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Abstract

Background Although repeated cryopreservation is an occasional occurrence, the effect on perinatal outcomes
is unclear. Therefore, the aim of this study was to evaluate the perinatal outcomes of singletons after embryo
re-cryopreservation.

Methods In this retrospective study, a total of 647 singleton live births after blastocyst freeze-thaw embryo transfer
cycles were investigated. They were divided into two groups: vitrified-warmed blastocysts (once-vitrified group) and
vitrified-warmed blastocysts derived from thawed cleaved embryos (re-vitrified group). Propensity score matching
(PSM) was used to control for potential confounding factors.

Results A total of 592 infants were included in the once-vitrified group, and 55 infants were included in the re-vitri-
fied group. After PSM, 108 cases were generated for comparison. The median gestational age was 38 weeks for both
groups, and the birthweights were comparable (3390.6 +601.5g vs. 3412.8 £672.6g, P>0.05). The incidence of pre-
term birth (PTB) (20.4% vs. 16.7%), low birthweight (LBW) (3.7% vs. 7.4%), macrosomia (11.1% vs. 16.7%) and large for
gestational age (LGA) (29.6% vs. 22.2%) were not significantly different between the two groups. Logistic regression
analysis indicated that double vitrification-warming procedures did not affect the occurrence of PTB (OR, 2.58 [95% C|,
0.77,8.63]), LBW (OR, 0.83 [95% Cl, 0.08, 8.29]), macrosomia (OR, 0.60 [95% Cl, 0.13, 2.69]), or LGA (OR, 1.51 [95% Cl, 0.53,
4.271) (P>0.05, for all).

Conclusion Our findings demonstrate that double vitrification-warming procedures do not increase the risk of
adverse neonatal outcomes compared with those of once-vitrified embryos.
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pregnancy rate and live birth rate being no lower than
in the fresh cycle, while reducing the risk of multiple
pregnancies and ovarian stimulation [1-3]. As such,
cryopreservation has become a widespread reliable
procedure in assisted reproductive technologies [4].
However, many studies have also shown that frozen-
thawed embryo transfer (FET) increases the risks of
pregnancy-induced hypertension, large for gestational
age and high birth weight infants compared with fresh
embryo transfer [5-7].

With the implementation of the single embryo
transfer strategy, the number of surplus embryos has
increased [8]. When more than one embryo was frozen
in one cryo-straw but only one embryo was transferred,
the surplus embryo will be refrozen. Dose re-cryo-
preservation have negative effects on clinical outcomes?
On present understanding, repeated cryopreserva-
tion procedures may reduce embryo implantation
rate, clinical pregnancy rate and live birth rate [9, 10].
However, limited published data have focused on the
perinatal outcomes of embryos experiencing repeated
cryopreservation. Due to heterogeneity between stud-
ies, the current conclusions are not clear. Therefore, in
order to further clarify whether repeated cryopreserva-
tion has adverse effects on offspring, we retrospectively
analyzed the perinatal outcome of embryos repeated
cryopreservation by vitrification in the present study.

Methods

Study design

This retrospective study was approved by the Medi-
cal Ethics Committee of Nanjing Drum Tower Hospi-
tal affiliated to Nanjing University Medical School on 6
May 2021 (reference number 2021-163-01).

All medical files including frozen-thawed blasto-
cyst cycles from January 2013 to December 2019 at
the Reproductive Medicine Centre of Nanjing Drum
Tower Hospital were retrospectively reviewed. Inclu-
sion criteria: (1) patients undergoing single blastocyst
transfer with live singleton births and known perinatal
outcomes; (2) patients have experienced at least one
frozen-thawed cycle and did not have a live birth in the
preceding cycle. Patients with endometriosis, abnor-
mal uterine pathology or undergoing preimplantation
genetic testing or those with history of recurrent preg-
nancy loss were excluded. In total, 647 live born sin-
gletons were included in this study. They were divided
into two groups according to the transferred embryo
cryopreservation time: vitrified-warmed blastocysts
(once-vitrified group, n=592) and vitrified-warmed
blastocysts derived from thawed cleaved embryos (re-
vitrified group, n=>55).
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IVF/ICSI procedure and embryo culture

Depending on the patient’s age, ovarian reserve, and
ovarian responses in the previous ovulation cycle, gonad-
otrophin-releasing hormone (GnRH) agonist protocol or
antagonist protocol was used [11].

GnRH-agonist protocol: In mid luteal phase of the pre-
ceding cycle, a short-acting GnRH-a (Triptorelin, Ferring
AG, Germany) was administered daily for 14days and
follicular ultrasonography, serum luteinizing hormone
(LH), follicle stimulating hormone (FSH), estradiol (E,)
and progesterone were measured. 150-300IU recom-
binant FSH (Gonal-F, Merck Serono, Switzerland) was
administered daily when the serum FSH and LH levels
were<5 mIU/mL and E, was <50pg/mL. GnRH-a was
continued until the trigger day. The dosage of recombi-
nant FSH was adjusted according to the ovarian response,
and human menopausal gonadotropin (HMG, LIVZON,
China) or recombinant LH (Luveris, Merck Serono, Swit-
zerland) was added as needed.

GnRH-antagonist protocol: 150-300IU recombi-
nant FSH was initiated on Day 2 or 3 of the menstrual
cycle until trigger day. The dosage of recombinant FSH
was adjusted, and HMG or recombinant LH was added
according to the ovarian response evaluated by transvagi-
nal ultrasonography and serum hormone levels. 0.25mg
cetrorelix (Cetrotide, Merck Serono, France) was used
daily when the leading follicles reached a mean diameter
of 14 mm until trigger day.

For both protocols, if two to three dominant follicles
reached a diameter of 18 mm, 250 pg recombinant human
chorionic gonadotropin (hCG) (Ovitrelle, Merck Serono,
France) was injected. The oocytes were retrieved under
transvaginal ultrasound guidance 36-38hours after
recombinant hCG administration. Retrieved oocytes
were then fertilized in conventional IVF or intracytoplas-
mic sperm injection (ICSI). Two pronuclei or two polar
bodies can be observed in normal fertilization 16-18h
post insemination. Embryos were cultured in G1/G2
sequential media (Vitrolife, Goteborg, Sweden) at 37°C
in 6% CO,, 5% O, and 89% N, high-humidity incubator.
Blastocyst morphological evaluation was based on the
Gardner scoring system [12].

Vitrification cryopreservation and thawing procedures

The vitrification cryopreservation and thawing pro-
cedures were carried out using a vitrification or
warming kit from Kitazato (Tokyo, Japan). Before vit-
rification, the blastocyst was artificially shrunken by
laser drilling. Cleavage-stage embryos or shrunken
blastocysts were preequilibrated in equilibration
solution for 5-8 min at room temperature and then
placed into vitrification solution. One minute later,
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the embryos were loaded onto the surface of Cryo-
top (Kitazato, Tokyo, Japan) and then submerged into
liquid nitrogen immediately, using open vitrification
devices.

The warming procedure was referred to our center’s
previous research [13]. The embryo was immediately
transferred to preequilibrated thawing solution for 1 min
and dilution solution for 3 min and then washed twice in
washing solutions 1 and 2 for 5 min each; the embryo was
then cultured in a 100 pl droplet of culture medium G2
(Vitrolife, Goteborg, Sweden) overlaid with light paraffin
oil (Vitrolife, Goteborg, Sweden) in the incubator at 37°C
in a humidified atmosphere with 5% O,, 6% CO, and 89%
N, for 2—4h and then assessed. Laser-assisted hatching
was applied to vitrified—warmed blastocysts except for
those blastocysts with an expansion degree of V or VL
Generally, blastocysts with re-expanded blastocoel cavi-
ties with clear morphology and a bright lustre were con-
sidered to have survived.

FET cycles received single blastocyst

transfer between 2013 to 2019 (n=7193)
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Fig. 1 Flowchart of the inclusion and exclusion of participants in this study
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Outcome measures

Overall baseline clinical characteristics for each patient
included age, body mass index (BMI), basal FSH, dura-
tion of infertility, parity, type of infertility and cause of
infertility, insemination methods (IVF or ICSI), endo-
metrium preparation protocol for FET, and endometrial
thickness.

Any singleton birth >24weeks of gestation was con-
sidered a live singleton birth. The birth weight, gesta-
tional age at delivery and sex were recorded for all live
singletons. The neonatal outcomes evaluated were pre-
term birth (PTB, delivery between 24 and 37 weeks), low
birthweight (LBW, birthweight <2500g), macrosomia
(birthweight >4000g), average birthweight, sex ratio,
small for gestational age (SGA), and large for gestational
age (LGA). SGA was defined as a weight below the 10th
percentile for gestational age, and LGA was defined as
having a birthweight greater than the 90th percentile for
gestational age at birth [14].

Excluded cycles (n=6546)

° First FET cycle or received a live birth in the precede cycle n=4341
° PGD/PGS cycles n=599

° history of recurrent pregnancy loss n=41

o Endometriosis n=153

L] uterine pathology n=342

[ ] multiple birth n=23

° No pregnancy was achieved after transplantation n=1047

/

Female age,embryo transfer cycles,parity,Female BMI, Basal FSH,Duration
of infertility,nsemination method, Type of Infertility,Day of embryo
cryopreservation,Endometrial preparation protocol,Cause of

Infertility,Embryo quality
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Table 1 Overall Baseline clinical characteristics and perinatal
outcomes of the study cohort (n=647)

Demographics

Female age at retrieval, years 303+44
Parity
Primipara 405 (62.6)
Multipara 242 (37.4)
Body mass index, kg/m? 225433
Basal FSH, mIU/mL 74+27
Duration of infertility, years 36427
Type of Infertility
Primary 316 (48.8)
Secondary 331(51.2)
Cause of Infertility
Ovulation disorder 40 (6.2)
Tubal factor 285 (44.0)
Male factors 68 (10.5)
Other factors 254 (39.3)
IVF characteristics
Insemination method
IVF 490 (75.7)
ICSI 157 (24.3)
Endometrial thickness, mm 94+£17
Endometrial preparation protocol
HRT 539(83.3)
Ovulation induction 45 (7.0)

NC 63(9.7)
Perinatal outcomes

Gestational age, weeks 38(37-39)
PTB (< 37 weeks) 98 (15.1)
Gender
Boys 361 (55.8)
Girls 286 (44.2)
Birthweight, g 3361.5+589.3
LBW (< 25009) 36 (5.6)
Macrosomia (> 4000 g) 84 (13)

Data are presented as mean =+ SD, median (IQR) and n (%). BMI Body mass index,
NC Natural cycle, HRT Hormone replacement therapy, PTB Preterm birth, LBW
Low birthweight

Statistical analysis

Continuous variables were described by using the
mean=£ SD or median (interquartile range, IQR), while
categorical variables were described as absolute numbers
and percentages. Student’s test was used to compare the
differences of normally distribution parameters, while
for non-normal distribution parameters, Wilcoxon rank
sum test were used. Pearson’s chi-squared test or Fisher’s
precision probability test was used to compare the dif-
ferences of categorical variables. To help account for the
nonrandomized administration of re-vitrified embryos,
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we used propensity-score methods to reduce the effects
of confounding. Matching was performed with the use
of a 1:1 matching protocol without replacement, with a
caliper width equal to 0.01 of the standard deviation of
the logit of the propensity score. P values <0.05 were
considered statistically significant. The variables included
maternal age, parity, basal FSH, BMI, duration of infer-
tility, type of infertility, parity, and cause of infertility. To
analyse the associations between the cryopreserved time
and perinatal outcomes, logistic regression models were
conducted for each outcome indicator using the before
and after matching data, and odds ratios (OR) and their
95% CI before and after adjusting for confounders were
calculated. Statistical analyses were performed using
SPSS statistical package version 26.0.

Results

Clinical characteristics and outcomes of the study cohort

A total of 7193 frozen-thawed single blastocyst transfer
cycles were reviewed from January 2013 to December
2019 in this retrospective study. According to the inclu-
sion and exclusion criteria, the remaining 647 cycles
were analysed (Fig. 1). The patients’ overall baseline
demographics, baseline IVF characteristics and peri-
natal outcomes of the whole study population are dis-
played in Table 1. The mean female age at retrieval was
30.3+4.4years. The average BMI and basal FSH of the
study population were 22.5+3.3kg/m?> and 7.4+2.7
mlU/mL, respectively. A total of 75.7% of patients under-
went IVF, while the remaining 24.3% of patients under-
went ICSL In the FET cycles, hormone-replacement
therapy (HRT) was predominantly used for endometrium
preparation (83.3%). The average birthweight for single-
tons was 3361.5+589.3g. The preterm birth rate in sin-
gletons was 15.1%, and the rates of low birthweight and
macrosomia were 5.6 and 13%, respectively.

Propensity score matching of basic characteristics

between the once-vitrified group and the re-vitrified
group

Among a total of 647 singleton live births, 55 infants
resulted from the re-vitrified group, while 592 were
from the once-vitrified group. The comparisons of clini-
cal characteristics between the two groups are listed in
Table 2. In the once-vitrified group, most of the patients
were primipara (65.9%), and their BMI was higher
(22.543.4kg/m? vs. 22.2 +2.7kg/m? P=0.03).

To eliminate the influence of baseline characteristics on
outcomes, 1:1 propensity score matching was performed
between the two groups. Finally, a total of 108 cases were
matched by their propensity score. Before propensity
score matching, the two groups had significantly different
characteristics, but propensity score matching balanced
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Table 2 The propensity score matching of basic characteristics between once-vitrified group and re-vitrified group

Before matching

After matching

Once-vitrified group

Re-vitrified group P

Once-vitrified group  Re-vitrified group P

(n=592) (n=55) (n=54) (n=54)
Female age at retrieval, years 304+44 293+41 041 29.6+£4.1 293+42 0.71
Primipara 390 (65.9) 15 (27.3) <0.001 19 (35.2) 15 (27.8) 0.13
Body mass index, kg/m2 225434 222427 0.03 224434 222428 0.72
Basal FSH, mIU/mL 75+28 65+15 0.06 70+£32 66+15 0.25
Duration of infertility, years 35427 37425 043 38425 37425 0.73
Insemination method 044 0.82
IVF 446 (75.3) 44 (80.0) 41 (75.9) 42 (79.6)
ICSI 146 (24.7) 11 (20.0) 13 (24.1) 11 (20.4)
Type of Infertility 0.08 0.25
Primary 283 (47.8) 33 (60.0) 25 (46.3) 32 (59.3)
Secondary 309 (52.2) 22 (40.0) 29 (53.7) 22 (40.7)
Endometrial preparation protocol 0.81 0.57
HRT 491 (82.9) 8(87.3) 43 (79.6) 47 (87)
Ovulation induction 42(7.1) 5.5) 4(74) 3(5.6)
NC 59 (10.0) 4(7.3) 7(13) 4(7.4)
Cause of Infertility 0.15 040
Ovulation disorder 38(64) 2(3.6) 3(5.6) 2(3.7)
Tubal factor 253 (42.7) 32(582) 26 (48.1) 31 (574)
Male factors 62 (10.5) 6(10.9) 3(5.6) 6(11.1)
Other factors 239 (40.4) 15 (27.3) 22 (40.7) 15 (27.8)
Embryo quality 0.23 0.51
High quality embryos 405 (68.4) 42 (76.4) 38(704) 42 (77.8)
Good quality embryos 187 (31.6) 13 (23.6) 16 (29.6) 12(22.2)

Data are presented as mean & SD and n (%). NC Natural cycle, HRT Hormone replacement therapy. The blastocyst score was determined using Gardner blastocyst
grading scale. Both the blastocyst inner cell mass and the trophectoderm cell cluster rated >B as high quality blastocysts; either the blastocyst inner cell mass or the

trophectoderm cell cluster rated C as good quality blastocysts

characteristics between the cohorts (Table 2), suggest-
ing that the matched cohorts had highly similar baseline
characteristics.

Perinatal outcomes between the once-vitrified group

and re-vitrified group before and after matching

The perinatal outcomes are summarized in Table 3. No
difference was observed in birthweights between the
two groups before or after matching (3356.8 £582.1¢g vs.
3412.6 £ 666.4g, 3390.6+601.5g vs. 3412.8+672.6g).
In the once-vitrified group, before or after match-
ing LBW and macrosomia were comparable to those in
the re-vitrified group (P>0.05). After matching, PTB
occurred in 20.4 and 16.7% of the once-vitrified and re-
vitrified groups, respectively, without a significant dif-
ference. Likewise, there was no significant difference in
the incidence of SGA or LGA between the two groups
(P>0.05). No differences were observed in the percentage
of boys born between the two matched cohorts (61.1%
vs. 51.9%, P>0.05). In order to eliminate gender bias on
birth weight, we further analyzed the birth weight of

boys and girls respectively, and found that birthweight
outcomes was comparable between once-vitrified group
and re-vitrified group in either male or female neonates.
Maternal complications may also adversely affect perina-
tal outcomes, so we analyzed the incidence of maternal
complications. As shown in supplemental Table 1, there
was no difference in the incidence of maternal complica-
tions between the two groups.

Modification of the cryopreservation time effect

on perinatal outcomes by logistic regression models

We used logistic regression models to demonstrate the
effect of double vitrification-warming procedures on
perinatal outcomes. As seen in Table 4, compared to
the once-vitrified group, the ORs for PTB, LBW, mac-
rosomia and LGA in the re-vitrified group were 0.90
(95% CI: 0.43, 1.91), 0.73 (95% CI: 0.25, 2.14), 0.74 (95%
CI: 0.35, 1.58) and 0.94 (95% CI: 0.49, 1.81), respectively,
with P> 0.05, before matching. After matching, the risks
of PTB, LBW, macrosomia and LGA in the re-vitrified
group compared to the once-vitrified group were 1.28
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Table 3 Perinatal outcomes of once-vitrified group and re-vitrified group before and after PS matching
Before matching After matching
Once-vitrified group re-vitrified group P Once-vitrified re-vitrified group P
(n=592) (n=55) group(n=>54) (n=54)
Gestational age, weeks 38(37-39) 38(37-39) 092 38(37-39) 38(37.7-39) 0.09
PTB (< 37 weeks) 89 (15.0) 9(164) 0.79 11(204) 9(16.7) 0.80
Neonatal abnormalities 7(1.2) 0(0.00) 1.00 0(0.0) 0(0.00) /
Birthweight, g 3356.8+582.1 34126 +666.4 087 3390.6+601.5 3412.8+672.6 0.86
LBW (< 25009) 32(54) 4(7.3) 0.56 2(3.7) 4(74) 0.67
Macrosomia (> 40009) 75(12.7) 9(164) 044 6(11.1) 9(16.7) 0.58
LGA 134 (22.6) 13(23.6) 0.86 16 (29.6) 12(22.2) 0.38
SGA 15 (2.5) 0(0) 0.63 1(1.9) 0(0) 0.49
Gender 045 044
Boy 333 (56.3) 28(50.9) 33(61.1) 28 (51.9)
Girl 259 (43.7) 27 (49.1) 21(38.9) 26 (48.1)
Boys
Gestational age, weeks 38 (37-39) 38 (37-39) 0.48 37 (37-38.5) 38 (37-39) 0.36
Birthweight, g 3406.5+5854 3459347924 0.09 3479.1+593.1 34593+7924 0.17
LBW (< 25009) 17 (5.1) 3(10.7) 0.20 1(3.0) 3(10.7) 032
Macrosomia (> 40009) 50(15.0) 6(214) 037 4(12.1) 6(214) 0.53
Girls
Gestational age, weeks 38 (37-39) 38 (37-39) 0.59 38 (36.5-39) 38(38-39) 0.23
Birthweight, g 32928+5725 3364.2+£515.2 0.14 32514+602.2 3362.8+5253 032
LBW (< 25009) 15 (5.8) 1(3.7) 1.00 1(4.8) 1(1.8) 1.00
Macrosomia (> 4000 g) 25(9.6) 3(11.1) 0.74 2(9.5) 3(11.5) 1.00

Data are presented as mean =+ SD, median (IQR) and n (%). PTB Preterm birth, LBW Low birthweight, LGA Large for gestational age, SGA Small for gestational age

(95% CI: 0.48, 3.39), 0.48 (95% CI: 0.08, 2.74), 0.63 (95%
CI: 0.21, 1.90) and 1.47 (95% CI: 0.62, 3.51), respectively.
The adjusted outcome showed that PTB, LBW, macroso-
mia, LGA and birthweight were not significantly different
when adjusted for all confounding factors, including ges-
tational age and infant sex.

Discussion

More and more children are born using assisted repro-
ductive technology (ART) globally, so the safety of off-
spring is increasingly concerned. In this retrospective
study, we assessed the effect of repeated vitrification-
warming procedures on perinatal outcomes of human
embryos. According to our research results, no poor
outcomes were observed among singletons following
repeated vitrification-warming procedures compared
to once vitrification-warming procedures.

Embryo cryopreservation is a crucial part of ART.
Compared with fresh embryo transfer, frozen embryo
transfer is associated with a higher risk of LGA and
higher birth weight in singletons [6, 15]. However, the
safety of offspring after repeated frozen embryo trans-
fer has not been widely reported at present. After all,

re-cryopreservation of embryos is an occasional event.
There were several case reports demonstrating healthy
live births after frozen-thawed embryo transfer cycles
with embryos that were frozen-thawed twice [16-18].
And some early retrospective studies have also shown
that the embryos re-cryopreservation does not affect
clinical pregnancy rates [19, 20]. However, other recent
studies have shown that transfer of twice frozen-
thawed embryos increase the rate of miscarriage and
reduce the clinical pregnancy rate and live birth rate [9,
10, 21]. The discrepancies in the results of these stud-
ies may be due to the different methods used to freeze
embryos, embryos frozen at different stages and the
differences in baseline characteristics of the study pop-
ulation. Furthermore, these studies may exist the sam-
ple selection biases, as the patients underwent repeated
cryopreserved embryo transfer may always experience
previous embryo transfer failure, so the control group
should be consistent with this. The first follow-up study
to present perinatal outcomes of children born after
embryo re-cryopreservation showed that human refro-
zen-thawed embryos resulted in normal live births after
FET at a similar rate to that of once-frozen-thawed
embryos [22]; however, detailed neonatal outcomes
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were not described. Two other studies reported that
repeated cryopreservation of embryos have no negative
impact on neonatal outcomes [9, 21], but they did not
eliminate the possible bias of confounding factors on
the results.

In the present study, patients who had experienced pre-
vious embryo transfer failure were set as the once-vitri-
fied group, and all embryos were frozen using the same
vitrification method. Furthermore, to eliminate the influ-
ence of clinical baseline characteristics on the results, a
propensity score matching, and logistic regression were
used to control for potential confounding variables. After
PSM, the incidence of PTB, LBW, macrosomia and LGA
was not different between the once-vitrified group and
the re-vitrified group. Logistic regression after adjusting
for relevant confounding factors showed that the num-
ber of vitrification-warming procedures was not related
to the incidence of PTB, LBW, macrosomia, LGA or
birthweight.

It has been reported that the effect of FET on birth-
weight may interact with sex [7, 23]. Litzky et al’s study
indicated that FET influenced male birthweight, but it
did not have effects on female birthweight [7]. To elimi-
nate this important confounder, we performed sex-
stratified analyses to improve interpretability in our
study. There was no significant difference in birthweight,
LBW, or macrosomia in either male or female neonates.
In addition, perinatal outcomes are also closely related
to maternal obstetric complications. For singletons, the
risk of hypertensive disorders after FET was higher than
after fresh cycles or spontaneous pregnancies [24, 25].
The increased risk of hypertensive disorders among FET
may be related to alteration in methylation of regula-
tory genes involved with implantation or to programmed
FET protocols [26, 27]. Whereas the association of FET
with GDM is deficient in previous studies [28—30]. Stud-
ies have shown that hypertensive disorders of pregnancy
increase the prevalence of low birth weight [31], and ges-
tational diabetes mellitus (GDM) increases the incidence
of macrosomia [32, 33]. Consequently, we further ana-
lysed maternal complications in the once-vitrified group
and re-vitrified group. There was no difference in gesta-
tional hypertension or gestational diabetes before and
after data matching. Also, other maternal complications
did not differ between the two groups, as shown in Sup-
plemental Table 1. Therefore, the bias caused by maternal
complications during pregnancy can be excluded.

Of course, there are several limitations in our study.
First, it was a retrospective study with single-centre par-
ticipation. Second, although we used propensity score
matching to eliminate the influence of baseline charac-
teristics on FET outcomes as much as possible, it could
not eliminate all bias caused by confounders between
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the two groups. In addition, because of the limited sam-
ple size, it was difficult to stratify the effects of repeated
vitrification-warming procedures on birthweight by ges-
tational age. And some indicators of newborns (such as
APGAR scores and NICU rate) were not included in our
follow-up database, which needs to be improved in the
future. Moreover, some meaningful variables (such as the
duration of embryo cryopreservation and perinatal out-
comes of fresh embryo transfer cycles) were not included
in this study, which may also create a bias. Nevertheless,
the present study still presented perinatal outcomes of
singletons following double vitrification-warming proce-
dures, which are occasional in the clinic, providing valu-
able information for clinical decision-making.

Conclusions

In summary, our results presented the neonatal safety of
human refrozen-thawed embryos. Double vitrification-
warming procedures of human embryos at different
developmental stages do not affect perinatal outcomes.
The re-cryopreservation procedure would be a valuable
option to increase the cumulative pregnancy rate while
preventing embryo waste under full informed consent.
However, the maternal and child safety of the re-cryo-
preservation procedure still needs to be confirmed by a
long-term multicentre follow-up cohort study.
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