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Abstract
Aims of the study were to describe main outcomes (clinical, ongoing single and multiple pregnancy and
live birth rates) following frozen blastocyst transfer performed for the �rst time among women aged less
than 35 years old and analyzed according to both quantity and quality of the embryos. A descriptive
cross-sectional study was applied to collect and analyze available data of 505 patients who performed
transfer of frozen blastocysts for the �rst time between June, 2018 and September, 2019 at the Assisted
Reproductive Technology Centre of Tam Anh General Hospital. One good quality embryo was transferred
for 121 patients (Group 1), 2 good quality embryos for 214 patients (Group 2), 1 good and 1 poor quality
embryo for 112 patients (Group 3), 1 good and 2 poor quality embryos for 25 patients (Group 4) and 1 or
2 poor quality embryos for 33 patients (Group 5). Main results showed that the pregnancy rate was
71.9%, 74.8%, 69.4%, 84.0% and 39.4% in Group 1, 2, 3, 4 and 5, respectively. The rate of multiple
pregnancy was 36.9%, 16.9%, and 32.0% in Group 2, 3, and 4, respectively, higher than in Group 1 (4.9%).
Meanwhile, the live birth rate was 55.6%, 50.9%, and 60.0% in Group 2, 3 and 4, respectively, but not
signi�cantly different from the live birth rate in Group 1 (47.9%). In conclusion, pregnancy and live birth
rates were not signi�cantly different following transfer of 1 or 2 good quality blastocysts while the rate of
multiple pregnancy was signi�cantly increased following the transfer of 2 good quality ones. Transfer of
1 or 2 poor quality embryos in addition to 1 good embryo did not signi�cantly improve the pregnancy
rate.

Introduction
Since the success of the �rst frozen-stored embryo transfer (FET) in the world in 1983 [1], FET technique
has become more popular and is now widely applied in many countries, including Vietnam. Frozen
embryo transfer minimizes the risk of ovarian hyper-stimulation by reducing the potential negative effects
of high concentration of reproductive hormones on the endometrium following the ovarian stimulation
[2]. Two important indicators have been identi�ed for selecting embryos for subsequent transfer: the
quantity and quality of the embryos [3].

While the freezing of embryos was �rstly performed at a cleavage stage, several improvements in lab
materials such as incubators, culture media and quality control systems, allowed to get a blastocyst
stage in a higher proportion of cleaved embryos.

Consequently, blastocyst transfer has become increasingly popular in clinical practice due to the ability to
select the most developmentally competent embryo for transfer and to improve pregnancy rate. In order
to develop to the blastocyst stage, embryos have to undergo a selection process during which lower
quality embryos would stop growing and therefore would not be selected for transfer. In patients with
many embryos, the strategy of freezing with subsequent transfer of frozen embryos has allowed to
achieve a high cumulative pregnancy rate [2][4].
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In an effort to prevent multiple pregnancy, the strategy of single embryo transfer (SET) has been
recommended in clinical practice because it allows to achieve a live birth rate very close to that of double
embryo transfer (DET) (38.0% versus 42.0%) while reducing sharply the multiple pregnancy rate (1.0%
versus 32.0%) [5]. Similar results have been recently published in a Cochrane review showing that the live
birth rate in the SET group (27.0 - 35.0%) was comparable to that of DET group (46.0%) while the rate of
multiple pregnancy was signi�cantly different (2.0% in SET group compared to 15.0% in DET group) [6].

As compared to single pregnancy, multiple pregnancy, a consequence of multiple embryos transfer, is
associated with an increased incidence of cerebral palsy (3.2% versus 2.5%), preterm birth (6.0% versus
<1.0%), and low birth weight (24.0% versus 8.0%) [5][7].

In addition, a study on the cost-effectiveness of DET versus SET after 2 consecutive cycles showed that
DET is less cost-effective due to additional costs of managing short and long-term complications of
multiple pregnancy [8]. Consequently, the Human Fertility and Embryology Authority (HEFA)
recommended to get the objective of a low rate (below 10.0%) of multiple pregnancy [9]. Nevertheless,
DET is still acceptable for patients and health care workers when only embryos of poor quality are
available for transfer or when one good quality embryo has been obtained in conjunction with another of
poor quality.

Since 2000s, many studies comparing pregnancy outcomes according to the number of transferred
embryos have provided con�icting results in pregnancy rate and multiple pregnancy rate. However, the
scienti�c conclusion of these studies was limited by their usual small sample size, the heterogeneity of
included subjects and in embryo quality assessment and, �nally, the inconstant report of live birth rate
[10]–[14].                 

In Vietnam, the overall cost of In-Vitro Fertilization (IVF) is not covered by medical insurance and the
government has not yet implemented a policy to control the number of transferred embryos. Hence,
couples have the opportunity to decide the number of embryos to be transferred after being informed
about the bene�ts and risks of their decision. Meanwhile, the technique of frozen blastocyst transfer is
widely applied in clinical practice but very few studies on the pregnancy outcome after freezing have
been published so far [3]. Therefore, both medical staff and couples do lack actual medical information
to take the optimal decision.

This study was conducted to analyze the outcome after transferring frozen blastocysts according to their
quantity and quality among patients under 35 years old who performed their �rst embryo transfer in Tam
Anh General Hospital during the period of 2018-2019. Purpose of this study was to provide evidence-
based bene�ts and risks when deciding on the number and quality of transferred frozen-thawed
blastocyst.

Patients And Methods

Patients
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This study included women who had performed frozen blastocyst transfer at the Assisted Reproductive
Technology (ART) Center, Tam Anh General Hospital within a 16-month period from June 2018 to
September 2019. In this population, the following selection criteria were applied: patients ≤ 35 years old
at the time of ovarian stimulation for IVF or Intracytoplasmic Sperm Injection (ICSI), GnRH antagonist
protocol, cryopreserved embryo transfer for the �rst time and use of autologous oocytes. Exclusion
criteria were the following: patients with obstetrical and gynecological diseases (uterine �broid,
endometriosis, hydrosalpinx) and requirement of pre-implantation genetic testing.

Procedures
Ovarian stimulation for IVF: A standard GnRH antagonist protocol was applied in all patients. The
starting dose of FSH was 150-300 IU/day (Gonal F/Follitrope/Puregon) with subsequent adjustment at
day 6. A GnRH antagonist (Cetrorelix 0.25mg/day; Cetrotide, EMD Serono) was initiated at day 6th of
ovarian stimulation. Final oocyte maturation was triggered by hCG 5000 IU (Pregnyl, Merck Sharp &
Dohme Asia, Vietnam) when the largest follicle reached 18 mm in diameter. Oocyte retrieval was
performed 36 hours later and oocytes were fertilized using IVF/ICSI method.

Following in vitro culture, blastocysts were obtained and graded according to Gardner and Schoolcraft
classi�cation based on embryonic development stage (compression phase, early blastocyst, complete
blastocyst, hatching blastocyst), trophoblast and inner cell mass morphology. An embryo was considered
as good when graded AA, AB, BA and BB. Poor quality embryos were blastocysts classi�ed as AC, CA, BC,
CB, and CC [15], [16].

Blastocysts were frozen on day 5 or 6 by vitri�cation, using the CryoTec system (Vitri�cation kit 101,
Reprolife, Japan), including sterile plates, cryotops and vitri�cation media. The number of embryos stored
on a top depends on the embryo’s quality and quantity along with the patient’s history, with a maximum
of three per top. To minimize the risk of multi-pregnancy, good quality embryos were recommended to be
preserved one per top for the �rst two or three tops. In cases none or just a few good quality embryos
were available, poor quality embryos were considered to be preserved with or without the good ones, and
two to three embryos per top was allowed. Of all cases when more than one embryo was stored on a top,
the couple was fully informed about the risk of multiple pregnancy and the possibility of embryo
degeneration after thawing (if any poor embryo presented).

For subsequent transfer, an arti�cial cycle was used for endometrium preparation with consecutive
hormonal regimen: estradiol valerate (Progynova, Bayer) 6mg/day starting on day 2 or 3 of the menstrual
cycle. When the endometrial thickness was >7 mm, progesterone supplementation was added with
Dydrogesterone 30 mg/day (Dusphaton® 10 mg, Abott, t.i.d. orally) and vaginal suppository micro-
Progesterone 600 mg/day (Utrogestan 200 mg, Besins Healthcare, b.i.d). Embryo(s) was transferred on
day 6th following progesterone supplementation. The number of transferred embryos was determined by
the couple after being advised by an infertility specialist on the associated bene�ts and risks.
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Statistics
The measured variables included: Age in years; Body Mass Index (BMI) calculated with following
formula: [BMI=Weight/[(Height)2] with height in meters and weight in kilograms; AMH (Anti-Mullerian
Hormone) expressed in ng/ml. The endometrial thickness on the day of transfer was measured in
millimeter. Infertility duration was counted in years.

Data was collected based on medical records and patients telephoned information, then encrypted and
stored in our center’s database. The necessary variable �elds were exported for analysis with patients'
name encoded.

The variables labeled from Epi-Data �les were transferred into SPSS format (SPSS ver. 21.0) also re-
checked using the codebook syntax to ensure the accuracy of the labels. SPSS software (SPSS ver. 21.0)
was used for data analysis such as percentage, frequency, mean, standard deviation (SD), ANOVA test
and Z-test in the statistical two-sample mean and proportion comparison at the con�dent level of 5%. In
order to assess the impact of embryo transfer policy on the outcome following frozen-thawed blastocysts
transfer, the overall pregnancy rates were analyzed according to the number and the quality of transferred
blastocysts. For that purpose, patients were separated into 5 groups de�ned as follows: Group 1: 1 good
quality embryo transferred, Group 2: 2 good quality embryos transferred, Group 3: 1 good and 1 poor
quality embryos transferred, Group 4: 1 good and 2 poor quality embryos transferred and Group 5: 1 or 2
poor quality embryos transferred (Figure 1).

Outcomes

The primary outcome was live birth rate de�ned as the deliveries of any viable neonate, expressed per
100 embryo transfers.

In addition, secondary e�cacy outcomes included biochemical pregnancy rate (number of beta-hCG > 10
mIU/mL cases /100 embryo transfers), clinical pregnancy rate (number of pregnancies with gestational
sac per 100 embryo transfers), ongoing pregnancy rate (number of pregnancies that completed ≥20
weeks of gestation per 100 embryo transfers). The multiple pregnancy rate was calculated as the
percentage of pregnant women with two or more gestational sacs or positive heart beats by transvaginal
sonography at 5 weeks after embryo placement per 100 transfers. The rate of ectopic pregnancy was the
number of ectopic pregnancies (diagnosed by ultrasound, surgery or histopathology) /100 embryo
transfers. The miscarriage rate was the number of spontaneous loss of pregnancy before 22nd week
gestational /100 cases of embryo transfer. The preterm birth rate before the 32nd week was the number of
deliveries before the 32nd week /100 transfers.

Results

Subject characteristics
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A total of 505 patients ful�lling the inclusion criteria and performing an IVF cycle from June 2018 to
September 2019 were included in this analysis. These subjects were separated into the 5 different groups
previously de�ned according to the following distribution: 121 patients in Group 1, 214 in Group 2, 112 in
Group 3, 25 in Group 4, and 33 in Group 5 (Table 1).

Table 1
Subject characteristics according to 5 groups of frozen-thawed embryos transfers

Characteristics Group
1

Group 2 Group
3

Group
4

Group
5

Total

Number of subjects (n) 121 214 112 25 33 505

Age (year, 95%CI) 28.5

(27.9-
29.2)a

28.5

(28.1-
28.9)b

28.6

(27.9-
29.1)b

28.8

(27.3-
30.2)b

29.4

(28.4-
30.5)b

28.6

(28.3-
28.9)

BMI (kg/m2) (index, 95%CI) 21.1

(20.7-
21.6)a

21.2

(20.9-
21.5)b

21.4

(20.9-
21.9)b

21.2

(20.1-
22.4)b

20.9

(20.1-
21.7)b

21.2

(21.0-
21.4)

Endometrium thickness (mm)
(thickness, 95%CI)

9.6

(9.4-
9.8) a

9.7

(9.6-
9.9)b

9.5

(9.3-
9.7)b

9.4

(8.9-
9.9)b

9.6

(9.2-
10.1)b

9.6

(9.5-
9.7)

AMH (ng/ml) (index, 95%CI) 4.3

(3.8-
4.7)a

4.1

(3.7-
4.6)b

4.2

(3.6-
4.7)b

3.9

(2.8-
5.1)b

3.7

(2.9-
4.6)b

4.1

(3.9-
4.4)

Infertility duration (year) (years,
95%CI)

3.1

(2.8-
3.5)a

3.4

(3.1-
3.7)b

3.5

(3.1-
3.9)b

3.3

(2.5-
4.2)b

3.9

(3.2-
4.7)b*

3.4

(3.2-
3.6)

Primary infertility (n,%) 95
(78.5)a

186
(86.9)b**

96
(85.7)b

19
(76.0)b

28
(84.9)b

424
(83.9)

Note: a Group 1 was the reference group; b Compared with reference group (Group 1);

* ANOVA test with p<0.05; **Z-test with p<0.05

The mean age of all subjects was 28.6 years old (95%CI: 28.3-28.9), with an average age of 28.5 (95%CI:
27.9-29.2) in Group 1, not statistically different from other groups.

The mean duration of infertility was 3.4 years (95%CI: 3.2-3.6), signi�cantly longer in Group 5 (3.9 years,
95%CI: 3.2-4.7) than in Group 1 (3.1 years, 95%CI: 2.8-3.5) (ANOVA test, p <0.05).
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Primary infertility accounted for 83.9% (424/505) with the highest rate in Group 2 (86.9% ;186/214),
signi�cantly different compared to Group 1 (Z-test, p<0.05)

The average BMI was 21.2 kg/m2 (95%CI: 21.0-21.4). The average endometrium thickness was 9.6 mm
(95%CI: 9.5-9.7); The mean AMH was 4.1 ng/ml (95%CI: 3.9-4.4) without any signi�cant difference
between Group 1 and other groups (p>0.05).

Pregnancy outcomes according to embryo Groups
Table 2 indicates that the overall pregnancy rate was 71.1% (359/505), with the highest pregnancy rate in
Group 2 (74.8%; 160/214) and the lowest in Group 5 (39.3%; 13/33).

Table 2
Pregnancy outcomes according to 5 frozen embryo transfer Groups

Pregnancy outcomes after
embryo transfer

Group
1

Group 2 Group 3 Group
4

Group 5 Total

Number of subjects (n) 121 214 112 25 33 505

Pregnancy (n,%) 87
(71.9)a

160
(74.8)b

78
(69.4) b

21
(84.0) b

13
(39.4) b

359
(71.1)

Clinical pregnancy (n,%) 69
(57.0)a

146
(68.2%)b*

67
(59.8) b

17
(68.0) b

10
(30.3)
b*

309
(61.2)

Ongoing pregnancy (n,%) 58
(47.9) a

119
(55.6) b

57
(50.9) b

15
(60.0) b

6 (18.2)
b*

255
(50.5)

Live birth (n,%) 58
(47.9)a

119
(55.6)b

57
(50.9) b

15
(60.0) b

6 (18.2)
b*

255
(50.5)

Multiple pregnancy (n,%) 6
(4.9)a

79 (36.9)
b*

19
(16.9)
b*

8
(32.0)
b*

1 (3.0) b 113
(22.4)

Preterm birth <32nd week (n,%) 2
(1.7)a

10 (4.7) b 4 (3.6) b 3
(12.0)
b*

0 (0) b 19
(3.8)

Ectopic pregnancy (n,%) 2
(1.7)a

3 (1.4) b 2 (1.8) b 0 (0.0)
b

0 (0.0) b 7 (1.4)

Miscarriage (n,%) 29
(23.9)a

41 (19.2)
b

21
(18.8) b

6
(24.0) b

7 (21.2)
b

104
(20.6)

Note: a Group 1 was the control group; b Compared with control group (Group 1); * Z-test with p<0.05
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 Regarding the overall clinical pregnancy rate (61.2%; 309/505), the highest was observed in Group 2
(68.2%; 146/214) and the lowest in Group 5 (30.3%; 10/33).

The overall live birth rate was 50.5% (255/505), with the highest rate in Group 4 (60.0%; 15/25), the
lowest in Group 5 (18.2%; 6/33) which was signi�cantly lower than in Group 1 (47.9%) (Z-test, p <0.05).
No signi�cant difference existed between Groups 2, 3, 4 and Group 1 (Z-test, p> 0.05).

The overall multiple pregnancy rate was 22.4% (113/505), with the highest rate in Group 2 (36.9%;
79/214), lowest in Group 5 (3.0%; 1/33). A signi�cant increase in multiple pregnancy rate was found in
Groups 2, 3 and 4 compared to Group 1 (Z-test, p<0.05).

The overall preterm birth rate before 32nd week was 3.8% (19/505). There were 3 cases of preterm
delivery reported in Group 4, accounting for 12.0% (3/25). This rate was low in other groups (<5.0%).

In this study, the overall ectopic pregnancy rate was 1.4% (7/505), not signi�cant in Group 1, 2 and 3 and
this condition did not occur in Group 4, 5.

A total of 104 miscarriages was reported, accounting for 20.6% of the overall pregnancies. Miscarriage
occurred mainly in Group 4 (24.0%; 6/25) and in Group 1 (23.9%; 29/121) but the difference was not
signi�cant (Z-test, p> 0.05).

Discussion
This analysis of data collected from more than 5 hundred patients allows us to conclude that transfer of
a single good frozen blastocyst leads to pregnancy and live birth rates similar to that observed after
transfer of two good embryos but results in signi�cantly lower multiple pregnancy potentiality.
Additionally, transfer of 1 or 2 poor quality embryos along with 1 good embryo does not increase the
chance of pregnancy.

The population included in this study was selected for the absence of previous pelvic pathology (uterine
�broid, endometriosis, hydrosalpinx). Main characteristics of these 5 groups of patients (age, BMI,
ovarian reserve, responsiveness to hormones) attest that their prognosis of pregnancy was presumably
good.

The infertility duration was slightly higher in Group 5, being 3.9 years (95%CI 3.2-4.7), compared to other
groups. This could be related to the poor quality of the blastocyst.

The rate of primary infertility was 86.9% in Group 2, signi�cantly different from Group 1. This difference
might well-explain their desire to take the risk of multiple pregnancy with transfer of 2 good quality
embryos. Even if couples have the right to decide the strategy for embryo transfer, the medical staff
should advise them regarding bene�ts and risks of transferring 2 embryos. As the risk of multiple
pregnancy was not widely known, the rate of transferring two good embryos in the primary infertility
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group remained high. Our analysis provides evidence to recommend the transfer of a single embryo in
those patients with a good fertility prognosis.

It is the embryo quality that is the major factor affecting pregnancy outcomes. Accordingly, patients in
Group 5 with embryo(s) of poor quality displayed a signi�cantly lower pregnancy rate compared to
Groups 1 or 2. In contrast, the number of embryos transferred in the limit of 2 or 3 does not seem to be a
main determinant of pregnancy rate. Indeed, no difference actually existed in pregnancy rates between
Groups 2, 3, 4 and Group 1. The study by Dobson showed similar results [12] while the pregnancy rate in
our series was higher presumably because our subjects had much lower age and performed frozen
embryos transfer for the �rst time.

The risk of multiple pregnancy is another important issue to be addressed. It clearly exists when more
than 1 blastocyst is transferred. In our study, the multiple pregnancy rate was signi�cantly higher in
Groups 2, 3, 4 than Group 1. It was about half of pregnant patients in Group 2 that experienced multiple
pregnancy (79/159). In Dobson’s publication, the difference was observed with a multiple pregnancy rate
of 2.1% in the group transferring 1 good embryo and 16.6% in the group transferring 2 good embryos [12].
In our study, the multiple pregnancy rate of single blastocyst transfer was 4.9%, while in others it was
usually 2-3% [17], [18]. This may be due to the limitation of our sample size as well as differences in
de�nition of multiple pregnancy, and in micromanipulation procedures (ICSI, assisted hatching) between
studies.

Transferring of 1 good and 1 poor quality embryo resulted in similar pregnancy rate as compared to a
single good embryo transfer (69.9% versus 71.1%). However, the rate of multiple pregnancy was
signi�cantly higher (16.9% versus 4.9%). Therefore, when the endometrial environment is favorable, a
double embryo transfer (DET) with one good and one poor embryo can still lead to twin pregnancy. Our
results are similar to those reported by Dobson et al., the transfer of 1 or more poor quality embryos in
addition to a good quality embryo could result in higher multiple pregnancy rate (7.1% versus 2.1%) [12].

Previous studies have suggested that interactions between an embryo and the endometrium during
implantation may affect the implantation of other embryos. Therefore, when performing transfer of poor
embryo(s), the endometrium can change to create an unfavorable environment for any accompanying
good embryo’s development, resulted in reduced pregnancy rate [19], [20]. However, Hill et al. reported that
the transfer of one good embryo with another poor quality embryo in patients younger than 38 years
resulted in an increase by 7% of live birth rate, but with a concomitant increase in multiple pregnancy rate
by 18% [21]. In clinical practice, when only 2 embryos (1 good and 1 poor quality) are available, the
couple and the health worker often   decide to transfer both embryos in a single transfer. The common
objective is clearly to increase pregnancy rate at the �rst transfer and to avoid the possibility of having
only 1 poor quality embryo left for transfer if the �rst one failed. So, in that situation, these data could
probably provide useful scienti�c evidence and incentive to change the clinical practice.

In this analysis, there was no statistically signi�cant difference in live birth existed among Group 1, 2, 3
and 4, while the live birth rate in Group 5 was quite low (18.2%, signi�cantly lower than 47.9% in Group 1).
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Indeed, poor quality embryos usually display higher chromosomal abnormality rate and low survival rate.
Cimadomo et al. performed biopsies of 1,497 poor quality blastocyst and only 352 (23.5%) were euploid,
among them 195 were thawed, 193 survived and resulted, after transfer, in a low live birth rate (10.9%). In
contrast, 51% (2,680/5,250) of good quality embryos were euploid and resulted in the live birth rate of
44.8% (757/1,690) after single euploid good quality embryo transfer [22]. Therefore, a couple should be
fully informed about the potential low success rate when transferring only poor-quality embryo.

In low-income countries, about half of babies born prematurely (before 32nd week gestation) will die [23].
Therefore, limiting number of premature deliveries before 32nd week of gestation is an important goal.
The rate of preterm birth in Group 2 and 3 was higher than in Group 1 con�rming the fact that multiple
pregnancy is the leading risk for preterm delivery. According to statistics, the rate of preterm birth before
32 weeks in the single and twins group in the United States (2006) was 1.6% and 13.3% [24]. The
difference in the preterm birth rate of our data may be due to the insu�cient sample size and a more
selected population (age of ≤ 35, �rst transfer of embryos, few underlying diseases, few pregnancy
diseases).

Several countries around the world have issued guidelines to ban the transfer of more than 2 embryos
and even recommended the transfer of only 1 embryo into the mother's uterus [25], [26]. Therefore, IVF
centers need to synchronously implement several measures in order to optimize the procedure of embryo
culturing, to select the best quality embryo for transfer and to maintain high pregnancy rate per SET.

The limitation of this study was the retrospective cohort study design, using retrospective data collection
method based on available medical records at a single IVF Center. The sample sizes of Group 4 and
Group 5 were not large enough to detect statistical differences and be representative. Further in-depth
study designs such as randomized controlled trial should be set to con�rm the e�cacy of single
blastocyst transfer compared to transfer of multiple embryos.

Conclusions
Transfer of a single good quality frozen-thawed blastocyst leads to pregnancy and live birth rates similar
to that of transferring two good quality embryos but with signi�cant lower risk of multiple pregnancy.
Hence, the transfer of more than one blastocyst should be avoided in patients transferring frozen
embryos for the �rst time. Additionally, transfer of 1 or 2 poor quality embryos along with 1 good embryo
does not improve the chance of pregnancy. These results could contribute to the change of clinical
practice of embryo transfer strategy, especially in those countries of high multiple pregnancy rate
following assisted reproductive treatment.
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