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Outcomes of embryo vitrification at different
developmental stages

Evaluation of 2412 warming cycles
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Abstract

Introduction: Advances in cell culture media have led to a shift from cleavage stage embryo transfer to blastocyst stage transf}
Extended embryo culture to the blastocyst stage provides some theoretical advantages and disadvantages. There has been
controversy. This study is sought to evaluate the clinical outcomes of vitrified-warmed cleavage-stage and blastocyst-stage embryo
transfers in patients undergoing Artificial Reproductive Technique treatments.

Material and method: The study was performed on 2740 women undergoing frozen embryo thawing transfer. Patients’ basic
situation, status of frozen embryo transfer cycle, clinical pregnancy rate, early abortion rate, sex ratio of birth, and birth weight were
retrospectively analyzed. We compared the main clinical results of recovery of frozen embryo on the cleavage stage and blastocyst
stage. Furthermore, we evaluated the clinical outcomes of blastocyst cryopreservation on Day 5, 6, or 7 after oocyte retrieval
according to the day of blastocyst expansion were evaluated.

Results: The implantation ratio of cleavage stage embryos was 21.62% compared with 43.52% on D5 (P < .05). The D5, D6, and
D7 implanting rates were statistically different. The pregnancy rates were 57.56%, 51.76%, and 35.95% versus 37.79%,
respectively for embryos cryopreserved on D5, D6, D7, and D3. The ectopic pregnancy rate and early abortion rate were statistically
different between D5 and D3. The sex ratio, the birth weight, and birth defect were not statistically different among the four groups.

Conclusions: Blastocyst transfer achieved a higher implantation rate than vitrified cleavage stage embryo and decreased ectopic
pregnancy rate. With increased incubation days before expansion blastocyst formed, the implantation rate is reduced and the early
abortion rate increases.

Abbreviations: ART = Artificial Reproductive Technique, ET = Embryo Transfer, MC = menstrual cycle, SART = the Society for
Assisted Reproductive Technology.
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1. Introduction

In recent years, in most reproductive centers in China, embryo
transfer is preferred over D3 embryos transfer, and the
remaining embryos at the cleavage stage are cryopreserved or

cultured into blastocysts. Currently, with the rapid development
of vitrification technology and blastocyst culture programs,
blastocyst transplantation has become more and more common
and worldwide in the clinical practice of Artificial Reproductive
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Technique (ART).["*! However, the optimal time for embryo
transfer remains controversial.

Many studies by Cochrane Review!®! have demonstrated the
theoretical advantages of blastocyst transplantation: better
correlation between morphology and aneuploidy, better syn-
chronization with endometrium, and increased implantation
potential. On the other hand, there are some defects in blastocyst
transplantation, such as the lack of co-culture with endometrial
cells for one day (embryo enters the uterine cavity on the 4th
day), which increases the possibility that some embryos will not
develop into blastocysts in vitro, resulting in the abolition of
embryo transfer; the decrease of embryo freezing rate is related
to the decrease of co-culture rate of endometrial cells. There are
technical differences in the expansion embryo during freezing/
thawing. Therefore, the contradictory results recently reported
by Cochrane meta-analysis suggest that there is no evidence of
differences in pregnancy outcomes between 2-3rd and 5-6th
after embryo transfer.!

A recent Cochrane meta-analysis found no significant differ-
ences in live birth or pregnancy outcomes between 2—-3rd and 5—
6th embryo transfer.”) Moreover, blastocyst transfer increased
the failure rate of any embryos transferred in one cycle, reducing
the embryo freezing rate. In addition to the success achieved
through fresh embryo transfer, the subsequent embryo cryo-
preservation cycle of ART provides further possibilities for
success.|®” Therefore, the cumulative pregnancy rate after fresh
and additional vitrification of each oocyte retrieval cycle may be
considered more accurate clinical outcomes than simply the
pregnancy rate per cycle of embryo transfer.

Our study retrospectively analyzed clinical pregnancy out-
comes, follow-up analysis, and perinatal outcomes of Chinese
women with transfer of vitrified-warmed D3 embryos, DS
blastocysts, D6 blastocysts, and D7 blastocysts after ART
treatments in China.

2. Materials and methods

From January to December 2011, a study of 2740 women who
underwent frozen embryo thawing transfer came to the clinic in
Reproductive Hospital Affiliated to Shandong University. Since
D3, DS, D6, or D7 embryos were thawed in the same cycle, we
eliminated 157 cycles. Another 171 cycles were eliminated for
embryo death. A total of 2412 Frozen Embryo Transfer cycles, of
which 172 cycles were frozen embryo transfer on D3, 721 cycles
were transferred on D3, 1366 cycles were transferred on D6, and
153 cycles were transferred on D7. Due to the small number of
high-quality D3 embryos, the frozen embryo transfer period of
the cleavage stage is short, which reduces the chance of
blastocyst embryos developing into blastocysts. The patients’
basic situation, frozen embryo transfer cycle status, clinical
pregnancy rate, early abortion rate, sex ratio at birth, and birth
weight were retrospectively analyzed.

2.1. Natural cycle

In patients who used this regime with regular menstrual cycle
(MC), the follicular growth was monitored by measuring the
levels of hormones in the serum and performing ultrasound from
cycle day 10. When the diameter of the dominant follicle was
>16mm and the endometrial thickness was >8mm, with
estradiol (E2) >150ng/L and progesterone (P) <1.0 ng/L, 5000
IU hCG (Lizhu Pharmaceutical Trading Co., Zhuhai, China) was
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administered to trigger ovulation, and embryos transfer was
performed 3 or 5days later.

2.2. Ovulation induction endometrial preparation

Patients were administered Letrozole (Jiangsu Hengrui Medicine
Co., Ltd, Lianyungang, China) 2.5 to 5.0mg/d or Human
Menopausal Gonadotropin 75 to 1501U injection on day 3 of
the MC, with continuous medication for 3days or 5days. In
patients with irregular MC (>34 days), follicular development
was monitored using ultrasonography starting on day 10 of the
MC. Serum follicle-stimulating hormone, LH, E2, and P
concentrations were measured on the same day as the ultrasound
examination. If the diameter of dominant follicles were <16 mm,
then injections of h MG (Lizhu Pharmaceutical Trading Co.,
Zhuhai, China) 150IU were given continually. When the
diameter of dominant follicles were >16mm, endometrial
thickness >8 mm, and E2 >150ng/L, the level of LH determines
hCG injection time. If LH was <20IU/L, 5000IU hCG was
administered to trigger ovulation, and embryos transfer was
performed 3 or 5days later.

2.3. Hormone Replacement Therapy endometrial
preparation

Hormone Replacement Therapy focused on recurrent implanta-
tion failure, MC <23 days, prolonged menstruation, ovulation
bleeding, or patients with thin endometrium in NC or ovulation
cycles. Hormone Replacement Therapy referred to the oral
administration of ethinyl E225 mg tid (Xinyi Pharmaceutical
Co., Shanghai, China) from day 3 of MC onward with
continuous medication for 14 days. Endometrial development
was monitored using ultrasonography starting on day 17 of MC.
Serum follicle-stimulating hormone, LH, E2, and P concen-
trations were measured on the same day as the ultrasound
examination. If the endometrial thickness was >8 mm, P should
be given for endometrial transformation, embryo transfer was
scheduled 3 to 5days later.

2.4. Protocol for vitrification and warming

Blastocysts were vitrified by traction cutting and cut with 0.25 ml
plastic sterile straw (Bicef). Blastocysts were equilibrated in
7.5% ethylene glycol and 7.5% dimethyl sulfoxide for 20 to 25
minutes, exposed to phosphate buffer saline in 15% ethylene
glycol and 15% dimethyl sulfoxide, and added 0.5M sucrose
within 1minute. Then they were immediately put into liquid
nitrogen.

Before recovery, we prepared 1 mL solution containing 0.33
M sucrose, 0.2 M sucrose, and 0 M sucrose for four three-well
culture plates and kept them at 37°C for at least 30 minutes.
We removed the recovery blastocyst and the carrier shell and
placed the carrier terminal into the prepared 0.33 M sucrose
within 2minutes, then we transferred embryos into 0.2M
sucrose within 3 minutes, and finally placed the blastocyst into
the BS within 5 minutes. Recovery of good blastocysts was
achieved using laser-assisted hatching. We punched away
from the transparent cell mass because properly sized cell-sized
holes are best. Then, we put the blastocysts into blastocyst
medium of G2 (Vitrolife, Sweden) at 37°C and 6% CO, and
cultivated it for Shours in saturated humidity to prepare for
transplantation.
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SART scoring system.

Characteristics of embryo

Rating scale Fragment ratio Homogeneity
Good <10% Homogenization
Middle 11%—25% Moderate

Poor >25% Highly uneven

SART=the Society for Assisted Reproductive Technology.

2.5. Luteal support and pregnancy confirmation

Progesterone was administered by injections after Embryo
Transfer (ET) (40-80mg) or orally (20-40mg) daily. In all
groups, serum B-hCG tests were performed 2 weeks after ET.
Transvaginal ultrasound was scheduled to confirm a clinical
pregnancy after 3 weeks.

2.6. SART embryo scoring system

The SART scoring system is an evaluation criterion proposed by
the Society for Assisted Reproductive Technology (SART) and
widely used in its member institutions. The SART score classifies
embryos into good, medium, and poor, with detailed scoring
rules as shown in Table 1.

2.7. Statistical analysis

Statistical analysis was performed using SPSS (Statistical
Package for the Social Science; SPSS Inc., Chicago, IL). The
results are expressed as a percentage. Ordinary values such as
rate comparisons were analyzed by the x*-test. Regression
analysis was implemented to investigate the correlation between
multiple variables and implantation rate. A value of P <.05 was
statistically significant.

3. Results

After excluding 157 cases who received embryos transfer from
D35, D6, or D7 in the same cycles, a total of 2583 warming cycles
were included; 2412 cryotransfers were performed with an ET
cancellation rate of 6.62%. Patients undergoing blastocyst-stage
ET were younger than those undergoing cleavage-stage embryo
transfers (P <.05). The proportion of ETs was lower when
embryos were vitrified on day 3 (P<.05). (Table 2)

The clinical pregnancy rate was 51.49 %, and the miscarriage
rate was 20.61%. A total of 421 cleavage-embryos were
transferred (mean: 2.457+0.62) in 172 cycles, of which 91
embryos were successfully implanted (overall implantation
21.62%). A total of 3603 blastocysts were transferred (mean:
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1.61+0.49) in 2240 cycles, of which 1568 blastocysts were
implanted (overall implantation 43.52%). Clinical pregnancy
rates, ectopic pregnancy, and miscarriage rates differed among
vitrified embryos on D3, D5, D6, and D7 (Table 3).

Among 1242 pregnancies, there were 970 live born (78.10%),
of which 576 were singletons (59.39%), 373 were twins
(38.45%), and 21 were triples (2.16%). Mean gestational age,
birth weight, sex ratio, and birth defects for different groups
(Table 4).

4. Discussion

Traditionally, cleavage-stage embryos were transferred or
cryopreserved on the 3rd day, but in the past decades, there
had been a tendency to transfer blastocyst embryos.!¥! With the
development of efficient culture systems, obtaining blastocysts in
vitro has become increasingly reliable. Blastocysts are preim-
plantation embryos that have successfully passed the critical step
of genomic activation and have a high developmental poten-
tial.”! In addition, blastocyst transferring is more physiologically
appropriate because it is closer to the time of natural
implantation and may improve synchronization of the endome-
trium and embryo development."®'" In our study, the
implantation and clinical pregnancy rates were statistically
lower in the D3 group than those in the blastocyst groups
(21.62% vs. 43.52%, 37.79% vs. 52.54%).

In this study, vitrification technology was used to freeze
embryos and blastocysts. Due to the higher survival rate, the
blastocyst transfer on day 5 had statistically lower cancellation
rate. The presence of the mitotic apparatus in cleavage embryos
might be disturbed during vitrification procedures. Another
explanation might be that D3 embryos vitrification might carry
out when a patient has achieved relatively few high morphologic
quality embryos, which was considered as another explanation
and also explained why patients undergoing early cleavage-stage
vitrification were older than those undergoing D5 blastocyst
vitrification.!'%13)

Although blastocyst transfer has various advantages, due to
suboptimal culture conditions, embryo development in vitro
may be slightly delayed in general. Mature blastocysts typically
develop in vitro until day 5, whereas the mean age of in vivo
matured blastocysts collected by uterine lavage was reported to
be 4.5days after ovulation.'*! Both differentially developed
blastocysts (day 5 vs. day 6 vs. day 7) and year-round cleavage
embryos (day 3) were involved in the present study. The
proportion of blastocyst vitrifying-warming cycles on day 6
was higher than that on day 5 and day 7. Evidence from the
timing of pantopod appearance, histological features, and
steroid receptor down-regulation indicate that the stimulated
receptor window may move slightly earlier than the natural

The frozen blastocyst transplant cycle.

D3 cleavage stage embryo

D5 blastocyst D6 blastocyst D7 blastocyst

Thaw cycles 187
Give up cycles (rate) 15 (8.02%)a
Transplantation cycles 172
Average age (y) 33.0+4.26a
Average number of embryos 2.45+0.62a
Lining thickness (cm) 1.01+0.18

736 1477 183
15 (2.04%)b 111 (7.52%)a 30 (16.39%)c
721 1366 153
30.72+4.41b 31.40+4.63¢ 32.88+5.02a
1.58£0.49p 1.63+0.49c 1.49+051d
1.01+£0.16 1.02+0.16 1.02+0.15

a.b.c.d.: Statistically different between different peer letters (P<.05).
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Different culture times of frozen blastocysts compared to clinical outcomes after recovery.

Item D3 cleavage-stage embryo D5 blastocyst D6 blastocyst D7 blastocyst
Cycles 172 721 1366 153
Embryo transfer number 421 1142 2233 228
7-Week clinical pregnancy 91 569 937 62
Implantation rate 21.62%a 49.82%b 41.96%c 27.19%a
Clinical pregnancy (rate) 65 (37.79%)a 415 (57.56%)b 707 (51.76%)b 55 (35.95%)a
Ectopic pregnancy (rate) 3 (4.62%)ab 6 (1.45%)a 7 (0.99%)ac 1 (1.82%)a

Early abortion cycles (rate) 15 (23.08%)a

64 (15.42%)ab 158 (22.35%)ac 19 (34.55%)ad

a.b.c.: Statistically different between different letters in the peer (P<.05).

cycles,™! increasing the likelihood that later-developed

blastocysts will miss the implantation window. Nevertheless,
whether the delayed development in vitro would influence the
clinical and perinatal results in warming cycles was controver-
sial.l’®! The results of this study showed that the clinical
pregnancy rate and lower miscarriage rate of the three groups
of blastocysts with different developmental levels on day 5 after
warming have increased statistically. Also, the implantation
rate of D7 blastocyst cryopreservation was 27.19%, and the
miscarriage rate was 34.55%, which was significantly higher
than that of D5 and D6. There was little public information on
the transfer of blastocysts that matured only 7days after
retrieval,!'”! because slow-developing embryos are generally
considered to be nonviable and are therefore discarded. Case
reports of both fresh and cryopreserved embryo transfers have
confirmed that blastocysts maturing as late as day 7 may still be
viable.['8! The data from the present study indicated that the
day 7 blastocysts could still be cryopreserved if no blastocysts
were harvested on D5 or D6. In addition, patients should be
informed of high miscarriage rates. During the warming cycles,
the implantation rate of blastocysts decreased and the abortion
rate of later development increased, which could be explained
that more viable embryos would reach the expanded blastocyst

earlier.>*”! However, another important question is, whether
extended in vitro culture itself would decrease the competence
of embryos to interact with endometrium? Or whether the in
vivo circumstance would provide an important dynamic
immune and endocrine microenvironment for blastocysts to
implant better and sustain ongoing pregnancy? The longer the
embryo is kept in vitro, the greater the change in its genetic
traits and biological characteristics.””®! There is evidence that
the blastocysts are involved in the regulation of endometrial
chemokines during blastocyst attachment.[*!! In the present
study, the miscarriage rate of D3 embryos (23.08%) was
comparable to that of blastocysts groups (D5, 15.42%; D6,
24.35%;D7,34.55%), although the latter groups were thought
to be more viable. Similar results have been found in other
studies. Ana Cobo analyzed the clinical outcomes of 3150
frozen cleavage stage embryos and blastocysts. The early
abortion rate on D3, D5, and D6 was 17.3%, 18.9%, and
29%,22! respectively, consistent with the results of our study.
In the D3 embryo group of our study, the incidence of ectopic
pregnancy was 4.62% after embryo transfer, while in D6
transplanted blastocysts the rate was 0.99 %. Studies suggest that
D3 after embryo transfer to the uterus may be a “wandering”
phenomenon, which increases the ectopic pregnancy rate.

Different incubation time of blastocyst refrigerant recovery after follow-up result comparison.

Item D3 cleavage-stage embryo D5 blastocyst D6 blastocyst D7 blastocyst
Cycles 172 721 1366 153
Clinical pregnancy 65 415 707 55
Live birth cycle 47 345 542 35
Preterm delivery cycles (rate) 8 (17.02%) 65 (18.84%) 89 (16.73%) 5 (14.29%)
Twins (rate) 15 (23.08%)a 142 (34.22%)a 211 (29.84%)a 5 (9.09%)b
Multiple births (rate) 5 (7.70%)a 6 (1.45%)b 9 (1.27%)b 1 (1.82%)ab
Gestational age 38+2 weeks 38 weeks 1day 38 weeks 38 weeks
0 day +2 weeks 3 day 4 day
2 day +2 weeks +1 weeks
1 day 6 day
Birth sex ratio 103:100 126:100 119:100 105:100
Male baby birth weight 3.03+0.99a 2.98+0.82ab 3.21+0.70ac 3.33+0.77a
Female baby hirth weight 2.82+0.71a 2.96+0.62ab 3.15+0.58ac 3.00+0.68a
Live birth 59 (30,29) 447 (250,197) 665 (361,304) 41 (21,20
Tiny deformity 4 5 0
Severe deformity 2" 6" 6 1
Total birth defects (rate) 2 (3.39%) 10 (2.24%) 10 (1.50%) 1 (2.44%)

ab.c.: Statistically different between different letters in the peer (P<.05).

" Double egg twins: 1 cleft lip and 1 cleft palate.

TWith double egg twins of adrenal cortex hyperplasia.

Tiny deformities include: hernia, congenital laryngeal stridor, skin hemangioma.

Severe deformities include: congenital heart disease, nervous system abnormalities, cleft lip and palate, adrenal cortex hyperplasia,

4

bladder fistula, Downs syndrome.
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There was no significant difference in the sex ratio at birth on
different cultivated days after embryo transfer. The sex ratio of
boysand girls at birth in the cleavage stage group and the blastocyst
groups were 103:100 and 121:100, respectively. The follow-up
results showed that the proportion of boys in fresh blastocyst was
58.5% compared with 50.3% for frozen blastocyst boys after
transplantation.”>! Another study on fresh and frozen blastocysts
showed that during the frozen cycles, the proportion of boys was
34.4% compared with 55% for fresh transplanted blastocysts.[**!
In this study, frozen surplus embryos after transplantation of D3
embryos continued to cultivate into high-quality blastocysts or all
embryos were grown into blastocysts.

There was a statistically significant difference in the birth
weight of babies between the D5 and D6 groups. The reason may
be higher rates of the multiple rate and a higher incidence of
preterm labor in the D3 blastocyst groups. As a result, the ratio
of D7 blastocyst twin was lower than that of the other
blastocysts twins (P<.05) and the birth weight was slightly
higher. The literature reported that the birth defect rate of frozen
blastocysts was approximately 1.0% (1/103), with the birth
defect rate of slow freezing cleavage stage embryos being 4.1%
(8/194).12°! In this study, the vitrification D3 frozen embryos
birth defect rate was slightly higher, but there was no significant
difference with or between the blastocyst groups.

Some limitations of this study need to be addressed. First,
although the sample size was large, all embryos were from
patients admitted to the same hospital, which may limit
generalization of the current findings to other areas in China
or other countries. Secondly, other genetic or environmental
factors that may affect embryo vitrification were not analyzed in
this study, which may lead to bias to the results.

In conclusion, the implantation rate of blastocyst transfer was
higher than that of staged embryo transfer and decreased ectopic
pregnancy. The later developing blastocysts transfer after
warming resulted in reduced implantation and increased early
abortion rate. In any case, the goal of reproductive medicine
practitioners is to improve the ART effect in bringing home infant
rates. However, the best outcome of current artistic practice is the
single birth production, not multiple babies. Finally, with the
continuous improvement of the culture system in vitro, blastocyst
vitrification combined with single blastocyst transplantation has
become an efficient human ART therapy program.
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