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Abstract

Background Repeated cryopreservation of embryos should occasionally be considered when embryos were not
suitable for transfer. The effect of re-cryopreservation on embryos remains contentious.

Methods This retrospective cohort study aimed to evaluate the pregnancy and neonatal outcomes of twice
vitrificated blastocyst derived from once vitrified embryos. Total 410 vitrified-warmed blastocyst transfer cycles
were divided into two groups according to the times of embryo vitrification: (1) vitrified blastocysts derived from
fresh blastocysts (control group, n=337); (2) twice vitrified blastocysts derived from once vitrified embryos (n=73).
The primary outcome was live birth rate. Multivariable logistic or linear regression analysis model was performed to
describe the association between embryo cryopreservation times and clinical outcomes.

Results No difference was observed in female age at retrieval and transfer, infertility period, body mass index (BMI),
infertility type, endometrial thickness, and embryo transfer numbers between the two groups. The pregnancy
outcomes of embryos in repeated cryopreservation group were comparable to those of embryos in control group,
including implantation rate, clinical pregnancy rate, and live birth rate. In multivariate logistic regression analysis,
the cryopreservation times did not affect the outcomes of biochemical pregnancy, clinical pregnancy, and live birth.
Moreover, there was no difference in gestational age, birthweight and sex ratio of singleton newborns between
groups. After correcting several possible confounding variables, no significant association was observed between
cryopreservation times and neonatal birthweight.

Conclusion In conclusion, pregnancy and neonatal outcomes achieved with twice vitrified blastocyst transfer were
comparable to those achieved with vitrified blastocyst transfer in control group.
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Introduction

Embryo cryopreservation in human assistant reproduc-
tion technology (ART) has become a widespread reli-
able routine procedure. Various studies have showed the
application of cryopreservation improved the cumula-
tive live birth rate following a single ovarian stimulation
cycle [1]. In addition, embryo cryopreservation technol-
ogy reduced the risk of multiple pregnancies and ovarian
hyperstimulation syndrome (OHSS) [2].

With the rapid development of ART and the increase
in the clinical pregnancy rate and live birth rate, recent
trends in IVF towards single embryo transfer for decreas-
ing the risk of a multiple pregnancy. However, in many
reproductive medicine centers, two or more embryos
were frozen in one vitrification device for economic con-
siderations. When frozen-thawed embryo transfer (FET),
only one embryo was transferred, and the rest of embryos
will be repeated cryopreserved. As a result, there may
occasionally be surplus surviving embryos available
for repeated vitrification, which can be transferred in
the future. Likewise, in many centers, not all embryos
are cultured to the blastocyst state to insure the avail-
able embryos for transfer. When numbers of cleavage
embryos are cryopreserved, patients might choose bulk
warming and extended culture to blastocyst for transfer.
Therefore, surplus good-quality blastocysts remain to be
re-cryopreserved after extended culture.

Dose repeated cryopreservation have negative effects
on embryo quality and clinical outcomes? To our knowl-
edge, there have been limited data on development of
human embryos and clinical outcomes on repeated
cryopreservation [3-11]. The pregnancy rates, miscar-
riage rate and live birth rate achieved with repeated vitri-
fied blastocysts were comparable to those achieved with
once vitrificated embryos [7]. And implantation rate,
clinical pregnancy rate and miscarriage rates were com-
parable between twice cryopreserved group and con-
trol group with the vitrification method [5]. Wang et al.
[10]. reported that the implantation rate, clinical preg-
nancy rate and live birth rate in the twice vitrification
group were significantly lower. However, the number of
transferred embryos was higher in once-cryopreserva-
tion group [10]. In another report, repeated vitrification
showed high survival rates, similar clinical pregnancy
rate and live birth rate independently of cryopreserva-
tion method and stages of embryonic development [9].
However, the live birth rate of repeated vitrified blasto-
cysts derived from slow frozen-warmed day 3 embryos
was significantly lower than that in the once vitrification
group, implying the cryopreservation method might be
associated with the clinical outcomes [11]. The transfer
of twice frozen-thawed embryos with slow freeze tech-
nique showed lower pregnancy rate [3]. Due to the het-
erogeneity between these studies, the effect of repeated
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cryopreservation on human embryos remains contro-
versial. Furthermore, few studies simultaneously focused
on the embryonic development potential, clinical out-
comes, and the neonatal outcomes of human embryos
experiencing twice-vitrification [8, 10]. Therefore, to fur-
ther clarify the effect of twice-vitrification on pregnancy
and neonatal outcomes, we retrospectively analyzed the
pregnancy and neonatal outcomes of re-cryopreserved
blastocyst derived from vitrified-thawed blastocyst or
cleavage embryos in the present study.

Materials and methods

Ethical approval and study design

The retrospective study was approved by the Medical
Ethics Committee of General Hospital of Southern The-
ater Command (reference number: NZLLKZ2024018).
We retrospectively reviewed the clinical data of frozen-
thawed cycles from June 2017 to July 2021 at the Repro-
ductive Medicine Centre of General Hospital of Southern
Theater Command. Patients with endometriosis or pre-
implantation genetic testing were excluded. Female age
at retrieval and transfer, duration of infertility, type of
infertility, and endometrial thickness were preferentially
matched. There were a total 410 vitrified-warmed blas-
tocyst transfer cycles, divided into two groups based on
the times of embryo vitrification: (1) vitrified blastocysts
derived from fresh blastocysts (control group, n=337);
(2) twice vitrified blastocysts derived from once vitrified
embryos (n=73).

Ovarian stimulation and embryo culture

Ovulation induction protocols include a gonadotro-
phin-releasing hormone (GnRH) antagonist protocol,
or a short or long GnRH analogue suppression protocol
combined with recombinant FSH. Oocyte cumulus com-
plexes retrieval was performed 36 h after the administra-
tion of hCG and fertilized by conventional IVF or ICSIL
Normal fertilized zygotes were cultured in G1 medium
(Vitrolife, Sweden) to cleavage embryos for fresh embryo
transfer, vitrification or blastocyst culture. The embryos
transferred to G2 medium (Vitrolife, Sweden) were cul-
tured to the blastocyst stage for fresh embryo transfer or
vitrification. Garnder scoring system were used to evalu-
ated blastocyst morphology based on the inner cell mass
and trophectoderm grading [12].

Vitrification and warming protocol

Vitrification of cleavage embryos and blastocysts was
performed using a commercial kit (Kitazato company,
Japan). Artificial shrinkage of the fully expanded blas-
tocyst was performed before vitrification. Briefly, the
embryos were equilibrated for 8-12 min in equilibra-
tion solution (12 min for blastocysts and 8 min for cleav-
age embryos), then placed in vitrification solution for



Huang et al. Journal of Ovarian Research (2024) 17:51

45-60 s. Finally, embryos were placed on the Cryotop
strip (Kitazato company, Japan), and quickly immersed
into liquid nitrogen. Warming of embryos were per-
formed using a commercial kit (Kitazato company,
Japan). Before the thawing, the thawing solution was pre-
heated to 37 “C for 30 min. Then the Cryotop strip was
quickly immersed into thawing solution. After 1 min,
the embryos were removed into dilution solution for
3 min. Subsequently, the embryos were transferred into
washing solution 1 and 2 for 5 min, respectively. Finally,
the embryos were placed in G2 medium for culture or
transfer.

Artificial shrinkage of blastocyst

Artificial shrinkage was performed using the RI Saturn
Laser System (England). The inner cell mass was posi-
tioned at a distance far from the shooting spot. One sin-
gle laser shot (400 ps) was used to generate a small hole
in one of the trophoblast cells.

Blastocyte grade

Blastocyte grade was assessed according to the Gardner
grading systems [12]. ICM quality was characterized by
three grades: A, a tightly packed ICM with many cells; B,
loosely grouped ICM with several cells, and C, very few
cells and disorganized. TE quality was defined by a fur-
ther three grades: A, denoting TE with many cells form-
ing a cohesive epithelium; B, few cells forming a loose
epithelium, and C, very few large cells. The blastocysts
with high ICM/TE gradings (AA, AB, BA, and BB) were
considered as high-grade, and other ICM/TE gradings
(AC, CA, BC, CB, and CC) were considered as low-grade
based on a precious report [13].

Clinical parameters

The primary outcome was live birth rate per FET cycle.
Prespecified secondary efficacy outcomes included bio-
chemical pregnancy rate, implantation rate, clinical preg-
nancy rate, miscarriage rate, and neonatal outcomes. The
biochemical pregnancy rate is calculated as the number
of FET cycles resulting in a positive hCG level divided by
the number of FET cycles. The implantation rate is cal-
culated as the number of gestational sacs divided by the
number of embryos transferred. The clinical pregnancy
rate is calculated as the number of FET cycles resulting
in at least one gestational sac with a heartbeat divided
by the number of FET cycles. Miscarriage is defined as
the pregnancy loss within 20 weeks. The miscarriage rate
was calculated as the number of pregnancy loss cycles
divided by the number of clinical pregnancy cycles. The
live birth rate was calculated as the number of deliveries
resulting in at least one live birth divided by the number
of FET cycles. Neonatal outcomes include gestational
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age, preterm labor rate, birthweight, and gender. Preterm
labor was defined as birth after week 20 and before week
37.

Statistical analysis

The results were analyzed using SPSS version 27.0. Nor-
mality of data distribution was assessed by the Shapiro-
Wilk test. Differences between once-vitrified group and
twice-vitrified group were assessed through Student’s
t-test for continuous data and Mann—Whitney U test for
skews data. Chi-squared test was used to compare the
differences of categorical data. For clinical outcomes and
singleton birthweight, multivariate regression analysis
was performed to assess these factors affecting outcomes.
P <0.05 was considered as statistically significant.

Results

Baseline clinical characteristics of the study cohort

In this retrospective analysis, 410 cycles were included:
control group (n=337) and re-vitrified group (n=73).
There was no difference in female age at retrieval and
transfer, infertility period, BMI, infertility type, endome-
trial thickness, and embryo transfer numbers between
the two groups (Table 1).

Clinical outcomes between the control and re-vitrified
group

The blastocyst survival rate was 98.45% and 99.01% in
the control group and re-vitrified group, respectively. No
significant difference was found in the blastocyst survival
rate after cryopreservation (P>0.05).

The pregnancy outcomes were summarized in Table 2.
The biochemical pregnancy rate (P=0.625), implanta-
tion rate (P=0.513), clinical pregnancy rate (P=0.541),
and live birth rate (P=0.838) in the control group were
comparable to those in the re-cryopreserved group. Like-
wise, there was no significant difference in the incidence
of miscarriage or ectopic pregnancy between the two
groups.

Exploration of factors associated with pregnancy

outcomes using binary logistic regression models

Multivariate binary logistic regression was used to
explore the effect of all related variables on pregnancy
outcomes, including biochemical pregnancy rate, clinical
pregnancy rate, and live birth rate. The variables included
age at retrieval, BMI, endometrial thickness, embryos
transferred numbers, and times of vitrification. As shown
in Table 3, numbers of embryos transferred was signifi-
cantly associated with biochemical pregnancy rate and
clinical pregnancy rate. And endometrial thickness was
significantly associated with biochemical pregnancy
rate. Female age at retrieval was significantly associated
with biochemical pregnancy rate and live birth rate. The
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Table 1 Characteristics of included participants
Control Twice-vitrification P

Cycles 337 73
Female age at retrieval® (y) 32.60+4.07 31.77+£4.18 0.980
Female age at transfer® (y) 33.32+4.08 3446+3.90 0415
BMI* (kg/m?) 22.15+3.07 21.50+261 0.141
Duration of infertility” (y) 4 (2-5) 4(2-7) 0.186
Type of infertility 0916

Primary 187 41

Secondary 150 32
Endometrial thickness® (mm) 10.3 (9.0-11.65) 10.8 (9.0-12.0) 0.345
Blastocyst grade 0.904

High-grade 400 85

Low-grade 25 5
Average No. of embryos transferred” 1.26+044 1.23+£043 0.500
BMI, Body mass index
“Student’s t-test. * Mann-Whitney U test.
Table 2 Clinical outcomes of vitrified-warmed blastocyst transfer cycle

Control Twice-vitrification P

Biochemical pregnancy rate” (%) 9 (186/337) 52.05 (38/73) 0.625
Implantation rate* (%) 40.70 (173/425) 44.44 (40/90) 0.513
Clinical pregnancy rate* (%) 47.78 (161/337) 43.38(32/73) 0.541
Miscarriage rate* (%) 28.57 (46/161) 25 (8/32) 0.681
Live birth rate® (%) 3412 (115/337) 32.87(24/73) 0.838

Signletons 105 20

Twins 10 4
Ectopic pregnancy rate® (%) 3.10(5/161) 6.25(2/32) 0.725

*pearson'’s chi-squared test. & Fisher's precision probability test.

Table 3 Results of Logistic regression analysis of clinical outcomes

Biochemical pregnancy rate

Clinical pregnancy rate Live birth rate

OR (95%Cl) P OR (95%Cl) P OR (95%Cl) P
Female age at retrieval (y) 0.945 (0.896,0. 997) 0037 0.950(0.901,1.002) 0.058 0.917 (0.861,0976) 0.006
BMI 1.039 (0.969,1.115) 0.278 1.024 (0.956,1.097) 0.502 1.009 (0.931,1.092) 0.831
Endometrial thickness 1.106 (1.007,1 215) 0.035" 1.086(0.989,1.193) 0.083 1.091 (0.979,1.216) 0.115
NO. of embryos transferred 1.910(1.163,3.139) 0011" 1.734 (1.076,2.795) 0024 1.595(0.916,2.778) 0.099
Embryo cryopreservation times 0.943(0.482, 1.848) 0.865 1.124 (0.581,2.174) 0.728 0.000 (0.000) 0.998

BMI, Body mass index
Data are odds ratios (OR) with 95% confidence interval (Cl).
"Difference is considered significant.

number of vitrification times was not associated with the
outcomes of biochemical pregnancy, clinical pregnancy,
and live birth (P>0.05 for all).

Neonatal outcomes between the control group and
re-vitrified group

The neonatal outcomes were summarized in Table 4. No
significant difference in birthweight and gestational age
was observed between the two groups. Likewise, preterm
labor rate was 7.62% and 10.00% in control and twice-
cryopreserved groups, respectively, with no significant
difference. There were no differences in the percentage
of boys born between the two groups (65.71% vs. 65.00%,
P>0.05).

The adjustment variables such as female age at retrieval
and transfer, BMI, gestational age and gender may affect
the association between birthweight and times of embryo
cryopreservation. Linear regression analysis model
was established to calculate the associations between
birthweight and embryo cryopreservation times, and
it was corrected for the possible confounding variables.
Embryo cryopreservation times was not related to the
neonatal birthweight (Table 5). However, gestational age
(P=0.000) and gender (P=0.001) were both independent
predictors for birthweight.
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Table 4 Neonatal outcomes of vitrified-warmed blastocyst transfer cycle
Control Twice-vitrification P
cycles 105 20
Gestational age% (week) 3827+1.70 37.84+1091 0.345
Birthweight% ) 3223.61+£485.56 3353.12+560.79 0332
Preterm labor® 7.62(8/105) 10.00(2/20) 0.661
Gender 0.951
Boy 65.71(69/105) 65.00(13/20)
Girl 34.29(36/105) 35.00(7/20)
% Student’s t-test. & Fisher’s precision probability test. *Pearson’s chi-squared test.
Table 5 Results of linear regression analysis of singleton birthweight
Independents Unstandardized coefficients Standardized coefficients t P
B SE Beta
Constant -4735.001 968.552 -4.889 0.000"
Female age at retrieval (y) -42.696 32.844 -0.316 -1.300 0.196
Female age at transfer (y) 56.508 31.964 0.436 1.768 0.080
BMI (kg/m?) 11.791 10.905 0074 1.081 0.282
Embryo cryopreservation times 55.294 126.089 0.033 0439 0.662
Gestational age, (week) 205.564 21476 0.701 9.572 0.000"
Gender -238.175 71284 -0.228 -3.341 0.001°

BMI, Body mass index
Data are odds ratios (OR) with 95% confidence interval (C).

"Difference is considered significant.

Discussion

With significant advances in the field of IVE, the number
of high-quality embryos has increased. Cryopreservation
of embryos is a widespread reliable program during the
ART clinical treatment. Currently, the clinical outcomes
of FET are comparable to those of fresh embryos trans-
fer cycles [14]. However, there are only limitation studies
on the influence of repeated cryopreserved embryos on
pregnancy and neonatal outcomes. In our study, the out-
comes of repeated cryopreservation were comparable to
those of once-cryopreserved embryos, including clinical
pregnancy rate, live birth rate and neonatal outcomes.

There have been a serious of studies demonstrating
the safety and advantages of FET compared with fresh
embryo transfer. No significant difference was observed
in live birth rate between fresh embryo transfer and FET
among ovulatory women with infertility [15], but FET
resulted in a lower risk of OHSS [9, 15]. The incidence
of obstetrical and perinatal complications, congenital
anomaly, and neonatal death are comparable [15]. As
FET might provide optional transfer time for couples
and a more physiologic uterine environment, women are
more inclined to choose FET [16].

The developmental stage is associated with successful
vitrification and the subsequent development after thaw-
ing. Taketsuru et.al [17] indicated that the tolerance of rat
embryos to vitrification increases with embryonic devel-
opment. In this study, we also assessed the blastocyst
survival rate and pregnancy outcomes between the twice
vitrified-thawed blastocyst (n=11) or vitrified-thawed

blastocyst after extended culture of vitrified-thawed
cleavage embryos(n=62). No significant difference was
found in the blastocyst survival rate after cryopreserva-
tion between the two groups. And the biochemical preg-
nancy rate (54.54% (6/11) vs. 51.61% (32/62), P=0.858),
clinical pregnancy rate (45.45% (5/11) vs. 43.55% (27/62),
P=0.907), and live birth rate (36.36% (4/11) vs. 32.26%
(20/62), P=0.789) were comparable between the two
groups. However, Zheng et. al [11] showed the live birth
rate of repeated vitrified blastocysts derived from slow
frozen-warmed day 3 embryos was significantly lower
than that in the once vitrification group, implied the
cryopreservation method might be associated with the
clinical outcomes.

Currently, there are debated results regarding the effect
of repeated cryopreservation on clinical outcomes. The
implantation rate was increased in repeated vitrified blas-
tocysts derived from slow frozen-warmed day 3 embryos
[8], but were comparable to control group in another
study [11]. Wang et al. [10]. reported that the implanta-
tion rate in the twice vitrification group were significantly
lower. The effect of repeated cryopreservation on clinical
pregnancy rate and miscarriage rates was also confused.
Kumasako et al. [5] reported that clinical pregnancy rate
and miscarriage rates were comparable between twice
cryopreserved group and control group with the vitrifica-
tion method, which was accordant with the report from
Mizobe et al. [7]. However, Zheng et. al [11] and Wang et
al. [10]. reported that the miscarriage rates was increased
in the twice cryopreservation group. In our study, the
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clinical outcomes of re-vitrified blastocysts derived from
vitrified-warmed day3 or day5 embryos were comparable
to those achieved with control group.

In our study, there was no differences in terms of re-
expansion status and survival between repeated vit-
rificated and once-vitrified blastocysts, which was
consistent with precious studies [4-6, 8, 9, 11]. And the
survival rate of twice vitrification from first vitrified-
thawed 2PN embryos was comparable to that of once
vitrification [5]. A serious of studies demonstrating the
safety and advantages of vitrification compared with slow
freezing. Slow freezing can cause cells to dehydrate at a
slow rate and prevent intracellular ice formation, while
vitrification enables hydrated living cells to be cooled to
cryogenic temperature without ice formation by using
an extra highspeed cooling rate and high concentration
cryoprotectants. Therefore, cryoinjury after vitrification
is milder than that after slow freezing [18]. Meanwhile,
the loading devices could promote the cooling rate when
the direct contacting between the embryos and liquid
nitrogen. And embryo warming using a series of media
with gradually decreasing osmotic pressure in an effort
to reduce osmotic shock [19]. And assisted shrinkage
is developed to reduce blastocyst volume prior to vitri-
fication. Assisted shrinkage has been shown to improve
the outcome of vitrification of blastocysts. Performing
assisted hatching prior to blastocyst vitrification allows
better permeation of the cryoprotectants and better blas-
tocyst dehydration [20]. Meanwhile, assisted hatching
promote the implantation rate as freezing induces hard-
ening of the zona pellucida of the oocytes [20].

Currently, the risks of neonatal after FET remain debat-
able [21]. Many studies have also shown that FET is asso-
ciated with the risks of pregnancy-induced hypertension,
large for gestational age, preterm birth, and high birth-
weight infants [22]. Dose repeated cryopreservation have
negative effects on neonatal outcomes? Only limited
studies focused on the neonatal outcomes of embryos
undergoing twice cryopreservation [7, 10, 11, 23]. Zheng
et al [11]. compared the neonatal outcomes of repeated
vitrified blastocysts derived from slow frozen-warmed
cleavage embryos with once vitrified blastocysts and
showed that the mean gestational age, birthweight and
newborn anomalies were comparable between control
and twice cryopreservation group. Likewise, Shen et.al
[23] demonstrated that the risk of adverse neonatal out-
comes between the twice vitrification group and once
vitrification group were comparable. In our study, no
significant differences were observed in gestational age,
birthweight, and neonatal abnormality between control
and twice vitrified embryos, which was consistent with
precious study [7, 10, 11, 23].

Our study has limitations. First, this study was a repro-
ductive study. Second, some meaningful variables, such

Page 6 of 7

as the chromosomal of transferred embryos and the
cycles of FET were not included, which might cause a
bias. As some infertility factors, such as PCOS, are asso-
ciation with embryo development [24] and clinical out-
comes [25], blastocysts from different infertility factors
have not been furtherly analyzed.

Taken together, this study showed that the pregnancy
outcomes of re-vitrification were comparable to those
achieved with control group. Also, there were no dif-
ferences in the neonatal outcomes. The study could
offer reproductive clinicians and embryologists more
confidence when patients might choose bulk warming
and extended culture to blastocyst for transfer. And the
application of re-vitrified embryo transfer should be con-
sidered to prevent wasting embryos. A long-term multi-
center follow-up study with more larger sample size is
needed to reinforce our results and the safety of the re-
vitrification for newborns.
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