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Abstract

Purpose To evaluate the clinical outcomes after fresh transfer of blastocysts cultured from vitrified—thawed cleavage embryos
(VTCE) compared with conventional frozen—thawed blastocysts transfer (FBT), or with the usual fresh blastocysts transfer
(FRBT).

Methods A total of 155 cycles undergoing fresh transfer of VTCE blastocysts, 4904 cycles undergoing FBT, and 1014
cycles undergoing FRBT were retrospectively analyzed from August 2014 to July 2017. Pregnancy, delivery, and neonatal
outcomes were compared after propensity score matching.

Results VTCE blastocysts’ transfer resulted in a lower risk of early miscarriage (8.82% versus 19.70%, P <0.05) and a
decreased fetal birth weight (2611.90 +618.65 g versus 2931.86 +546.52 g, P <0.01) compared to FBT. No significant differ-
ence was found regarding live birth rate, gestational age, and cesarean section. Correspondingly, VTCE blastocysts’ transfer
led to significantly compromised pregnancy outcomes regarding clinical pregnancy rate and implantation, and even a slightly
compromised live birth rate when compared with FRBT. Moreover, a higher occurrence of cesarean Section (88.89% versus
71.29%, P <0.05) and a shorter gestational age (262.04 +14.99 days versus 268.06 + 14.07, P <0.05) were also found. Nev-
ertheless, the risk of small for gestational age and large for gestational age, and the neonatal birth weight were comparable.
Conclusions VTCE blastocysts’ transfer results in a comprehensively moderate outcome, which is an acceptable option for
patients. Our results can provide efficient value for patients’ counseling. Furthermore, these findings indicate directions for
exploring the mechanisms of low birth weight and short gestational age.
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Introduction ovarian stimulation (COS) cycle provides more opportunities

for patients to accept repeated embryo transfers and subse-
In assisted reproductive technology (ART), cryopreservation  quently improves the cumulative pregnancy rate. Moreover,
of human embryos has become a routine procedure in clinical ~ in cases where the response to ovarian hyperstimulation syn-
practice. Freezing surplus embryos produced in one controlled ~ drome or where embryo transfer may be considered inadvis-

able for other reasons, it offers the option of freezing all the
Electronic supplementary material The online version of this available embryos for thawing and transfer later [1]. The appli-
article (https://doi.org/10.1007/s00404-019-05236-3) contains cation of the frozen—thawed embryo transfer (FET) has con-
supplementary material, which is available to authorized users. tinuously increased over the last few years worldwide, and at
present it constitutes more than 50% of all embryo transfers [2,
3]. However, embryos have been successfully cryopreserved at
all stages such as pronuclear, cleavage, morula, and blastocyst
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in both in vitro fertilization (IVF) and intracytoplasmic sperm
injection (ICSI) cycles [4].

Blastocyst culture is considered an efficient approach to
select the most viable cleavage embryo for transfer, which
may result in several theoretical advantages including a bet-
ter temporal synchronization between embryo and endo-
metrium, a higher implantation rate, a potential decrease
in the number of embryos transferred, and sequentially a
lower risk of multiple gestations [5, 6]. Although no evi-
dence of a difference was observed in cumulative pregnancy
rate between the group following cleavage-stage embryo
transfer and the one following blastocyst transfer, the latter
achieved an increased clinical pregnancy rate and live birth
rate per transfer [7]. Therefore, there are more and more
patients willing to accept extended culture in vitro to select
the viable embryo transfer at the blastocyst stage, which may
avoid invalid embryo transfer attempts and reduce the time
to remain pregnancy. However, paradoxically many patients
vitrified one carrier or more carriers of cleavage-stage
embryos derived from previous COS cycle(s) in tanks. On
the other hand, with the improvement of ART, the number
of embryos transferred was compulsorily reduced to one or
two by some governments to minimize the risk of multiple
gestations. However, there are some cases in which three
cleavage embryos of a patient were vitrified in one carrier
device in the early years. Therefore, extended culture of vit-
rified—thawed cleavage embryos (VTCE) and subsequently
transfer at the blastocyst stage seems a promising alternative
to solve the problems mentioned above. Nevertheless, the
clinical outcomes after transfer of blastocysts derived from
frozen—thawed embryos are still obscure. These particular
types of blastocysts were subjected to a vitrified—thawed pro-
cedure at the stage of cleavage but were transferred as fresh
once the blastula stage was reached, and they were called
as VTCE blastocysts in following descriptions. Therefore,
the purpose of the present study was to evaluate the clinical
outcomes after fresh transfer of the VTCE blastocysts in
comparison to conventional frozen—thawed blastocysts trans-
fer (FBT) and fresh blastocysts transfer (FRBT). Since reli-
able criteria to identify embryos destined to develop viable
blastocysts in vitro were not established [6], the evaluation
of better outcomes between the transfer of thawed cleavage
embryos after extended culture until blastocyst formation
and transfer at cleavage stage post-thawing was not investi-
gated in this study.

Methods
Patients

A total of 374 patients undergoing embryo transfer at blas-
tocyst stage after extended culture of VTCE in our fertility
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center between August 1, 2014 and July 31, 2017 were ret-
rospectively included. Only patients who harvested available
blastocysts and underwent embryos transfer as fresh were
included. The patients in whom one new formed blastocyst
was transferred with another cryopreserved blastocyst were
excluded. Finally, a total of 155 VTCE blastocysts transfer
cycles were included for analysis. Correspondingly, a total
of 5190 conventional FBT cycles and a total of 1017 FRBT
cycles at the same time interval were included as references
for propensity score matching (PSM). For convenience,
these three types of cycles aforementioned were categorized
as three groups: VTCE group, in which VTCE blastocysts
were transferred as fresh; frozen group, in which frozen blas-
tocysts were transferred about 2 h after thawing; and fresh
group, in which fresh blastocysts were transferred on day 5
after oocyte retrieval. The slow-freezing cycles, preimplan-
tation genetic testing cycles, cycles in which frozen—thawed
oocytes were used, and cycles in which two blastocysts came
from different COS cycles were excluded from the frozen
group, and cycles that were missing any data for matching
were excluded from both frozen and fresh group. A flow-
chart of the study is shown in Fig. 1. A written informed
consent to the study was obtained from each patient and the
program was approved by the Research Ethics Committee of
our Hospital (Approval Number: SZZSECHU-20180020).

PSM

Clinical outcomes after transfer of VTCE blastocysts were
evaluated through the comparison with FBT and FRBT.
A PSM method was adopted to screen the counterparts of
patients in the VTCE group from the frozen group using
the nearest neighbor matching (caliper 0.2). The matching
ratio was 1: 2 (Fig. 2). The matching factors included patient
characteristics at the time of transfer such as maternal age,
body mass index (BMI), endometrial thickness, number of
blastocysts transferred, and number of high-quality blasto-
cysts transferred. In addition, it included the patient char-
acteristics at the time of oocyte retrieval such as maternal
age, infertility years, gravidity, number of oocytes retrieved,
fertilization methods, number of high-quality embryos on
day 3, and maternal infertility diagnosis. After achieving
a balanced cohort through PSM, 134 patients in the VTCE
group matched with 237 patients in the frozen group. Among
them, 31 patients successfully matched only one counterpart
because of the strict matching conditions and 103 patients
successfully matched two counterparts. The distributions of
patient characteristics before and after PSM are shown in
Supplemental Table S1 and Table 1, respectively. Next, a
similar method was carried out to match the VTCE group
with the fresh group. The matching factors included mater-
nal age, BMI, number of blastocysts transferred, number
of high-quality blastocysts transferred, number of oocytes
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Fig. 1 Flowchart of cycles included in the study. A few of patients in
the VTCE group matched only one counterpart in reference groups
because of the strict matching conditions which resulted in the final

retrieved, fertilization methods, number of high-quality
embryos on day 3, infertility years, gravidity, and maternal
infertility reasons. After matching, a total of 101 patients
in the VTCE group matched with 179 patients in the fresh
group. Among them, 23 patients matched only one counter-
part and 78 patients matched two counterparts. The distri-
butions of patient characteristics before and after PSM are
shown in Supplemental Table S2 and Table 2, respectively.

Stimulation, embryo culture, and blastocysts
transfer in fresh cycles

In fresh cycles, common stimulation protocols were applied
by clinicians in our center based on the individual ovarian
reserve and response, including long down-regulation proto-
cols, antagonist protocols, and clomiphene-based mild stim-
ulation protocols. Human chorionic gonadotropin (HCG) or
gonadotropin-releasing hormone agonist was injected as a
trigger when there were two leading follicles larger than
18 mm. Ovum picking-up (OPU) was performed by vaginal
ultrasound-guided follicular aspiration 36 h after trigger,
and conventional IVF or ICSI was carried out 3—4 h after
OPU. Fertilization was assessed and confirmed by the pres-
ence of two pronuclei and two polar bodies at 17+ 1 h after
insemination. Quinn’s Advantage Sequential Media (SAGE

ratio was not 1:2 after propensity scores matching. VTCE group:
cycles underwent blastocysts’ transfer as fresh after extended culture
of vitrified—thawed cleavage embryos (VTCE)

BioPharma, USA) containing 10% (v/v) serum protein sub-
stitute (SAGE BioPharma, USA) was used to culture the
embryos according to the manufacturer’s specification. The
cleavage embryos were subjected to single culture in one
drop and then, subjected to group culture in Quinn’s Advan-
tage Blastocyst Medium (SAGE BioPharma, USA) on day 3.
The quality of the blastocyst was examined and evaluated as
high quality (AA, AB, BA, and BB), fair quality (AC, CA,
BC, and CB) and poor quality (CC) on day 5 and 6 based on
the Gardner system [8]. Only high-quality and fair-quality
embryos were available for transfer and cryopreservation.
FRBT was performed on day 5 after OPU under the guid-
ance of ultrasound.

Embryo vitrification, thawing, extended culture,
and transfer

With regard to vitrification, cleavage embryos or blasto-
cysts were immersed into the equilibration solution com-
posed of 7.5% ethylene glycol (EG), 7.5% dimethylsulfox-
ide (DMSO), and 5% (m/v) human serum albumin (HSA)
(SAGE BioPharma, USA) for 6 min or 10 min separately.
Next, the embryos were placed into the vitrification solu-
tion composed of 15% (v/v) EG, 15% (v/v) DMSO, 0.5 M

@ Springer



754 Archives of Gynecology and Obstetrics (2019) 300:751-761
a VTCE group Frozen group
Before matching After matching Before matching After matching
2z z z z°
G S Z g G e G s
= £ < g o
) ) O o )
Qe Qe A A e
0'0 0'2 0'4 0'5 0'5 |I0 0'0 0'2 0‘4 DIS OIB 1‘0 0'0 D’Z 0'4 0'6 0‘8 IIO 0'0 DIZ 0‘4 OIS OIB 1‘0
Propensity score Propensity score Propensity score Propensity score
VTCE group Fresh group
Before matching After matching Before matching After matching
27 z . z o z
G Z Z Z g
£ 2 £ S . g o
93 j5) j5 D
A, i 1\ a) A .
olo ofz of4 ofs ols 1‘0 org ofz 0'4 0'6 gfa 1lo o.‘o olz 0!4 o.le ola 1?0 o.‘o olz 0’4 ols ola 1'0
Propensity score Propensity score Propensity score Propensity score
VTCE group vs Frozen group VTCE group vs Fresh group
Before matching After matching Before matching After matching
©
o N o
> > = >
& £ o« R E
172] 7] o ©n ®
g e g g g
A a A 3 [a TR
g © g r T T T T T 1 © I T T T T T 1

I T T T T T 1 I T T T T T 1

15 -10 -05 00 05 10 15

Std. diffenence

-15 1.0 -05 00 05 10 15

Std. diffenence

Fig.2 Propensity score matching for VTCE group versus frozen
group and VTCE group versus fresh group. The distributions of the
propensity scores (a) and standardized differences (b) before and
after matching indicated balance between the compared cohorts.
VTCE group: cycles undergoing blastocysts’ transfer as fresh after

sucrose, and 5% (m/v) HSA, and subsequently placed on
an opened cryotop carrier device (Kitazato, Japan) within
1 min. With regard to thawing, the cleavage embryos or
blastocysts were immersed into 1 M, 0.5 M, and 0 M
sucrose containing 5% (m/v) HSA sequentially for 1 min,
3 min, and 6 min, respectively. The whole freezing and
warming steps were carried out at room temperature
except for the first one of thawing, which was performed
at 37 °C. The cleavage embryos after thawing were con-
tinually cultured in Quinn’s Advantage Blastocyst Medium
(SAGE BioPharma, USA) for 72 h. Blastocysts’ transfer
was performed once available stage 3—6 blastocysts were
observed. Correspondingly, regarding conventional FBT,
the blastocysts underwent laser-assisted hatching imme-
diately after thawing (ZILOS-tk laser, Hamilton Thorne,
US) [9] and were transferred after 2—3 h under ultrasound
guidance.
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extended culture of vitrified—thawed cleavage embryos (VTCE); fro-
zen group: cycles undergoing vitrified—thawed blastocysts transfer;
fresh group: cycles undergoing fresh blastocysts transfer on day 5
after fertilization

Endometrial preparation

In conventional FBT cycles and VTCE blastocysts trans-
fer cycles, endometrium was prepared by either natural
protocols for women with spontaneous ovulation or arti-
ficial protocols for women with ovulation disorders. Fol-
licle monitoring was carried out in natural protocol and
embryo transfer was performed on day 5 after ovulation if
the endometrial thickness exceeded 7 mm. Comparatively,
estradiol at consecutive oral doses of 4, 6, and 8 mg was
prescribed for patients in artificial protocol and progester-
one was injected when the endometrial thickness reached
7-8 mm. Embryo transfer was performed 6 days later.
Comparatively, the blastocysts derived from the extended
culture of VTCE were transferred on the day of blastu-
lation, which was generally 6-7 days after progesterone
injection.



Archives of Gynecology and Obstetrics (2019) 300:751-761 755
Table.1 Ba.seline characteristics Characters VTCE group Frozen group P value®
of patients in VTCE group and
frozen group after propensity- Patients 134 237
score matching Maternal age at transfer (years) 34.15+3.95 34.07+4.14 0.853
BMI (kg/m?) 21.11+2.81 21.12+2.63 0.969
Endometrial thickness (mm) 9.75+1.49 9.72+1.59 0.828
No. of blastocysts transferred, n (%) 0.817
1 69 (51.49) 125 (52.74)
2 65 (48.51) 112 (47.26)
No. of high-quality blastocysts transferred, n (%) 0.568
0 41 (30.60) 74 (31.22)
1 67 (50.00) 107 (45.15)
2 26 (19.40) 56 (23.63)
Maternal infertility diagnosis, n (%) 0.971
Tubal factor 61 (45.52) 106 (44.73)
Ovulation dysfunction 24 (17.91) 39 (16.46)
Endometriosis 12 (9.96) 22 (9.28)
Unexplained infertility 37 (27.61) 70 (29.54)
Maternal age at OPU (years) 30.71+4.52 30.81+4.19 0.828
Infertility duration (years) 3.72+2.34 3.64+2.61 0.789
Gravidity, n (%) 0.189
0 68 (50.75) 137 (57.81)
>1 66 (49.25) 100 (42.19)
No. of oocyte retrieved 17.69 +8.43 17.44+7.46 0.767
Fertilization method, n (%) 0.267
IVF 99 (73.88) 157 (66.24)
ICSI 30 (22.39) 65 (27.43)
Mix 5(3.73) 15 (6.33)
No. of high-quality embryos 8.76+4.99 8.15+5.54 0.646

BMI body mass index, OPU ovum pick-up, IVF in vitro fertilization, /CSI intracytoplasmic sperm injec-
tion, VICE group cycles undergoing blastocysts transfer as fresh after extended culture of vitrified—thawed
cleavage embryos (VTCE), Frozengroup cycles undergoing vitrified—thawed blastocysts transfer

4P <0.05 indicated a significant difference

Outcomes’ evaluation

Maternal serum was collected to measure HCG on day 11
after blastocysts’ transfer, and the level higher than 5 TU/L
indicated positive. The patient with a positive HCG level was
confirmed as clinical pregnancy by the presence of intrau-
terine gestational sac on transvaginal ultrasound 30 days
after transfer. The number of gestational sacs represents the
implantation potential of embryos. Ongoing pregnancy was
defined when the pregnancy completed > 3 months of gesta-
tion, whereas spontaneous loss of an intrauterine pregnancy
before 3 months of gestational age was regarded as an early
miscarriage. Live birth rate was calculated as the number
of deliveries with at least one live baby among 100 embryo
transfer cycles. Low birth weight was defined as birth
weight <2500 g. Preterm birth and very preterm birth were
defined as delivery prior to 37 weeks and 34 weeks, respec-
tively [10]. Small for gestational age (SGA) was defined as

a birth weight below the 10th percentile for the gestational
age and large for gestational age (LGA) was defined as a
birth weight larger than the 90th percentile for gestational
age [11].

Statistical analysis

Statistical analysis was performed using SPSS version 24
(IBM company, USA). PSM was implemented on SPSS with
the cooperation of the PS Matching plug-in [12, 13]. After
PSM, the baseline characteristics and clinical outcomes of
the matched data were compared using the unpaired two-
tailed Student’s ¢ test for continuous variables and Chi-
squared test for categorical variables. All categorical vari-
ables were expressed as number and frequency, and all
quantitative data were expressed as mean + standard devia-
tion (SD). Binary logistic regression was adopted to evaluate
the effect of blastocysts from different sources on pregnancy
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Table 2 Baseline characteristics of patients in VTCE group and fresh
group after propensity score matching

Characters VTCE group Fresh group P value®

Patients 101 179

Maternal age at transfer 33.70+3.88 33.39+3.75 0.502
(years)

BMI (kg/m?) 21.09+2.91 21.02+2.52 0.824

No. of blastocysts transferred, n (%) 0.566
1 51 (50.50) 84 (46.93)

2 50 (49.50) 95 (53.07)

No. of high-quality blastocysts transferred, n (%) 0.382
0 15 (14.85)  22(12.29)

1 59 (58.42) 95 (53.07)

2 27 (26.73) 62 (34.64)
Infertility duration (years) 3.53+2.40 3.62+2.86 0.801
Gravidity, n (%) 0.808

0 47 (46.53) 86 (48.04)

>1 54 (53.47) 93 (51.96)

No. of oocyte retrieved 15.56+7.15 14.84+3.42 0.338

No. of high-quality embryos ~ 8.30+5.03 8.17+2.96 0.814

Fertilization method, n (%) 0.829
IVF 79 (78.22) 136 (75.98)

ICSI 18 (17.82) 37 (20.67)

Mix 4 (3.96) 6 (3.35)

Maternal infertility diagnosis, n (%) 0.847
Tubal factor 53(52.48) 91 (50.84)
Ovulation dysfunction 10 (9.90) 14 (7.82)
Endometriosis 7(6.93) 11 (6.15)
Unexplained infertility 31 (30.69) 63 (35.20)

BMI body mass index, IVF in vitro fertilization, /CSI intracytoplas-
mic sperm injection, VICE group cycles undergoing blastocysts
transfer as fresh after extended culture of vitrified—thawed cleavage
embryos (VTCE), Fresh group cycles undergoing fresh blastocysts
transfer on day 5 after fertilization

4P <0.05 indicated a significant difference

and delivery outcomes by adjusting the factors used in PSM.
The results were presented as odds ratio (OR) with 95%
confidence interval (CI). A P value <0.05 was considered
statistically significant.

Results
Patients’ characteristics

A total of 1680 vitrified cleavage embryos from 374 patients
were thawed for extended culture in vitro. The survival rate
post-thawing was 97.38% since 1636 embryos had half or
more of their blastomeres intact. After the extended culture,
766 blastocysts were finally formed in 246 patients and the
blastulation rate was 46.82%. Among them, 155 patients
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accepted the transfer of blastocysts entirely derived from
extended culture of VTCE and were included in the VTCE
group. After achieving a balanced cohort through PSM, 134
patients in the VTCE group matched with 237 patients in
the frozen group. The baseline characteristics between the
two groups were comparable, which included maternal age,
BMI, endometrial thickness, number of blastocysts trans-
ferred, and number of high-quality blastocysts transferred
at the time of transfer, then, maternal age, infertility years,
gravidity, number of oocytes retrieved, fertilization meth-
ods, number of high-quality embryos on day 3, and finally,
maternal infertility diagnosis at the time of OPU (Table 1).
Correspondingly, 101 patients in the VTCE group matched
well with 179 patients in the fresh group, both with simi-
lar baseline characteristics in terms of maternal age, BMI,
number of blastocysts transferred, number of high-quality
blastocysts transferred, infertility years, gravidity, number
of oocytes retrieved, fertilization methods, number of high-
quality embryos on day 3, and maternal infertility diagnosis
(Table 2).

VTCE group versus frozen group

The clinical outcomes after transfer of blastocysts in the
VTCE group were assessed in comparison with those after
transfer of frozen—thawed blastocysts in the frozen group.
The outcomes corresponding to pregnancy, delivery, and
neonatal outcomes are shown in Tables 3 and 4. The clini-
cal pregnancy rate and implantation potential were found
slightly lower in the VTCE group compared with the frozen
group, although not significant. However, the occurrence
of early miscarriage was also lower, and consequently the
ongoing pregnancy rate and live birth rate of both groups
were similar. The delivery outcomes such as gestational
days, occurrence of preterm birth and very preterm birth,
cesarean section, and pregnancy complications were com-
parable. The neonatal outcomes including gender ratio,
admission to neonatal intensive care unit (NICU), and birth
defects were also equivalent. Nevertheless, the birth weight
of neonates was significantly lower in the VTCE group in
which blastocysts derived from thawed cleavage embryos
were transferred (P <0.01).

VTCE group versus fresh group

The clinical outcomes after transfer of blastocysts in the
VTCE group were also evaluated in comparison to the fresh
group, because the transferred blastocysts in both groups
were newly formed after extended culture in vitro. The out-
comes corresponding to pregnancy, delivery, and neonatal
outcomes are shown in Tables 3 and 4. VTCE blastocysts
transfer resulted in a significantly lower implantation poten-
tial and also in a lower clinical pregnancy rate (P <0.05).
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Table 3 Pregnancy and delivery outcomes of the propensity-matched VTCE and frozen group, VTCE and fresh group
VTCE group Frozen group P value VTCE group Fresh group P value
N=134 n=237 n=101 n=179
Pregnancy outcomes
Positive HCG, n (%) 84 (62.69) 152 (64.14) 0.781 65 (64.36) 133 (74.30) 0.079
OR (95% CI) 0.87 (0.55-1.39) Reference 0.570 0.64 (0.36-1.12) Reference 0.114
Clinical pregnancy, n (%) 68 (50.75) 132 (55.70) 0.358 54 (53.47) 120 (67.04) 0.025
OR (95% CI) 0.79 (0.50-1.24) Reference 0.303 0.58 (0.34-0.99) Reference 0.048
Implantation, n (%) 87/199 (43.72) 170/349 (48.71) 0.260 72/151 (47.68) 165/274 (60.22) 0.013
OR (95% CI) 0.72 (0.43-1.18) Reference 0.193 0.56 (0.32-1.00) Reference 0.046
Ongoing pregnancy, n (%) 61 (45.52) 105 (44.30) 0.821 50 (49.50) 109 (60.89) 0.065
OR (95% CI) 1.05 (0.67-1.65) Reference 0.830 0.63 (0.37-1.09) Reference 0.099
Multiple pregnancy, n (%) 23 (17.16) 39 (16.46) 0.861 20 (19.80) 44 (24.58) 0.360
OR (95% CI) 1.22 (0.62-2.43) Reference 0.564 0.92 (0.44-1.94) Reference 0.826
Early miscarriage, n (%) 6 (8.82) 26 (19.70) 0.047 4(7.41) 11 (9.17) 0.702
OR (95% CI) 0.36 (0.13-1.00) Reference 0.049 1.03 (0.26—4.08) Reference 0.968
Live birth, n (%) 56 (42.75) 97 (41.28) 0.784 45 (45.92) 101 (57.06) 0.076
OR (95% CI) 1.04 (0.67-1.63) Reference 0.855 0.64 (0.37-1.10) Reference 0.107
Missing, n (%) 3(2.24) 2 (0.84) 0.263 3297 2(1.12) 0.261
Delivery outcomes n=>56 n=97 n=45 n=101
Gestational days 264.71+14.84 266.06+13.26 0.562 262.04+14.99 268.06 +14.07 0.021
SGA, n (%) 5(8.93) 10 (10.31) 0.782 5(11.11) 10 (9.90) 0.824
OR (95% CI) 0.80 (0.21-3.01) Reference 0.794 1.20 (0.30-4.84) Reference 0.796
LGA, n (%) 5(8.93) 8 (8.25) 0.884 5(11.11) 8(7.92) 0.532
OR (95% CI) 2.02 (0.49-8.39) Reference 0.331 1.28 (0.33-4.96) Reference 0.721
Preterm births, n (%) 13 (23.21) 21 (21.65) 0.823 12 (26.67) 23 (22.77) 0.611
OR (95% CI) 1.25 (0.53-2.96) Reference 0.607 1.64 (0.64—4.16) Reference 0.300
Very preterm births, n (%) 3(5.36) 3 (3.09) 0.487 3 (6.67) 4 (3.96) 0.480
OR (95% CI) 2.72 (0.34-21.93) Reference 0.348 2.39 (0.36-15.88) Reference 0.367
Cesarean section, n (%) 50 (89.29) 76 (78.35) 0.087 40 (88.89) 72 (71.29) 0.020
OR (95% CI) 2.53 (0.89-7.21) Reference 0.083 4.98 (1.47-16.91) Reference 0.010
Pregnancy complications, n (%) 8 (14.29) 18 (18.56) 0.498 6 (13.33) 23 (22.77) 0.187
OR (95% CI) 0.82 (0.28-2.34) Reference 0.705 0.34 (0.09-1.21) Reference 0.095

HCG human chorionic gonadotropin, SGA small for gestational age, LGA large for gestational age, OR odds ratio, CI confidence interval, VICE
group cycles undergoing blastocysts transfer as fresh after extended culture of vitrified—thawed cleavage embryos (VTCE), Frozen group cycles

undergoing vitrified—thawed blastocysts transfer, Fresh group cycles undergoing fresh blastocysts transfer on day 5 after fertilization

P < 0.05 indicated a significant difference

Table 4 Neonatal outcomes of the propensity-matched VTCE and frozen group, VTCE and fresh group

VTCE group n=68 Frozen groupn=115 P value VTCE groupn=58 Fresh groupn=129 P value
Neonatal outcomes
Male neonates, % (1) 39 (57.35) 70 (60.87) 0.640 35(60.34) 81 (62.79) 0.750
Female neonates, % (n) 29 (42.65) 45 (39.13) 0.640 23 (39.66) 48 (37.21) 0.750
Birth weight (g) 2611.90+618.65 2931.86+546.52 0.000 2864.66 +635.43 2790.12+584.93 0.434
Low birth weight, % (n) 15 (22.06) 15 (13.04) 0.111 15 (25.86) 35(27.13) 0.856
Admission to NICU, % (n) 15 (22.06) 17 (14.78) 0.211 16 (27.59) 22 (17.05) 0.098
Birth defects, % (n) 1(1.47) 0 (0.00) 0.192 0 (0.00) 1(0.78) 0.501

NICU neonatal intensive care unit, VTCE group cycles undergoing blastocysts transfer as fresh after extended culture of vitrified—thawed cleav-
age embryos (VTCE), Frozen group cycles undergoing vitrified—thawed blastocysts transfer, Fresh group cycles undergoing fresh blastocysts’
transfer on day 5 after fertilization

P <0.05 indicated a significant difference
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Additionally, the ongoing pregnancy rate and the live birth
rate were compromised, although no significant difference
was found. The delivery outcomes including gestational
days, preterm birth and pregnancy complications, and the
neonatal outcomes including gender ratio, birth weight,
admission to NICU, and birth defects, were similar. Nev-
ertheless, the occurrence of cesarean section was higher,
and the gestational age was shorter in the VTCE group
after transfer of blastocysts derived from thawed cleavage
embryos (P <0.05).

Discussion

In this work, a retrospective propensity-matched cohort
study was conducted to evaluate the pregnancy, obstetric,
and neonatal outcomes after fresh transfer of blastocysts
derived from VTCE compared to conventional FBT and
FRBT. To our knowledge, this is the first analysis on this
issue. The findings indicated that extended culture of thawed
cleavage embryos to reach the blastocyst stage for transfer
resulted in a comprehensively moderate outcome, which was
acceptable for patients. Specifically, transfer of these specific
blastocysts from thawed cleavage embryos achieved compa-
rable live birth rate when compared with conventional FBT,
since a slightly lower clinical pregnancy rate was found in
the VTCE group and a lower occurrence of early miscar-
riage was also found along (Table 3). However, the birth
weight of newborns was significantly lower when compared
to conventional FBT cycles (Table 4). On the other hand,
the pregnancy outcomes after VTCE blastocysts’ transfer
were significantly compromised regarding the clinical preg-
nancy rate and implantation rate, and slightly compromised
regarding live birth rate with no significance, compared with
the outcomes after transfer of fresh blastocysts on day 5
after fertilization. Furthermore, short gestational age and
high risk of cesarean section were also found after delivery
(Table 3). The neonatal outcomes including gender ratio,
birth weight, admission to NICU, and birth defects were
similar in the two groups (Table 4).

Vitrification is an increasingly popular approach for
embryo cryopreservation since the 1990s [14, 15], show-
ing better embryo survival rate after warming compared
with slow freezing method [16], and results in compara-
ble or even better clinical outcomes after embryo transfer
compared to fresh embryo transfer [17-19]. Vitrification
is proved to be a safety technology in embryo cryopreser-
vation, and vitrified—warmed embryo transfer has recently
become an indispensable strategy to maximize the success
of ART outcomes [20-22]. However, a very limited num-
ber of studies investigated the clinical outcomes after trans-
fer of blastocysts derived from extended culture of VTCE.
A small retrospective clinical study in 2001 evaluated
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the development and implantation potential of slow-fro-
zen—thawed cleavage embryos after subsequent culture to
the blastocyst stage in comparison to slow-frozen—thawed
blastocysts transfer [23]. The results showed that the devel-
opmental ability of frozen—thawed cleavage embryos to the
blastocyst stage and their implantation potential seemed not
to be severely affected by the cryopreservation procedure,
which was as same as in our comparison between transfer
of blastocysts from VTCE and conventional FBT, even if
vitrification method was used for embryo cryopreservation.
VTCE blastocysts’ transfer may lead to comparable live
birth rate compared with conventional FBT. Specifically, a
compromised clinical pregnancy was found in patients after
transfer of VTCE blastocysts, while a higher occurrence of
early miscarriage was found in women following FBT. The
slight differences in clinical pregnancy and implantation
were probably related to the time for blastocysts transfer in
the VTCE group because it depends on the day of blastula-
tion, which was generally carried out on day 6 or 7 after pro-
gesterone injection, while, conventional FBTs were orches-
trated on day 6 after progesterone injection. The discrepancy
of time regarding the blastocyst transfer may affect the endo-
metrium—embryo synchronization in the VTCE group. In
addition, the difference in early miscarriage was probably
related to the better selection after the extended culture of
cleavage embryos in sequential media, while frozen blasto-
cysts were transferred just 2-3 h after thawing. Prolonged
culture of cleavage embryos to blastocyst stage has been
proposed as an effective strategy to evaluate the resumption
of mitosis of blastomeres [24] and to further selection of
chromosomally competent embryos [25]. A similar trend of
miscarriage was also previously revealed between the trans-
fer of thawed blastocysts and the transfer of blastocysts from
thawed cleavage embryos [26].

We also evaluated the clinical outcomes after transfer
of blastocysts derived from VTCE compared with FRBT,
because both types of blastocysts were transferred as
fresh when the embryos reached the blastocyst stage. The
results showed that the pregnancy outcomes after VTCE
blastocysts’ transfer were compromised in the rate of clini-
cal pregnancy, implantation, ongoing pregnancy, and live
birth. However, the significance was only found in clini-
cal pregnancy and implantation. This compromised trend
was probably related to the supraphysiological condition
that occurs during or after cryopreservation procedure,
which was also indicated by the ability of vitrified cleav-
age embryo developing to blastocyst stage that was slightly
affected in comparison with fresh cleavage embryos (data
not shown). In addition, blastocysts transferred in fresh
cycles were day 5 blastocysts, which might also contribute
to superior pregnancy and implantation outcomes [27, 28],
since some studies reported that day 5 expanded blastocysts
have a lower aneuploidy rate [29] and higher mitochondrial
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DNA content [30]. Notably, patients in the VTCE group
generally underwent previous transfer cycles, factor that was
neglected in this study because it was arduous to balance.
High risk of cesarean section and short gestational age were
also found in VTCE blastocysts’ transfer cycles when com-
pared with fresh cycles. They were also previously reported
in the comparison between FET and fresh embryos’ transfer
cycles [31-33]. The potential reason for the high risk of the
cesarean section could be due to previous cesarean sections
in women who accepted blastocysts’ transfer after extended
culture [32]. Furthermore, cesarean section operation with-
out medical needs might induce potential bias, because we
could not verify if the cesarean sections had medical indica-
tions. With regard to the gestational age, although shorter
after transfer of VTCE blastocysts, the risk of SGA and LGA
remained comparable to the risks obtained with FRBT. The
reason for this result was probably related to the cryopreser-
vation procedure because no difference in gestational age
was found in the comparison between VTCE blastocysts’
transfer and conventional FBT.

One interesting finding in this study was the live birth
weight of newborns delivered after fresh transfer of blasto-
cysts from VTCE, which was nearly equivalent to the fresh
cycles, but significantly lower than the conventional FBT
cycles. Several previous studies reported newborns from
ART pregnancies following FET with higher live birth
weight compared to fresh embryo transfer [31, 34, 35]. There
is still no consensus on the reasons for this discrepancy. The
potential hypothesized mechanisms involve some aspects
related to specific treatments of fresh embryos transfer or
FET. The primary reason was associated with the operation
on women including COS, anesthesia, and needle aspiration
of the ovarian follicles [36] because these approaches were
performed only in fresh cycles but not in FET. Moreover, the
fetal birth weights between cycles after fresh transfer and
frozen transfer of embryos generated from donor oocytes
indicate no difference [37]. Since the embryos developed
from donor oocytes were exposed to a similar intrauterine
milieu at the time of fresh or frozen embryo transfer, the
ovarian stimulation-induced maternal uterine environment
was hypothesized as the potential mechanism contributing
to the risk of low birth weight [38]. However, no more direct
evidence was provided. Our study compared the live birth
weight between the newborns from blastocysts’ transfer after
extended culture of vitrified cleavage embryos and those
from FRBT. The results showed that the live birth weight
was equivalent, even if only women in fresh cycles were
subjected to COS. On the contrary, a significantly lower
trend of fetal birth weight was found in the delivery after
VTCE blastocysts’ transfer as compared to conventional
FBT, although both transfers were performed after a similar
process of endometrial preparation. These findings chal-
lenged the contribution of the intrauterine environment to

fetal birth weight. The response of the endometrium to COS
was unlikely the reason for the difference in birth weight.
Another possible reason originated from the physical effect
of the vitrification and thawing process on frozen—thawed
embryos, which was different from fresh embryos [36, 39].
However, the VTCE blastocysts also suffered from steps of
cryopreservation similar to the frozen—thawed blastocysts.
The unique difference was the practice of extended cul-
ture in vitro for further selection before transfer, and this
is identically performed in fresh blastocyst transfer cycles.
Whether this practice could affect birth weight is uncertain,
and the reason is also difficult to explain. Our hypothesis is
that extended culture in vitro might result in some physical
effects induced by vitrification that consequently affect birth
weight, such as DNA methylation and imprinting protection
caused by cryoprotectants [39].

In this study, a PSM method was adopted to evaluate
the efficacy of blastocysts transfer after extended culture of
VTCE compared with conventional FBT and FRBT. The
results found in our study showed the feasibility of trans-
fer after extended culture of vitrified cleavage embryos.
Although the clinical pregnancy rate and live birth were
poorer than FRBT, they were equivalent to conventional
FBT cycles. In the process of prolonged culture in vitro,
competent embryos were selected for transfer, which might
minimize the time for achieving a live birth. Eftekhar et al.
also reported that transfer of blastocysts from VTCE can
improve ongoing pregnancy rate compared with trans-
fer directly after thawing [40]. The reason for this finding
was owing to the discrepancy between the blastocysts and
cleavage embryos, which was reported in numerous studies
[41-43]. However, there was still no consensus on patient
selection criteria for blastocyst culture in ART. An unse-
lected blastocysts’ transfer has not been shown to increase
the live birth rate compared with the cleavage-stage embryo
transfer, which may conversely result in fewer or no embryos
available for transfer [6]. Moreover, there is still an ongoing
global discussion regarding the optimal timing of embryo
transfer, and especially the cumulated pregnancy was taken
into consideration [44, 45]. Therefore, the evaluation of
better outcomes between transfer of thawed embryos after
extended culture until blastocyst formation and transfer at
cleavage stage post-thawing was not demonstrated in this
study. The focus of this study was to provide data for those
couples who are willing to choose blastocysts’ transfer after
extended culture.

Our results showed similar clinical outcomes compared
to conventional FBT and slightly poorer outcomes than
FRBT, under the premise that available blastocysts were
harvested. Even if the fetal birth weight in VTCE blasto-
cysts transfer cycles resulted lower when compared with
conventional FBT, it was similar to fresh cycles. Further-
more, the gestational age was shorter when compared to
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FRBT, but it was comparable to conventional FBT. These
results suggested that the two parameters were not severely
resulting in adverse outcomes for patients undergoing VITCE
blastocysts’ transfer. Moreover, our findings also suggested
an underlying reason for the discrepancy in birth weight
between fresh and frozen embryo transfer, which was prob-
ably not associated with COS, and also indicated the cause
of short gestational age, which might result from the cryo-
preservation procedures.
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