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Abstract
Background. In thawed embryo transfer cycles, the most common method is to transfer the embryos after 
2 h of culture. Clinical outcomes of frozen–thawed cleavage embryo transfer cycles regarding the embryos 
status and the culture time of frozen–thawed cleavage embryos were limited and did not elucidate all 
unclear issues.

Objectives. The objective of this study was to examine the clinical outcomes of frozen–thawed cleavage 
embryo transfer cycles according to the embryos status and the culture time (2 h or overnight).

Material and methods. In this retrospective study (5-year period), 1,654 frozen–thawed embryos were 
analyzed. Firstly, frozen–thawed cleavage embryos were divided into 2 groups according to their status 
as follows: with at least 1 optimal embryo and without optimal embryos. Secondly, both of them were 
divided into 2 groups according to the culture time (2 h or overnight). Age of the female, infertility factors, 
clinical pregnancy, implantation rate, and live birth rate were compared.

Results. There were no statistically significant differences in the pregnancy rate, the implantation rate, live 
birth rate, the miscarriage rate, and the ectopic pregnancy rate in each group. However, the implantation 
rate increased after 2 h of incubation (41.1%) compared to overnight incubation (36.0%) in the group with 
at least 1 optimal day-3 embryo (p < 0.05). The cancellation rate in the suboptimal day-3 embryos group 
(9.1%) was higher than in the group containing at least 1 optimal embryo (0.2%) for the long (overnight) 
culture (p < 0.05).

Conclusions. The implantation rate can be improved in the optimal day-3 embryos transferred after 2 h 
of culture, but not for suboptimal day-3 embryos. Some unnecessary transfers can be avoided after overnight 
culture because of no further cleavage of the embryos.
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Introduction

The first human pregnancy from a frozen embryo was 
achieved using a slow freezing protocol in 1983.1 Since 
then, an increasing proportion of pregnancies are con-
ceived after frozen embryo transfer (FET).2,3 Embryo cryo-
preservation can help reduce multiple birth rate follow-
ing assisted human reproduction and can also maximize 
the effectiveness of the in vitro fertilization (IVF) cycles.4 
Similarly, embryo cryopreservation is a crucial tool in cases 
of canceled embryo transfer (ET) due to ovarian hyper-
stimulation, endometrial bleeding, elevated serum pro-
gesterone levels on the day of triggering, preimplantation 
genetic screening (PGS), preimplantation genetic diagnosis 
(PGD), or any other unplanned events.5–7

In thawed embryo transfer cycles, the most common 
method is to transfer the embryos after 2 h of culture. 
One study suggested that a short post-thaw culture pe-
riod is associated with higher implantation and live birth 
rates.8 However, compared to  studies without further 
development during culture, several papers showed that 
significantly higher pregnancy and delivery rate was ob-
served after transferring frozen–thawed embryos that had 
undergone cleavage requiring an overnight culture after 
thawing followed by transfer of the developing embryo.9,10 
In addition, another study indicated that the pregnancy 
outcomes for embryos thawed and cultured overnight be-
fore transfer and those thawed and transferred on the same 
day are the same.11 These studies focused only on compar-
ing the clinical outcomes following frozen–thawed transfer 
of embryos with different post-thaw culture time. However, 
we wondered whether the post-thaw culture time should 
vary according to the embryo quality before freezing.

In this study, we retrospectively compared the clinical 
outcomes of 2-hour culture with overnight culture in good 
quality vs lesser quality embryos to explore if the embryos 
with different qualities should be treated differently after 
thawing.

Material and methods

Study design

This study was declared exempt by the ethics committee 
of the Guangzhou Women and Children’s Medical Center, 
China. Due to the retrospective nature of this study, pa-
tients’ informed consent was not needed. A total of 1,654 
cycles of in vitro fertilization (IVF) or intracytoplasmic 
sperm injection (ICSI) frozen–thawed transfer cycles (vit-
rified-freezing) per formed at our hospital from May 2010 
to May 2015 were retrospectively analyzed. The causes 
of infertility before embryo transfer included fe male factors, 
male factors, combined factors, and unexplained infer tility.

Morphology of day-3 embryos before vitrified-freezing 
were assessed according to  the  Istanbul consensus.12 

Embryos with 7–8 equally sized mononucleated blasto-
meres and <10% fragmentation were defined as optimal 
embryos. We divided the 1,654 cycles into 4 groups based 
on the quality of the embryos and the culture time before 
freezing. Group A1 (n = 321) had at least 1 optimal em-
bryo on day 3 transferred after 2 h of thawing. Group A2 
(n = 531) had at least 1 optimal embryo on day 3 cultured 
overnight (about 24 h) before FET. Group B1 (n = 196) had 
no optimal day-3 embryos transferred after 2 h of thawing. 
Group B2 (n = 541) had no optimal day 3 embryos cultured 
overnight before FET (Fig. 1).

Cleavage stage embryo cryopreservation 
and thawing

Vitrification was used for the  cryopreservation 
of the embryos according to the manufacturer’s proto-
col (ARSCI Inc., Longueuil, Canada). Embryo grading 
was done based on morphology: grade A – less than 10% 
fragmentation and equal blastomeres; grade B – 10–30% 
fragmentation and equal blastomeres; grade C – 30–50% 
fragmentation and/or unequal blastomeres; and grade 
D – more than 50% fragmentation.13 Our strategy was 
to freeze the supernumerary embryos only if they exhib-
ited a favorable grading with less than 30% fragmenta-
tion of the blastomeres (grade A and B). Embryo quality 
was evaluated again after thawing and before transfer. 
The evaluation criteria for morphological survival of these 
frozen–thawed embryos were as follows: more than 50% 
of the initial number of blastomeres intact and no signs 
of damage to the zona pellucida; otherwise thawing was 
considered to have failed.13 All of the surviving embryos 
were cultured in G1/G2-Plus medium (Vitorlife AB, Västra 
Frölunda, Sweden) after thawing; parts of the embryos 
were transferred after 2 h of thawing. For the embryos 
undergoing overnight culture, only embryos with fur-
ther cleavage of at least 1 cell were considered viable for 
transfer.

Endometrium preparation  
and thawed embryo transfer

The  endometrium was prepared for transfer in  one 
of two ways: hormone replacement therapy (HRT) or natu-
ral cycle (NC). Patients with regular ovulation were treated 
with FET in an NC. A transvaginal ultrasound was used 
to monitor follicular growth and endometrial thickness 
on day 10 of the menstrual cycle. If the endometrial thick-
ness reached 8 mm or more, the cycle was considered 
suitable for FET. Frozen embryo transfer was performed 
in  an  HRT cycle if  patients did not ovulate regularly. 
Oral estrogen 6 mg/day was commenced on the 3rd day 
of the menstrual cycle for 12 days. When the endometrial 
thickness reached 8 mm or more, injections of progester-
one at 60 mg/day were administered for 3 days before FET, 
and the dosage was maintained after FET.14
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Pregnancy outcome

Clinical pregnancies (CP) were defined after observa-
tion of a gestational sac with or without a fetal heartbeat 
on ultrasound evaluation 4 weeks after FET. The number 
of sacs was taken as the number of successful implanta-
tions. Clinical miscarriage was defined when a pregnancy 
failed to progress after an intrauterine gestational sac had 
been detected with a pelvic ultrasonography. Live birth rate 
was defined as number of live births per number of FET. 
Ectopic pregnancy rate was also calculated.

Statistical analysis

Statistical analysis was performed using SPSS software v. 
19 for Windows (SPSS Inc., Chicago, USA), applying para-
metric and nonparametric tests when appropriate. Contin-
uous variables were expressed as mean ± standard devia-
tion (SD) and analyzed using Student’s t-test. Categorical 
variables were expressed as percentages and analyzed using 
χ2 or Fisher’s exact test depending on the sample size. Sta-
tistical significance was defined as p-values less than 0.05.

Results

Comparison  
of demographic characteristics

There was no significant difference between the groups 
regarding age, body mass index (BMI) as well as basal 

follicle-stimulating hormone (FSH), and estradiol (E2) 
levels (p > 0.05) (Table 1).

Analysis of immediate morphological 
survival and further cleavage

Out of  a  total of  1,654 cycles, 853  cycles contained 
at least 1 optimal embryo. Eight hundred and one cycles 
had no optimal embryos. Three hundred and twenty-one 
of the thawed cycles were transferred after 2 h of culture 
(group A1). In group A2, 1 FET cycle was canceled because 
no further cleavage was observed, so the total number 
of transfers was 531. In groups B1 and B2, 10 cycles were 
canceled because of thawing failure. In group B1, 196 FET 
cycles were transferred after 2 h of culture; in group B2, 
54 FET cycles were canceled, because no further cleavage 
was observed for a total of 541 embryo transfers. The can-
cellation rate for group B (9.1%) was statistically signifi-
cantly higher than in group A (0.2%) (p < 0.05) (Table 2).

Clinical outcomes

The clinical outcomes of 2 post-thaw cultures for opti-
mal day-3 embryos (A1 vs A2) and suboptimal day-3 em-
bryos (B1 vs B2) were compared. The pregnancy rate, live 
birth rate, miscarriage rate, and ectopic pregnancy rate 
were similar between the 2 groups but the implantation 
rate was higher after 2 h of incubation (41.1%) compared 
to overnight incubation (36.0%) (p < 0.05).

The pregnancy rate, live birth rate, miscarriage rate, ec-
topic pregnancy rate, and implantation rate of suboptimal 

Fig. 1. Flow chart summarizing thawed embryo accountability of the study. The groups were divided by 2 aspects: the quality of the embryos and 
the culture duration after thawing
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day-3 embryos were similar between 2 different post-thaw 
culture groups (p > 0.05) (Table 3).

Discussion

All optimal embryos survived after thawing; however, 10 
transfers were canceled due to failed thawing in the groups 
with only suboptimal embryos. We hypothesize that opti-
mal embryos may better cope with stress during the fro-
zen–thawed procedure, so high-quality embryos may suf-
fer less damage during the process of cryopreservation and 
low-quality embryos may suffer more blastomere damage 
during the frozen–thawed procedure.

At present, the most common frozen–thawed transfer 
cycle method is to thaw the embryos and transfer them 
after 2 h of culture. The blastomere survival after thaw-
ing only can be identified in  2-hour culture. Further-
more, some studies reported that the developing potential 
of the thawed embryos appears to rely upon the resump-
tion of mitosis, which may require a longer culture, gener-
ally overnight.15,16 Other studies also reported significantly 
better clinical outcomes after a longer culture time.17,18 

Other reports found that cleavage-arrested embryos at 
24 h following thawing were nevertheless still able to show 
some signs of further cleavage up to 48 h after thawing 
and could be implanted, but these embryos may have had 
a higher rate of chromosomal aberrations and more fre-
quently ended in clinical abortion.19–21 In this study, there 
was only 1 canceled cycle in group A2 (at least 1 optimal 
embryo, overnight culture), but in group B2 (suboptimal 
embryos, overnight culture), 54 thawed cycles were can-
celed because no future cleavage was observed after over-
night culture. This suggests that optimal embryos may 
have stronger development potential. If these 54 cycles 
had been transferred within 2 h of thawing, it may have re-
sulted in an early pregnancy loss or fetal anomaly because 
of chromosomal aberrations and waste of resources. For 
the cycles without optimal embryos, it may be beneficial 
to prolong culture time (to overnight) after thawing in or-
der to observe initial cleavage, so that some unnecessary 
transfers can be avoided.

We also compared the clinical outcomes of the 2-hour 
culture with the overnight culture to explore the  spe-
cific effect of  post-thaw culture time. We  found that 
in the group with at least 1 optimal day-3 embryo, there 

Table 1. Comparison of demographic characteristics of 2 post-thaw culture lengths for different quality of day-3 embryos

Parameter
At least 1 optimal embryo No optimal embryo

short culture
(n = 321)

long culture
(n = 531) p-value short culture

(n = 196)
long culture

(n = 541) p-value

Average age 32.03 ±4.63 31.74 ±4.62 NS (0.481) 32.89 ±4.60 32.60 ±4.76 NS (0.447)

EMT-BMI 21.10 ±2.88 20.89 ±2.68 NS (0.302) 21.06 ±2.39 20.82 ±2.62 NS (0.277)

Basic FSH 5.66 ±3.04 5.77 ±2.32 NS (0.559) 5.85 ±2.01 5.93 ±2.04 NS (0.639)

Basic E2 134.29 ±73.24 133.49 ±86.32 NS (0.893) 131.55 ±70.60 143.72 ±148.74 NS (0.271)

NS – not significant; EMT-BMI – body mass index; FSH – follicle stimulating hormone; Basic E2 – estradiol. 

Table 2. Analysis of immediate morphological survival and further cleavage for different quality of day-3 embryos

Parameter At least an optimal embryo
(n = 853)

No optimal embryo
(n = 801) p-value

Failure of thawing rate [%] 0/853 (0) 10/801 (0.01) 0.001

Cancel rate without further cleavage [%]
(only for long culture)

1/532 (0.2) 54/595 (9.1) 0.00

Table 3. Comparison of the clinical outcomes of 2 post-thaw culture times for different quality of day-3 embryos

Parameter
At least 1 optimal embryo No optimal embryo

short culture 
(n = 321)

long culture 
(n = 531) p-value short culture 

(n = 196)
long culture 

(n = 541) p-value

Clinical pregnancy rate [%] 189/321 (58.9) 285/531 (53.7) NS (0.14) 68/196 (34.7) 206/541 (38.1) NS (0.40)

Implantation rate [%] 280/682 (41.1) 391/1087 (36.0) 0.03 89/414 (21.5) 262/1115 (23.5) NS (0.41)

Miscarriage rate [%] 23/189 (12.2) 30/285 (10.5) NS (0.58) 14/68 (20.6) 34/206 (16.5) NS (0.44)

Ectopic pregnancy rate [%] 11/189 (5.8) 18/285 (6.3) NS (0.83) 5/68 (7.4) 11/206 (5.3) NS (0.54)

Live birth rate [%] 155/321 (48.3) 237/531 (44.6) NS (0.29) 49/196 (25.0) 161/541 (29.8) NS (0.20)

NS – not significant.
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was no significant influence of culture time on most clini-
cal outcomes, but the implantation rate increased after 
2 h of incubation compared with that of the overnight incu-
bation group, which was consistent with the findings from 
a previous study.8 The result of the increasing implantation 
rate after 2 h of incubation may be associated with the envi-
ronmental impact on the potential of embryo development. 
Although embryo culture aims to mimic the fallopian tube 
and uterine environment, it always implies the induction 
of some related stress.13,22,23 It thus seems reasonable to hy-
pothesize that frozen–thawed suboptimal embryos may 
be less able to adapt to suboptimal environments such 
as the currently available culture systems. We also hypoth-
esize that the suboptimal embryos may express oxidative 
stress in the cryopreservation medium, and higher oxida-
tive stress levels are associated with lower implantation 
rates.24 Therefore, we think that the implantation rate for 
optimal day-3 embryo transfers after 2 h of culture can be 
improved.

Conclusions

The conclusions from this study are based on retrospec-
tive data and have the inherent limitations of retrospec-
tive studies. For optimal quality embryos, 2 h of post-thaw 
culture appear to optimize clinical outcomes; however, for 
embryos of suboptimal quality, some unnecessary trans-
fer of non-functional day-3 embryos can be avoided after 
overnight culture which allows for the identification of em-
bryos that fail to undergo additional cleavage.
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