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Objective: To investigate whether the degree of post-warming embryo or blastocyst development is associated with clinical pregnancy in vit-
rified embryo or blastocyst transfer cycles.

Methods: Ninety-six vitrified cleavage-stage embryos and 58 vitrified blastocyst transfer cycles were selected. All transfer cycles were per-
formed from February 2011 to March 2019, and all vitrified embryos or blastocysts were warmed from 4 PM to 6 PM and then transferred the
next morning from 9 AM to 10 AM. The scores of the cleavage-stage embryos and blastocysts were assessed at warming and at transfer using
the modified Steer method and the Gardner method, respectively. The mean embryo or blastocyst score, score of the single top-quality embryo
or blastocyst, and the difference in the score between warming and transfer were compared between nonpregnant and pregnant women.
Results: In the cleavage-stage embryo transfer cycles, both the top-quality embryo score at transfer and the difference in the score between
warming and transfer were significantly associated with clinical pregnancy. A top-quality embryo score at transfer of >60.0 (area under the
curve [AUC], 0.673; 95% confidence interval [Cl], 0.531-0.815) and a difference in the score between warming and transfer of >23.0 (AUC,
0.675; 95% Cl, 0.514-0.835) were significant predictors of clinical pregnancy. In blastocyst transfer cycles, the top-quality blastocyst score at
transfer was the only significant factor associated with clinical pregnancy. A top-quality blastocyst score at transfer of >38.3 was a significant
predictor of clinical pregnancy (AUC, 0.666; 95% Cl, 0.525-0.807).

Conclusion: The top-quality embryo score at transfer and the degree of post-warming embryo development were associated with clinical
pregnancy in vitrified cleavage-stage embryo transfer cycles. In vitrified blastocyst transfer cycles, the top-quality blastocyst score at transfer
was the only significant factor affecting clinical pregnancy.
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Introduction

Embryo cryopreservation is usually performed when surplus em-
bryos are obtained or ovarian hyperstimulation syndrome is strongly
suspected during in vitro fertilization (IVF) cycles [1-3]. The later use
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of cryopreserved embryos would enhance the cumulative pregnan-
cy rate per patient [4]. In cryopreserved embryo transfer cycles, a
higher implantation rate has been observed in women with a suc-
cessful previous fresh embryo transfer cycle, age <40 years, and
non-tubal factor infertility [5]. The delivery rate after frozen cleavage-
stage embryo transfer cycles was found to be dependent on both
the woman'’s age and the quality of embryos transferred [6].

In cryopreserved blastocyst transfer cycles, significant correlations
were observed between blastocyst quality or women’s age and the
clinical pregnancy or delivery rate [7]. Honnma et al. [8] found that
pre-freezing trophectoderm morphology significantly affected the
ongoing pregnancy and miscarriage rates in frozen single blastocyst
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transfer cycles; in contrast, Zhang et al. [9] observed that the clinical
pregnancy rate was affected by pre-freezing inner cell mass morphol-
ogy. In transfer cycles involving euploid blastocysts, pre-freezing in-
ner cell mass morphology affected implantation and ongoing preg-
nancy rates [10]. In a study of single frozen blastocyst transfer cycles,
Hur et al. [11] found that the clinical pregnancy/implantation rate de-
pended on whether the transferred blastocyst was hatched, but was
not associated with the blastocyst grade. In cryopreserved embryo or
blastocyst transfer cycles, embryos or blastocysts are usually thawed
or warmed in the evening of the day before transfer; thus, embryos or
blastocysts usually develop spontaneously until transfer.

In an earlier report, transfers of frozen cleavage-stage embryos that
continue to cleave in vitro after thawing were found to result in a
higher delivery rate than mixed transfers of embryos with and with-
out further cleavage [12]. In that report, transfers of only embryos
without further cleavage did not lead to any deliveries. Similarly,
transferring at least one embryo with further cleavage during 24
hours post-thawing showed a significantly higher implantation/clini-
cal pregnancy rate than transfers of embryos that did not undergo
further cleavage [13].

Van Landuyt et al. [14] reported that vitrified day-3 embryos devel-
oped better overnight than slowly frozen embryos. Moreover, they
found that there was no effect of the number of cells lost or the cryo-
preservation method on the implantation potential of the embryo if
it continued to cleave after thawing or warming. Fernandez Gallardo
et al. [15] reported that the implantation rate of post-warming em-
bryos was determined by the occurrence of mitosis resumption, the
number of cells lost, and the specific number of blastomeres, but not
by fragmentation, blastomere symmetry, or volume change. Ahl-
strom et al. [16] found that post-thawing degree of blastocoele re-
expansion was the most significant predictor of live birth in frozen
blastocyst transfer cycles.

The majority of the studies indicated that further cleavage (i.e., mi-
tosis resumption) post-thawing or post-warming was an important
factor for predicting cycle outcomes. To date, no study has investigat-
ed the clinical pregnancy rate based on the degree of post-warming
embryo or blastocyst development. In the present study, we evaluat-
ed whether the degree of embryo or blastocyst development during
overnight culture influenced the clinical pregnancy rate in vitrified
embryo or blastocyst transfer cycles.

Methods

1. Patients, vitrification/warming, and endometrial
preparation

This retrospective study included 96 vitrified cleavage-stage em-
bryo transfer cycles and 58 vitrified blastocyst transfer cycles. We in-
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cluded nonselected frozen embryo transfer cycles performed at Seoul
National University Bundang Hospital from February 2011 to March
2019, if at least one embryo survived after warming and was then
transferred into the uterus. We excluded cases where no embryos or
blastocysts survived after warming or if transferrable embryos were
not obtained after overnight culture. We obtained Institutional Re-
view Board approval of Seoul National University Bundang Hospital
for the use of patients’medical records (IRB No. B-1901/516-107).

All embryos or blastocysts from previous fresh cycles of each pa-
tient were vitrified with equilibrium solution (ES) and vitrification so-
lution (VS) using a CryoTop device (Kitazato, Tokyo, Japan). For the
vitrification process, embryos were suspended in ES containing 7.5%
ethylene glycol (EG; Sigma-Aldrich, St. Louis, MO, USA) and 7.5% di-
methyl sulfoxide (DMSO; Sigma-Aldrich) in basic medium (Global for
Fertilization, LifeGlobal, Guilford, CT, USA) for 5 minutes at room tem-
perature (RT), and transferred to VS containing 15% EG, 15% DMSO,
and 0.5 mol/L sucrose (Sigma-Aldrich) in basic medium for 45-60
seconds at RT. The embryos or blastocysts were loaded into a Cryo-
Top and then immediately plunged into liquid nitrogen for storage.

In the vitrified cleavage-stage embryo transfer cycles, the mean
age of the women and their husbands was 36.4+4.5 and 39.5+5.0
years, respectively. The indications for IVF were female factor infertili-
ty (57 cycles), male (21 cycles), unexplained infertility (15 cycles), and
combined factor infertility (3 cycles). In the vitrified blastocyst trans-
fer cycles, the mean age of the women and their husbands was
33.8+3.5 and 37.1£4.5 years, respectively. The indications for IVF
were female factor infertility (36 cycles), male factor infertility (7 cy-
cles), and unexplained infertility (15 cycles). In five of the 58 blasto-
cyst transfer cycles, the blastocysts were obtained on day 6.

Endometrial preparation was performed following a similar meth-
od to that described in our previous report [17]. In natural cycles, no
additional medication was used for endometrial preparation, and
only recombinant human chorionic gonadotropin (Ovidrel; Merck-
Serono, Darmstadt, Germany) was used for ovulation triggering. In
the hormone replacement cycle, estradiol valerate (Progynova; Bayer,
Leverkusen, Germany) was initiated on the 3rd or 4th day of the
menstrual cycle. When the endometrial thickness was >7 mm, an
intramuscular injection of 50 mg of progesterone (Genefer; Watson
Laboratories Inc., Salt Lake City, UT, USA or Taiyu progesterone; Taiyu
Chemical & Pharmaceutical, Taiwan), micronized vaginal progester-
one (Lutinus; Ferring, Kiel, Germany), or a vaginal progesterone gel
(Crinone; Merck-Serono) was initiated.

When the vitrified embryos or blastocysts were warmed, the Cryo-
Top was immersed directly in 37°C warming solution (containing 1.0
mol/L sucrose in basic medium) for T minute. The embryos were
then immediately transferred to dilution solutions (0.5 mol/L and
0.25 mol/L sucrose in basic medium) serially and incubated at RT for
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3 minutes, respectively, and then washed twice with basic medium.
The warmed embryos were transferred to the culture medium (Syd-
ney IVF Medium; Cook Medical, Eight Mile Plains, Australia) and cul-
tured overnight until transfer at 37°C and maintained with 5% CO; in
humidified air. In all cycles, embryos or blastocysts were warmed
from 4 PM to 6 PM, and then transferred the next morning from 9
AM to 10 AM. Clinical pregnancy was defined as the identification of
at least one gestational sac in the uterine cavity.

2. Morphological scoring of cleavage-stage embryos or
blastocysts

The score for cleavage-stage embryos was assessed by the Steer
method [18]. After multiplying the cell number by each grading score
(A=4,B=3,C=2,D=1), the scores were summed. The mean embryo
score was obtained as the summed embryo score divided by the num-
ber of embryos transferred. Compactions were considered to be a su-
per-staged (5 points) 8-cell embryos, so a score of 40 (8 X 5) was as-
signed. A morula was considered to be an advanced-stage (6 points)
12-cell embryo, so a score of 72 (12 x 6) was assigned. If an embryo de-
veloped to the blastocyst stage during overnight culture, it was scored
as 160. The single embryo showing the best score was regarded as the
top-quality embryo. The mean embryo score and the score of the top-
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quality embryo were assessed both at warming and transfer.

The score for blastocysts was assessed as the (development
score) X (inner cell mass score) X (trophectoderm score) [19]. The de-
velopment score was assigned as follows: early blastocyst= 1, middle
expanding blastocyst=2, expanded or fully expanded blasto-
cyst=3.5, expanded blastocyst with partial hatching=5, fully
hatched =6. The scores for the inner cell mass and trophectoderm
were assigned separately based on their grade, as follows: A=3,B=2,
C=1.For example, an expanded blastocyst with partial hatching and
grade BB was assigned a score of 20 (5x 2 x 2). If two or more blasto-
cysts were present, the mean blastocyst score was obtained as the
summed score divided by the number of blastocysts transferred. The
single blastocyst showing the best score was regarded as the top-
quality blastocyst. The mean blastocyst score and the score of the
top-quality blastocyst were assessed both at warming and transfer.

3. Statistical analysis

Parameters were compared between the nonpregnant and preg-
nant groups using the Mann-Whitney U-test or the chi-square test, as
appropriate. The data are shown as median and 95% confidence in-
terval (Cl). A p-value <0.05 was considered to indicate statistical sig-
nificance. If a parameter was found to be statistically significant, a re-

Table 1. Basal characteristics and cycle outcomes in vitrified cleavage-stage embryo transfer cycles

Variable Nonpregnant group (80 cycles) Pregnant group (16 cycles) p-value
Age of women (yr) 37.0(35.7-37.7) 36.0(32.7-36.7) 0.104
Age of women's husbands (yr) 40.0 (38.6-40.9) 38.0 (36.2-40.6) 0.329
Body mass index (kg/m?) 22.2(21.7-22.9) 23.5(21.0-24.6) 0.251
Indication for IVF 0.370

Female factor infertility 46 (57.5) 11(68.8)

Male factor infertility 20(25.0) 1(6.3)

Unexplained infertility 12(15.0) 3(18.8)

Combined infertility 2(2.5) 1(6.3)
No. of previous transfer cycles 1.0(1.3-1.6) 1.0(1.1-1.9) 0.561
Endometrial preparation 0617

Natural 6(7.5) 2(12.5)

Hormonal 74(92.5) 14 (87.5)
Total dose of estradiol valerate until pregnancy test (mg) 162.0 (147.7-178.4) 153.0 (103.6-179.4) 0.392
Luteal support 0.488

Intramuscular progesterone (66.3) 13(81.3)

Vaginal progesterone 6(20.0) 2(12.5)

Others (1 3.8) 1(63)
Endometrial thickness at progesterone initiation (mm) .5(8.2-9.5) 2 (7.5-113) 0.329
No. of embryos transferred 0(2.1-25) 0(2.1-2.6) 0.561
Mean embryo score at warming 28 0(27.4-31.9) 29 9 (27.1-35.2) 0214
Mean embryo score at transfer 40 0(41.0-50.6) 509 (42.4-71.5) 0.129
A (Mean embryo score) .7 (11.4-20.9) 18.9(12.9-38.7) 0.120
Top-quality embryo score at warming 32 0 (31.6-37.0) 32.0(31.5-43.0) 0.218
Top-quality embryo score at transfer 48.0(50.1-62.9) 72.0(55.8-101.2) 0.025
A (Top-quality embryo score) 16.0 (15.9-28.6) 40.0 (20.0-62.5) 0.027

Values are presented as median (95% confidence interval) or number (%).
IVF, in vitro fertilization; A, change.
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ceiver operating characteristic curve was constructed to obtain a
specific cut-off value. The area under the curve (AUC) with its 95% Cl
was obtained, and a 95% Cl above 0.5 was considered as to indicate
significance.

Results

In total, 221 cleavage-stage embryos were warmed and all survived
(survival rate, 100%). However, seven cleavage-stage embryos de-
generated (i.e., the cell number decreased or the embryo was down-
graded) after overnight culture, making the degeneration rate 3.2%
per embryo. A total of 111 blastocysts were warmed and 105 sur-
vived (survival rate, 94.6%). However, seven blastocysts degenerated
after overnight culture, making the degeneration rate 6.7% per blas-
tocyst.

In vitrified cleavage-stage embryo transfer cycles, the clinical preg-
nancy rate was 16.7% (16/96). As shown in Table 1, basal characteris-
tics, the method of endometrial preparation, the number of embryos
transferred, the mean embryo score at warming, the difference in the
score between warming and transfer, and the top-quality embryo
score at warming were all similar between the nonpregnant and
pregnant group. However, both the top-quality embryo score at
transfer and the difference in the score between warming and trans-
fer were significantly higher in the pregnant group (p=0.025,

ROC curve

Sensitivity

0 1 1 1 1 J
0.2 04 0.6 08 1.0

1-Specificity

Figure 1. A receiver operating characteristic (ROC) curve analysis
demonstrating that the top-quality embryo score at transfer could
predict clinical pregnancy in vitrified embryo transfer cycles (cutoff
>60.0; area under the curve, 0.673; 95% confidence interval, 0.531-
0.815).
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p=0.027, respectively). A top-quality embryo score at transfer of
>60.0 (AUC, 0.673; 95% Cl, 0.531-0.815) and a difference in the
score between warming and transfer of >23.0 (AUC, 0.675; 95% Cl,
0.514-0.835) were significant predictors of clinical pregnancy (Table
2, Figures 1 and 2).

In vitrified blastocyst transfer cycles, the clinical pregnancy rate was
37.9% (22/58). As shown in Table 3, basal characteristics, the method
of endometrial preparation, the number of blastocysts transferred,
the mean blastocyst score either at warming or transfer, the differ-
ence in the score between warming and transfer, the top-quality
blastocyst score at warming, and the difference in the score of top-
quality embryo between warming and transfer were all similar be-

Table 2. Receiver operating characteristic curve analysis for the pre-
diction of clinical pregnancy in vitrified cleavage-stage embryo trans-
fer cycles

Top-quality embryo A (Top-quality

Variable score at transfer embryo score)
Cutoff value >60.0 >23.0
Area under the curve 0.673 0.675
95% Confidence interval 0.531-0.815 0.514-0.835
Sensitivity (%) 68.8 68.8
Specificity (%) 62.5 66.3
Positive predictive value (%) 25.0 289
Negative predictive value (%) 89.3 914

10r ROC curve
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Figure 2. A receiver operating characteristic (ROC) curve analysis
demonstrating that the change (4) in the top-quality embryo score
between warming and transfer could predict clinical pregnancy in
vitrified embryo transfer cycles (cutoff >23.0; area under the curve,
0.675; 95% confidence interval, 0.514-0.835).
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Table 3. Basal characteristics and cycle outcomes in vitrified blastocyst transfer cycles

Variable Nonpregnant group (36 cycles) Pregnant group (22 cycles) p-value
Age of women (yr) 33.0(32.3-35.0) 34.0(32.5-36.0) 0.866
Age of women'’s husbands (yr) 36.0 (35.4-38.1) 36.0 (34.5-40.5) 0.890
Body mass index (kg/m?) 23.0(23.0-27.1) 21.8(21.2-26.2) 0.279
Indication for IVF 0.299

Female factor infertility 25(69.4) 11 (50.0)

Male factor infertility 4(11.1) 3(13.6)

Unexplained infertility 7(194) 8(364)

Combined infertility 0 0
No. of previous transfer cycles 1.0(1.4-2.0) 1.0(1.0-1.9) 0.158
Endometrial preparation

Natural 1(2.8) 0

Hormonal 35(97.2) 22(100)
Total dose of estradiol valerate until pregnancy test (mg) 156.0 (145.1-170.0) 162.0(132.5-201.3) 0.954
Luteal support 0.623

Intramuscular progesterone 26(72.2) 16 (72.7)

Vaginal progesterone 4(11.1) 1(4.5)

Others 6(16.7) 5(22.7)
Endometrial thickness at progesterone initiation (mm) 10 5(8.9-10.8) 8.9(8.3-10.9) 0.685
No. of blastocysts transferred 0(1.5-1.9) 2.0(1.4-22) 0.090
Mean blastocyst score at warming 1 1 8 (12.6-19.0) 13.5(12.9-22.9) 0.352
Mean blastocyst score at transfer 30.0 (23.8-32.4) 35.0(30.1-41.0) 0.055
A (Mean blastocyst score) 13.5(9.4-17.5) 15.1(12.1-23.2) 0.265
Top-quality blastocyst score at warming 16.0 (15.0-21.4) 16.0 (15.5-25.5) 0.549
Top-quality blastocyst score at transfer 31.5(28.3-38.0) 45.0 (36.0-46.5) 0.031
A (Top-quality blastocyst score) 13.5(9.9-20.0) 18.5(15.1-26.4) 0.143
Values are presented as median (95% confidence interval) or number (%).
IVF, in vitro fertilization; A, change.
Table 4. Receiver operating characteristic curve analysis for the pre- ROC curve
diction of clinical pregnancy in vitrified blastocyst transfer cycles 1or

. Mean blastocyst score Top quality blastocyst
el at trans%/er F.;cqore zg transfery
Cutoff value >358 >383 o
Area under the curve 0.651 0.666
95% Confidence interval 0.505-0.797 0.525-0.807
Sensitivity (%) 50 64 = 0or
Specificity (%) 81 61 2
Positive predictive value (%) 61 50 ﬁ
Negative predictive value (%) 70 73 < 04
tween the nonpregnant and pregnant groups. However, the top- o2k
quality blastocyst score at transfer was significantly higher in the
pregnant group (p=0.031). A top-quality blastocyst score at transfer
of >38.3 was a significant predictor of clinical pregnancy (AUC, 0 . . . . )
0.666; 95% Cl, 0.525-0.807) (Table 4, Figure 3). 02 04 06 08 10
1-Specificity

Discussion

In the present study, two factors (the top-quality embryo score at
transfer and the degree of post-warming embryo development)
were associated with clinical pregnancy in the vitrified cleavage-

Figure 3. A receiver operating characteristic (ROC) curve analysis
demonstrating that the top-quality blastocyst score at transfer could
predict clinical pregnancy in vitrified blastocyst transfer cycles (cutoff
>38.3; area under the curve, 0.666; 95% confidence interval, 0.525—
0.807).
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stage embryo transfer cycles, and a single factor (the top-quality
blastocyst score at transfer) was associated with clinical pregnancy in
the vitrified blastocyst transfer cycles.

In cryopreserved cleavage-stage embryo transfer cycles, further
cleavage or mitosis resumption during overnight culture has been
reported to be associated with the clinical pregnancy rate [12-15]. In
those studies, the embryos were usually assessed to determine
whether further cleavage occurred. In the present study, the embry-
os were scored quantitatively at the time of warming and transfer.
We found that the degree of post-warming embryo development
and the top-quality embryo score at transfer were factors that signifi-
cantly affected clinical pregnancy. Our finding suggests that embryos
showing active cleavage events during overnight culture could have
better implantation potential. Although an association between
women’s age and clinical pregnancy has been reported previously,
we did not find such a relationship [5,6].

In cryopreserved blastocyst transfer cycles, it has been reported
that the inner cell mass or trophectoderm grade at the time of freez-
ing or warming was associated with the clinical pregnancy rate [8-
10]. However, in the present study, we assessed blastocysts using a
single scoring system that considered three components simultane-
ously: inner cell mass grade, trophectoderm grade, and blastocyst
developmental stage. This single scoring system is especially useful
when two or more blastocysts are transferred. Furthermore, we as-
sessed the blastocyst score at both warming and transfer. Although
the majority of blastocysts develop during overnight culture, we
found that the degree of post-warming blastocyst development was
not associated with clinical pregnancy. Only the top-quality blasto-
cyst score at transfer was associated with clinical pregnancy.

If embryos or blastocysts survive after warming, they can degener-
ate (i.e,, the cell number decreases or they are downgraded) during
overnight culture; thus, the embryo score could decline. In the pres-
ent study, the degeneration rate was 3.2% per embryo and 6.7% per
blastocyst. In a prior study, the embryo degeneration rate during
overnight culture was 0.67% [7]. Our degeneration rate was rather
high, but we obtained an acceptable pregnancy rate. As shown in
our results, pregnancy was closely associated with the top-quality
embryo or blastocyst score at the time of transfer.

A limitation of our study is that we analyzed relatively few cases of
vitrified embryo or blastocyst transfer cycles. However, to the best of
our knowledge, this is the first report to demonstrate that the degree
of post-warming embryo development was associated with clinical
pregnancy. A top-quality embryo score at transfer of >60.0 and a
difference in the score between warming and transfer of >23.0
showed similar predictive performance for forecasting clinical preg-
nancy in vitrified cleavage-stage embryo transfer cycles. In blastocyst
transfer cycles, the top-quality blastocyst score at transfer was the
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only significant predictor of clinical pregnancy.
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