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Abstract
Objective This systematic review sought to evaluate the clin-
ical outcomes of vitrification at the cleavage stage and blasto-
cyst stage for embryo transfer in patients undergoing assisted
reproductive technology (ART) treatment.
Methods We searched for related comparative studies pub-
lished in the PubMed, EMBASE, and Cochrane Library data-
bases up to July 2017. The primary outcomes were clinical
pregnancy rate (CPR) and embryo implantation rate (IR).
Secondary outcomes were multiple pregnancy rate (MPR),
miscarriage rate (MR), live birth rate (LBR), and ongoing preg-
nancy rate (OPR). The Mantel-Haenszel fixed effects model
and random effects model were used to analyze the summary
risks ratios (RRs) with 95% confidence intervals (CIs).
Results Eight studies with more than 6590 cycles were includ-
ed in our meta-analysis. Seven studies were observational ret-
rospective comparative studies. One was a prospective study.
Overall, the current study summarizes information from 6590
vitrification warming cycles (cleavage stage n = 4594; blasto-
cysts n = 1996). There was no difference in the primary out-
come clinical pregnancy rate (RR = 0.97, 95% CI = 0.90–1.04;
fixed effects model; I2 = 21%), whereas vitrified blastocyst
transfer was significantly superior to vitrified cleavage-stage
embryo transfer regarding the implantation rate (RR = 0.85,
95% CI = 0.74–0.97; random effects model; I2 = 43).
Regarding the secondary outcomes, no differences were found
in the multiple pregnancy rate (RR = 1.20, 95% CI = 0.79–
1.82; fixed effects model; I2 = 22), live birth rate (RR = 1.07,
95% CI = 0.98–1.16; fixed effects model; I2 = 0), and ongoing

pregnancy rate (RR = 1.01, 95%CI = 0.92–1.120; fixed effects
model; I2 = 0), whereas a higher miscarriage rate was observed
with vitrified blastocyst transfer (RR = 0.65, 95% CI = 0.45–
0.93; random effects model; I2 = 23).
Conclusion In summary, this meta-analysis shows that vitrifi-
cation at any stage has no detrimental effect on clinical out-
come. Blastocyst transfer will still remain a favorable and
promising option in ART. Due to the small sample evaluated
in the pool of included studies, large-scale, prospective, and
randomized controlled trials are required to determine if these
small effects are clinically relevant.
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Introduction

Cryopreservation has become a well-established adjuvant tech-
nique since the publication of the first reports on successful clin-
ical pregnancies with frozen-thawed human embryos in the early
1980s [1]. Some studies have shown that improvements in cryo-
preservation technology have led to a higher embryo survival
rate and implantation rate, without significantly increasing any
adverse short-term health outcomes for the infants [2–4]. Slow
freezing is the most widely used cryopreservation method for
human embryos; however, vitrification is rapidly replacing slow
freezing as the method of choice for embryo freezing in clinics
worldwide. The decision to switch to the vitrification cryopres-
ervation protocol was due to the reported high embryo survival
rate, the lower risk of losing the opportunity for embryo transfer
and higher blastulation rates [5–9]. The first report on the efficacy
of the vitrification cryopreservation protocol was published in
1985 [10]. Vitrification, using different types of devices and
methodologies, is an ultra-rapid freezing procedure that prevents
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ice crystal formation. It is the routine cryopreservation method
used for surplus human cleavage-stage embryos and blastocyst
embryo transfers [8, 9, 11–20]. Themajor obstacle of slow freez-
ing is damage to the extra-cellular structure of large tissues and
organs due to the crystallization of ice; this has to be avoided if
structural and functional integrity are to be maintained [21–23].
The principle of vitrification aims to eliminate the formation of
intra- and extra-cellular ice crystals and to prevent osmotic shock
from ultra-rapid cooling, thereby reducing damage to living cells.
Using this method, cells are vitrified in a glass-like amorphous
solid state free of any crystallized structures [11].

The optimal stage for embryo vitrification remains to be de-
termined. There are a number of studies where the pregnancy
rates between transfers performed at the cleavage stage and blas-
tocyst stage have been compared. Each stage has its own inher-
ent advantages [13, 24–30]. Blastocyst transfer (BT) results in a
higher implantation rate (IR) and a better clinical pregnancy rate
than cleavage-stage transfer [31, 32], with a smaller number of
transferred embryos [33–35]. Extended culture and transfer of
blastocysts increase the synchronization of the endometrium and
permits the selection of more advanced embryos considered best
suited for transfer [33, 36]. BT decreases uterine contractility,
thus reducing the chance of embryo expulsion [37]. In addition,
a study found that chromosome abnormalities were lower with
BT compared to cleavage-stage embryo transfer [38]. BT pre-
vents premature contact with an altered uterine environment after
controlled ovarian stimulation, as supraphysiological concentra-
tions of estrogen (E2) and progesterone (P) may influence endo-
metrial receptivity [39, 40]. However, it seems that the cumula-
tive clinical pregnancy rate for cleavage-stage embryos is higher
than that for blastocysts [41].

There are several potential limitations to the transfer of
blastocysts. The cancelation rate in blastocyst stage is signif-
icantly higher than in the cleavage stage [42, 43]. Blastocysts
have lower freezing rates compared with the cleavage stage
[44]. BT is also associated with higher monozygotic twin rates
[45]. BT also increases the risk of premature delivery and
babies with lower birth weights [46], and may contribute to
the generation of epigenetic mutations in the offspring [47]

and altered sex ratios [48] compared with cleavage-stage em-
bryo transfer. A meta-analysis found no evidence of any dif-
ferences in pregnancy outcomes between day 2/3 and day 5/6
embryo transfer [49]. De Vos et al. debated the benefit of day 5
versus day 3 single embryo transfer [24]. Hreinsson et al.
demonstrated that embryo transfer is equally effective at the
cleavage stage and the blastocyst stage [50].

The reported optimized embryo transfer stage for vitrifica-
tion cycles is variable and inconsistent. As these findings are
inconsistent in the literature, we decided to perform a system-
atic review to investigate the optimal embryo transfer strategy
for vitrification cycles.

Materials and methods

Search strategy

To identify relevant articles that compared the clinical out-
comes of vitrified cleavage stage and blastocyst embryo trans-
fers, electronic databases were searched and the reference lists
of articles were scanned by two independent reviewers. The
search was last performed from start dates to July 2017. The
electronic searches were performed using the PubMed,
EMBASE, and Cochrane Library databases with no language
restrictions. The following terms were searched: Bday 2^ (day
two), Bday 3^ (day three), Bcleavage stage,^ Bday 5^ (day
five), Bday 6^ (day six), Bblastocyst,^ and Bvitrification^.

Selection of studies

Only reports meeting the following inclusion criteria were
included in the meta-analysis. Eligibility inclusion criteria
were the following: (1) any female age; (2) human vitrified
embryos; (3) embryo vitrification had been performed on day
2/day 3 (cleavage stage) or day 5/day 6 (blastocyst stage); (4)
the study provided comparative data on clinical outcomes af-
ter embryo transfer. Exclusion criteria were the following: (1)
assisted hatching cycles; (2) non-human vitrified embryos; (3)

Table 1 Characteristics of the included studies

Study Design Outcome ET stage Vitrification Quality scores

Cobo et al. [13] R CPR, IR, MR, LBR, OPR day2/3+day5/6 Cryotop 7

Lee et al. [27] R CPR day3+day5 No statement 6

Vos et al. [24] R LBR day3+day5 No statement 8

Sugiyama et al. [29] R CPR, IR, MR, LBR day3+BL Cryotop 6

Shaw et al. [28] Prospective study CPR, IR, MPR, MR day3+day5 No statement 7

Tong et al. [30] R CPR, IR, MPR CL+BL Cryotop 7

Desai et al. [25] R CPR, IR day3+day 5/6 Cryoloop 6

Desai et al. [26] R CPR, IR, MPR, MR, LBR, OPR CL+BL Rapid-i+cryoloop 7

CL cleavage stage ET, BL blastocyst stage ET. R retrospective study
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embryo transfer did not compare the cleavage stage and blas-
tocyst stage; (4) preimplantation genetic diagnosis (PGD); (5)
oocyte in vitro maturation (IVM) was performed.

Data extraction

Two researchers assessed the eligible studies and extracted the
data independently. Any disagreement was resolved by dis-
cussion with each other. Study characteristics and outcome
data were generated from eight eligible studies.

Quality assessment

We used the Newcastle-Ottawa Scale to assess the methodo-
logical quality. The Newcastle-Ottawa Scale star system
(range 0 to 9 stars) was used to assess the eight eligible studies.
In the present study, a score of > 5 points was considered to be
an adequately qualification for the meta-analysis, because
standard validated criteria for important end points have not
been established. The mean value for the eight studies
assessed was 7 stars. A table containing the rankings for each
study is provided in the online data supplement (Table 1).

Outcome parameters

The primary outcome measures chosen for this meta-analysis
were the clinical pregnancy rate and implantation rate.
Secondary outcomes were the rate of multiple pregnancy, mis-
carriage, live birth, and ongoing pregnancy.

Statistical analysis

All statistical analysis was conducted using Rev. Man soft-
ware [version 5.3]. For the included studies, the dichotomous
data results for each of the studies eligible for the meta-
analysis were expressed as a risk ratio (RR) with 95% confi-
dence intervals (CI). The fixed effects model was to be
adopted if there was no heterogeneity among studies; other-
wise, the random effects model was used. Statistical heteroge-
neity between studies was evaluated with the chi-squared test
and the I2 statistic. An I2 value greater than 50% is considered
to represent a substantial heterogeneity. P < 0.05 was consid-
ered statistically significant. All statistical tests were two-
sided. Sensitivity analysis was performed by omitting one
study each time to detect extreme values.

Study or Subgroup

Cobo et al 2012

Desai et al 2010

Desai et al 2013

Lee et al 2011

Shaw et al 2015

Sugiyama et al 2010

Tong et al 2012

Total (95% CI)

Total events

Heterogeneity: Chi² = 7.55, df = 6 (P = 0.27); I² = 21%

Test for overall effect: Z = 0.93 (P = 0.35)

Events

767

96

54

281

11

360

18

1587

Total

1872

217

113

893

22

1441

36

4594

Events

546

67

69

79

10

8

67

846

Total

1278

194

136

213

24

33

118

1996

Weight

67.1%

7.3%

6.5%

13.2%

1.0%

1.6%

3.2%

100.0%

M-H, Fixed, 95% CI

0.96 [0.88, 1.04]

1.28 [1.00, 1.64]

0.94 [0.73, 1.21]

0.85 [0.69, 1.04]

1.20 [0.64, 2.26]

1.03 [0.56, 1.90]

0.88 [0.61, 1.27]

0.97 [0.90, 1.04]

cleavage stage blastocyst Risk Ratio Risk Ratio

M-H, Fixed, 95% CI

0.5 0.7 1 1.5 2

blastocyst cleavage stage

Fig. 1 Clinical pregnancy rate per transfer cycle

Study or Subgroup

Cobo et al 2012

Desai et al 2010

Desai et al 2013

Shaw et al 2015

Sugiyama et al 2010

Tong et al 2012

Total (95% CI)

Total events

Heterogeneity: Tau² = 0.01; Chi² = 8.77, df = 5 (P = 0.12); I² = 43%

Test for overall effect: Z = 2.42 (P = 0.02)

Events

1134

122

77

16

468

27

1844

Total

3337

473

215

37

3026

79

7167

Events

816

87

97

11

12

94

1117

Total

1927

355

231

32

46

200

2791

Weight

39.3%

18.8%

19.1%

4.6%

6.5%

11.8%

100.0%

M-H, Random, 95% CI

0.80 [0.75, 0.86]

1.05 [0.83, 1.34]

0.85 [0.67, 1.08]

1.26 [0.69, 2.30]

0.59 [0.36, 0.97]

0.73 [0.52, 1.02]

0.85 [0.74, 0.97]

cleavage stage blastocyst Risk Ratio Risk Ratio

M-H, Random, 95% CI

0.5 0.7 1 1.5 2

Favours [experimental] Favours [control]

Fig. 2 Implantation rate per embryo transfer
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Results

A total of 1019 available publications were identified after the
primary comprehensive literature research using aforemen-
tioned strategy (Fig. 7). After the titles and abstracts were
retrieved, 991 irrelevant studies were excluded and the
resulting in 28 potentially eligible studies was reviewed in
detail. Of these 28 articles, 17 were subsequently excluded,
the reasons for which were nine duplicates, four inappropriate
comparisons, and four because of insufficient data. We subse-
quently excluded three articles (one review and two studies
published by the same group with overlapping recruitment
periods), resulting in eight studies finally being included in
the current meta-analysis. Themain characteristics and quality
features of the eight included trials are presented in Table 1.

Clinical pregnancy Seven suitable studies investigated the
clinical pregnancy rate after vitrification at the cleavage and
blastocyst stages (Fig. 1). The clinical pregnancy rate of
cleavage-stage embryos after vitrification was not different
compared to vitrified blastocysts (RR = 0.97, 95%
CI = 0.90–1.04; fixed effects model). No heterogeneity was
detected (I2 = 21%).

Implantation rate The embryo implantation rate, a limiting
factor for success, represents the capacity of each embryo
transferred during this period to implant in the uterus and to
result in pregnancy. There were six trials in eight studies that

reported the embryo implantation rate (Fig. 2). There was a
statistically significant difference in the implantation rate be-
tween cleavage-stage embryo transfer and blastocyst transfer
after vitrification (RR = 0.85; 95% CI = 0.74–0.97; random
effects model). Blastocyst transfer had a higher implantation
rate than cleavage-stage embryo transfers. Heterogeneity was
observed (I2 = 43%).

Multiple pregnancies Three studies investigated the effect of
vitrification on multiple pregnancies (Fig. 3). Compared with
those women in the blastocyst transfer group, women who
underwent cleavage-stage embryo transfer did not show and
increased rate of multiple pregnancies (RR = 1.20, 95%
CI = 0.79–1.82; fixed effects model), without heterogeneity
(I2 = 22%).

Miscarriage rate The most common cause of spontaneous
miscarriage during the first trimester is chromosomal abnor-
malities of the embryo or fetus. Four articles investigated the
effect of vitrification on the miscarriage rate (Fig. 4). The mis-
carriage rate with blastocyst transfer was higher than that with
cleavage-stage embryo transfer (RR = 0.65, 95% CI = 0.45–
0.93; random effects model), without heterogeneity (I2 = 23%).

Ongoing pregnancy Two studies investigated the effect of
vitrification on ongoing pregnancy (Fig. 5). Compared with
women in the blastocyst transfer group, women who
underwent cleavage-stage embryo transfer did not show an

Study or Subgroup

Tong et al 2012

Shaw et al 2015

Desai et al 2013

Total (95% CI)

Total events

Heterogeneity: Chi² = 2.57, df = 2 (P = 0.28); I² = 22%

Test for overall effect: Z = 0.86 (P = 0.39)

Events

9

5

12

26

Total

18

11

54

83

Events

26

1

17

44

Total

67

10

69

146

Weight

40.8%

3.9%

55.3%

100.0%

M-H, Fixed, 95% CI

1.29 [0.74, 2.24]

4.55 [0.63, 32.56]

0.90 [0.47, 1.72]

1.20 [0.79, 1.82]

cleavage stage blastocyst Risk Ratio Risk Ratio

M-H, Fixed, 95% CI

0.01 0.1 1 10 100

Favours [experimental] Favours [control]

Fig. 3 Multiple pregnancy rate per transfer cycle

Study or Subgroup

Cobo et al 2012

Desai et al 2013

Shaw et al 2015

Sugiyama et al 2010

Total (95% CI)

Total events

Heterogeneity: Tau² = 0.04; Chi² = 3.90, df = 3 (P = 0.27); I² = 23%

Test for overall effect: Z = 2.37 (P = 0.02)

Events

138

5

2

66

211

Total

767

54

11

360

1192

Events

129

11

2

4

146

Total

546

69

10

8

633

Weight

65.5%

11.4%

4.0%

19.1%

100.0%

M-H, Random, 95% CI

0.76 [0.62, 0.94]

0.58 [0.21, 1.57]

0.91 [0.16, 5.30]

0.37 [0.18, 0.76]

0.65 [0.45, 0.93]

cleavage stage blastocyst Risk Ratio Risk Ratio

M-H, Random, 95% CI

0.2 0.5 1 2 5

Favours [experimental] Favours [control]

Fig. 4 Miscarriage rate per transfer cycle
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increase in ongoing pregnancy (RR = 1.01, 95% CI 0.92–
1.12; fixed effects model), without heterogeneity (I2 = 0%).

Live birth Four studies investigated the effect of vitrification
on live birth (Fig. 6). Compared with women in the blastocyst
transfer group, women who underwent cleavage-stage em-
bryo transfer showed no difference in the live birth rate
(RR = 1.07, 95% CI = 0.98–1.16; fixed effects model), with-
out heterogeneity (I2 = 0%).

The main characteristics and quality features of the eight
included studies are presented in Table 1.

Discussion

Eight studies were included, comparing the clinical outcomes
of vitrified cleavage-stage and blastocysts embryo transfers in
patients undergoing ART treatment. Our meta-analysis dem-
onstrated that BT is associated with a higher implantation rate
than cleavage-stage embryo transfers in patients undergoing
vitrification cycles. However, BT also increased the miscar-
riage rate compared with cleavage-stage embryo transfer. This
systematic review showed that there was no significant differ-
ence in the clinical pregnancy rate. So, the BT group and the
cleavage-stage embryo transfer group had the same rates of
multiple pregnancy, live birth, and ongoing pregnancy. The
results of this study therefore demonstrate that blastocyst cul-
ture and transfer is not suited for all ART patients.

In order to explain the clinical outcomes between the cleav-
age stage and blastocyst stage in vitrification cycles, a variety

of factors to be considered. This meta-analysis showed a
higher implantation rate with blastocyst transfer than
cleavage-stage transfer, as previous studies have reported.
This may be due to a number of reasons. First, vitrification
BT has an extremely high survival rate, so the great majority
of warming cycles result in embryo placement, which is why
the rate of transfer cancelation is quite low [13]. Shaw et al.
found a similar survival rate after vitrification and warming for
embryos in the cleavage and blastocyst stages [28]. Second,
vitrification BT has a very high cooling rate and, most impor-
tantly, an extremely high warming rate, which impedes the
formation of ice during warming [13, 51]. Blastocyst collapse
is integral to the successful vitrification of expanded blasto-
cysts. Desai et al. showed that cell death and DNA damage are
reduced if the size of the blastocoel cavity is small prior to
vitrification [52]. Third, BT increases the synchronization of
the endometrium and permits the selection of more advanced
embryos, which are better suited for transfer compared to
cleavage-stage transfer [33, 36]. Tong et al. found that blasto-
cyst culture and transfer should be offered primarily to youn-
ger patients (less than 35 years of age) with a better prognosis,
in tandem with blastocyst vitrification [30]. Assisted hatching
improves the chances of implantation rate during assisted re-
production [53]. Zhu et al. showed that BT with assisted
hatching has a higher implantation rate compared to
cleavage-stage embryos in vitrification cycles [54].
However, we excluded this article in the detailed analysis,
considering that this article was a source of heterogeneity.
The reason is that this study used assisted hatching while the
other studies did not (Fig. 7).

Study or Subgroup

Cobo et al 2012

Shaw et al 2015

Total (95% CI)

Total events

Heterogeneity: Chi² = 0.12, df = 1 (P = 0.73); I² = 0%

Test for overall effect: Z = 0.28 (P = 0.78)

Events

615

9

624

Total

1872

20

1892

Events

413

8

421

Total

1278

16

1294

Weight

98.2%

1.8%

100.0%

M-H, Fixed, 95% CI

1.02 [0.92, 1.13]

0.90 [0.45, 1.79]

1.01 [0.92, 1.12]

cleavage stage blastocyst Risk Ratio Risk Ratio

M-H, Fixed, 95% CI

0.01 0.1 1 10 100

Favours [experimental] Favours [control]

Fig. 5 Ongoing pregnancy per transfer cycle

Study or Subgroup

Sugiyama et al 2010

Desai et al 2013

Vos et al 2016

Cobo et al 2012

Total (95% CI)

Total events

Heterogeneity: Chi² = 2.12, df = 3 (P = 0.55); I² = 0%

Test for overall effect: Z = 1.47 (P = 0.14)

Events

294

43

68

729

1134

Total

1441

113

329

1872

3755

Events

4

42

70

470

586

Total

33

136

325

1278

1772

Weight

1.2%

5.6%

10.4%

82.8%

100.0%

M-H, Fixed, 95% CI

1.68 [0.67, 4.24]

1.23 [0.87, 1.74]

0.96 [0.71, 1.29]

1.06 [0.97, 1.16]

1.07 [0.98, 1.16]

blastocyst cleavage stage Risk Ratio Risk Ratio

M-H, Fixed, 95% CI

0.01 0.1 1 10 100

Favours [experimental] Favours [control]

Fig. 6 Live birth rate per transfer cycle
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In our meta-analysis, in the vitrification BT group, the first
trimester miscarriage rate was higher compared with that in
the vitrification cleavage-stage embryo transfer group. It is

thought that cleavage-stage embryo transfer cycles may pro-
duce a higher quality of embryo compared with vitrified-
warmed BT cycles. Cleavage-stage embryo transfer cycles
are usually performed on young patients with a good progno-
sis, while vitrified-warmed BT cycles are performed women
who did not became pregnant after a cleavage-stage embryo
transfer cycle [55].

In vitrification embryo transfer, BT did not show any ben-
efit regarding the clinical pregnancy rate, multiple pregnancy
rate, live birth rate, or ongoing pregnancy compared with
cleavage-stage embryo transfer. There may be some factors
that affect these pregnancy outcomes. Although the vitrifica-
tion process avoids intra-cellular ice crystal formation during
cooling and prevents injury to the cryopreserved cells, it also
protects cells from damage due to ice crystals during thawing
[56]. However, the vitrification procedure may also induce
hardening of the zona pellucida, resulting in hatching difficul-
ties, as the zona thickness has been correlated negatively with
embryo implantation rates [57]. Vitrification uses high con-
centrations of cryoprotectants which may be toxic to oocytes
and embryos. If the cooling rate applied is insufficient, intra-
cellular ice formation and freezing may occur. These are two

Cochrane Library (n =85)EMbase (n =387)Pubmed (n =547) 

Records excluded: after screening the 

titles and abstract(n=991)

Studies included with usable information in 

the meta-analysis(n=8)

One review, two studies were supplementary 

articles were removed(n=3)

Duplicate date(n=9)

Inappropriate comparisons(n=4)

Insufficient date(n=4)

Potentially appropriate studies to be included in the 

meta-analysis(n=28)

Studies identified through database 

searching(n=1019)

Appropriate studiess to be included in meta-

analysis(n=11)

Fig. 7 Published related
comparative studies in the
PubMed, EMBASE, and
Cochrane Library databases

0.5 0.7 1 1.5 2

0

0.1

0.2

0.3

0.4

0.5
RR

SE(log[RR])

Fig. 8 Funnel plot of publication bias
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major shortcomings affecting the development of embryos [6,
29, 58]. Barsky et al. found that vitrified-warmed embryo
transfers are 3.1-fold more likely to result in pregnancies com-
plicated by preeclampsia as compared to pregnancies resulting
from fresh embryo transfers [59]. Although we collected a
relatively large number of cleavage-stage frozen embryo
transfer cases, there are limitations due to the small number
of blastocyst frozen embryo transfer cases. The vitrification
protocol, using different types of devices and methodologies,
may also have an effect on clinical outcomes. Desai et al.
found that the lower cooling rate with the Rapid-i method
was not a deterrent to the successful vitrification of Day 3
cleavage embryos despite the larger size of the individual
blastomeres compared to the cryoloop device [26].

Our study has several strengths. First, it is a comprehensive
meta-analysis comparing the optimal stage for embryo vitrifi-
cation. We conducted sensitivity analyses and used a random
effects model throughout to incorporate heterogeneity into our
analysis; no apparent heterogeneity was detected, making the
results reliable. Moreover, the pooled RR was not affected by
any individual study. In particular, when we omitted the study
of Cobo et al., the RRs were not significantly different from
those obtained in the overall analyses. For the meta-analysis of
a large sample size, there was no evidence of significant pub-
lication bias by inspection of the funnel plot (Fig. 8).

The shortcomings of this meta-analysis are as follows.
First, the studies included in our meta-analysis were mostly
retrospective studies, and only one was a prospective study. A
prospective randomized controlled trial is needed in the future.
Second, 67% of the total transfer cycles of the meta-analysis
was provided by one study [13], which included women with
embryo transfers in which vitrification occurred between the
cleavage stage and blastocyst stage. However, it should be
highlighted that the assessment and measurement of most out-
comes included in our review are considered objective in na-
ture. It is noteworthy that the estimates of pooled RRs obtain-
ed after excluding this study were not significantly different
from those obtained in the overall analyses. Selection bias is
an inevitable problem and it is difficult to overcome this prob-
lem through statistical methods. There are many factors that
can influence the pregnancy rate, such as the physician or the
embryologist performing the transfer, difficulty in inserting
the transfer catheter, and endometrial thickness. Another lim-
itation of this review is that it only included articles that were
written in English and some reports not written in English
might have been missed. Moreover, the lack of standardiza-
tion of vitrification equipment restricts a direct comparison of
the studies included in this meta-analysis. However, it is not
possible to account for differences between centers in terms of
surgical techniques or vitrification protocols. We were unable
to adjust for confounders such as age, controlled ovarian stim-
ulation, duration of infertility, and pre-existing medical illness
due to the varied design of the studies. Without individual

patient data, we were unable to adjust for confounders and
determine whether the risks were different for embryos frozen
by vitrification at the cleavage and blastocyst stages. When it
comes to thawing embryos, there is uncertainty as to whether
the method of thawing and protocol used (a natural or hor-
monally mediated cycle) for replacement has any bearing on
different clinical outcomes.

Undoubtedly, blastocyst transfer will still remain a favor-
able and promising option for ART. In the future, the efficacy
of embryo transfer at the blastocyst stage could be fully opti-
mized through further refinement and improvement of current
blastocyst cryopreservation protocols.
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