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Summary

This study aimed to evaluate the effect of the cryopreservation duration (up to 160 months) on
the clinical and neonatal outcomes of slow-frozen early-cleavage human embryos. Clinical
data collected between February 2013 and August 2017 were included in this retrospective
study. Cases were classified into five groups by the duration of cryopreservation: Group 1,
6-12 months; Group 2, 13-36 months; Group 3, 37-60 months; Group 4, 61-84 months;
and Group 5, >84 months. The embryo survival rate, implantation rate, clinical pregnancy rate,
live-birth rate, newborn sex ratio, singleton gestational age, singleton birth weight and malfor-
mation rate were compared between the groups. The cryopreservation duration did not signifi-
cantly affect the rates of clinical pregnancy (P = 0.119) and live birth (P = 0.354), the newborn
sex ratio (P = 0.614) or the singleton gestational age (P = 0.212) and birthweight (P = 0.212).
Although decreases in the embryo survival and implantation rates were observed in groups
4 and 5 compared with those in groups 1-3, these differences were not statistically significant
(P=0.329, P=0.279, respectively). Long-term cryopreservation does not appear to adversely
affect the clinical and neonatal outcomes of slow-frozen early-cleavage human embryos.

Introduction

Since the first report of a live birth after embryo cryopreservation in 1985 (Downing et al., 1985),
this technique has been applied widely by assisted reproduction technology (ART) laboratories
to store embryos that are surplus after fresh embryo transfer (ET), for women with signs of
severe ovarian hyperstimulation syndrome and for fertility preservation in cancer patients
(Lattes et al., 2017). The past decade has seen a shift from slow freezing to vitrification.
Nevertheless, for a long time, slow freezing was the main method of cryopreservation, and a
large number of embryos frozen by slow freezing are cryopreserved in ART laboratories at this
time. Slow freezing is still used in several ART laboratories. Following the repeal of the one-child
policy in China, embryos that had been cryopreserved for long periods of time were thawed for
frozen embryo transfer (FET). This has led to safety concerns regarding the potential effects of
the cryopreservation duration of slow-frozen early-cleavage human embryos on the clinical and
neonatal outcomes after autologous FET.

Several studies have explored the possible effects of the cryopreservation duration on embryo
viability, implantation competence, perinatal and neonatal outcomes and congenital malforma-
tion. Most of these studies did not identify an apparent negative effect of the cryopreservation
duration on these clinical outcomes, although the data suggested a potential influence on
embryo survival and implantation (Testart et al., 1987; Li et al., 2020). In other studies, the stor-
age time was not shown to influence the survival and pregnancy outcomes of slow-frozen early-
cleavage human embryos (Riggs et al., 2010; Liu et al., 2014). Several other cohort studies found
that storage neither impaired the viability of vitrified blastocysts nor worsened the clinical out-
comes, and observed no increase in the malformation rate over time (Wirleitner et al., 2013;
Sekhon et al., 2018; Ueno et al., 2018). However, most embryos included in those studies
had been cryopreserved for less than 6 years. In contrast, few studies have explored the effect
of a cryopreservation duration longer than 7 years on clinical and neonatal outcomes, and some
relevant studies have involved limited numbers of FET cycles. One Chinese study reported five
live births after FET with embryos that had been cryopreserved for at least 12 years and for a
maximum of 16.8 years (Yuan et al., 2019). However, this study only included 20 patients and 28
FET cycles. Studies with larger sample sizes are needed to demonstrate the effect of the cryo-
preservation duration on human embryos.

In this study, we evaluated the effect of the duration of cryopreservation, especially very long-
term cryopreservation (>84 months), on the clinical and neonatal outcomes and congenital
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malformation of slow-frozen early-cleavage human embryos after
FET. We focused on slow-frozen embryos because the embryos
subjected to long-term storage were cryopreserved using slow-
freezing methods.

Materials and methods
Patients and study design

Patients who underwent FET between February 2013 and August
2017 at the In Vitro Fertilization (IVF) Center, Women’s Hospital,
Zhejiang University School of Medicine were included in this
study. Their embryos had been cryopreserved before January
2014 using slow-freezing methods. The 1624 included cycles were
divided into five groups based on the storage duration: Group 1, 6-
12 months; Group 2, 13-36 months; Group 3, 37-60 months;
Group 4, 61-84 months; and Group 5, >84 months. We retrospec-
tively analyzed the thawed embryo survival rate, embryo implan-
tation rate, clinical pregnancy rate and live-birth rate. The analysis
also included the gestational age (weeks), singleton birth weight,
newborn sex and any neonatal malformations. This retrospective
study was approved by the medical ethics committee of Women’s
Hospital, Zhejiang University School of Medicine.

Controlled ovarian stimulation and embryo culture

The ovarian stimulation protocol, embryo culture protocol and
embryo selection criteria have been summarized elsewhere (Fang
et al., 2016; Ye et al., 2012). Oocytes, zygotes and embryos were
cultured in G-series reagents (Vitrolife Sweden AB, Vistra
Frélunda, Sweden) at 37°C in a humidified atmosphere containing
6% CO,.

Freezing protocol, embryo thawing and transfer

Cleavage-stage embryos were frozen using a Planer freezer (Planer
Ltd, Sunbury, Middlesex, UK) and the Embryo Freeze Media Kit
(Irvine Scientific, Santa Ana, CA, USA). The freezing programme
was conducted according to the manufacturers’ instructions, and
the specific steps have been described elsewhere (Fang et al.,
2016). Briefly, the freezing programme adhered to the following
steps: from a starting temperature of 20°C, the temperature was
decreased by a rate of —2°C/min to —7°C. After 5 min of soaking
followed by manual seeding and a 10 min rest, the samples were
cooled at —0.3°C/min to —30°C and at —30°C/min to —120°C,
and then immersed directly in liquid nitrogen. The Embryo
Thaw Media Kit (Irvine Scientific, Santa Ana, CA, USA) was used
for embryo warming. An intact blastomere survival rate of at least
50% indicated a successful thaw.

Embryos were transferred during natural, controlled ovarian
hyperstimulation (COH) or oestrogen—progesterone hormonally
supplemented cycles. Before transfer, the warmed embryos were
cultured in G-1 (Vitrolife Sweden AB, Vistra Frolunda, Sweden)
medium for at least 2 h. One to two embryos were transferred
for patients who were <35 years old and undergoing a first transfer
cycle. For other patients, no more than three embryos were trans-
ferred before mid-2013. Subsequently, one to two embryos were
transferred for all patients.

Definition of outcomes

The embryo survival rate was defined as the number of surviving
embryos divided by the number of recovered embryos after thaw-
ing. The implantation rate was calculated as the number of
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gestational sacs divided by the number of transferred embryos.
The clinical pregnancy rate was determined by the number of fetal
heartbeats visualized on ultrasound at 8-12 weeks after ET, divided
by the number of transfer cycles. The live-birth rate was calculated
as the number of cycles with live births divided by the number of
total transfer cycles.

Statistical analysis

The chi-squared or Fisher’s exact test was used to compare cat-
egorical variables. For descriptive data, normality was evaluated
by using the Kolmogorov-Smirnov test (with Lillefor’s significance
correction), and homoscedasticity was evaluated by using Levene’s
test for all variables. An analysis of the descriptive data was per-
formed using the two-tailed f-test, one-way analysis of variance
(ANOVA) or Kruskal-Wallis test, as indicated. The effects of cryo-
preservation duration on the clinical pregnancy rate, live-birth rate
and singleton birth weight were analyzed using a logistic regression
analysis to calculate the adjusted odds ratio. In the analysis of the
clinical pregnancy rate and live-birth rate, the factors used in the
binary logistic regression analysis included the duration of cryopreser-
vation, maternal age at cryopreservation, body mass index (BMI),
maternal age at ET, number of embryos transferred and endo-
metrial preparation programme. In the analysis of singleton birth
weight, the factors used in the multiple linear regression analysis
included the duration of cryopreservation, BMI, maternal age at
ET, number of embryos transferred, newborn sex, gestational
age and endometrial preparation programme. Statistical analyses
were performed using SPSS software (version 20.0; SPSS,
Chicago, IL, USA). A P-value <0.05 was considered statistically
significant.

Results
Patients’ demographics and clinical outcomes

In total, 1624 FET cycles were included in this study and grouped
according to the cryopreservation duration. Groups 1, 2, 3,4 and 5
included 770, 359, 220, 177 and 98 FET cycles, respectively. The
patients’ demographics, cycle characteristics and clinical outcomes
are listed in Table 1. In total, 4630 embryos were thawed, and a
survival rate of 76.98% was achieved. The survival rates of embryos
in groups 4 (73.66%) and 5 (75.69%) were slightly lower than those
of embryos from groups with shorter storage durations, but these
differences were not statistically significant. The results suggest
that the storage time has little effect on embryo survival. The clini-
cal outcomes, which include the clinical pregnancy, live birth and
implantation rates, were not significantly different between groups
with different storage times, although the implantation rates in
groups 4 (20.44%) and 5 (19.75%) were lower than those in groups
1-3. However, the maternal ages and BMI at freezing were signifi-
cantly different between the groups. Additionally, the maternal age
at ET increased from group 1 to group 5 (i.e. with increasing cry-
opreservation duration). The number of transferred embryos and
the endometrial preparation programmes also differed between the
groups. Accordingly, we applied a binary logistic regression analy-
sis adjusted for the maternal age and BMI at freezing, maternal age
at ET, number of embryos transferred and endometrial prepara-
tion programmes to further clarify the effect of the cryopreserva-
tion duration on FET clinical outcomes. The results demonstrated
that the cryopreservation duration was not correlated with the
clinical pregnancy rate and live-birth rate (Table 2).
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Table 1. Maternal characteristics, cycles characteristics and clinical outcomes after different cryopreservation duration

Storage time (months)

6-12

13-36

37-60

61-84

>85

Shi et al.

Storage time + SD (days)

259.62 + 53.79

617.61 + 222.48

1382.02 +200.91

2087.18 + 192.79

3191.71 + 530.85

MAF + SD (years) 30.53 + 4.60 30.24 £ 4.35 2891 +3.26 28.84 +3.29 29.12 £ 2.64 <0.001**@
Maternal BMI + SD 22.27 £ 3.02 22.50 + 3.04 21.80 * 2.65 21.68 +2.75 21.69 £ 3.27 <0.001**@
Thaw cycles 770 359 220 177 98 -

No. of embryos thawed 2130 986 631 558 325 =
Embryos survival (n, %) 1654 (77.65%) 766 (77.69%) 487 (77.18%) 411 (73.66%) 246 (75.69%) 0.329°
Transfer cycles 716 340 214 170 96 -
Natural cycles (n, %) 223 (34.15%) 94 (27.65%) 78 (36.45%) 74 (43.53%) 30 (31.25%) 0.01*b
Artificial cycles (n, %) 449 (62.71%) 218 (64.12%) 117 (54.67%) 84 (49.41%) 62 (64.58%)

COH cycles (n, %) 44 (6.15%) 28 (8.24%) 19 (8.88%) 12 (7.06%) 4 (4.17%)

MAET + SD (years) 31.22 + 4.58 31.89 £ 4.31 3270 £ 3.31 34.57 + 3.39 37.83 £ 2.96 <0.001**@
ETD 1642 756 480 411 243

ETD per cycle + SD 2.29 £ 0.74 2.22 £ 0.74 2.24 £ 0.69 242 +0.81 2.53 + 1.00 0.011*
Implantation rate (n, %) 380 (23.14%) 167 (22.09%) 123 (25.63%) 84 (20.44%) 48 (19.75%) 0.279°
Clinical pregnancy rate (n, %) 291 (40.64%) 128 (37.65%) 99 (46.26%) 72 (42.35%) 36 (37.50%) 0.325°
Live-birth rate (n, %) 244 (34.08%) 104 (30.59%) 66 (30.83%) 59 (34.71%) 29 (30.21%) 0.694°

Abbreviations: BMI, body mass index; COH, controlled ovarian hyperstimulation; ETD, embryos transferred; MAET, maternal age at embryo transfer; MAF, maternal age at freezing.

2Values are given as mean + SD using the Kruskal-Wallis test.

bResults are presented as (n, %) using chi-squared test. * P <0.05. ** P < 0.001.

Table 2. Relationship between cryostorage duration and clinical pregnancy rate and live-birth rate

Clinical pregnancy rate

Cryostorage duration

Unadjusted results 0.015 0.041 0.126 0.723 1.015 0.936 1.099
Adjusted results® 0.105 0.068 2427 0.119 1111 0.973 1.269
Live-birth rate

Cryostorage duration

Unadjusted results —0.026 0.043 0.371 0.543 0.974 0.895 1.060
Adjusted results® 0.065 0.071 0.858 0.354 1.068 0.930 1.226

2The effects of cryopreservation duration on the clinical pregnancy rate and live-birth rate were analyzed by using a binary logistic regression analysis, these results had been adjusted for the
maternal age and body mass index at freezing, maternal age at embryo transfer, number of embryos transferred and endometrial preparation programmes.

Neonatal outcomes

The numbers of live births (singletons, multiples and in total),
newborn sex distribution and malformations in each group are
listed in Table 3. There were no differences in the newborn sex ratio
between groups. Malformation was recorded in 11 cases and
included hearing abnormalities, atrial septal defects, cleft lip and
palate, ear deformities, cryptorchidism, echogenic intracardiac
focus, thoracic haemangioma, neonatal ovarian cysts, syndactyly
and hydrocephalus. A relatively low malformation rate was
observed in group 5, which included only 29 cycles with live births.
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It is difficult to draw a conclusion regarding the correlation
between the cryopreservation duration and malformations based
on the limited sample size.

Because the fetal number may influence the neonatal outcomes,
we analyzed the sexes, birth weights and gestational ages of new-
born singletons in different groups. No significant difference in the sex
distribution was observed between the groups. The numbers (rates) of
term births (37-42 weeks gestation) in groups 1, 2, 3,4 and 5 were 164
(91.11%), 74 (89.16%), 54 (98.18%), 49 (90.74%) and 20 (86.96%),
respectively. The term birth rate did not differ significantly between
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Table 3. Characteristics of the children born
Singletons 180 83 55 54 23 -
Multiples 128 42 22 10 12 -
Baby born 308 125 77 64 35 -
Male (n, %) 170 (55.19%) 59 (47.20%) 38 (49.35%) 33 (51.56%) 19 (54.29%) 0.614*
Female (n, %) 138 (44.81%) 66 (52.80%) 39 (50.65%) 31 (48.44%) 16 (45.71%)
Malformation 52abcd 2¢f 28h 2 0 -
Malformation rate 1.62% 1.60% 2.60% 3.12% 0% 0.803*

Malformation was recorded in 11 cases:

2Hearing abnormal;

bAtrial septal defect;

Cleft lip and palate;

dLeft ear deformity;

¢Baby was born with hydrocephalus and treated with ventricular drainage;

fCryptorchidism;

8Echogenic intracardiac focus;

"Haemangioma on chest;

iNeonatal ovarian cysts;

isyndactyly.

*Results are presented as (n, %) using chi-squared test.

Table 4. Obstetric outcomes of singleton gestation
Singleton born 180 83 55 54 23 -
Male (n, %) 96 (53.33%) 40 (48.19%) 27 (49.09%) 30 (55.56%) 14 (60.87%) 0.7782
Female (n, %) 84 (46.67%) 43 (51.81%) 28 (50.91%) 24 (44.44%) 9 (39.13%)
Gestational age + SD (weeks) 38.34 £ 2.00 37.69 £ 2.96 38.40 + 1.03 37.89 £ 1.96 38.17 + 1.50 0.212°
Extreme preterm birth (<28 weeks) (n, %) 1 (0.56%) 2 (2.41%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0.450?
Very preterm birth (<32 weeks) (n, %) 2 (1.11%) 3 (3.61%) 0 (0.00%) 1 (1.85%) 0 (0.00%)
Preterm birth (<37 weeks) (n, %) 13 (7.22%) 4 (4.82%) 1 (1.82%) 4 (7.41%) 3 (13.04%)
Term birth (37-42 weeks) (n, %) 164 (91.11%) 74 (89.16%) 54 (98.18%) 49 (90.74%) 20 (86.96%)
Birth weight + SD (g) 3290.00 + 577.03 3214.04 + 698.31 3418.00 + 408.50  3304.07 £ 691.71 3382.17 + 464.87 0.509°
Very low birth weight (<1500 g) (n, %) 2 (1.11%) 5 (6.02%) 0 (0.00%) 1 (1.85%) 0 (0.00%) 0.1872
Low birth weight (<2500 g) (n, %) 12 (6.67%) 4 (4.82%) 1 (1.82%) 6 (11.11%) 0 (0.00%)

Birth weight (2500-4499 g) (n, %) 163 (90.56%)

74 (89.16%)

54 (98.18%)

46 (85.19%)

23 (100%)

3 (1.67%)

0 (0.00%)

0 (0.00%)

1 (1.85%)

0 (0.00%)

High birth weight (>4500 g) (n, %)

2Results are presented as (n, %) using chi-square test.
bValues are given as mean + SD using Kruskal-Wallis test.

the groups. With regard to birth weight, the numbers (rates) of
newborns with normal birth weights (2500-4500 g) in groups 1,
2, 3, 4 and 5 were 163 (90.56%), 74 (89.16%), 54 (98.18%), 46
(85.19%) and 23 (100%), respectively. No significant difference
in the normal birth weight rate was observed between the groups
(Table 4).

A multiple linear regression analysis was conducted to further
analyze the relationship between the cryopreservation duration
and singleton birth weight. According to the results, these variables
were not significantly correlated after adjustment for the BMI,
maternal age at ET, number of embryos transferred, newborn
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sex, gestational age and endometrial preparation programmes
(Table 5).

Siblings

In this study cohort, 46 patients underwent two FET cycles using
embryos generated from the same oocyte retrieval cycle and
achieved live births in both cycles. No significant differences in
the embryo survival and implantation rates were observed between
the earlier and later cycles (Table 6). Among these patients, 34 gave
birth to singletons in both cycles. We compared the newborn sexes,
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Table 5. The relationship between cryostorage duration and singleton birth
weight

95% Cl

b Lower  Upper Sp t P-values
Cryostorage
duration
Unadjusted 0.037 —0.028 0.103 0.033 1.120 0.264
results
Adjusted 0.036 —0.021 0.093 0.029 1.251 0.212
results?

2The effects of cryopreservation duration on the singleton birth weight were analyzed by using
amultiple linear regression analysis, these results had been adjusted for the body mass index,
maternal age at embryo transfer, number of embryos transferred, newborn sex, gestational
age and endometrial preparation programmes.

birth weights and gestational ages between the earlier and later FET
cycles and observed no significant differences (Table 6).

Discussion

In this study, we did not observe any significant differences in the
clinical and neonatal outcomes after the transfer of slow-frozen
human cleavage embryos in relation to the cryopreservation
duration. Additionally, we did not observe a high incidence
of congenital malformation among babies born from long-term
cryopreserved embryos. To the best of our knowledge, this is the
largest study to analyze the potential effect of a cryopreservation
duration longer than 84 months on the viability of the thawed
embryos and the clinical and neonatal outcomes after FET. It is
also the first study to divide FET cycles involving embryos cryo-
preserved longer than 7 years into an independent group.

The cryo-stability of embryos stored in liquid nitrogen has been
evaluated using theoretical models. For example, one model
found that a cryopreserved mammalian embryo could be stored
for at least 2000 years (Glenister et al., 1984; Whittingham,
1977). However, previous studies of human embryos reported
controversial results. Riggs et al. (2010) reported that the stor-
age duration did not adversely affect the post-thaw survival or
pregnancy outcomes of patients after IVF or oocyte donation.
Wirleitner et al. (2013) similarly observed no significant
differences in the pregnancy and birth rates after the transfer
of vitrified blastocysts with a storage duration of less than 6
years. In contrast, an earlier study observed a decrease in the
human embryo survival rate and pregnancy rate after several
months of storage (Testart et al., 1987). A more recent study
reported that a prolonged storage time negatively affected the
biomedical pregnancy, clinical pregnancy and live-birth rates
after the transfer of vitrified embryos with storage durations
of up to 2 years (Li et al., 2020).

In our study, we included 4630 embryos from 1624 thaw cycles
that had been cryopreserved for 6-160 months. We found that the
cryopreservation duration had little effect on the clinical outcomes
of FET, although embryos that were cryopreserved for longer than
60 months had lower survival and implantation rates. Because few
studies have investigated the clinical outcomes of FET with
embryos cryopreserved for longer than 72 months, we paid special
attention to the 65 embryos from 18 thaw cycles that had been cry-
opreserved for longer than 120 months. These embryos had a lower
embryo survival rate (67.69%), implantation rate (12.50%), clinical
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pregnancy rate (27.78%) and live-birth rate (27.78%) than embryos
with shorter cryopreservation durations. However, the birth
weight (3406 g) and gestational age (37.8 weeks) of the new-
borns resulting from these long-term cryopreserved embryos
were similar to those of embryos with shorter storage durations.
Because of the limited sample size, we did not divide embryos
that had been cryopreserved for longer than 120 months into
an independent group and cannot make a solid conclusion
regarding cryopreservation for >120 months. However, we
did set 325 embryos in 98 thaw cycles that had been cryopre-
served for longer than 84 months as an independent group
(group 5). The embryo survival, implantation, clinical preg-
nancy and live-birth rates; newborn sex ratio; and singleton ges-
tational age and birth weight in group 5 were comparable with
those in other groups. Future studies with larger sample sizes are
needed to investigate the effect of very long-term cryopreserva-
tion on human embryos.

In this study, the maternal age and BMI at the time of oocyte
retrieval exhibited negative correlations with an increasing storage
duration, whereas the number of embryos transferred per cycle
exhibited a positive correlation with an increasing storage dura-
tion. In the past decade, the average age of patients who underwent
IVF at our centre increased gradually. Fewer embryos were trans-
ferred in recent years, whereas the embryo developmental potential
was enhanced (the implantation rates in groups 4 and 5 were lower
than those in groups 1-3, although the difference is not statistically
significant), resulting in similar clinical pregnancy and live-birth
rates among different groups. To exclude potential confounding
factors, we conducted binary and multiple linear regression analy-
ses to analyze the relationship between the cryopreservation dura-
tion and clinical and neonatal outcomes. After adjusting for
maternal age and BMI at freezing, maternal age at ET, number
of embryos transferred and endometrial preparation programmes,
we found that the clinical pregnancy and live-birth rates and the
singleton birth weight did not differ significantly between the
groups, suggesting little effect of the storage duration on the clinical
and neonatal outcomes.

Our study focused on the safety of cryopreservation in terms of
the health of the resulting infants. Previous large cohort studies
determined that embryo cryopreservation was not associated with
an increased risk of major congenital malformation (Schwarze
et al., 2015; Belva et al., 2016). Ueno et al. (2018) similarly found
no association between the cryopreservation duration and malfor-
mation (Ueno et al., 2018). Our findings are consistent with those
earlier reports. We observed in total, 11 malformations in live
births, and the malformation rates were comparable among groups
with different storage times.

Both multiple gestation and singleton births resulting from IVF
pregnancy were reported to face increased risks of preterm delivery
and a low birth weight (Schieve et al., 2004; Wang et al., 2005). In
studies of singleton pregnancies, a low birth weight was observed
more frequently among IVF pregnancies than among spontaneous
pregnancies (Klemetti et al., 2010; D’Angelo et al, 2011). Birth
weight is related to morbidity and mortality and is a commonly
used measure of the perinatal outcome (Land, 2006; Sekhon
et al., 2018). A lower birth weight has been associated with obesity,
hypertension and increased risks of latent autoimmune diabetes
and type 2 diabetes in adulthood (Hjort et al., 2015; Hovi et al.,
2016; Jornayvaz et al., 2016; Chen et al., 2019). In our study, neither
long-term cryopreservation nor FET had a negative effect on sin-
gleton birth weights. This relationship warrants further investiga-
tion in future studies.


https://doi.org/10.1017/S0967199422000193

Long-term cryopreservation and frozen embryo transfer 717
Table 6. Comparison of siblings born from two FET cycles after a same oocyte retrieval cycle
Early Later P-value
FET cycles with babies born 46 46
storage duration + SD (days) 154.52 + 114.10 1162.02 + 413.98
MAET + SD (years) 28.22 + 3.79 31.05 + 4.06
No. of embryos thawed 142 131
Embryo survival (n, %) 120 (84.51%) 111 (84.73%) 0.9592
Embryos transferred 119 109
Embryos transferred per cycle + SD 2.59 + 0.50 2.36 + 0.57 0.058°
Implantation rate (n, %) 55 (46.22%) 54 (49.54%) 0.616°
Infants born 50 54
Endometrial preparation programmes
Natural cycles (n, %) 14 (30.43%) 19 (41.30%) 0.195¢
Artificial cycles (n, %) 30 (65.22%) 22 (47.83%)
COH cycles (n, %) 2 (4.35%) 5 (10.57%)
FET cycles with singleton born 34 34
Gender
Male (n, %) 11 (32.55%) 13 (38.24%) 0.815°
Female (n, %) 23 (67.65%) 21 (61.76%)
Gestational age + SD (weeks) 38.50 +2.00 38.50 + 0.99 1.000°
Extreme preterm birth (<28 weeks) (n, %) 0 (0%) 0 (0%)
Very preterm birth (<32 weeks) (n, %) 0 (0%) 0 (0%)
Preterm birth (<37 weeks) (n, %) 4 (11.76%) 0 (0%)
Term birth (37-42 weeks) (n, %) 30 (88.24%) 34 (100%)
Birth weight + SD (g) 3331.47 + 469.95 3430.00 + 371.54 0.312°
Very low birth weight (<1500 g) (n, %) 0 (0%) 0 (0%) 0.151°
Low birth weight (<2500 g) (n, %) 2 (5.88%) 0 (0%)
Birth weight (2500-4499 g) (n, %) 32 (94.12%) 34 (100%)
High birth weight (>4500 g) (n, %) 0 (0%) 0 (0%)

Abbreviations: MAET, Maternal age at embryo transfer.
2Results are presented as (n, %) using Fisher’s exact test.
bValues are given as mean + SD using the two-tailed t-test.
‘Results are presented as (n, %) using chi-squared test.

In Table 6, we present the data of a special group of patients who
gave birth to two singletons in earlier and later FET cycles. The
embryos thawed in these two FET cycles were generated during
the same COH and oocyte retrieval cycle. No differences were
observed in the clinical and neonatal outcomes between the two
FET cycles. These data provide further evidence supporting the
use of long-term cryopreserved embryos.

In conclusion, neither the clinical nor the neonatal outcomes of
cleavage embryos transferred after slow freezing were impaired by
cryopreservation for up to 160 months in our analysis. This result
is encouraging for people who hope to achieve a second pregnancy
after the transplantation of embryos that have been cryopreserved
for many years. However, our data only include cleavage embryos
subjected to slow freezing. Studies involving embryos cryopre-
served at different stages using different freezing methods are
needed to investigate the safety of long-term cryopreservation
and the long-term outcomes of live births are warranted.
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