower survival rates [5] lower live
birth rates (LBR), reduced implantation potential [6,
7], and lower clinical and ongoing pregnancy rates [8].
Conversely, other studies have found no significant dif-
ferences in neonatal outcomes [9, 10]. Addressing these
inconsistencies is crucial for improving clinical practices
and patient outcomes in ART. This will guide patient
expectations and enhance clinical decision-making.

Unlike the existing reviews, the present review applied
a more comprehensive methodological approach in
several aspects. Unlike Wang et al., [11] who included
only non-biopsied embryos, our review encompassed
both biopsied and non-biopsied embryos, providing a
more comprehensive analysis. Additionally, Bickendorf
et al. [12] and Piani et al. [13] focused solely on biop-
sied embryos and compared single and double biopsy,
whereas our study reported results from both single
and double biopsy procedures and also compared each
approach together to provide a more comprehensive pic-
ture of these scenarios. We also took several other factors
into account, such as embryo transfer (ET) strategy and
culture status, to provide more homogeneous data. Fur-
thermore, we performed several sensitivity analyses and
a detailed quality assessment approach to provide more
reliable and robust data. The current review aimed at
providing a comprehensive understanding of the impact
of embryo double vitrification/thawing (DVT) on a wide
range of clinical and neonatal outcomes.

Methods

This systematic review and meta-analysis aimed to
compare embryonic and neonatal outcomes between
embryos subjected to double cryopreservation and sin-
gle cryopreservation. Our methodology adhered to the
Cochrane Handbook for Systematic Reviews of Inter-
ventions and the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines
(Appendix S2).

Eligibility criteria

Inclusion criteria

We included all types of interventional studies, such as
clinical trials and quasi-experimental studies, as well as
all kinds of retrospective and prospective observational
studies, including case-control and cohort studies. These
studies needed to compare double cryopreservation
with single cryopreservation concerning at least one of
the specified outcomes. Full-text articles and conference
abstracts were eligible for inclusion if they provided suf-
ficient data for statistical analyses.

Exclusion criteria
We excluded studies that used cryopreserved oocytes, as
well as any controls other than double cryopreservation.
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This also includes case reports, case series, reviews, edi-
torials, animal studies, in-vitro studies, and studies that
lacked sufficient methodological or result details. To
maintain consistency, we excluded studies that employed
slow freezing methods from our meta-analyses, ensuring
that all included studies utilized the same cryopreserva-
tion technique. Vitrification, which is the most current
and widely accepted cryopreservation method, enhances
the relevance of this review to current clinical practices.
By excluding slow freezing studies, we simplify inter-
pretation and eliminate the variable of cryopreservation
method, allowing us to more confidently attribute differ-
ences in outcomes to other factors, such as biopsy status.
So, for the meta-analysis phase, study groups included
DVT and single vitrification/thawing (SVT).

Search strategy

We conducted a systematic search in PubMed, Scopus,
and Cochrane databases from inception to Septem-
ber 7, 2024. Additional studies were identified through
hand-searching references and citation lists. No restric-
tions were applied on date, language, document type,
geographical region, or publication status. Search terms
included combinations of “Recryopreservation,” “revitrifi-
cation,” “refrozen,” “twice;” “repeated,” “double,” “multiple,’
“Cryopreservation,” “vitrification,” “freezing,” “Embryo,’
“blastocyst,” and “zygote” Grey literature was explored
through databases like Open Grey and clinical trial reg-
istries. (For detailed search strategy, see Appendix S1 file)

Study selection

Relevant studies were organized into a structured Excel
database, with duplicates removed. Two independent
reviewers (A.S. and S.R.) screened titles and abstracts
against eligibility criteria. Full texts of potentially relevant
studies were retrieved for comprehensive evaluation.
Discrepancies were resolved through discussion with a
third reviewer (A.M-H.). A full list of studies that were
excluded by abstract and full-text screening with reasons
for exclusion is provided in Supplementary File S2.

Data extraction

Data from each qualifying study were extracted and
verified by two reviewers (R.K. and M.M.) using a stan-
dardized electronic data capture form. Extracted data
included:

Baseline characteristics

Methodological aspects, technical and clinical consid-
erations (devices, media, post-thaw culture duration,
embryonic manipulations, controlled ovarian stimula-
tion, developmental Stage at ET, and endometrial prepa-
ration protocol).
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Outcome measures
Key embryonic and neonatal outcomes investigated in
this review are defined as the following:

+ Embryo Cryosurvival Rate: This is calculated as
the number of surviving embryos divided by the
total number of cryopreserved embryos. Several
morphological criteria are used in studies to assess
whether an embryo has sustained significant
damage after thawing. These include cell membrane
integrity, blastomere appearance, blastocoel cavity
re-expansion, cellular granularity, and mitotic
activity. We will consider any definitions of
embryonic survival used in the included studies as
eligible for our analysis.

+ Biochemical Pregnancy Rate (BPR): This refers to the
number of chemical pregnancies diagnosed by the
detection of beta human chorionic gonadotropin
(BhCQ@) in blood or urine, relative to the total
number of ET cycles.

« Clinical Pregnancy Rate (CPR): This is the number
of intrauterine clinical pregnancies diagnosed by
ultrasonographic observation of fetal heartbeats,
divided by the total number of ET cycles.

+ Miscarriage Rate (MR): This represents any type
of pregnancy loss occurring before 20 weeks of
gestation, relative to the total number of pregnancies.
We consider all forms of miscarriage—biochemical,
clinical, spontaneous, induced, early, or late—as
part of this rate. Ideally, the total number of positive
BhCG tests is used as the number of pregnancies;
however, in some studies [4, 5, 7, 9, 14—20] that
only reported clinical miscarriages or did not
provide sufficient data for biochemical pregnancies,
the number of clinical pregnancies was used for
calculating the MR.

« LBR: This is the proportion of all ET cycles that
resulted in the birth of at least one live baby, counted
as the birth of one or more live babies from a single
pregnancy, regardless of whether this involves
singletons or multiples.

o Cesarean Section (C/S) Rate: This indicates the
number of cesarean deliveries per total number of
births.

o Gestational Age (GA) at Birth: This refers to the
mean and standard deviation (SD) of GA (weeks) at
the time of birth. If GA was reported in days in the
included studies, we converted these values to weeks
for consistency.

+ Rate of Preterm Birth (PTB): This measures the
number of births occurring before 37 weeks of
gestation relative to the total number of births.

 Birth Weight (BW): This denotes the mean and SD of
neonate’s weight (grams) at birth.
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+ Rate of Low Birth Weight (LBW): This is the number
of neonates weighing less than 2500 g at birth relative
to total number of neonates.

Quality appraisal

We employed the ROBINS-E (Risk of Bias in Non-ran-
domized Studies - of Exposures) tool to assess the risk of
bias in included studies.

Statistical analysis

Embryonic and neonatal outcomes were extracted, and
the Mantel-Haenszel (MH) odds ratio (OR) with 95%
confidence intervals (CI) was calculated for each cat-
egorical endpoint, and the mean difference (MD) with
95% CI was calculated for the numerical endpoint (BW
and GA at birth). The pooled MHOR with 95% CI was
obtained using a random-effects model. Heterogeneity
was assessed using forest plots, chi-square-based Q sta-
tistic, and I? value, with significance P value or I* > 40%.
Statistical analyses were performed using Comprehensive
Meta-Analysis (CMA) software (Version 3.0, Biostat Inc.,
USA).

Subgroup analyses

Biopsy status and number of Biopsy rounds

The primary intervention in this review was DVT. Pre-
vious reviews have typically included studies involving
DVT solely in either biopsied or non-biopsied embryos.
In contrast, our review includes studies using DVT in
both biopsied and non-biopsied embryos, followed by
subgroup analyses based on biopsy status.

Biopsy status involves additional embryonic manipu-
lations that can affect embryo viability and implantation
rates. Additionally, there is a hypothesis that opening
the zona during biopsy may expose embryonic cells to
direct contact with cryoprotectant agents (CPA), poten-
tially increasing their toxic effects on blastomeres. On
the other hand, transferring euploid embryos may lead
to better ET outcomes compared to non-biopsied ETs.
However, different indications for PGT (e.g., advanced
maternal age, recurrent pregnancy loss, or known genetic
conditions) may be associated with varying baseline risks
and outcomes, adding another layer of complexity to the
analysis.

In the first stage of our analyses, we combined the data
from both single and double biopsy procedures into a
single subgroup. The reason for merging these groups
was to enhance the study’s statistical power and to con-
centrate on the primary variable of interest: the DVT
process. By combining this data, we aimed to improve
our understanding of the effects of DVT.

Furthermore, merging the single and double biopsy
groups allows for a more robust analysis by increasing
the overall sample size and statistical power. Notably, out
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of the 31,042 biopsied embryos, only 2,222 (less than 5%)
underwent two rounds of biopsy. Given this relatively
small number, we believed that it would not significantly
influence our findings.

In the second stage, to ensure precise and comprehen-
sive data, we also conducted subgroup analyses based on
the number of biopsy rounds, comparing outcomes for
no biopsy, one round of biopsy, and two rounds of biopsy.
This review thus provides a thorough understanding of
double vitrification across all biopsy types.

ET strategy

This variable compared different ET strategies, includ-
ing single blastocyst transfer (SBT) or other strategies,
including multiple blastocyst transfers, cleavage stage
transfers, or a combination of both strategies. This anal-
ysis helps determine if using a uniform ET strategy can
produce more homogeneous findings, reducing variabil-
ity and heterogeneity in study results.

Extended embryo culture

We compared the extended culture (EC) periods between
the first thawing (at 2PN or cleavage stage) and second
vitrification (at blastocyst stage) versus no culturing (re-
vitrification at same developmental stage/day of first
thawing).

We also intended to perform subgroup analyses based
on maternal age, type of insemination (IVF or ICSI),
study design (prospective or retrospective), vitrifica-
tion device (open or closed system), and the presence or
absence of other embryonic manipulations (such as artifi-
cial/assisted hatching or zona opening for biopsy or arti-
ficial shrinkage). However, most studies did not report
exact or enough data. Due to these inconsistencies, these
variables could not be considered for subgroup analyses.

Sensitivity analyses

To ensure the robustness of our findings, we first con-
ducted a sensitivity analysis by excluding studies with a
very high risk of bias from the meta-analysis. This step
aimed to verify the consistency and reliability of our
results, ensuring that our conclusions were based on
comprehensive and thoroughly reviewed studies. If mod-
erate or high levels of heterogeneity (>40%) persisted
after this initial sensitivity analysis, we performed an
additional step by also excluding studies with a high risk
of bias.

Publication bias

Publication bias for each outcome was assessed using
funnel plots. The trim-and-fill analysis was conducted to
adjust for any ‘missing’ studies due to publication bias.
Additionally, Egger’s test was performed to statistically
assess the presence of publication bias.
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Results

Summary of the literature search

Our initial search across electronic databases retrieved a
total of 2,956 records from databases, with an additional
eight records found through manual and citation search-
ing. This included 701 from PubMed and 2,255 from Sco-
pus. After removing 349 duplicate records, 2,615 records
were screened. Of these, 2,559 records were excluded
based on the screening criteria.

Fifty-six reports were sought for retrieval, and all were
successfully retrieved. These reports were assessed for
eligibility, resulting in the exclusion of 21 reports for
the following reasons: inclusion of both fresh and fro-
zen cycles (n=1), use of frozen gametes followed by
FET (n=3), repetitive congress abstract (n=1), lack of a
favorable control group (n=5), case reports (n=3), not
reporting outcomes of interest (7 =1), and animal studies
(n=6).

Ultimately, 35 studies were included in this systematic
review with a total of 46,749 ET cycles. This included
both biopsied and non-biopsied embryos across two
groups. In the control group, there were 28,332 biopsied
embryos and 13,473 non-biopsied embryos, resulting
in a total of 41,805 ET cycles. In the double vitrification
group, there were 2,710 biopsied embryos (2,222 single-
biopsied and 488 double-biopsied) and 2,234 non-biop-
sied embryos, resulting in a total of 4,944 ET cycles.

Finally, in the meta-analysis phase, 7 reports [8, 21-26]
were excluded from the meta-analysis due to the use of a
slow freezing strategy. Notably, two studies [27, 28] that
applied both slow freezing and vitrification strategies
reported their data separately, allowing us to include the
vitrification data in the meta-analysis. This left 28 studies
included in the meta-analyses.

The study flow of our literature search and study selec-
tion is depicted in the PRISMA 2020 flow diagram [29]
(Fig. 1). For transparency, we have also provided a com-
plete list of the screened studies, along with their details
and reasons for exclusion at each screening phase, in
Appendix S5 File.

Study characteristics
Table 1 summarizes the key methodological characteris-
tics of all included studies. All records were designed as
retrospective cohort studies spanning various countries
and publication dates. The majority of the studies were
published between 2018 and 2024, with a few earlier
studies dating back to 2001. Most of the studies were full-
text articles, with a few presented as congress abstracts.
Table 2 represents details of technical considerations in
reviewed studies
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[ Identification of studies via databases and registers ]

Records removed before screening:

Duplicate records removed (n = 349)
. Y Records marked as ineligible by automation
tools (n = 0)

Records removed for other reasons (n = 0)

Records identified from:
Databases (n = 2956)
Registers (n = 0)
Manual and citation searching (n = 8)

— v

Records screened (n =2615) — | Records excluded (n =2559)

Identification

Reports sought for retrieval (n = 56) —»| Reports not retrieved (n = 0 articles)

Screening

Reports excluded:
Included both fresh and frozen cycles (n=1)
Frozen Gamete then FET (n=3)
Congress abstract that was repetitive (n=1)
No favorable control group (n=5)
Case report (n=3)
Did not report outcomes of interest (n=1)
Animal Study (n=6)

\4

Reports assessed for eligibility (n = 56)

p| Reports excluded from meta-analysis

Studies included in review (n = 35) Used slow freezing strategy (n — 7)

Studies included in meta-analyses
(n=28)

[ Meta-analysis ] [ Included ][

Fig. 1 PRISMA (preferred reporting items for systematic reviews and meta-analyses) 2020 flow diagram

Quality and risk of bias assessment + Confounding Bias: 17 studies were scored as high
The summary of the risk of bias assessment is shown risk because they did not report on confounding

in Fig. 2. A total of 36 studies were evaluated for risk of factors or adjust their analyses accordingly.

bias using the ROBINS-E tool. The final scoring was as + Measurement of Exposure: 6 studies were scored
follows: 7 studies were rated as having a low risk of bias, as high risk due to using slow freezing or a mix of
seven studies had some concerns, 12 studies were rated slow freezing and vitrification methods, which have
as high risk, and 10 studies were rated as having a very different effects on outcomes.

high risk of bias. + Selection of Participants: 2 studies were judged

to be at high risk of bias because they had groups
with single vitrification and single biopsy compared
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Table 1 (continued)

Study ID

Included In

Sample Size

Sample
Size

Mean or Median

Age of Partici-
pants at Egg

Non-Biopsied Biopsied Mean or Median
SCSB DCSB DCDB Age of Partici-

ticle scNB

Ar-
Type

Design

Location

Meta-analysis

(Number of ET

(Number of Cycles)

Patients)

DCNB

pants at ET day

Collection Day

N/M

No

SCNB: 277; DCNB:

92

SCNB: 277;
DCNB: 92

SCNB: 34.1+4.1;

Japan Retrospective cohort F *

Murakami et al,,

2011

DCNB:33.8+3.7

N/M clearly ~ SCNB:40; DCNB: 52 No

N/M

Total population
age:32+44

Retrospective cohort F *

Australia

Koch et al,, 2011

Yes

SCNB: 201; DCNB:

50

SCNB: 159;

N/M

SCNB: 35.5+4.3;

Japan Retrospective cohort  F *

Kumasako et al,,

2009

DCNB: 49

DCNB:34.8+3.8

SCNB: 12; DCNB: 12 No

SCNB: 14;

DCNB:36.2+7.2;

*

Retrospective cohort F

USA

Check et al., 2001

DCNB: 14

SCNB:334+44

CA: Congress Abstract; DCDB: Double cryopreservation and double biopsy; DCNB: Double cryopreservation and no biopsy; DCSB: Double cryopreservation and single biopsy; F: Full Text; SCNB: Single cryopreservation and

no biopsy; SCSB: Single cryopreservation and single biopsy
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to double vitrification and double biopsy, without
evaluating double vitrification and single biopsy.

One study selected live births first and then
retrospectively evaluated neonatal outcomes.

The remaining studies were rated as having some
concerns because they were designed retrospectively,
which could introduce selection bias.

«+ Post-Exposure Interventions: All studies that applied
biopsy along with vitrification were scored as having
some concerns, as this intervention could cause
significant variation in findings.

+ Missing Data: Many studies did not mention how
they handled missing data and were rated as having
some concerns. Abstracts with poorly described
methodologies were rated as having a very high risk
of bias.

Overall, the evaluation highlighted significant variability
in study design and reporting, with a notable number of
studies lacking adjustments for confounding factors and
clear handling of missing data. These findings underscore
the need for more rigorous methodological standards in
future research to ensure the reliability and validity of
results.

Results of meta-analysis

Considering the numerous statistical analyses and sub-
groups included in the present review, all results, includ-
ing overall analyses (fixed and random effects models),
subgroup analyses, sensitivity analyses, and publication
bias, are summarized in Table 3 to prevent confusion.
Detailed information for each outcome measure are
depicted in the forest plots (see Appendix S3 file).

Cryosurvival rate

The meta-analysis included 10 studies assessing the cryo-
survival rate following DVT compared to SVT. One study
[7] did not provide explicit total embryo counts. There-
fore, we assumed the total number of embryos in the
control and intervention groups based on the provided
high-grade and low-grade counts. One study [27] did not
report the survival rate in the control group, so it was
excluded from the meta-analysis due to the lack of neces-
sary details for accurate comparison.

The random-effects model indicated a statistically sig-
nificant decrease in cryosurvival rate following DVT
(MHOR: 0.4; 95% CI: 0.3 to 0.8; I*: 40%) (Table 3 and Sup-
plementary Fig. 1).

Subgroup analyses

A significant reduction in cryosurvival rate was found for
biopsied embryos after DVT. In contrast, the reduction
of cryosurvival rate was not significant in non-biopsied
embryos (Supplementary Fig. 2). For subgroup analysis
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Table 2 (continued)

ART and ET cycle characteristics

C

Post thaw Other

culture

Embryo stor-
age time

Second cryopreservation

Method

First cryopreservation

Technique Method Device and media

Biopsy
Develop-
mental
stage

Study ID

Endometrial
preparation
protocol

ET strategy Develop-

Insemi-
nation

0S

embryonic

Embryonic
develop-
mental
stage

Device and
media

Embryonic

before ET manipulations

mental

protocol

developmental

stage

stage in

protocol

time of ET

Mixed (SET  Cleavage or

and MET)

HRT

Either IVF
orICSI

N/M

Morula, N/M SCNB: N/M

Same as 1th CP

\

2PN Zygots,
Morula,

Device: Plastic straw; VTK:

Kitazato, Japan)

N/A

Kumasako et N/A

al, 2009

Blastocyst

3 Days;

blastocysts

DCNB:
N/M

blastocysts

Mixed (SET  Cleavage

CAH with ATS N/M N/M
and MET)

2-3cell

N/M

Cleavage

PROH

SF

2PN, Cleavage

N/A N/A SF PROH

Checketal,
2001

embryos:
2h;>
cell

=4

embryos:
24 h

ATS: acidic Tyrode's solution; CAH: Chemically assisted hatching; CP: Cryopreservation; DCDB: Double cryopreservation and double biopsy; DCNB: Double cryopreservation and no biopsy; DCSB: Double cryopreservation and single biopsy; DMSO:
dimethyl sulfoxide; EE: Euploid Embryos; EG: ethylene glycol; ETs: Embryo Transfers; LAH: Laser assisted hatching; LAS: Laser Assisted Artificial shrinkage; MAH: Mechanically assisted hatching; MET: Multiple embryo transfer; PROH: propanediol; SCNB:

Single cryopreservation and no biopsy; SCSB: Single cryopreservation and single biopsy; SET: Single embryo transfer; SF: Slow freezing; SFM: Slow freezing Media; TE: trophectoderm; V: Vitrification; VK: Vitrification Kits
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based on rounds of biopsy (single or double), one study
[10] just reported merged data for single and double-
biopsied embryos. So, we were not able to include this
study in either of the subgroup analyses. We found that
neither single nor double biopsy rounds made a differ-
ence in findings (Supplementary Fig. 3). Studies that used
a mixed ET strategy showed a significant reduction in
cryosurvival rate, but results for the SBT strategy were
not the same (Supplementary Fig. 4).

Publication bias and sensitivity analyses

After conducting a sensitivity analysis and excluding
studies with a very high risk of bias, the reduction in
cryosurvival rate was not statistically significant, and the
heterogeneity level decreased significantly to 0% (Supple-
mentary Fig. 5).

Egger’s regression test revealed a substantial risk of
publication bias (P-value 1-tailed: 0.043, P-value 2-tailed:
0.086), while the trim-and-fill method still indicated a
significant decrease in cryosurvival rate (Supplementary
Fig. 6).

BPR

The meta-analysis included 18 studies assessing the BPR
following DVT compared to SVT. The random-effects
model yielded a pooled MHOR of 0.7 (95% CI: 0.6 to
0.8), showing a significant decrease in BPR after DVT
(P<0.001; I*: 25%) (Supplementary Fig. 7).

Subgroup analyses

Both biopsied and non-biopsied embryos showed a sig-
nificant decrease in BPR after DVT with low heterogen-
ity (Supplementary Fig. 8). The number of biopsy rounds
made no difference in these findings (Supplementary
Fig. 9). Both ET strategies also were associated with a sig-
nificant decrease in BPR (Supplementary Fig. 10). How-
ever, subgroup analysis based on culture status made
some differences. Transfer of double-vitrified embryos
that underwent EC between did not show a significant
change in BPR, while in double-vitrified embryos that
immediately underwent the second round of vitrification,
a significant decrease in BPR was observed (Supplemen-
tary Fig. 11).

Publication Bias and sensitivity analyses
Sensitivity analysis by excluding studies with a very high
risk of bias confirmed our primary findings on a signifi-
cant decrease in BPR following DVT (Supplementary
Fig. 12).

The publication bias analysis using Egger’s regression
test and trim-and-fill method showed no publication bias
(Supplementary Fig. 13).
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D2 Domain 2: Risk of bias arising from measurement of the exposure

D3 Domain 3: Risk of bias in selection of participants into the study (or into the analysis)

D4 Domain 4: Risk of bias due to post-exposure interventions
D5 Domain 5: Risk of bias due to missing data

D6 Domain 6: Risk of bias arising from measurement of the outcome

D7 Domain 7: Risk of bias in selection of the reported result

Fig. 2 Risk of Bias according to ROBINS-E Tool

CPR

The meta-analysis included 27 studies assessing the CPR
following DVT compared to SVT. The random-effects
model yielded a pooled MHOR of 0.7 (95% CI: 0.6 to 0.7),
indicating a significant decrease in CPR following DVT
(P<0.001; I* = 54%) (Supplementary Fig. 14).

@D Low risk

(> someconcerns
@ High risk

@D Very high risk of bias

Subgroup analyses

Subgroup analysis showed that DVT is associated with
a significant reduction in CPR whether it was coupled
with biopsy or not (Supplementary Fig. 15). The number
of biopsy rounds showed similar findings (Supplemen-
tary Fig. 16). Findings for Non-biopsied embryos were
significantly heterogeneous in both subgroup analyses
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Table 3 Summary of study key findings

Outcome measure Statistical model Number of studies  Effect size and test of null Heteroge-
neity
MHRR  95%Cl z P ?(%) P
Cryosurvival Rate
Total Fixed-effects 10 044" 03110062 -469 0.00 41 0.08
Random-effects 046~  027t0080 -274 0.00
Subgroup analyses  Biopsy status Biopsied 6 038" 0.18t0 080 -516 0.01 465 0.09
Non-biopsied 4 066° 035t0123 -128 019 0 0.81
Number of biopsy rounds  Single Biopsied 5 036" 014t0093 -209 0.03 62 0.03
Double Biopsied 5 030" 010t0093 -209 0.03 12 033
Non-biopsied 4 066" 035t0123 -128 019 O 0.81
ET strategy SBT 6 061" 026to145 -118 026 O 0.72
Mixed 4 041"  020t0082 -411 0.01 46 0.08
Sensitivity analysis Excluding VHR 8 062" 037t0103 -1840 006 0O 0.77
Publication bias 4% 035% 02110059 - - - -
Biochemical pregnancy rate
Total Fixed-effects 18 071"  066t0078 -764 0.00 25 0.15
Random-effects 0717  064t0079 -604 0.00
Subgroup analyses  Biopsy status Biopsied 10 075" 064t0086 -389 0.00 285 0.18
Non-biopsied 8 066° 056t0078 -503 0.00 145 031
Number of biopsy rounds ~ Non-Biopsied 8 066"  056t0078 -503 0.00 0 0.83
Single Biopsied 9 082" 0.73t0092 -324 0.00 14 0.31
Double Biopsied 6 042"  032t0054 -653 0.00 0 043
ET strategy SBT 7 069" 059t0082 -436 0.00 24 0.24
Mixed 11 073" 062t0085 -392 0.00 33 0.13
Culture status EC 4 099" 079to 124 -005 095 O 0.78
No EC 14 072" 064t0081 -559 0.00 13 0.30
Sensitivity analysis Excluding VHR 16 072"  063t0082 -487 0.00 32 0.10
Publication bias of 071% 06410079 - - - -
Clinical pregnancy rate
Total Fixed-effects 27 067" 062t00.72 -1066 0.00 54 0.00
Random-effects 069" 0.52t00.78 -600 0.00
Subgroup analyses  Biopsy status Biopsied 14 067" 059t0076 -620 0.00 31 0.12
Non-biopsied 13 073" 058t0091 -274 0.00 68 0.00
Number of biopsy rounds  Single Biopsied 12 071"  061t0083 -435 0.00 39 0.08
Double Biopsied 9 052" 042t0063 -629 0.00 O 044
Non-biopsied 13 073" 058t0091 -274 0.00 68 0.00
ET strategy SBT 18 073" 064t0084 -430 0.00 43 0.04
Mixed 9 061" 050t00.76 -445 0.00 42 0.07
Culture status EC 6 086" 066to1.11 -200 025 48 0.09
No EC 20 064" 056t00.74 -10.54 0.00 565 0.00
Sensitivity analysis Excluding VHR 16 072" 063t0082 -487 0.00 32 0.10
Publication bias 77 062" 05410070 - - - -
Miscarriage rate
Total Fixed-effects 23 1377 120to 156  4.79 0.00 425 0.01

Random-effects 140" 1.16t0 1.70 348 0.00
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Miscarriage rate

Subgroup analyses  Biopsy status Biopsied 11 135" 103t01.77 222 0.02 42 0.07
Non-biopsied 12 144" 1.08t0 1.92 251 0.01 45 0.04
Number of biopsy rounds  Single Biopsied 8 1317 094t0183 160 011 485 0.06
Double Biopsied 7 152" 095t0242 175 0.07 18 0.29
Non-biopsied 12 144" 1.08t01.92 251 0.01 45 0.04
ET strategy SBT 15 134" 1.00to 1.78  2.00 0.04 52 0.01
Mixed 8 144" 113t01.84 298  0.00 25 0.23
Culture status EC 4 1307 094t01.82 159 011 0 048
No EC 17 149" 1.16t01.92 315 0.00 545 0.00
Sensitivity analyses Excluding VHR 21 140" 1.11to1.71 293 0.00 41 0.00
ExcludingHRand 13 1337 099t01.79 191 0.055 49 0.02
VHR
Publication bias 0F 140"  116t0170 - - - -
Live birth rate
Total Fixed-effects 24 063" 0589t00.69 -11.24 0.00 063 0.00
Random-effects 065" 0.56t00.75 -576  0.00
Subgroup analyses  Biopsy status Biopsied 13 065" 05410079 -439 0.00 62 0.00
Non-biopsied 1 066" 052t0084 -337 0.00 665 0.00
Number of biopsy rounds  Single Biopsied 12 069" 0.56t0084 -349 0.00 62 0.02
Double Biopsied 9 054"  038t0076 -345 0.00 41 0.09
Non-biopsied 11 066" 052t0084 -337 0.00 665 0.00
ET strategy SBT 15 072"  059t0088 -322 0.00 635 0.00
Mixed 9 056" 046t0067 -6.27 0.00 45 0.06
Culture status EC 4 077" 055t0 109 -143 015 58 0.07
No EC 19 062" 052t0073 -539 0.00 66 0.00
Sensitivity analyses Excluding VHR 21 067" 056t0080 -435 0.00 66 0.00
ExcludingHRand 13 072" 0.58t00.88 -311 0.00 61 0.00
VHR
Publication bias 1 063" 055t0073 - - - -
Cesarean section rate
Total Fixed-effects 8 169" 121t0236 3.09 000 63 0.00
Random-effects 153" 08410279 142 015
Subgroup analyses  Biopsy status Biopsied 3 1267 073t0216 083 040 0 0.62
Non-biopsied 5 180" 067to4.85 1.17 024 77 0.00
Sensitivity analysis 7 122" 080t0186 095 034 19 0.28
Publication bias 0f 169% 12110236 - - - -
Low birth weight rate
Total Fixed-effects 7 086" 047to156 -050 062 O 0.75
Random-effects 093"  052t0169 -021 075
Subgroup analyses  Biopsy status Biopsied 3 1117 034t0358 0.17 086 0 0.50
Non-biopsied 4 088"  044t0175 -035 072 0 0.59
Publication bias 0F 093*  052t0169 - - - -
Birth Weight (gr)
Total Fixed-effects 10 40257 -2704to 1.17 024 0 0.52
107.54
Random-effects 4025% -2704t0 117 024

107.54
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Birth Weight (gr)

Subgroup analyses  Biopsy status Biopsied 4 687" -14956to 008 093 50 0.11
163.32
Non-biopsied 6 7033 1851to 1.55 012 0 0.96
159.18
ET strategy SBT 7 6367 -65.24t0 097 033 0 030
192.59
Mixed 3 35157 -53.10to 0.78 043 16 0.67
12341
Publication bias 0f 4025%  -27.04t0 - - - -
107.54
Preterm birth rate
Total Fixed-effects 11 127" 089to1.81 137 017 0 0.92
Random-effects 1337 093t0 190 161 0.10
Subgroup analyses  Biopsy status Biopsied 3 112" 0367t0343 020 083 O 0.81
Non-biopsied 8 136" 093t0 198 162 010 0 0.77
ET strategy SBT 7 1317 088to1.90 1.31 010 O 0.86
Mixed 4 143" 065t03.13 094 036 0 0.58
Publication bias 0f 133% 093t0190 - - - -
Gestational Age at Birth (weeks)
Total Fixed-effects 8 0127 04110016 -085 039 34 0.15
Random-effects 0177 -056t0021 -086 039
Subgroup analyses  Biopsy status Biopsied 2 0197 -027t0066 081 041 0 0.95
Non-biopsied 6 033" -083t0015 -133 018 35 0.17
ET strategy SBT 5 ;0‘026 -0.88t0036 -082 040 54 0.06
Mixed 3 001" -048t0045 -006 095 0 047
Publication Bias 1# 013" -042t0015 - - - -

*Mantel-Haenszel odds ratio (MHOR)
tMean difference

#Adjusted effect size according to trim-and-fill method

#Indicating number of potentially missing studies according to trim-and-fill method

(68%). Both mixed and SBT strategies showed a signifi-
cant decrease in CPR (Supplementary Fig. 17). Similar
to BPR, subgroup analysis based on culture status made
some differences in findings. Reduction in CPR was non-
significant for double vitrified embryos who underwent
EC; However, in those that immediately underwent V2,
reduction in CPR was statistically significant (Supple-
mentary Fig. 18).

Publication Bias and sensitivity analyses

The sensitivity analysis, which excluded studies with a
very high risk of bias, confirmed the primary finding of
a significant reduction in CPR. This analysis also signifi-
cantly reduced the heterogeneity level to 32%. (Supple-
mentary Fig. 19).

The publication bias analysis using Egger’s regression
test showed no significant publication bias. Adjusted
effect size, accounting for seven potentially missing stud-
ies according to the trim-and-fill method, still indicated a
significant decrease in CPR (Supplementary Fig. 20).

MR

The meta-analysis included 23 studies assessing the
MR following DVT compared to SVT. One study [30]
was not included as data for MR was reported for clini-
cal abortions, while we intended to consider all types of
pregnancy loss (either biochemical or clinical) before 22
weeks as miscarriage. The random-effects model yielded
a pooled MHOR of 1.4 (95% CI: 1.1 to 1.7), indicating a
significant increase in MR (P<0.001; I* = 42.5%) Supple-
mentary Fig. 21).

Subgroup analyses

Both biopsied and non-biopsied embryos showed a sig-
nificant increase in MR (Supplementary Fig. 22). How-
ever, subgroup analysis based on the number of biopsy
rounds showed different results. Despite non-biop-
sied embryos, neither single nor double biopsy rounds
showed a significant increase in MR (Supplementary
Fig. 23). Both mixed ET and SBT strategies showed a sig-
nificant increase in MR (Supplementary Fig. 24).
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EC between W1 and V2 showed a non-significant
increase in MR, while immediate re-vitrification showed
a significant increase in MR (Supplementary Fig. 25).

Publication bias and sensitivity analyses
The sensitivity analysis, which excluded studies with a
very high risk of bias, still showed a significant reduction
in CPR with moderate heterogeneity (41%) (Supplemen-
tary Fig. 26). To ensure the robustness of these findings,
an additional sensitivity analysis was performed. Further
analysis caused the increased MR to reach a non-signif-
icant level and increased the heterogeneity level to 49%
(Supplementary Fig. 27).

Egger’s regression test and trim-and-fill method
revealed no publication bias (Supplementary Fig. 28).

LBR

The meta-analysis included 24 studies assessing the LBR
following DVT compared to SVT. The random-effects
model yielded a pooled MHOR of 0.6 (95% CI: 0.5 to
0.7), showing a significant decrease in LBR (P<0.001; I* =
63%) (Supplementary Fig. 29).

Subgroup analyses

Subgroup analysis showed that neither biopsy status
(Supplementary Fig. 30) nor the number of biopsy rounds
(Supplementary Fig. 31) would change primary findings
or heterogeneity level. The same findings were observed
for ET strategy subgroups (Supplementary Fig. 32), while
subgroup analysis by culture status made substantial
changes in findings. Despite immediate vitrification, EC
between W1 and V2 showed a non-significant reduction
in LBR (Supplementary Fig. 33).

Publication bias and sensitivity analyses

The sensitivity analysis, which excluded studies with a
very high risk of bias, still showed a significant reduc-
tion in CPR with significant heterogeneity (66%) (Supple-
mentary Fig. 34). An additional sensitivity analysis also
showed a significant reduction in LBR but did not signifi-
cantly reduce the heterogeneity level (61%) (Supplemen-
tary Fig. 35).

The publication bias analysis using Egger’s regres-
sion test showed no publication bias. The trim-and-fill
method identified just one potentially missed study, but
the overall conclusion remained consistent (Supplemen-
tary Fig. 36).

C/S rate

The meta-analysis included 8 studies assessing the C/S
rate following DVT compared to SVT. The fixed-effects
model yielded a pooled MHOR of 1.7 (95% CI: 1.2 to 2.4),
indicating a statistically significant increase in C/S rate
(P: 0.002), while the random-effects model produced a
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pooled MHOR of 1.5 (95% CI: 0.8 to 2.8), showing no sig-
nificant increase (P: 0.156). The overall heterogeneity was
high (I*: 63%) (Supplementary Fig. 37).

Subgroup analyses

Subgroup analysis showed that both biopsied and non-
biopsied embryos had no significant increase in C/S rate
(Supplementary Fig. 38). Subgroup analysis based on
other variables was not possible due to small number of
studies.

Publicaton bias and sensitivity analyses
The sensitivity analysis, which excluded one study with a
high risk of bias, revealed no significant risk of CS with
DVT. This analysis also significantly reduced the hetero-
geneity level to 19% (Supplementary Fig. 39).

Egger’s regression test and the trim-and-fill method
showed no publication bias (Supplementary Fig. 40).

LBW rate

The meta-analysis included 7 studies assessing the LBW
rate following DVT compared to SVT. The random-
effects model indicated no statistically significant differ-
ence in LBW rate (pooled MHOR: 0.9; 95% CI: 0.5 to 1.7;
P: 0.830; I = 0%) (Supplementary Fig. 41).

Subgroup analyses

Biopsy status showed no significant difference in LBW
rate either in biopsied or non-biopsied embryos (Supple-
mentary Fig. 42).

Publicaton bias and sensitivity analyses

Sensitivity analysis was not performed as none of the
included studies were rated as very high risk of bias. Egg-
er’s regression test and the trim-and-fill method showed
no publication bias (Supplementary Fig. 43).

BW

The meta-analysis included 10 studies assessing the
BW following DVT compared to SVT. Six studies were
excluded as one [6] did not report the standard devia-
tion (SD), four reported BW as median and interquartile
range (IQR) [12, 27, 28, 31], and one [9] reported BW as
Estimated Marginal Means (EMM) without providing the
unadjusted means. One study [32] reported the standard
error of the mean (S.E.M) that were converted to SD. The
random-effects model showed no significant difference in
BW following DVT (pooled MD: 40.2 g; 95% CI: -27 to
107.5; P: 0.241; I*: 0%) (Supplementary Fig. 44).

Subgroup analyses

Both biopsied and non-biopsied embryos had no signifi-
cant difference in BW (Supplementary Fig. 45). Subgroup
analysis by ET type showed that there is no significant
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difference in BW in mixed or SBT strategies (Supplemen-
tary Fig. 46).

Publicaton bias and sensitivity analyses

Sensitivity analysis was not performed as none of the
included studies were rated as very high risk of bias. Egg-
er’s regression test and the trim-and-fill method showed
no publication bias (Supplementary Fig. 47).

PTB rate

The meta-analysis included 11 studies assessing the PTB
rate following DVT compared to SVT. Random-effects
model indicated no statistically significant increase in
PTB rate (pooled MHOR: 1.3; 95% CI: 0.9 to 1.9; P: 0.107;
I>: 0%) (Supplementary Fig. 48).

Subgroup analyses

PTB rate was not affected by DVT in biopsied or non-
biopsied embryos (Supplementary Fig. 49). Same find-
ings were found regarding ET sterategies (Supplementary
Fig. 50).

Publicaton bias and sensitivity analyses

Sensitivity analysis was not performed as none of the
included studies were rated as very high risk of bias. Egg-
er’s regression test and the trim-and-fill method showed
no publication bias (Supplementary Fig. 51).

GA at birth

The meta-analysis included 8 studies assessing GA at
birth following DVT compared to SVT. Five studies were
excluded as four [27, 31, 33, 34] reported GA at birth as
median and IQR and one [9] reported GA as EMM with-
out reporting unadjusted means. One study [32] reported
the standard S.E.M. For the purposes of this meta-analy-
sis, we converted the S.E.M to SD.

The random-effects model indicated no statistically
significant difference in GA at birth (pooled MD: -0.17
weeks; 95% CI: -0.5 to 0.2; P: 0.390; I* = 33.86%) (Supple-
mentary Fig. 52).

Subgroup analyses

Biopsy status (Supplementary Fig. 53) and ET srategies
(Supplementary Fig. 54) posed no difference in primary
findings.

Publicaton bias and sensitivity analyses

Sensitivity analysis was not performed as none of the
included studies were rated as very high risk of bias.
Egger’s regression test showed no publication bias. The
trim-and-fill method indicated one study was trimmed,
but the adjusted point estimate was not changed (Supple-
mentary Fig. 55).

(2025) 25:206

Page 19 of 27

Discussion

Potential biological mechanisms behind detrimental
effects of DVT

Existing literature primarily focuses on the disruption of
molecular pathways following vitrification, with only a
few studies examining the effects of repeated vitrification
on the embryo genome. Most of the available research is
based on animal models, with Wang et al. [35] being one
of the few studies focusing on human blastocysts.

Numerous studies have shown that vitrification alters
the transcriptional profiles of preimplantation embryos,
affecting genes involved in apoptosis, stress responses,
pluripotency, zygotic genome activation, cell differen-
tiation, and implantation [14, 36—-39]. An experimental
study on mice exploring the effects of re-cryopreserva-
tion found that re-cryopreserved mouse blastocysts
exhibited higher expression levels of apoptotic genes
(BAX and CASP3) [36]. Wang et al’s [35] study on human
blastocysts confirmed these findings, showing that rec-
ryopreservation altered genes involved in apoptosis.

ER stress, which plays a crucial role in cell prolifera-
tion and survival [40], was shown to be involved in the
re-cryopreservation process, with elevated expression
of GRP78, XBP1s, and CHOP. Recryopreservation may
impair cell adhesion, activate ER stress, lead to apoptosis,
and ultimately result in implantation failure [35]. Cryo-
preservation induces the expression of ER stress markers
such as ATF4, ATF6, GRP78, and CHOP [40]. Inhibit-
ing ER stress during in-vitro culture improves embryo
competency and cryo-tolerance by reducing expression
level of oxidative stress, apoptosis, and ER stress-induced
genes [41].

Additionally to apoptosis and ER stress, animal stud-
ies have demonstrated that vitrification can affect DNA
integrity in blastocysts [42]. The same findings were
found for the DNA integrity of human blastocyst after
repeated vitrification according to TUNEL and the pro-
tein expression of Caspase-3 and cleaved Caspase-3 [35].

Wang et al. [35] revealed 291 differentially expressed
genes in double-vitrified embryos. These DEGs were
mainly related to cell-cell communication, extracellular
matrix degradation, and integrin cell surface interactions.

The other potential mechanism involved in the reduced
implantation potential of doble-vitrified embryos is
related to the impaired function of trophectoderm (TE)
cells. Maintaining normal TE cell function is crucial for
successful implantation and fetal development [43]. DVT
leads to lower B-hCG levels and impaired TE function
and implantation potential of re-cryopreserved blasto-
cysts [35].

Altogether, these findings highlight that preimplanta-
tion embryo development is affected by DVT through
perturbations in apoptosis, ER stress response, cell-cell
communication, and impaired TE cell function. Despite
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these findings, our understanding of the mechanisms
underlying the effects of DVT is still limited, and more
studies are needed in this area.

Summary of study findings

Effect of DVT on embryonic outcomes

The findings of this review are consistent across differ-
ent outcomes, indicating that DVT generally has a detri-
mental impact on embryonic outcomes and reproductive
success. Our results revealed a significant reduction in
cryosurvival rates for embryos undergoing DVT, with an
approximate decrease of 56%. This reduction was more
pronounced in biopsied embryos, suggesting that the
additional stress from biopsy procedures may exacerbate
the negative impact of DVT. Although moderate het-
erogeneity was observed in the studies, indicating some
variability in outcomes, the overall effect remained con-
sistent. An important consideration regarding the cryo-
survival rate is that, after performing a sensitivity analysis
by excluding studies with a very high risk of bias, the het-
erogeneity level has been reduced to zero. Consequently,
the statistical significance approached a non-significant
level (p=0.06), although there was still a trend toward
decreased cryosurvival.

DVT was associated with a significant decrease in BPR
(29%). Subgroup analyses showed that both biopsied and
non-biopsied embryos experienced reduced BPR, with
moderate heterogeneity. This suggests that the nega-
tive impact of DVT on BPR is consistent across different
embryo types and transfer strategies.

The CPR also showed a significant decrease in DVT
(33%). Both biopsied and non-biopsied embryos exhib-
ited reduced CPR, with biopsied embryos showing
slightly lower heterogeneity. This indicates that while
DVT negatively impacts CPR, the effect is somewhat
consistent across different embryo conditions.

MR also showed a significant increase (37%) with DVT.
Biopsy staus or ET strategy did not make a difference in
findings. Interestingly, the risk of MR was different across
embryos with different numbers of biopsies. DVT was
associated with a significant increase in MR (1.41 times
higher) in non-biopsied embryos. The MR was highest
(1.52 times higher) in double-biopsied embryos, although
this increase was not statistically significant. However, in
single-biopsied embryos, MR was the lowest (1.31 times
higher) and was not statistically significant. This finding
suggests that while DVT increases the risk of miscar-
riage, the number of biopsy rounds and the euploid sta-
tus of embryos also play crucial roles. Single biopsied
embryos, often euploid, show a non-significant increase
in MR, suggesting that their chromosomal normality may
reduce miscarriage risk.

The LBR was significantly lower (37%) in embryos
undergoing DVT. Both biopsied and non-biopsied
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embryos showed reduced LBR, with moderate to high
heterogeneity. This indicates that DVT negatively
impacts the likelihood of live births, regardless of biopsy
status or ET strategy.

One interesting finding in subgroup analyses was that
the extended culture appears to mitigate some of these
negative effects. We found that when embryos undergo
an extended culture period between the first and second
vitrification, their BPR, CPR, LBR, and MR were compa-
rable to those undergoing SVT. This could be because the
extended culture period allows embryos to recover from
the initial vitrification stress. Additionally, this interval
provides an opportunity to identify and discard damaged
embryos, ensuring only the more viable ones proceed to
the second vitrification. In contrast, embryos that imme-
diately undergo the second vitrification show a significant
decrease in all embryonic outcomes, likely due to the lack
of recovery and selection time. The findings of the sub-
group analyses will be discussed in detail in the following
subsections.

Effect of DVT on neonatal outcomes

The analysis revealed a significant increase in the C/S rate
following DVT in the fixed-effects model, although this
was not confirmed in the random-effects model. The lack
of confirmation in this model indicates variability among
the studies. This model accounts for differences between
studies, suggesting that the increase in the C/S rate
might not be a universal finding and could vary depend-
ing on specific study conditions or populations. Sub-
group analysis based on biopsy status made no changes
in results. The moderate heterogeneity suggests vari-
ability among the included studies, but the overall effect
remains robust. The meta-analysis found no significant
difference in LBW rate between DVT and SVT. This was
consistent across both fixed-effects and random-effects
models, with low heterogeneity indicating minimal vari-
ability among the included studies. Subgroup analysis by
biopsy status also showed no significant differences, sug-
gesting that DVT does not adversely affect the likelihood
of LBW. Similarly, there was no significant difference in
BW between DVT and SVT. Both fixed-effects and ran-
dom-effects models showed consistent results, with low
heterogeneity. Subgroup analyses by biopsy status and ET
strategy confirmed these findings, indicating that DVT
does not significantly impact BW.

The analysis showed no significant increase in the PTB
rate following DVT. This was consistent across both
fixed-effects and random-effects models, with low het-
erogeneity. Subgroup analyses by biopsy status and ET
type also showed no significant differences, suggesting
that DVT does not increase the risk of PTB. The meta-
analysis found no significant difference in GA at birth
between DVT and SVT. The random-effects model
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showed consistent results, with moderate heterogene-
ity indicating some variability among the included stud-
ies. Subgroup analysis by biopsy status also showed no
significant differences, suggesting that DVT does not
significantly affect GA at birth. The findings of the sub-
group analyses will be discussed in detail in the following
subsections.

Comparison of study findings with existing literature

Our findings are consistent with two recent systematic
reviews by Bickendorf et al. [12] and Piani et al. [13],
who reported that both “double biopsy+double vitri-
fication” and “single biopsy+double vitrification” sig-
nificantly reduced live birth and CPR and elevated MR,
which aligns with our observations. Similarly, another
systematic review revealed the systematic review and
meta-analysis by Wang et al. on the effect of recryo-
preservation on embryo viability and IVF outcomes and
found that recryopreservation led to decreased embryo
survival and CPR. Their findings also highlighted a lower
LBR and increased MR associated with re-cryopreserva-
tion, which parallels our observations regarding the neg-
ative impact of double vitrification on clinical outcomes.

Robustness of study findings

The robustness of our study findings was evaluated
through various methods, including subgroup analyses,
sensitivity analyses, strict quality assessments, and inves-
tigations of publication bias using several techniques.

Subgroup analyses and heterogenity assessment
The subgroup analysis was performed to address poten-
tial sources of heterogeneity. The biopsy status and
number of biopsy rounds were considered the most
essential subgroup analyses. Similar to previous system-
atic reviews [12, 13], we found no differences between
single and double biopsies in most of the embryonic out-
comes, and the heterogeneity levels remained similar to
the combined single and double biopsy data, ensuring
that our combined results are reliable. The only excep-
tional finding was related to MR. In combined analyses,
we found a significantly increased MR in both biopsied
and non-biopsied embryos. In the separated subgroup
analyses, the same trends of increased MR were found in
both single and double-biopsied groups, although it was
not statistically significant. This finding may indicate that
multiple biopsies could add stress, but their euploid sta-
tus might still offer some protection.

An important issue that should be noted is that there is
a complicated interplay between biopsy and DVT. When
an embryo undergoes double rounds of biopsy, it is man-
datory to perform DVT. The same rule applies to single
biopsied embryos, which must undergo at least one
round of vitrification after biopsy (either at the cleavage
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or blastocyst stage) to be preserved. This coupling pres-
ents a unique challenge in distinguishing the effects of
DVT from those of the biopsy procedures. This means
that any observed outcomes are caused by both interven-
tions, making it difficult to attribute specific effects to
the biopsy or the vitrification process alone in a clinical
context.

The transfer of biopsied euploid embryos may result
in better outcomes for ET. However, the biopsy proce-
dure, whether conducted as a single or double procedure,
involves removing cells from the embryo for genetic
testing. This extra manipulation can introduce stress
and potential damage to the embryo. When these dam-
ages occur alongside the DVT process, the effects of the
biopsy can be magnified, making it challenging to deter-
mine the impact of vitrification on its own.

Also, the baseline risks associated with different indica-
tions for PGT indeed play a significant role in influencing
the outcomes of double-vitrified biopsied embryos. For
instance, recurrent implantation failure (RIF) is a com-
mon indication for PGT, and patients with RIF often have
unexplained underlying issues that can affect implanta-
tion success, such as genetic and immunological factors
[44, 45]. Women of advanced maternal age are at higher
risk for chromosomal abnormalities in embryos [46].
Severe male factor infertility can result in higher rates of
aneuploidy in embryos [47]. While PGT can help iden-
tify embryos with normal chromosomes, the baseline risk
associated with sperm quality can still influence overall
outcomes. This is because some genetic issues in sperm,
such as DNA fragmentation and epigenetic changes, are
often not detected through current routine genetic tests.
These abnormalities are closely associated with poor
pregnancy outcomes [48].

On the other hand, non-biopsied embryos may be
derived from parents with higher incidence and better
prognosis, as they might not be complicated by the base-
line risk factors that biopsied embryos face. However, the
varying local regulations and indications for PGT make
it challenging to draw definitive conclusions. In some
countries, PGT is used for sex selection in fertile parents
without any reproductive issues, while in some other
countries, the high cost of biopsy and PGT can limit their
use to cases with very high-risk factors. These disparities
highlight the need for careful consideration of baseline
risks and local practices when interpreting the outcomes
of DVT cycles coupled with biopsy.

The final critical point concerning biopsy is that various
factors influence the outcomes. It’s not just the biopsy
status or the number of biopsies performed; the methods
used, the equipment and media employed, the embryonic
developmental stage, and even the experience and skill
level of the operator all play significant roles.
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The other two subgroups we included were culture
status and ET strategy. EC could decrease heterogeneity
for BPR and MR, and the ET strategy could reduce het-
erogeneity for cryosurvival rates with SBT and MR with
mixed strategies. Nonetheless, these strategies, similar to
the biopsy status, did not significantly influence overall
heterogeneity for other outcomes. Several additional fac-
tors, like study methodology, vitrification media/device,
maternal age, cause of infertility, type of insemination,
embryo quality, and additional embryonic manipulations,
might still be responsible for the high heterogeneity
observed in some outcomes. Addressing these variables
in future research could help further reduce heterogene-
ity and improve the precision of the findings.

Also, the vitrification process is performed manually
in almost all settings around the world, making it highly
dependent on the skill and experience of the opera-
tor. Additionally, a broad range of protocols, media, and
equipment are used in different settings, which means
the vitrification process can be influenced by many tech-
nical and operator-specific factors. This can introduce
significant uncontrollable heterogeneity in findings.

Sensitivity analyses

Sensitivity analyses were performed for all embryonic
outcomes, while it was not possible for neonatal out-
comes except for the CS rate. The primary sensitivity
analyses confirmed the robustness of our findings for
most of the outcomes by revealing the same primary
results and producing an acceptable heterogeneity level,
including cryosurvival, BPR, CPR, and CS. The results for
CS after the sensitivity analysis are more reliable as the
heterogeneity was significantly reduced, and the discrep-
ancy between the random effects and fixed effects mod-
els in the primary analysis was eliminated after sensitivity
analysis, with both models showing no significant differ-
ence between DVT and SVT.

MR and LBR underwent an additional sensitivity analy-
sis due to persistent heterogeneity. However, this extra
step did not reduce the heterogeneity levels for either
outcome. For MR, the significance level even reached a
non-significant level. In meta-analyses, including more
studies generally increases statistical power, allowing
for more precise estimates of effect sizes. However, this
inclusion can also introduce greater heterogeneity due
to variations in study designs, populations, and meth-
odologies. While excluding studies with a high risk of
bias or other issues can reduce heterogeneity, it may also
decrease the overall power of the analysis. Therefore,
changes in results after such exclusions do not neces-
sarily indicate that the primary analyses are incorrect.
Instead, they highlight the influence of specific studies
on the overall findings and the importance of considering
potential sources of bias and heterogeneity. Reduced MR
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compared to primary analyses should be interpreted with
caution, as it may simply be a result of reduced power,
given that the level of heterogeneity did not decrease
with additional sensitivity analysis.

Risk of bias and quality assessments

A comprehensive quality assessment was performed
using Cochrane’s quality assessment tool (ROBINS-E).
Unfortunately, most studies were rated as having a high
risk or a very high risk of bias. These findings highlight
several key areas of concern. The most prevalent causes
of low quality were the risk of bias due to not handling
confounding variables, not reporting missing data, and
selection bias.

Many studies failed to adjust for confounding fac-
tors, and in some cases, they did not even report these
variables. Such biases can greatly affect the interpreta-
tion of the results, potentially leading to an overestima-
tion or underestimation of the true effects of DVT. The
initial significant confounding factors in these studies
include patient characteristics (such as variations in age,
BMI, and underlying fertility issues), which can influ-
ence outcomes but were not consistently controlled for
across studies. The second confounder was the differ-
ences in characteristics of double-vitrified embryos,
including the initial embryo quality and developmental
stage at the time of vitrification, which can affect survival
and implantation rates. The third group of confounders
is related to technical considerations, like variability in
laboratory protocols (such as culture media and vitrifi-
cation techniques), operator’s skill and experience level,
and biopsy techniques, which can also pose confounding
effects. Considering the confounding effect of the cryo-
preservation method, we excluded studies that used the
slow-freezing method from meta-analyses and included
only studies that used the vitrification method for both
rounds of cryopreservation. One of the other essen-
tial technical variables reported in a few studies was the
cryo-storage duration. According to a recently published
systematic review, it seems that prolonged embryo stor-
age over 12 months is associated with poor fertility out-
comes [49]. Considering the detrimental effects we found
in DCP embryos, it appears to be mandatory for future
studies to assess different cryo-storage durations on the
reproductive potential of DCP embryos. Finally, differ-
ences in clinical practices, including the insemination
method, post-thaw embryo culture, the timing of ET, and
luteal phase support, are the other confounders that were
not properly reported or handled in most of the studies.

Unfortunately, except for three studies, none of the
other included studies reported missing data. Proper
handling of missing data, such as using multiple imputa-
tion or sensitivity analyses, and clear reporting of these
methods are necessary to ensure validity.
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Another major concern is that all the included studies
were designed as retrospective studies, which introduces
potential selection bias. In retrospective designs assess-
ing DVT, embryologists might unintentionally select the
top-ranking thawed embryos on a straw for ET and pre-
serve the remaining lower-quality embryos for the sec-
ond vitrification. Conversely, they may choose embryos
that appear more resilient for a second round of freezing
to increase their chances of survival. These practices can
under- or overestimate the detrimental effects of DVT
on embryonic outcomes, as embryos with specific quali-
ties, based on the embryologist’s opinion, are selected to
undergo DVT.

Post-exposure interventions involving extra manipula-
tions, such as zona opening for biopsy, artificial shrink-
age, or assisted hatching, posed another challenge. These
interventions could cause significant variation in find-
ings, making it difficult to isolate the effect of DVT from
other procedures.

In this review, we rated all abstracts with poorly
described methodologies, lack of rigorous review, and
quality appraisal as having a very high risk of bias, as
they are prone to various methodological flaws. Also, we
excluded such studies in sensitivity analyses.

Limitations and strengths

One of the primary limitations identified was the poten-
tial bias and low quality of included studies. These limi-
tations pose significant challenges to our findings, as
they can lead to over- or underestimation of the effects
of DVT on embryonic and neonatal outcomes. The
high heterogeneity in some outcomes suggests that
other unmeasured confounding factors might influ-
ence the results, further complicating the interpretation.
Therefore, the findings of this review should be inter-
preted with caution, and there is a need for more rigor-
ous research methodologies to ensure reliable and valid
results.

The other limitation of our study is the small sample
sizes in some subgroup analyses. This limitation can
affect the power of the subgroup analyses and the gen-
eralizability of findings. Although post hoc power analy-
sis is generally not recommended and can be misleading,
we performed power calculations for all subgroups (See
Appendix S5). Considering the lower power in some sub-
groups, we observed a decrease in heterogeneity levels
compared to the main analyses, suggesting more precise
estimates within these subgroups. Also, we included all
eligible studies in our meta-analysis, ensuring a compre-
hensive assessment of the available evidence.

For instance, regarding culture status, the num-
ber of eligible included studies ranged only form 4 to 6
for the EC subgroup, potentially impacting the corre-
sponding findings. However, the significant decrease in
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heterogeneity levels across all evaluated outcomes sug-
gests that EC may still have a potential protective effect
against the detrimental effects of DVT. Nonetheless, the
results of these subgroup analyses should be interpreted
with caution. This is particularly true for less common
outcomes like miscarriage, LBW, and PTB, where the low
number of included studies and the low rate of recorded
events mean the sample size might not accurately reflect
the actual risk. Additionally, findings on neonatal out-
comes should be interpreted with caution since, consid-
ering the low number of included studies, most subgroup
analyses were not feasible or contained very few studies.
Furthermore, sensitivity analyses were not possible for
most of these outcomes. Meanwhile, as the heterogene-
ity level for most of these outcomes was zero or low and
most included studies were rated to have a low or mod-
erate risk of bias, the results can be considered relatively
reliable.

Despite these limitations, the review has strengths.
Using the ROBINS-E tool for evaluating the risk of bias
provides a systematic assessment of the included stud-
ies, identifying key areas of concern and overall quality.
Detailed subgroup analyses based on biopsy status, ET
type, and other factors allow for a nuanced understand-
ing of how different variables influence outcomes. Many
analyses showed low heterogeneity, indicating consistent
results across studies and enhancing the reliability of the
findings.

Implications of findings in clinical practice
The lack of significant differences in LBW rate, BW,
PTB rate, and GA at birth between DVT and SVT sug-
gests that while DVT may increase the C/S rate, it does
not adversely affect other key neonatal outcomes. The
inconsistency between the fixed effects and random
effects models for S/C in the primary analyses indicated
that while there is some indication that DVT could lead
to a higher C/S rate, this is not a definitive conclusion.
However, the sensitivity analysis, which excluded one
high-risk study, eliminated this discrepancy. Clinicians
should consider that this probable risk may not apply
uniformly to all patients, and risk evaluation needs to be
approached on a case-by-case basis. Patients should be
informed about the possibility of an increased C/S rate
with DVT but also reassured that the evidence is not con-
clusive. This balanced information can help them make
more informed decisions about their treatment options.
Given the variability in outcomes based on biopsy sta-
tus and ET strategy, personalized treatment plans that
consider these factors may optimize results. Clinicians
should tailor their approaches based on individual patient
characteristics and the specifics of their ART procedures.
Our finding on the effect of biopsy rounds on MR under-
scores the importance of considering the number of
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biopsies and the chromosomal status of embryos when
using DVT. Minimizing invasive procedures and ensur-
ing euploid embryos can help improve overall outcomes
in ART procedures involving DVT.

One of the concerns during routine cryopreservation
programs is the exposure of blastomeres to CPA, which
may have toxic effects on these cells. With additional
embryonic manipulations involving zona opening, such
as artificial shrinkage or biopsy, the likelihood of this
exposure increases. Furthermore, repeated cryopreser-
vation can result in more prolonged contact with these
toxic agents. Our data also showed that the detrimental
effect of DVT on cryosurvival was more pronounced in
biopsied embryos. Therefore, in DVT programs, clinical
embryologists may benefit from newly emerging strate-
gies like rapid vitrification-thawing. These approaches,
which have been tested in routine cryopreservation pro-
grams, may minimize the contact of embryos with CPA,
potentially reducing the underlying cellular damage [50].
However, their effectiveness in the context of DVT spe-
cifically has not yet been evaluated and requires further
investigation.

Considering the great variability among vitrification
techniques and the operator-dependent nature of this
procedure, clinical embryologists may benefit from using
recently introduced semi-automated or automated vitri-
fication devices for DVT [51, 52]. The clinical validation
and efficiency of these techniques are not yet proven, but
they might change the outcomes of vitrification, whether
SVT or DVT and provide more reproducible findings.

The other important implication of our findings was
the effect of EC between rounds of vitrification. The tim-
ing and conditions between vitrification rounds are cru-
cial. Allowing an EC period not only aids in recovery but
also may help in selecting healthier embryos, thereby
improving overall outcomes.

Patients should be fully informed about the poten-
tial risks and benefits of DVT versus SVT. This includes
discussing the increased likelihood of cryodamage, and
decreased chance of pregnancy and live birth on one
hand and the lack of significant impact on other neonatal
outcomes on the other hand, enabling patients to make
informed decisions about their treatment options.

Finally, clinicians are encouraged to be cautious about
the potential detrimental effects of DVT. However, con-
sidering the low quality of existing primary studies, the
high levels of heterogeneity and risk of bias, and the
retrospective nature of these studies, there is still no
consensus.

Recommendations for future research

We recommend future studies to assess some of the
ambiguous findings of this review. For example, more
studies are needed to clarify the relationship between
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DVT and neonatal outcomes. Additionally, our observa-
tions regarding the mitigating effects of EC on double-
vitrified embryos should be addressed in future studies.

To mitigate various methodological concerns in previ-
ous studies, future research should minimize different
sources of bias by adhering to rigorous methodological
standards, including consistent measurement methods,
proper handling of missing data, and thorough reporting
of confounding factors and interventions. Future studies
should provide detailed reporting of patient characteris-
tics, embryo quality, and clinical practices to identify and
adjust for potential confounders.

As mentioned earlier, all included studies were
designed as retrospective studies. Given the ethical and
practical challenges, a randomized clinical trial or even
an observational prospective study on DVT versus SVT
may not be feasible or ethical. In clinical practice, the first
choice is typically the transfer of single vitrified high-
quality embryos, making selection bias due to the pref-
erence for transferring high-quality embryos inevitable.
Additionally, couples with double-vitrified embryos
might not return for the transfer of their remaining dou-
ble-vitrified embryos later for various reasons, such as
achieving pregnancy. This makes the follow-up process
very challenging in prospective settings.

Despite the technical and ethical limitations present,
several considerations can enhance the quality of future
studies. One approach is to establish specific inclusion
and exclusion criteria, focusing only on eligible DVT
cycles instead of including all embryos. In a prospec-
tive study design, researchers can pre-plan the selection
of embryos undergoing DVT using predefined criteria.
Additionally, conducting all DVT procedures with a sin-
gle operator can help minimize variations due to differing
skill levels.

Standardizing post-exposure interventions, such as the
culture time between the first and second vitrification,
the vitrification protocol, and biopsy techniques, can also
contribute to improved quality. Even if not all of these
measures can be implemented, researchers should mea-
sure these variables and adjust their findings accordingly
to better control for confounding factors. This approach
can help reduce biases and enhance the reliability of the
results.

For future studies, it is crucial to consider the effect
of the baseline cause of biopsy. Researchers should pre-
define the indications for biopsy and avoid including all
biopsy causes in DVT cycles. This approach will help bet-
ter control the level of heterogeneity and confounding
factors, leading to more accurate and reliable results.

Additionally, designing more basic science studies on
embryos that are candidates for being discarded or those
extra embryos that couples do not intend to preserve
for any reason can be valuable. With informed consent
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from the parents and proper ethical considerations,
these embryos can be used in advanced biological stud-
ies to evaluate the true effect of DVT in arandomized and
well-controlled setting. Also, this approach can help bet-
ter understand the molecular and cellular mechanisms
behind the effects of DVT on embryos.

We also recommend prospective long-term follow-up
studies to assess the lasting effects of DVT on offspring
health and developmental outcomes.

Conclusion

This systematic review and meta-analysis demonstrated
that DVT negatively impacts various embryonic out-
comes. This includes reduced rates of cryosurvival,
biochemical pregnancy, clinical pregnancy, live birth,
alongside an increase in MR. These effects appear con-
sistent regardless of biopsy status or ET strategy. EC
between the first and second rounds of vitrification may
help mitigate some of the negative impacts of DVT. How-
ever, because the subgroup sizes were small, this finding
should be interpreted with caution.

Furthermore, the review indicates that DVT does not
significantly influence neonatal outcomes such as CS rate,
LBW, BW, PTB, or GA at birth. Nevertheless, the limited
number of studies presenting these outcomes and the low
prevalence of LBW and PTB in the overall included ET
cycles, these findings are not conclusive. Additionally,
none of the studies evaluated the long-term health effects
on offspring born from double-vitrified embryos.

It is important to note that most of the studies included
in this review were assessed as having a high or very high
risk of bias due to factors such as confounding variables,
participant selection, post-exposure interventions, han-
dling of missing data, and retrospective design. Given
these limitations, the results should be approached
with caution. There is a pressing need for more rigor-
ous research methodologies to yield reliable and valid
outcomes.
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