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Abstract

This study aimed to assess pregnancy outcomes after high-quality D5- and
Dé6-blastocyst transfer in frozen cycles of in vitro fertilization and embryo
transfer and to further evaluate whether there was a difference in blastocyst
development potentials with different developmental speeds and in pregnancy
outcomes. A retrospective analysis was conducted to analyze 247 frozen cycles
in our center from September 2015 to July 2017, which were divided into two
groups: a D5-FET group with 193 cycles of D5-blastocyst transfer, and a D6-FET
group with 54 cycles of D6-blastocyst transfer. Hormone replacement method
was utilized to prepare frozen-cycle endometria. Pregnancy outcomes were ana-
lyzed and compared between these two groups. The mean ages of the two groups
were 31.45 * 4.43 years and 31.98 + 4.84 years, respectively, with no statisti-
cally significant differences (£ > 0.05). The difference in the endometrial thick-
ness during transfer was also not statistically significant. The implantation rate
in the D5-FET group was 60.13%, significantly higher than that in the D6-FET
group (31.58%, P < 0.05). The clinical pregnancy rate in the D5-FET group
was 68.91%, significantly higher than that in the D6-FET group (40.74%, P <
0.05). No statistically significant differences were found in the abortion rate
and ectopic pregnancy rate between the two groups. The implantation, biochem-
ical pregnancy, and clinical pregnancy rates of the blastocyst D5 were all su-
perior to those of the blastocyst D6. In clinics, therefore, D5-blastocyst trans-
fer could be prioritized for embryo transfer.
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1. Introduction

With a constant improvement in the embryo culture system, blastocyst culture
has been widely used in clinics. Blastocyst culture is of more benefit to selecting
an embryo with a development potential. Blastocyst transfer produces a better syn-
chronization between embryo development and the endometrium. In addition,
because of reduced movement of the endometrium during blastocyst transfer,
blastocyst transfer has a better pregnancy outcome than embryo transfer during
the cleavage period. Moreover, single blastocyst transfer has a higher pregnancy
rate and significantly reduces multiple-gestation pregnancy rate.

During the process of in vitro embryo culture, embryo development speeds
are not consistent. In general, a blastocyst is formed on day 5 (D5) or day 6 (D6)
after fertilization. With respect to the difference in blastocyst development po-
tential during different development periods, a consistent conclusion has not yet
been achieved. Some studies suggest that both the clinical pregnancy rate and
implantation rate of D5-blastocyst transfer were higher than those of D6 during
a fresh transfer cycle [1], whereas El-Toukhy et al reported no significant dif-
ferences in these two rates after frozen-thawed D5- or D6-blastocyst transfer
during a freeze-thaw cycle of blastocyst transfer [2] [3] [4]. Mesut et al [5],
however, reported that the clinical pregnancy, implantation, and birth rates of
frozen-thawed D5-blastocyst transfer were significantly higher than those of D6.
Therefore, this study aimed to evaluate pregnancy outcomes of high-quality D5-
and D6-blastocyst transfer based on a retrospective analysis of frozen cycles of in
vitro fertilization and embryo transfer and to further assess whether a difference
is found in blastocyst development potentials with different development speeds
and in pregnancy outcomes, thereby providing a guide for embryo selection on

the day of thawing.

2. Materials and Methods

A retrospective analysis of freeze-thaw cycles was conducted in our center from
September 2015 to July 2017. This retrospective study was approved by the Third
Affiliated Hospital of Sun Yat-sen University Medicine Ethics Committee. Patient
records and information were anonymized and de-identified prior to analysis. The
inclusive criteria were: 1) the cycles wherein D5- or D6-blastocyst transfer was
performed; 2) hormone replacement cycle; and 3) the embryos transferred were
high-quality blastocysts. The exclusive criteria were: 1) natural cycles or ovarian
stimulation cycles; and 2) the embryos transferred were not high-quality blasto-
cysts. A total of 247 frozen cycles were included and divided into two groups: the
D5-FET group with 193 cycles of D5-blastocyst transfer and the D6-FET group
with 54 cycles of D6-blastocyst transfer.

The protocol of controlled ovarian hyperstimulation for patients in an oocyte
retrieval period was based on the routine practice in our center. After oocyte re-
trieval, patients underwent either natural fertilization or intracytoplasmic sperm

injection (ICSI) fertilization based on their conditions. Fertilization was observed
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24 h after oocyte retrieval, and blastomere-stage embryos were observed 72 h
after oocyte retrieval. Transfer was determined based on embryonic scores. All
remnant embryos after transfer were used for blastocyst culture after the patients
provided an informed consent. Blastocyst formation and configuration on day 5
or 6 after fertilization were observed, respectively. Blastocysts were scored based
on the Gardner score system [5]. First, blastocysts were staged based on the dila-
tion degree of the cyst cavity. The stage wherein the cyst cavity has a dilation of
<50% of the embryo length was called Stage 1; the stage wherein the cyst cavity
has a dilation of >50% of the embryo length was called Stage 2; the stage wherein
the cyst cavity was occupied by the entire embryo was called Stage 3; the stage
wherein there was blastocyst growth with a thinning of the zona pellucida was
called Stage 4; the stage wherein the blastocyst began to incubate was called
Stage 5; the stage wherein the blastocyst was completely incubated was called
Stage 6. The blastocysts in Stages 4 - 6 were further evaluated. The inner cell
mass (ICM) scoring was as follows: A, a large number of cells with a dense ar-
rangement; B, a small number of cells with a loose arrangement; C, a few num-
bers of cells. The trophectoderm (TE) evaluation was as follows: A, a large num-
ber of cells surrounding the entire cyst cavity with a dense arrangement; B, a
small number of cells with a loose arrangement; C, a few numbers of cells. Be-
cause a previous observation indicated that the early and incubated blastocysts
had an unsatisfied thaw rate after being frozen, the blastocysts in Stage 4 in our
center were frozen and stored. The blastocysts with grade A or B ICM were selected
to be frozen, whereas those with a grade C quality were abandoned. A high-quality
blastocyst was defined as the blastocyst in Stages 4 - 6 with a grade A or B quality
[5].

Our center used vitrification freezing to freeze the embryos, which was based on
the previously described [6]. The blastocysts were subjected to artificial shrinkage
before being frozen, and then allowed to equilibrate for 2 min in a pre-equilibrated
solution containing 7.5% (v/v) dimethylsulfoxide (DMSO) and 7.5% (v/v) ethylene
glycol (EG), followed by transfer to a vitrification freezing solution—15% (v/v)
DMSO + 15% (v/v) EG + 0.65 mol/l sucrose + 10 mg/ml Ficoll—where the blas-
tocysts were allowed to equilibrate for 30 s. Subsequently, the blastocysts were
transferred to a Cryoloop, which was then preserved in liquid nitrogen. Blasto-
cyst thaw was conducted on the same day with embryo transfer. Before the blas-
tocysts were thawed, a series of blastocyst thaw solutions were prepared by making
a 0.33 mol/l sucrose solution, a 0.2 mol/l sucrose solution, and a basic culture
solution (G-MOPS Plus, Vitrolife, Sweden) in an embryo culture dish. The Cryo-
loop containing the blastocysts was gathered from the liquid nitrogen and allowed
to stay in the air for 5 s before it was directly soaked in the abovementioned thaw
solutions for 2 min, 3 min, and 5 min, respectively. The blastocysts were trans-
ferred to a pre-made blastocyst culture solution (G2, Vitrolife, Sweden) and cul-
tured for 2 h in an incubator filled with 6% CO and 5% O, at 37°C. Before blas-
tocyst transfer, blastocyst survival was evaluated, with re-dilating of the blasto-

cyst cavity as an indicator of blastocyst survival.
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The endometria were prepared with hormone replacement therapy: a routine
B-ultrasound examination was arranged on days 2 to 5 during menstruation, and
estradiol valerate (Progynova, Schering, Germany) was started to be orally ad-
ministered at a dose of 2 mg bid, and the dose was altered to 3 mg bid 5 days lat-
er, with oral administration of the drug being continued for another 5 days. After
10-day oral administration, B-ultrasound was re-examined. When the thickness of
endometrium was >8 mm, progesterone was intramuscularly injected at a dose
of 40 mg/day. On day 6 of the progesterone administration, D5- or D6-blastocyst
transfer was performed.

On day 12 after embryo transfer, a positive result of a urine pregnancy test in-
dicated biochemical pregnancy, and blood hCG levels were also tested at the
same time. If a gestational sac (GS) was observed by ultrasound examination af-
ter 3 weeks, it was considered a clinical pregnancy. If the GS was not implanted
in the uterus as the B-ultrasound indicated, it was considered an ectopic preg-
nancy. Pregnancy loss before 28 weeks was considered abortion.

SPSS13.0 statistic software was used for analysis. Measurement data were ex-
pressed as mean * standard deviation. Comparison between the two groups was
analyzed with t-test. Enumeration data were analyzed with chi-square test. P <

0.05 was set with a statistically significant difference.

3. Results

A total of 247 frozen cycles were analyzed, including 193 cycles in the D5-FET
group and 54 cycles in the D6-FET group. The mean ages of the two groups were
31.45 + 4.43 years and 31.98 v 4.84 years, respectively, with no statistically sig-
nificant differences (P > 0.05). As showed in Table 1, the difference in the
thickness of endometrium during transfer was also not statistically significant
(9.77 £ 1.06 mm vs. 9.52 + 1.50 mm, P> 0.05). The number of transferred em-
bryos in the D6-FET group was 1.76 + 0.47, which was significantly more than
that in another group (1.61 *+ 0.49, P < 0.05). However, the number of implanted

Table 1. The clinical materials and outcomes of frozen ET.

Variables D> be Pvalue
(N =193) (N = 54)
Age 31.45+4.43 31.98 +4.84 NS
No. of transferred embryos 1.61 +0.49 1.76 £ 0.47 <0.05
No. of implanted embryos 0.96 +0.77 0.56 + 0.74 <0.05
Thickness of endometrium 9.77 + 1.06 9.52+1.50 NS
Implantation rate 60.13% (187/311) 31.58% (30/95) <0.05
Biochemical pregnancy rate 74.61% (144/193) 48.15% (26/54) <0.05
Clinical pregnancy rate 68.91% (133/193) 40.74% (22/54) <0.05
Miscarriage rate 11.28% (15/133) 9.09% (2/22) NS
Ectopic pregnancy rate 0.75% (1/133) 0% (0/22) NS

Note: “NS” means “no significant, P> 0.05”.
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embryos in the D6-FET group was dramatically less than that in the D5-FET
group (0.56 £ 0.74 vs. 0.96 + 0.77, P < 0.05). The implantation rate in the D5-FET
group was 60.13%, which was significantly higher than that in the D6-FET group
(31.58%, P < 0.05). The biochemical pregnancy rate in the D5-FET group was
significantly higher than that in the D6-FET group (74.61% vs. 48.15%, P <
0.05). The clinical pregnancy rate in the D5-FET group was 68.91%, which was
significantly higher than that in the D6-FET group (40.74%, P < 0.05). No statis-
tically significant differences were found in the abortion and ectopic pregnancy
rates between the two groups (11.28% vs. 9.09%; 0.75% vs. 0%; P> 0.05).

4. Discussion

This study retrospectively analyzed the clinical data of pregnancy after D5- and
Dé6-blastocyst transfer in freeze-thaw cycles, and the results were that the im-
plantation, biochemical pregnancy, and clinical pregnancy rates of the D5 blas-
tocyst were significantly higher than those of the D6 blastocyst, which are con-
sistent with the results of previous studies [3].

An issue exists on what caused the above results—is it because freeze-thaw
may cause different effects on blastocysts D5 and D6, or because different blas-
tocyst development stages may cause different development potentials? Keni-
chiro et al frozen and thawed D5 and D6 blastocysts and found that the survival
rate of these two types of blastocysts were 99.5% and 97.9%, respectively, with no
statistically significant differences [4]. In this study, we also found that no dif-
ference was found in the thaw rate of D5 and D6 blastocysts. The results dis-
cussed above indicated that vitrification freezing for blastocysts formed in dif-
ferent stages had no effect on the survival rate of post-thawed embryos.

To date, an issue that in which stages the D5 and D6 blastocysts can have a
better development potential has not yet achieved a consistent conclusion. Ke-
nichiro et al found that no statistically significant differences were observed in
the implantation and pregnancy rates between D5 and D6 blastocysts [4]. Some
studies, however, indicated that the implantation rate of D5 blastocyst after be-
ing frozen and thawed was significantly higher than that in the D6-blastocyst
group, whereas the clinical pregnancy rate of the D5 blastocyst was slightly higher
than that in the D6 group, but with no statistically significant difference [7]. A re-
cent meta-analysis included 15 articles of frozen-thawed blastocyst transfer, includ-
ing 2512 freeze-thaw cycles of blastocyst transfer [3]. In that meta-analysis study,
the clinical pregnancy, ongoing pregnancy, and live birth rates of frozen-thawed
blastocysts in the D5 group were found to be significantly higher than those in the
D6 group. However, after subgroup comparison of clinical pregnancy outcomes
of frozen-thawed D5 and D6 blastocysts developed in the same stage, no statisti-
cally significant differences were observed.

All blastocysts selected in this study were high-quality blastocysts, and the re-
sults showed that the implantation rate in the D5-FET group was 6013%, signif-
icantly higher than that in the D6-FET group (31.58%, P < 0.05). The biochemi-
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cal pregnancy rate in the D5-FET group was significantly higher than that in the
D6-FET group (74.61% vs. 48.15%, P < 0.05). The clinical pregnancy rate in the
D5-FET group was 68.91%, significantly higher than that in the D6-FET group
(40.74%, P < 0.05). No statistically significant differences were found in the
abortion and ectopic pregnancy rates between the two groups (11.28% vs. 9.09%;
0.75% vs. 0%; P> 0.05). The abovementioned results were similar to those of the
study by Kovalevsky et al, who compared blastocysts in the three development
stages D5, D6, and D7 and found that the implantation, clinical pregnancy, and
ongoing pregnancy rates of the D5 blastocyst were significantly higher than those
of blastocysts in the D6 and D7 groups [6]. Similarly, the results of the study by
Liebermann ef al. also suggested that the pregnancy outcome of D5 was better
than that of the D6 blastocyst [8].

The reasons why the pregnancy outcome of the D5 blastocyst was better than
that of D6 were primarily: 1) some researchers believed that the embryo devel-
opment speed could affect the outcomes of frozen-thawed blastocyst transfer,
and the delayed formation of blastocysts meant a formation of poor-quality em-
bryos; 2) some studies conducted a trophoblastic biopsy for chromosome analy-
sis and found that the incidence of aneuploid occurring in blastocysts with a de-
layed development was much higher [9] [10].

There were some limitations as follows: 1) it is a retrospective study; 2) the
sample size was small. So, the results should be confirmed by further, adequately

sized studies, or meta-analyzed with similar studies.

5. Conclusion

The implantation, biochemical pregnancy, and clinical pregnancy rates of the D5
blastocysts were all superior to those of the D6 blastocysts. In clinics, therefore,

D5 blastocyst transfer could be prioritized for embryo transfer.
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