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Abstract
The process of selecting a good quality embryo to improve the pregnancy outcomes is very important. The aim of our study was
to elaborate the embryo selection process in a single vitrified-warmed blastocyst transfer (VBT) cycle by analyzing pre-vitrified
and post-warmed blastocyst morphological factors to improve pregnancy outcomes. In this retrospective cohort study, we
performed 329 single VBT cycles. The pre-vitrified and post-warmed morphological factors of all blastocysts were analyzed.
Logistic regression analysis was conducted to select the independent morphological factor associated with ongoing pregnancy.
The expansion of blastocoel (mid blastocoel; aOR 2.27, 95% CI.0.80–6.42, p = 0.12, expanded blastocoel; aOR 3.15, 95%
CI.1.18–8.44, p = 0.02) in a pre-vitrified blastocyst and the grade of inner cell mass (ICM) (grade B; aOR 0.47, 95% CI.0.27–
0.83, p = 0.01, grade C; aOR 0.22, 95% CI 0.09–0.56 p < 0.01) in post-warmed blastocysts significantly predicted the ongoing
pregnancy. After fertilization, the embryo developed as a blastocyst on day 5 (day 5) showed a higher ongoing pregnancy than
that on day 6 (day 6) (aOR 0.50, 95% CI.0.26–0.94, p = 0.03). The results suggest that while selecting a vitrified-warmed
blastocyst in a single VBT cycle, the day 5 vitrified blastocyst should be considered, and a higher expansion grade in the pre-
vitrified blastocyst should be selected. Our study has shown that post-warmed ICM grade tends to be a predictive indicator for the
selection of the best blastocyst and allows for successful pregnancy, with ongoing pregnancy in a single blastocyst transfer.
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Introduction

The development of the culture system and the cryopreserva-
tion of an embryo make it possible to increase the number of
freeze-all strategies [1, 2]. Cryopreservation allows an embryo
to escape the adverse effects of controlled ovarian hyperstim-
ulation, such as decreased endometrial receptivity [3]. In

addition, it has become a treatment option for women who
are at risk of ovarian hyperstimulation syndrome [2].

Recently, IVF clinics have been conducting a single em-
bryo transfer to reduce the prevalence of multiple pregnancies
that can cause adverse neonatal and obstetric outcomes [4–7].
In an elective single embryo transfer, blastocyst transfer has
been introduced to achieve a higher pregnancy outcome [8].
For a single blastocyst transfer, embryo quality is traditionally
evaluated based on morphological characteristics. The blasto-
cyst grading system introduced by Gardner has been validated
and is the most widely accepted morphological method used
to select blastocysts [9].

Many studies have reported a correlation between the mor-
phological factors of blastocysts and pregnancy outcomes.
Numerous studies have attempted to identify the most impor-
tant morphological factor and accurate criteria for the quality
of embryos. However, there still exists controversy on this
issue, and follow-up studies on the resultant important mor-
phological factors have reported conflicting outcomes [3,
10–18]. Three scenarios may explain the lack of correlation
in the studies. First, the decision of blastocyst grading is
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subjective and prone to disagreement among embryologists.
Second, many studies have been conducted using various em-
bryo cohorts. Third, various cryopreservation methods have
been used for embryo preservation in each study.

To cryopreserve blastocysts, vitrification is widely used,
and currently, it is the recommended technique [19, 20].
Safe and efficient vitrification allows a broad range of appli-
cations in clinical adaptation to patients [16, 21–23].
However, the vitrification process requires the exposure of
cells to high levels of cryoprotectants, increased osmolality,
and extreme changes in temperature, all of which can have
significant effects on embryo physiology [24, 25]. During the
vitrified-warmed process, the blastocyst undergoes morpho-
logical changes such as artificial shrinkage, dehydration, and
rehydration with cryoprotectant. These artificial morphologi-
cal changes can lead to cell damage. Therefore, after the
vitrified-warmed process, it is important to reevaluate the mor-
phological factor of an embryo, which is associated with preg-
nancy outcome.

Consequently, the aim of this study was to enhance the
embryo selection process by analyzing pre-vitrified and
post-warmed blastocyst morphological factors to improve
pregnancy outcomes.

Materials and Methods

Patients and Ethical Approval

This single-center, retrospective, cohort analysis included in-
fertile patients undergoing an autologous IVF cycle. Patients
who had single vitrified-warmed blastocyst transfer from
March 2017 to December 2018 were identified in an electron-
ic medical record database and included in the study. We
precluded women who underwent an in vitro maturation pro-
tocol, pre-implantation genetic testing, and oocyte donor cycle
in a controlled ovarian hyperstimulation. We also excluded
women with uterine anomalies or the endometrial thickness
(EMT) < 7 mm. The ethics committee of the Institutional
Review Board of CHA Gangnam Medical Center (IRB ap-
proval number: GCI 19-29) approved the study.

Ovarian Stimulation and Oocyte Collection

In this study, controlled ovarian stimulation was performed
using the GnRH agonist (leuprorelin acetate 0.5 mg daily) or
antagonist protocols (Orgalutran; MSD, Cetrotide; Merck
Serono Ltd., Ganireve; LG Chem.). Gonadotropin
(Pergoveris, Gonal-F; Merck Serono Ltd., Follitrope; LG
Chem., Puregon; MSD) dose was adjusted according to the
patient’s anti-Müllerian hormone (AMH), antral follicular
count, and previous response to stimulation. Transvaginal ul-
trasound and serum estradiol levels were used to monitor

follicular response to ovarian stimulation. Final oocyte matu-
ration was triggered using hCG (Ovidrel; Merck Serono Ltd)
when more than 2 follicles were over 18 mm. Ultrasound-
guided oocyte retrieval was performed for 34–36 h after the
hCG injection.

Embryo Culture

Standard conventional insemination or intracytoplasmic
sperm injection (ICSI) was performed for fertilization. Using
the COOK embryo culture medium (COOK, Queensland,
Australia), embryos were cultured in an incubator (HERA cell
240, Thermo Fisher Scientific, MA, USA) at 5%O2, 6%CO2,
and 37 °C. Oosafe 4-well dish (SparMED, Ryttermarken,
Denmark) and oil-drop culture (Ovoil, Vitrolife AB,
Sweden) were used. After fertilization, on day 5, the best
quality blastocyst based on Gardner’s score was transferred
to a fresh embryo transfer. Surplus blastocysts were graded
and vitrified. The slow-developing embryos, such as morula
or early blastocyst stage on day 5, were left to culture for one
more day. The remaining embryos were re-assessed on day 6
and then cryopreserved. The freeze-all embryo strategy was
performed in patients who suffered from OHSS, elevated pro-
gesterone, or high estradiol levels; we followed the same pro-
cedure for cryopreservation. All procedures were conducted
using an electronic witnessing system (Witness®, RI Ltd.,
UK) to record the exact times of blastocyst vitrification and
warming procedures.

Artificial Shrinkage and Assist Hatching

The shrinkage technique has been previously described in a
study byMukaida et al. [26], and this procedure was conduct-
ed 20–30 min prior vitrification. We used a holding pipet to
stabilize the blastocyst. The ICM was located at the 6 or 12
o’clock direction, and the injection micro-pipet was penetrat-
ed through the trophectoderm cell in the blastocoel cavity.
After the artificial shrinkage of the blastocoels, a hole in the
zona pellucida was introduced using a laser system (ZILOS-tk
Laser Zona pellucid Drill System; Hamilton Thorn
Bioscience, Inc., Beverly, MA, USA) with a single laser shot
(200 μs).

Vitrification and Warming of Blastocysts

All other chemicals used in this study were purchased from
Sigma Chemical Co. (Saint Louis, Mo, USA) unless other-
wise indicated; the plastic was purchased from Oosafe 4 Well
Dish (SparMED, Ryttermarken, Denmark).

The vitrification and warming procedure used in this study
have been described in detail in [27]. Briefly, the basic solu-
tion (BS) was HEPES buffer (SAGE), and 20% human serum
albumin (HSA) was used. The equilibration solution (V1) was
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supplemented with 7.5% ethylene glycol (EG) and 7.5% di-
methyl sulfoxide (DMSO). The vitrification solution (V2) was
supplemented with 15% of EG, 15% of DMSO, and 0.5 M of
sucrose. The blastocyst was plunged into V1 solution for
2.5 min. Next, it was transferred to V2 solution. After 20 s
of exposure in the vitrification solution, blastocysts were load-
ed onto a gold EM-grid (IGG 400, Pelco International.
Westchester, PA, USA) and directly plunged into slush LN2

(Vit-Master Slush LN2, IMT, Ness Ziona, Israel). The blasto-
cysts were kept in LN2 tanks for a variable storage time. A 4-
step warming process was performed for the warming proce-
dure, and gold EM grids were immediately submerged into a
sucrose solution of 0.5 M. After 2.5 min, the embryos were
sequentially transferred into warming solutions containing
0.25 M, 0.125 M, and 0 M of sucrose at 2.5 min intervals at
37 °C. Approximately 2–3 h after warming, embryo survival
and the degrees of re-expansion were examined.

Blastocyst Survival and Re-expansion Assessment

Vitrified-warmed blastocyst survival assessment was
performed, and embryos were defined as fully surviving
if more than 50% of intact cells were observed under
the microscope. Viable cells were defined if the cell
membrane shows a clear margin and homogeneous con-
tent. Dead cells were defined if the cell membrane ap-
peared dark and granular. The expansion was graded
into three categories: absent (if less than 10% of the
original volume was recovered), partial (if approximate-
ly 10–59% of expansion was achieved), and full (if
approximately 60–100% of expansion was achieved).

Embryo Quality Evaluation and Grading

The methods used to evaluate embryo quality and grad-
ing were parallel to the method described by Kim et al.
[28]. The quality of warmed blastocysts was assessed 16
to 24-h post-culture on an inverted microscope by two
independent embryologists. Blastocyst morphology was
assessed according to the degree of blastocoel expan-
sion, ICM, and trophectoderm (TE) morphology
(summarized in Appendices 1 and 2) [29]. The quality
of blastocysts was divided into four groups according to
their morphological grades: excellent (E; expanded AA,
hatching AA, hatched AA), good (G; early AA, mid
AA, expanded AB, BA, hatching AB, BA, hatched
AB, BA), average (A; early AB, BA, Mid AB, AC,
BA, BB, expanded AC, BB, CA, hatching AC, BB,
CA, CB, BC, hatched AC, BB, BC, CB, CA), and poor
(P; early AC, BB, BC, CA, CB, CC; mid BC, CA, CB,
CC, expanded BC, CB, CC; hatched BC, CB, CC).

Transfer of Warmed Blastocysts

The vitrified-warmed blastocyst was transferred to natural cy-
cles or hormonal replacement cycles for endometrial prepara-
tion. The start day of progesterone and the day of ovulation
were considered day zero. The luteal phase support was pro-
vided either through progesterone vaginal suppositories or
intramuscular injections starting 6 days before the embryo
transfer (ET). Blastocyst transfer was performed under ultra-
sound guidance using an embryo transfer catheter on day 5
after ovulation or progesterone supplementation.

Pregnancy Test and Clinical Outcomes

The primary outcome was an ongoing pregnancy that was
defined as a viable pregnancy beyond 12 weeks of gestation.
The other outcomes were clinical pregnancy and early preg-
nancy loss. Clinical pregnancy was defined as a pregnancy
identified by visualizing a gestational sac with a fetal heart-
beat. Early pregnancy loss was defined as a pregnancy loss
between clinical pregnancy and ongoing pregnancy.

Statistical Analysis

All data were analyzed using IBM SPSS Statistics soft-
ware version 22.0. Continuous variables, such as mater-
nal age, body mass index, infertility duration, previous
IVF cycle, and basal hormone, were analyzed by
conducting Student’s t test. Categorical variables such
as etiology of infertility and endometrial preparation
method were analyzed by conducting Pearson’s χ2-
tests. To predict pregnancy outcomes, we analyzed
pre-vitrified and post-warmed morphological factors
using logistic regression. The confounders used in mul-
tivariate logistic regression analysis are as follows.
Variables are maternal age at oocyte retrieval (< 30,
31–34, ≥ 35 years old), infertility duration (< 2, ≥
2 years), previous IVF cycles (< 2, ≥ 2), endometrial
thickness in (VBT) (< 10, ≥ 10 mm), cryosurvival rate(<
100, ≥ 100%), and day of vitrification (day 5, day6).
The clinically important factors that are thought to af-
fect pregnancy outcomes were determined through dis-
cussion. For multivariate logistic regression analysis, the
continuous variables converted into categorical variables
and blastocyst grade (expansion of blastocoel, ICM, and
TE grade) were categorized. Multivariate logistic regres-
sion analysis was performed in a backward stepwise
selection using likelihood ratio, and evaluation of model
fit was performed using omnibus tests of model coeffi-
cients and Hosmer and Lemeshow goodness of fit tests.
In addition, this analysis is performed using a two-
separated model with pre-vitrified blastocyst grade
shown in Table 1 and the post-warmed blastocyst grade
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shown in Table 2 as a variable. A p value of less than
0.05 was considered statistically significant.

Results

For 273 patients enrolled in the study, 329 blastocysts were
evaluated in a single VBT cycle. The overall implantation rate
was 48.0% (158/329), the clinical pregnancy rate was 41.9%
(138/329), and the ongoing pregnancy rate was 39.8% (131/
329). The patients’ characteristics of the transferred blasto-
cysts are summarized in Table 3. In the ongoing pregnancy
group, maternal age at oocyte retrieval (32.9 ± 3.1, 34.6 ± 4.3,
p < 0.01) and VBT (33.4 ± 3.2, 35.1 ± 4.3, p < 0.01) were less
than those in the non-ongoing pregnancy group. Infertility
duration (3.0 ± 1.7, 3.5 ± 1.9, p < 0.01) was shorter, and the
number of previous cycles (1.4 ± 0.7, 1.6 ± 1.2, p = 0.03)

was lower in the ongoing pregnancy group. There was no
significant difference between groups in terms of the remain-
ing characteristics.

The characteristics of the previous COH cycles are sum-
marized in Appendix 3. There were no significant statistical
differences in previous COH cycle variables.

The clinical results of the VBT cycles are summarized in
Table 4. In the ongoing pregnancy group, the cryosurvival rate
of the post-warmed embryo (98.5 ± 8.6%, 95.4 ± 14.5%, p =
0.02) and the proportion of day 5 vitrified blastocysts were sig-
nificantly higher (87.8%, 71.7%, p < 0.01). The pre-vitrified and
post-warmed qualities of blastocystswere significantly associated
with the ongoing pregnancy (p< 0.01). Therefore, we conducted
a logistic regression analysis to identify the independent associa-
tion between a morphological factor and an ongoing pregnancy.

Univariate logistic regression analysis was conducted.
Maternal age at oocyte retrieval, infertility duration, day of

Table 1 Pre-vitrified blastocyst: univariate and multivariate logistic regression analyses to predict ongoing pregnancy outcome

Variables All transfer
(n = 329)
(%, [n])

Non-ongoing
pregnancy
(n = 198)
(%, [n])

Ongoing
pregnancy
(n = 131)
(%, [n])

OR
(95% CI)

p value Adjusted OR
(95% CI)

p value

Maternal age at oocyte retrieval (years)
≤ 30 16.7 (55) 12.6 (25) 22.9 (30) Ref Ref
31–34 47.4 (156) 43.9 (87) 52.7 (69) 0.66 (0.37–1.23) 0.19 0.73 (0.38–1.40)* 0.35
≥ 35 35.9 (118) 43.4 (86) 24.4 (32) 0.31 (0.16–0.61) 0.01 0.37 (0.18–0.74)* < 0.01
Infertility duration (years)
< 2 12.2 (40) 9.1 (18) 16.8 (22) Ref Ref
≥ 2 87.89 (289) 90.9 (180) 83.2 (109) 0.50 (0.25–0.97) 0.04 0.41 (0.20–0.86)* 0.02
Previous IVF cycles (n)
< 2 72.0 (236) 69.0 (136) 76.3 (100) Ref n/a
≥ 2 28.0 (92) 31.0 (61) 23.7 (31) 0.69 (0.42–1.14) 0.15 n/a
Endometrial thickness in VBT (mm)
< 10 46.2 (152) 48.5 (96) 42.7 (56) Ref n/a
≥ 10 53.8 (177) 51.5 (102) 53.7 (75) 1.26 (0.81–1.97) 0.31 n/a
Day of vitrification (% [n])
5 day 78.1 (257) 71.7 (142) 87.8 (115) Ref Ref
6 day 21.9 (72) 28.3 (56) 12.2 (16) 0.35

(0.19–0.65)
< 0.01 0.38 (0.20–0.72)* < 0.01

Cryosurvival rate (%)
< 100 7.0 (23) 9.6 (19) 3.1 (4) Ref Ref
≥ 100 93.0 (306) 90.4 (179) 96.9 (127) 3.37 (1.12–10.14) 0.03 3.06 (0.96–9.70)* 0.06
Expansion of blastocoel
Early 8.2 (27) 10.6 (21) 4.6 (6) Ref Ref
Mid 28.0 (92) 29.8 (59) 25.3 (33) 1.96 (0.72–5.33) 0.19 2.27 (0.80–6.42)* 0.12
Expanded 63.8 (210) 59.6 (118) 70.2 (92) 2.73 (1.06–7.04) 0.04 3.15 (1.18–8.44)* 0.02

ICM grade
A 12.2 (40) 8.6(17) 17.6 (23) Ref n/a
B 76.0 (250) 75.3 (149) 77.1 (101) 0.50 (0.26–0.99) 0.05 n/a
C 11.9 (39) 16.2(32) 5.3 (7) 0.16 (0.06–0.45) < 0.01 n/a

TE grade
A 12.2 (40) 8.6 (17) 17.6 (23) Ref n/a
B 64.1 (211) 63.1 (125) 65.6 (86) 0.51 (0.26–1.01) 0.05 n/a
C 23.7 (78) 28.3 (56) 16.8 (22) 0.29 (0.13–0.65) < 0.01 n/a

Values are presented as % (number), unless otherwise stated

ICM inner cell mass; TE trophectoderm; n/a not applicable

* Adjusted ORs are reported for variables in the final logistic regression model after backwards stepwise selection
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vitrification, and cryosurvival rate were significantly associat-
ed with the ongoing pregnancy. According to the univariate
logistic regression analysis, the ongoing pregnancy was
higher in younger patients (31–34; OR 0.66, 95% CI.0.37–
1.23, p = 0.19, ≥ 35; OR 0.31, 95% CI.0.16–0.61, p = 0.01).
The shorter infertility duration (OR 0.50, 95% CI 0.25–0.97,
p = 0.04) and higher cryosurvival rate (OR 3.37, 95% CI
1.12–10.14, p = 0.03) were associated with higher ongoing
pregnancy. In case of days of vitrification, day 5 vitrified
blastocyst showed higher ongoing pregnancy (OR 0.35,
95% CI 0.19–0.65, p < 0.01). The number of previous IVF
cycles (OR 0.69, 95% CI 0.42–1.14, p = 0.15) and EMT in
VBT (OR 1.26, 95% CI 0.81–1.97, p = 0.31) were not affect-
ed by ongoing pregnancy. In univariate logistic regression
analysis to predict morphology of the embryo (Table 1), a
more expanded blastocyst shows higher ongoing pregnancy
(mid blastocoel; OR 1.96, 95% CI. 0.72–5.33, p = 0.19, ex-
panded blastocoel; OR 2.73, 95% CI.1.06–7.04, p = 0.04)
than an early blastocyst. The ICM grades B (OR 0.50, 95%
CI 0.26–0.99, p = 0.05) and C (OR 0.16, 95% CI 0.06–0.45,

p < 0.01) showed lower ongoing pregnancy than ICM grade
A. The TE grades B (OR 0.51, 95% CI 0.26–1.01, p = 0.05)
and C (OR 0.29, 95% CI 0.13–0.65, p < 0.01) showed lower
ongoing pregnancy than TE grade A.

In multivariate logistic regression analysis to predict
associated morphological factor of the pre-vitrified blas-
tocyst (Table 1), the omnibus tests of model coefficients
are significant for the model estimated as χ2 (p < 0.05). In
addition, the model was a fit in the Hosmer–Lemeshow
goodness of fit test (χ2=2.33, p > 0.05). The ongoing
pregnancy was higher for younger maternal age at oocyte
retrieval (31–34; aOR 0.73, 95% CI.0.38–1.40, p = 0.35,
≥ 35; aOR 0.37, 95% CI.0.18–0.74, p < 0.01) and shorter
infertility duration (aOR 0.41, 95% CI.0.20–0.86, p =
0.02). The day 6 vitrified blastocyst showed lower ongo-
ing pregnancy (aOR 0.38, 95% CI.0.20–0.72, p < 0.01).
The expansion degree of blastocoel was significantly cor-
related with the ongoing pregnancy. The ongoing preg-
nancy in a more expanded blastocyst was significantly
higher (mid blastocoel; aOR 2.27, 95% CI.0.80–6.42,

Table 2 Post-warmed blastocyst: univariate and multivariate logistic regression analyses to predict ongoing pregnancy outcome

Variables All transfer
(n = 329)
(%, [n])

Non-ongoing
pregnancy
(n = 198)
(%, [n])

Ongoing pregnancy
(n = 131)
(%, [n])

OR
(95% CI)

p value Adjusted OR
(95% CI)

p value

Maternal age at oocyte retrieval (years)
≤ 30 16.7 (55) 12.6 (25) 22.9 (30) Ref Ref
31–34 47.4 (156) 43.9 (87) 52.7 (69) 0.66 (0.37–1.23) 0.19 0.77 (0.40–1.48)* 0.43
≥ 35 35.9 (118) 43.4 (86) 24.4 (32) 0.31 (0.16–0.61) 0.01 0.38 (0.18–0.77)* 0.07
Infertility duration (years)
< 2 12.2 (40) 9.1 (18) 16.8 (22) Ref Ref
≥ 2 87.89 (289) 90.9 (180) 83.2 (109) 0.50 (0.25–0.97) 0.04 0.41 (0.20–0.88)* 0.02
Previous IVF cycles (n)
< 2 72.0 (236) 69.0 (136) 76.3 (100) Ref n/a
≥ 2 28.0 (92) 31.0 (61) 23.7 (31) 0.69 (0.42–1.14) 0.15 n/a
Endometrial thickness in VBT (mm)
< 10 46.2 (152) 48.5 (96) 42.7 (56) Ref n/a
≥ 10 53.8 (177) 51.5 (102) 53.7 (75) 1.26 (0.81–1.97) 0.31 n/a
Day of vitrification (% [n])
5 day 78.1 (257) 71.7 (142) 87.8 (115) Ref Ref
6 day 21.9 (72) 28.3 (56) 12.2 (16) 0.35 (0.19–0.65) < 0.01 0.50 (0.26–0.94)* 0.03

Cryosurvival rate (% [n])
< 100 7.0 (23) 9.6 (19) 3.1 (4) Ref
≥ 100 93.0 (306) 90.4 (179) 96.9 (127) 3.37 (1.12–10.14) 0.03 2.5 (0.79–7.95)* 0.12
Expansion of blastocoel
Early 1.8 (6) 2.5 (5) 0.8 (1) Ref n/a
Mid 4.0 (13) 5.6 (11) 1.5 (2) 0.91 (0.07–12.5) 0.94 n/a
Expanded 14.6 (48) 17.2 (34) 10.7(14) 2.06 (0.22–19.3) 0.53 n/a
Hatching 55.9 (184) 53.5 (106) 59.5 (78) 3.68 (0.42–32.1) 0.24 n/a
Hatched 23.7 (78) 21.2 (42) 27.5 (36) 4.29 (0.48–38.4) 0.19 n/a

ICM Grade
A 21.9 (72) 14.6 (29) 32.8 (43) Ref Ref
B 64.4 (212) 66.7 (132) 61.1 (80) 0.41 (0.24–0.71) < 0.01 0.47 (0.27–0.83)* 0.01
C 13.7 (45) 18.7 (37) 6.1 (8) 0.15 (0.06–0.36) < 0.01 0.22 (0.09–0.56)* < 0.01

TE Grade
A 20.4 (67) 13.6 (27) 30.5 (40) Ref n/a
B 51.4 (169) 51.0 (101) 51.9 (68) 0.45 (0.26–0.81) <0.01 n/a
C 28.3 (93) 35.4 (70) 17.6 (23) 0.22 (0.11–0.44) < 0.01 n/a

Values are presented as % (number), unless otherwise stated

ICM inner cell mass; TE trophectoderm; n/a not applicable

* Adjusted ORs are reported for variables in the final logistic regression model after backwards stepwise selection
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p = 0.12, expanded blastocoel; aOR 3.15, 95% CI.1.18–
8.44, p = 0.02) compared with early blastocysts.

Regarding the morphological factors of the post-warmed
blastocyst (Table 2), in univariate logistic regression, the
grades of ICM and TE exhibit a significant association with
ongoing pregnancy. The ICM grades B (OR 0.41, 95% CI
0.24–0.71, p < 0.01) and C (OR 0.15, 95% CI 0.06–0.36,
p < 0.01) showed lower ongoing pregnancy than ICM grade
A. The TE grades B (OR 0.45; 95% CI 0.26–0.81; p < 0.01)
and C (OR 0.22, 95% CI 0.11–0.44, p < 0.01) showed a sig-
nificantly lower ongoing pregnancy than TE grade A.

Multivariate logistic regression analysis is performed to
evaluate the independent effect of morphological factors while
adjusting for variables in Table 2. The omnibus tests of model
coefficients were significant for the model estimated as
χ2 (p < 0.05). In addition, the model was a fit in the
Hosmer–Lemeshow goodness of fit test (χ2 = 4.51, p > 0.05).

The infertility duration, day of vitrification, and ICM mor-
phology were still statistically significant predictors of ongo-
ing pregnancy. Shorter infertility duration was associated with
higher ongoing pregnancy (aOR 0.41, 95% CI.0.20–0.88, p =
0.02). The day 6 vitrified blastocyst embryo exhibited signif-
icantly lower ongoing pregnancy than day 5 vitrified blasto-
cyst (aOR 0.50, 95% CI 0.26–0.94, p = 0.03). The ongoing
pregnancy was significantly higher for ICM grade A than for

grades B (aOR 0.47, 95%CI 0.27–0.83, p = 0.01) and C (aOR
0.22, 95% CI 0.09–0.56, p < 0.01).

Discussion

Because cryopreservation of the human embryo is an essential
part of the routine procedure, it is important to establish an
embryo selection criteria based on the developmental compe-
tence of embryos. The aim of this study was to improve preg-
nancy outcomes by enhancing the embryo selection process
using pre-vitrified and post-warmed embryo morphological
factors in a single vitrified-warmed blastocyst transfer cycle.
Our results indicate that day 5 vitrified blastocysts exhibit
better pregnancy outcomes. In case of the morphological fac-
tor, the degree of expansion in pre-vitrified blastocysts and
ICM grade in post-warmed blastocysts were associated with
ongoing pregnancy outcomes.

The ICM cells eventually develop into a fetus; hence, the
ICM grade may serve as a predictive marker for ongoing
pregnancy. The importance of ICM grade for clinical out-
comes has been previously documented [13, 14, 16, 17, 30],
which is consistent with the correlation between morphology
and implantation of euploid human blastocysts [13]. The larg-
er size and slightly oval shape of ICM are significantly

Table 3 Patients’ characteristics
of transferred blastocysts based
on ongoing pregnancy status

Variables All transfer
(n = 329)

Non-ongoing pregnancy
(n = 198)

Ongoing pregnancy
(n = 131)

p
value

Maternal age at oocyte
retrieval (years)

33.9 ± 4.0 34.6 ± 4.3 32.9 ± 3.1 < 0.01

Maternal age at VBT (years) 34.4 ± 4.0 35.1 ± 4.3 33.4 ± 3.2 < 0.01

BMI (kg/m2) 20.8 ± 2.6 20.8 ± 2.5 20.9 ± 2.6 0.71

Infertility duration (years) 3.3 ± 1.8 3.5 ± 1.9 3.0 ± 1.7 < 0.01

Previous IVF cycles (n) 1.5 ± 1.0 1.6 ± 1.2 1.4 ± 0.7 0.03

AMH (ng/ml) 4.6 ± 4.5 4.5 ± 4.3 5.2 ± 4.7 0.19

Basal FSH (mIU/mL) 7.9 ± 2.8 8.0 ± 2.7 7.7 ± 3.0 0.37

Basal Estradiol (pg/mL) 48.7 ± 22.3 49.0 ± 24.3 48.2 ± 18.9 0.75

Basal Prolactin (ng/mL) 13.5 ± 7.8 12.9 ± 5.7 14.5 ± 10.1 0.09

Basal TSH (mIU/mL) 1.8 ± 1.1 1.9 ± 1.2 1.7 ± 0.9 0.09

Etiology of infertility (% [n])

Male 14.6 (48) 11.6 (23) 19.1 (25) 0.16
Female 26.7 (88) 27.3 (54) 26.0 (34)

Combine 4.0 (13) 3.0 (6) 5.3 (7)

Unexplained 54.7 (180) 58.1 (115) 49.6 (65)

Endometrial preparation (% [n])

Natural-VBT 71.7 (236) 69.2 (137) 75.6 (99) 0.21
HRT-VBT 28.3 (93) 30.8 (61) 24.4 (32)

Endometrial thickness in
VBT (mm)

9.8 ± 2.1 9.6 ± 2.1 10.0 ± 1.8 0.07

Values are presented as mean ± standard deviation (SD) or % (number), unless otherwise stated

VBT vitrified-warmed blastocyst transfer; BMI body mass index; AMH anti-Mullerian hormone; FSH follicle-
stimulating hormone; TSH thyroid-stimulating hormone; HRT hormone replacement treatment
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associated with the blastocyst implantation potential [14]. The
ICM is positively associated with the clinical ongoing preg-
nancy rate and early pregnancy loss rate [16, 30]. These stud-
ies evaluated blastocyst grade in a fresh single blastocyst
transfer cycle. Our study strongly supports the hypothesis that
the post-warmed ICM grade is correlated with ongoing preg-
nancy in single VBT cycles. Because low-quality embryos
were also included in our study, our results confirm these
observations and support that ICM grade C had a lower on-
going pregnancy rate than the ICM grade of A.

In contrast, previous studies have suggested that TE is sta-
tistically related to clinical outcomes [15, 18, 31–33]. Hill
et al. showed that trophectoderm morphology, but not ICM
and blastocoel expansion, was related to clinical outcomes
[31]. However, this study supports this notion when only
high-quality embryos are vitrified. Low-quality embryos were
not included in the embryo cohort. Another study focused on
the number of cells in the TE biopsy. However, the number of
TE cells was evaluated in the ICM section and did not repre-
sent the whole blastocyst [32].

Meanwhile, several studies suggesting the predictive value of
blastocoel expansion have reported that the blastocoel expansion
degree significantly affects pregnancy outcomes in the FET cy-
cle [15, 23, 34]. These studies excluded low-grade blastocysts.
Goto et al. included a small proportion of blastocysts with grade
C for ICM and TE, and did not consider the effect of each
blastocyst morphological factor [23]. Our study has many ad-
vantages because it retains a significant number of blastocysts
with an expansion of blastocysts, including early to hatch with
ICM and TE grades A, B, and C. The degree of pre-vitrified
blastocoel expansion may be important because an increased
number of cell divisions increase the quality of cell junction.

With more blastocoel expanding, the blastocyst has a larger
number of smaller blastomeres. Therefore, smaller cells have a
larger surface area to volume ratio. This enables cryoprotectants
to permeate faster [35]. This might allow the embryo to tolerate
vitrification and osmotic stress. This mechanism is probably the
influencing factor that associates the grade of expansion of the
pre-vitrified blastocyst with ongoing pregnancy.

In vitrified-warmed blastocysts, the embryo undergoes
morphological changes such as artificial shrinkage, dehydra-
tion, and rehydration with cryoprotectant. As the large inner
water content of the blastocoels affects the diffusion of
membrane-permeating cryoprotectants within the cavity, there
is a high risk of ice crystal formation that may damage cellular
organelles and membranes, resulting in cell lysis or induced
apoptosis [36, 37]. Other studies also showed that artificial
shrinkage has a beneficial effect on the process of blastocyst
vitrification [26, 36]. Our study confirmed that vitrified-
warmed blastocysts showed 95–98% of survival rate and
79.1% of hatching or hatched rate, regardless of performing
artificial shrinkage. Thus, artificial shrinkage is an effective
method in the process of blastocyst vitrification. However,
long-term effects should also be considered, such as embryo
functionality, pregnancy, and live birth.

In addition, it was observed in our study that day 6 vitrified
blastocysts had a slow development rate. The slow develop-
mental potential of the embryo might involve cytoplasmic
immaturity of oocytes, decreased DNA integrity in blasto-
meres, and suboptimal culture conditions [38]. Similar find-
ings have been reported by a few other researchers [39–42].
Therefore, day 5 vitrified blastocysts should be selected to
improve clinical outcomes. This may increase the yield of
embryos suitable for vitrification and improve outcomes.

Table 4 Clinical results of
vitrified-warmed blastocyst trans-
fer cycles

Variables All transfer
(n = 329)

Non-ongoing
pregnancy (n = 198)

Ongoing
pregnancy (n = 131)

p value

Cryosurvival rate (%) 96.6 ± 12.6 95.4 ± 14.5 98.5 ± 8.6 0.02

Day of vitrification (% [n])

5 day 78.1 (257) 71.7 (142) 87.8 (115) < 0.01
6 day 21.9 (72) 28.3 (56) 12.2 (16)

Quality of blastocyst (% [n])

Pre-vitrification

Excellent 10.9 (36) 7.6 (15) 16.0 (21) < 0.01
Good 1.5 (5) 1.0 (2) 2.3 (3)

Average 55.3 (182) 53.0 (105) 58.8 (77)

Poor 32.2 (106) 38.4 (76) 22.9 (30)

Post-warmed

Excellent 20.4 (67) 13.6 (27) 30.5 (40) < 0.01
Good 1.5 (5) 1.0 (2) 2.3 (3)

Average 49.2 (162) 50.0 (99) 48.1 (63)

Poor 28.9 (95) 35.4 (70) 19.1 (25)

Values are presented as mean ± standard deviation (SD) or % (number), unless otherwise stated
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To the best of our knowledge, this is the first report that
evaluates both pre-vitrified and post-warmed blastocyst mor-
phology in a single VBT cycle. We also confirmed that
selecting embryos with higher ICM grade resulted in higher
ongoing pregnancy. We included all types of viable blasto-
cysts, including a low grade of blastocoel expansion with ICM
grade C or TE grade C. Because only a single blastocyst was
transferred, the chance of pregnancy during multiple blasto-
cysts transfer was ruled out. We assume that our study still
provides a good insight as to which blastocyst factor should be
a preferred over others.

The limitations of our study are as follows. This was a
retrospective study. There is a need of more studies from this
perspective. We did not examine the ploidy of the embryo.
The proposed scoring system is still controversial because
embryo morphological factors from diverse perspectives are
not considered during evaluation.

Recently, a time-lapse system has been used tomonitor and
analyze embryo development. It is more effective to obtain
dynamic information about the blastocyst state using this mor-
phological scoring system. Therefore, in further studies, the
addition of a time-lapse system to the blastocyst gradingmight
improve the embryo selection.

Conclusion

The key observations of our study are as follows. For single
VBT cycles, selection of day 5 vitrified blastocysts is required.
In addition, pre-vitrified grades of expansion need to be pri-
oritized when warming a blastocyst. Subsequently, for post-
warmed blastocysts, ICM grade can be used to select a single
blastocyst that is to be transferred. Our study provides a reli-
able guidance to embryologists and clinicians for the optimal
selection of embryos for a single VBT cycle.
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